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INTRODUCTION. 

In the following paper I have given an account of the Marine Copepoda in the Crustacea 
collection of the Zoological Survey of India. The bulk of these collections have been made 
by me personally, while serving ~~ Surgeon-Naturalist to the Marine Survey of India during 
the years 1910 to 1925 inclusiv'6. 

Up to the present time our knowledge of the Copepoda ~f Indian waters has for the 
most part been limited to those species that frequent the surface of the ocean and is included 
in the following paper.s :-

1. W. Giesbrecht (1896)~ Collections from the Red Sea. 
2. I. C. Thompson (1900). CoUect}ons from (~) the East Coast of Africa to Ceylon 

and the head of t~e Bay ·of Bengal and (b) Durban, Africa, up the east coast 
of Africa and through the R,ed Sea to the Suez Canal. 

3. P. T. Cleve (1901). Along the route from Aden to Java, in the Malay Archipe
lago and across the Indian Ocean from 45 S. ; 22 E. to 30 S. ; 91 E., and thence 
to 2 N. ; 94 E. 

4. A. Scot~ (1902). From Suez to Colombo, Ceylon. 
5. I. C. Thompson and A. Scott (1903). From Port Said to Colombo and round the 

Pearl Banks of Ceylon. 
6. P. T. Cleve (1904). From the Red Sea, through the Gulf of Aden and across the 

Arabian Sea. 
7~ P. T. Cleve (1904a). From the east coast of Africa and the Agullas Current. 
S. R. N. Wolfenden (1906). From the Maldive Archipelago. 
9. G. P. Farran (1911 and 1913'). 0011ections frOln Christmas Island in the Indian 

Ocean. 
10. O. Pesta (1912). From the neighbourhood of Muscat and Bushire in, the Persian 

Gulf. 
11. O. Pesta (1913). From the Arabian Sea. 
12.. R. B. S. Sewell (1912). From the coastal region ~f the Bay of Bengal. 
is. R. B. S. Sewell (1913). Fronl the coastal region of the Bay of Bengal and the rnid-

wa ter region of the Bay. 
14. G. S. Brady (1914-1915). From Durban Bay. 
15. R. B. S. Sewell (1914). FroIll the Ceylon Pear] Banks. 
16. R. B. S. Sewell (1919-1924). From the Chil1~a Lake. 
17. R. Gurney (1927). From the Suez Canal. 
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In addition to the above accounts dealing with the Indian Ocean we have the following 
accounts of the copepodid fauna of the Malayan region, that lies between the Indian fVld 
Pacific Oceans :-

1. J. Carl (1907). From the Bay of Amboina. 
2. A. Scott (1909). The" Siboga " collection from the Malay Archipelago. 
3. F. Frilchtl (1924). From the Aru Archipelago. 

Finally we have the accounts by Wolfenden (1911) and Brady (1910) of the collections 
made by the " Gauss ", which include a number of samples taken in the southern part of 
the Indian Ocean and the neighbouring Antarctic seas. 

The greater part of the collections in the Indian Museum have been made in Indian 
waters by the R. 1. Ml S: " Investigator" and of these the larger part has been taken in the 
surface or upper levels or are from weed-washings. As regards the collection of the surface
haunting forms it was the custom during the period 1910 to 1925, in which I was the Sur
geon~N aturalist to the Marine Survey of India, for the " Investigator" while on the survey 
ground to be anchored for the night and on most nights a tow-net, of the usual type and 
ha ving a circular mouth with a diameter of three feet, with the net itself composed of some 
fine-meshed material, was put over the side at 6 P.M. and the tide drifting through it swept 
into it a varied collection of organisms. The net was hauled in at 6 A.M. and the catch care
fully preserved. The amount of material thus collected varied' of course with the strength 
of the tide, but in most cases a very abundant catch was obtained. In this way I was able 
to obtain large collections from the coastal region of south Burma, including the Mergui 
Archipelago, the Andaman and Nicobar Islands, the west coast of India and the Maldive 
Archipelago. In 1911 the" Investigator" began the investigation of the mid-water region 
but owing to the outbreak of war in 1914 this line of investigation was interrupted almost 
at its commencement. Up to the present time the following mid-water trawls have been. 
carried out in the regions and at the depths given :-

Station. Date. 

392 21st October 1911 

461 19th April 1912 

462 20th April 1912 

463 21st April 1912 

670 23rd April 1924 

682 28th April 1925 

POSITIOK. 

Lat. N. Long. E. 

0 " 0 " 
7 21 06 85 07 15 

10 15 00 90 15 00 
9 08 00 87 25 00 
7 37 00 84 19 00 
5 56 00 76 22 00 

10 2(j 00 74 32 30 

Total 
depth. 
frus. 

2,000 
1,800 

Depth of 
net. 
frus. 

400 

375 

475 
400 

200 
1,24H 700 

In each case the net used was 6-foot square at the mouth and was COlllposed of ' mos,; 
quito' netting; the net was lowered to the required depth and was towed at that depth, 
so far as could be judged, for a period of 1 to 2 hours, at the close of which time it was hauled 
to the surfa~e. As the net was not a self-closing one it fished all the way to the surface 
from the depth at which it wal:) towed, but, as Farran (1926, p. 220) points out in the case or 
similar tow nettings made by H. M. S. " Research" in the Bay of Biscay in 1900, the catch 
made by the net while being hauled in is so slnall that it will not appreciably affect the total 
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catch; occasional specimens will be taken from the higher levels, but the bulk of the catch 
m~st have come from the depth at which the net was towed. 

It will be clear from the above that although our knowledge of the mid-water fOrIns is 
still in its infancy, nevertheless a sufficient amount of investigation has now been carried 
out to enable us to form some conception of the variety and distribution of the copepodid 
fauna of Indian waters. 

In the following account I have under each genus given a list of those species that have 
been recorded by previous workers in the different parts of the Indian Ocean, including those 
found in the Malay Archipelago; although a number of these have not as yet been obtained 
in Indian waters there is little doubt that with further collections and observations 
their known distribution will be extended to this area. As Wolfenden (1906, p. 990) 

has pointed out, Dahl (1894) states that the Copepoda of the deeper levels are c0111pletely 
or nearly cOlnpletely alike in all the three gr~at Oceans, Atlantic, Indian and Pacific, but 
that so far as the surface-living forms are concerned, those occurring in the tropical waters 
of the Pacific and Indian Oceans are alike, whereas the copepodid fauna of the Atlantic 
Ocean exhibits a nUInber of species that are not known from the other regions and thus has a 
character of its own. This difference between the Atlantic and the other oceans is at
tributed to the geographical connections or otherwise between the areas. Between the Pacific 
and Indian Oceans there is a tree interch~nge of water through the Malay region and th~ 
Straits of Malacca and, especially during the period of the north-east 1110nS0011. there is a 
strong flow of water from the Pacific Ocean through the Straits of lVlalacca and the Andaluan 
Sea into the Bay of Bengal and through the various openings in the SUIllatra-Java-Borneo 
chain of islands in the Malay Archipelago into the more southerly part of the Indian Ocean, 
and it was but to be expected that this free interchange of water between the two Ocean~ 
would result in an identity of the fauna. The difference between the copepodid fauna of th~ 
Indian Ocean and the Atlantic Ocean is attributed to the meeting of the wanll westwardly
flowing currents, the Mosambique and Agulhas currents, and the cold Atlantic current of th~ 
west-wind dri# off the south coast of Africa, the sudden change of te~llperature caused by 
this admixtur~ resulting in the death of many of the Indian Ocean forn1S. 'Yhile agreeing 
with Dahl that the copepodid fauna of the deeper waters is alike in all three oceans and that 
the surface forms in the Indian and Pacific Oceans are the saIue, I an1 doubtful. regtuding the 
correctness of the view regarding the differences that seelll to e~~t between the sHrface 
and the littoral Copepoda of the Indian and Atlantic Oceans. It ,tl1ust be l'enWIllhered that 
although there is a certain degree of intermixture between the 'warlH, west",:! I'dl.'y-fiowing 
current with colder water in the region of the Cape of Good Hop.e, yet an apprecin LIe ailloullt 
of the warm water'is able to pass onwards into the southern region of the Atlantic and this 
will carry with it a certain number of the warm-water inhabitjpg species frotH tlu." ]ndinn 
Ocean; there is also at the present tin1e a slllall but none the less iInport.lnt cOllnet'tlon 
between t~ Indian and Atlantic Oceans through the Red Sea, the Sue", Canal and the l\ledi
terranean Sea, and one must adn1it the possibility of Indian {onHs gradually lll<lking their 
way through this sOlllewhat tortuous passage from the one area. to t,he 0t:hl'l'. A. SC'ott. 
(1909, p. 3) has pointed out that" unless one can deal with Copepoda, tha,t, 'ilaVl" bel"ll col
lected by similar methods in different areas for some considera.ble period, it. would ,be pure 
speculation to attempt to explain the differences that are a,ppal'ent." The fauna of the 
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North Atlantic Ocean and its offshoots have been thoroughly investigated for many years 
past, but, even so, further investigations are continually adding new species to ~e 
already lengthy list of those that are known to occur in this region; in the case of the Indian 
Dcean we are only at the comnlencement of our studies and every report adds more and 
more species to the list of those that are known to inhabit both the Indian and AtlantiC' 
Oceans. As Scott (loc. cit., p. 4) remarks, "when we find European Harpacticoida like 
.Phyllothalestris mysis and Rhynchothalestris rufocincta both present in the Malay Archipelago, 
one is inclined to regard the apparent absence of true littoral forms from any large area that 
includes very shallow water with some suspicion". I have previously (1924, p. 776) men
tioned that in my opinion a great number of species of Copepoda are cosmopolitan, a wide 
distribution being the rule rather than the exception, and that supposed differences in the 
fauna of the oceans is in all probability to be attributed to a lack of knowledge rather than 
to any very marked difference in the indigenous species. I am becoming more and more 
convinced that much of the apparent difference between the surface and littoral copepodid 
fauna of the Indian and Atlantic Oceans is due to our present lack of knowledge regarding 
the fauna of the Indian region; certainly the vast majority of the Indian species are to be 
found inhabiting the Atlantic Ocean and such differences as do occur in the copepodid fauna 
of the two regions are to be attributed to the occurrence in the Atlantic Ocean of an indi. 
genous fauna that has been evolved in that region and, owing to the total absence of any 
connecting passages between the tropical or temperate regions of this ocean and the Pacific 
or Indian Ocean, for as a possible route for the dispersal of planctonic marine organisms the 
Panama Canal can be ignored, these indigenous forms are completely unable to extend 
their habitat. 

Gran (1902) ~nd Lebour (1916) have shown that in Oalanus jinmarchicus Gunnerus there 
are six stages in the post-naupliar hfe-history, sexual maturity being attained only in the final 
or sixth stage. With (1915) has also described in some detail the copepodid stages of a 
number of species; and all three authors have called attention to the various structural 
changes that are brought about at each successive moult; but, so far as I know, no author, 
exc~pt myself, has attempted to trace the mathematical relationships between the various 
growth-stages. Jesperson and Adler (1920) have directed attention to the occasional occur
rence of. two groups of sexually-mature examples in the species Olausocalanus arcuicornis 
(Dana) that appear to differ only in size and are o~herwise morphologically identical. Far
ran (1926, p. 236) has obtained exactly sinlilar size-groups in the saIne species alnong the 
collections taken by the" Research" in the Bay of Biscay. That examples of the same 
species may differ in size in djffer~nt localities, probably under the influence of differences 
in the salinjty or temperature of the water, is well known and I have myself (1924) called 
attention to the fact that in a ·single brackish-water area such as the Chilka Lake the average 
size of a species may differ at different times of the year in accordance with seasonal changes 

..<in the local conditions; the saIne phenomenon appears to be present in the species Undinula 
vulgaris (Dana) in the purely nlar~ne area of Nankauri Harbour in the central group of the 
Nicobar Islands (vide infra, p. 37). In other instances it has been clainled that a species 
nlay exhibit definite local races differing in size and in small details of structure; Wolfenden 
(1906 a) has called attention to the existence of various races of Paracalanus parvus, nalnely, 
var. boreali8 fronl the Faroe Channel, and var. indicus fronl the Indian Ocean, the typical 
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form being found in the Mediterranean Sea and N. Atlantic Ocean; and Friichtl (1924) Las 
similarly divided the species Paracalanus crassirostris Dahl into forma typica frorn the 
Amazon estuary, forma scotti from the Gulf of Guinea and forma sewelli from the estuarine 
and brackish-water areas of the Bay of Bengal. The occurrence of two sexually-mature 
groups within the limits of the same morphological species appears to be of comparatively 
common occurrence in Indian waters and especially among those forms that inhabit the 
coastal and littoral regions arolmd the mouths of the great rivers that pour their waters 
into the Bay of Bengal, and moreover these instances are not limited to anyone group or 
family but have been detected in the Calanoida and the Harpacticoida. When two such 
perfectly definite size groups, that mayor may not differ ·in small ,details of structure, are 
found living together in the same locality and under the same conditions of salinity and 
temperature, it is clear that they cannot be attributed to differences in their environment 

. and that we have to do with an entirely different phenomenon. Up to the present tirne 
such size-groups ha.ve been demonstrated in the following species of the Calanoida :--

Olausocalanus arcuicornis (Dana), 
Oalanus minor ( Claus), 
Paracalanus aculeatus Giesbrecht, 
Paracalanus crassirostris Dahl, 
Undinula vulgaris (Dana), 

Rucalanus subcrassus Giesbrecht, 
Rhincalanus nasutus Giesbrecht, 
Undinopsis armatus (Brady), 
Calanopia thompsoni A. Scott) 
Lophothrix frontalis Giesbrecht, 

and in addition a simil~r condition of affairs appears to be present in certain instances.. 
in which the two forms have been described under different specific names, viz. :-

Pontellopsis herdmani Thompson and A. Scott and P. macronyx A. Scott. 
Heterorhabdus abyssalis (Giesbrecht) and H. norvegicus (Boeck). 
Oithona challengeri Brady and O. plumifera Baird. 
Gaetanus minor Farran and G. (1) minimus Wolfenden. 

and perhaps also in 
Valdiviella insignis Farran and V. ignota, sp. nov. 

In each of the above cases the two groups differ from one another either in size alone, 
or else, if there be differences in structure, t,hese are so slight that they cannot in nly opinion 
be regarded as a valid ground for the creation of two separate species. One is thus faced 
with the problem whether these groups are to be regarded as biological species within the 
limits of the same morphological species or as two sexually-mature stages within the life
history of the same species. At the present time and in the present state of our knowledge it 
is extremely difficult, if not impossible, to give a final apsw~ to this question. To the strict 
systematist the occurrence of such groups, differing in slight details of structure as well as 
in size, presents no difficulty since, rightly or wrongly, he assunles that th~y represent differ
ent species. or races; but I am extremely doubtful whether such an assulllption is justified 
and am personally inclined to think that we have here evidence of dil110rphisll1 in various 
speCIes. 

My own observations have been limited"to the examination of examples that have been 
collected by means of tow-nets, etc., and such conclusions as I have reached are based 011 

the structural and mathematical relationships of these groups and can, therefore. only be 
tentative. It may be possible in the future to conduct a nunlber 01' reHring eXpel'illlents 
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and thus to deternline the correct relationships of such groups but at present I have no 
such evidence. 

I have been able to detect the occurrence of such definite size-groups in quite a number 
of species belonging to most of the great groups of the Copepoda and in a number of in
stances I have been able to obtain a series of examples in different stages of development and 
have thus been able to deduce the probable life-history from these. Owing to the variation 
in size of individuals, both adult and in the earlier immature stages, of the same species 
taken in different localities, under the influence of differences in the temperature or salinity 
of the water, the determination of the average length of each stage of development and the 
consequent calculation of the mathematical relationships of the different developmental 
stages to each other, as one moult follows another, can only be made in those instances in 
which a la~ge number of examples of such growth-stages have been captured in the same 
locality and ~t the same time; in spite of this difficulty I have been able to trace an appre
ciable part of the life-history in the following species :-

Paracalanus crassirostris Dahl. Labidocera eucha eta Giesbrecht. 
Paracalanus aculeatus Giesbrecht. Labidocera pavo Giesbrecht. 
Acrocalanus inermis Sewell. Pontella andersoni Sewell. 
Eucalanus subcrassus Giesbrecht. Pontellopsis herdmani Thompson and 
U ndinula vulgaris (Dana). A. Scott. 
Euch(ltta concinna (Dana). Acartia southwelli Sewell. 
Lophothrir frontalis Giesbrecht. Acartiella major Sewell. 
Centropa.Qes tenuiremis Thompson and Acartiella minor Sewell. 

A. Scott. 
I have already (1912 ana 1913) called attention to some of the results that I have 

obtained and have shown that it seemA probable that in many instances we may have In a 
single life-history two distinct and sexually-mature forms in each sex and that in the Cope
poda, as in other groups of the animal kingdom, we may find a true dilnorphisnl. In every 
instance given above the course of development appears in the Blain to be the saIne. 

It seems probable that in the great Inajority of species in Indian waters there are the 
saIne number of growth-stages, namely six, at any rate so far as the female is concerned. 
lTndel' certaIn conditions, however, it appears that the life-history may be shortened, the num .. 
ber of post-naupliar stages being reduced; this appears to be the case in Paracalanus crassi
rostris Dahl and Acartia southwelli Sewell, in both of which species only five post-naupliar 
stages, instead of the usual six, have been discovered. This alteration and shortening of 
the life-history may, possibly, be associated with changes in the envirOlllnent, since in both 
instances the examples were obtained from the Chilka Lake, in which the water is brackish 
.and undergoes very marked changes with the changing seasons (viele Sewell, 1924, 

pp. 773-778). 
Several previous authors have called attention, in certain species that frequent the 

coastal or littoral and estuarine areas, to C.the occasional occurrence of individuals which 
exhibit characters that are normally present only in the opposite sex; the commonest exam
ples of such cases are individuals that show all the characters of an immature female with 
the addition of a rudimentary 5th pair of legs, that differ from the felnale appendage and 
exhibit a condition normally restricted to the male sex. Examples of this type of abnor-
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mality were of common occurrence among the specimens of Pal'acalanus crassirostris Dahl 
tah.---en in the Chilka Lake, and an examination of the average size of the different stages of 
development and of the mathematical relationship of the various growth-stages to each 
other seems to indicate that these abnormal individuals tend to occur at. a definite stage of 
developluent and bear a definite relationship to the life-history as a whole. I have pre
viously (vide Sewell, 1912 and 1914a) called attention to the fact that the Copepoda appear 
to follow Brooke's 1 Law and that during the earlier stages of post-naupliar development 
there is the same proportional increase in the total length of the body at each successive 
moult, the growth-factor differing, however, in the two sexes, and it is interesting to note 
that in the only species in which I have been fortunate enough to obtain and llleasure the 
naupliar stages, namely Acartia southwelli Sewell, the same mathenlatical relationship ap
pears to hold good also in these early stages of development. With the commencenlent of 
the onset of sexual maturity the growth-factor in both sexes tends to djminis"tr; though this 
does not seeln to be invariably the case. In the diagram given below I have attelllpted to 
indicate the various lines along which individuals of a given species may develop; it llluSt, . 
however, be borne in mind that these various lines are based merely on the mathenla
tical relationships of the succeSSIve gTowth-stages and have not been proved by actual 
breeding. 

Sex 
indeterminaLe 

Stage 1 

I 
<.;> Stage 2 0 
r---------~I--------------~I I 

St01Je3 Stage 3 
9growth-facior dgrowth-facto7 

-I LLr' 
ut+ I 

I I 
U grornn.-Iac{or 

I 
StageX 

·Abnormal immature
stage with male 

cluuacurs 

<.( growth-factor d growth-factor 
Staje'; Stage .5 " 

sometimes sometimes 
sexually mature. se.xlULlly mature-

( low dimo,?'0 (low d~morplz-) 
I 

9 growth-factor 
I 

Stage 6 
sexuaJZy mature 
(high dimorph) 

I 
9 growth -fad or 

Stage 4 
w~m(durf!-

agrowl/' ifarlor 

I 
Stage 6 

sexuall!! :m.ature 
(hi:;11 dt"morl'h) 

I 
9 ~".owt/I fador 

I 
St09(' X 

Ahllormall!71 mCl tflr~

slaJi' 11'1 tIl Ii'llla/f!

('lUI rt! (' t ( rs 

In my previous papers (1912, 1914a) I followed the nOlllenclature of the successive 
growth-stages that had been adopted by Fowler for the Ostracoda and tenl1f'd tIll' liD:1.1 
adult stage, Stage I, the 1st post-naupliar or Copepodid ~tage being in 1l10st cas('~; Stage VI. 
Other authors; in describing the various stages of developnlent, have tel'lned the 1 st l·ost
naupliar st~ge as Stage. I and the final adult stage, Stage VI: and I have, thereJul".:', ill tlil' 
following pages adopted this latter method so as to facilitate comparison. 

1 Since this was written, Gurney (1928) has puhlished a paper in whioh he reachos the gonoml cUllclusion "thll,t • BOllk .. 's 1.11 \\ ! 

as stated by Fowler cannot be upheld." At this stage I must leave the eviuence that 1 havo i)l"oll~ltt fOI'\\Hrd to speuk !'tIl' it~df. 

B 
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At Stage IV in the life-history of the post-naupliar development an individual may, 
it would appear, follow one of two possible lines. 

In the female the majority of examples pass through Stage V to Stage VI, in each casg 
the ecdysis showing the characteristic female growth-factor, and in Stage VI bec~me the 
fully mature female. In a certain number of species it appears probable that the in
dividual may, however, become sexually mature at the Vth stage, so that in these species 
we have sexual dimorphism with a high and a low dimorph. I have already (Sewell, 1912) 

descrihed this type of dimorphism in cert~in species, viz. :-

Paracalanus aculeatus Giesbrecht, 
Acrocalanus inermis Sewell, 

Labidocera euchaeta Giesbrecht, etc., 

and it seems probable that this type of development is largely confined, if not entirely 
restricted, to species that inhabit the littoral region of Indian waters and especially the ~tua
rine and brackish-water areas; in a few instances, as in Paracalanus crassl'rostris Dahl, the 
development nla y be completed in :fi ve stages, the V th in this case corresponding to the high 
dimorph (vide infra, p. 75). In addition to the two dimorphic forms mentioned above 
a certain number of individuals, and to judge from my experience especially in those species 
that inhabit brackish-water, may, instead of undergoing an ecdysjs from Stage I,T to Stage 
V \vith a female growth-factor, for some reason not yet understood exhibit the growth
factor of the male sex and thus reach a size that is intermediate between the normal Stage 
V and Stage VI ; those individuals that exhibit this abnormal development do not become 
sexually mature and in a number of cases show a definite advance towards the opposite sex 
in that certain male characters may make their appearance, such male characters being 
especially noticeable in species and genera such as Acrocalanus in which a 5th leg is 
normally present only in the male and its appearance in the female is thus entirely abnormal. 

The development in the male sex apparently follows a velY similar course to that 
of the female sex. Here \ve find that at Stage III in the post-naupliar development 
there are two possible lines of development, one line being associated \vith the characteristi c 
male growth-factor, while the other exhibits a change towards the opposite sex and shows 
the female growth-factor. Those examples that at this stage sho\v the lllaIe growth-factor 
reach Stage V that corresponds exactly to the stage that we have called Stage X in the 
fenlale line of development, but in this case these examples may beconle sexually mature 
and form the low dimorph. In the alternative line of development the individual exhibits 
the female growth-factor and passes from Stage J.Il to Stage IV, but in this case remains 
still immature and it is only in the final moult from Stage IV to Stage Vf, in which ecdysis 
the growth-factor is again that characteristic of the male, that sexual maturity is reached 
and \ve get the high dimorph. It will be noticed that the possible lines of development 
in the two sexes are exactly identical and that in each sex there is the possibility of the 
appearance of characters belonging to the opposite sex. In certain rare instances, as in the 
case of Lauidocera euchaeta Giesbrecht (vide Sewell, 1914a, p. 495) it seenlS possible that in 
the male a few individuals, that have reached Stage lV, by the adoption of the female 
growth-factor, frOln Stage Ill, may exhibit a further lTIouIt again showing the female 



1929.] R. B. SEYMOUR SEWELI~: Oopepoda Of Indian Seas. 9 

growth-factor and so reach the condition found in Stage X, that corresponds structurally 
with the Stage X in the development of the female, being sexually immature but 
exhibiting certain female characters. 

In every case in which I have been able to trace any portion of the life-history, the 
length-measurements of the successive moults:fit into the scheme that I have outlined above~ 
the only exception being those species in which the life-history appears to be shortened, as 
in Paracalanus crassirostris and Acartia southwelli, in which one of the early stages of 
development in the female and the final or 6th stage in the male seem to be missiuJ. 

It seems clear that the valious species of the Copepoda follow Brooke's la,,":.and, as 
Fowler (1909) expresses it for the Ostracoda, " increases at each moult by a fixed p' ·rceutage 
of its length, which is approximately constant for the species and sex". This, h Jwever, is 
only true to a limited extent, for it appears to be probable that the growth-factor may vary 
not only with the sex and the species but also with the environment and that in anyone 
species the growth-factor may be larger if the local conditions are favouraLle and smaller if 
they are the reverse. 

Although the total length of an individual during its development changes in accord
ance with Brooke's Law, this increase in length is not due to a mere uniform expansion of all 
the various parts of the body. It has been shown that when a segment of the body divides 
into two, as, for example, in the course of development of the abdomen, the total proportional 
length of the two daughter-segments is always greater than the proportional length of the 
parent segment; as a result of this the increase in the number of segments in the abdomen 
during the successive copepodid stages results in a proportional increase in the total length 
of 'the abdomen, so that at each moult the proportional lengths of the cephalothorax and 
abdomen alter and the latter region becomes relatively longer. 

The change in the proportional lengths of the segments in different stages of develop
ment is not confined to the abdominal region but can also be traced in the seglnents of the 
1st antenna. As development progresses the appendage becomes slightly shorter in propor
tion to the total body-length, but, as in the case with the abdonlen, this is not due to a pro
gressive and equal diminution in the proportional lengths of each segment. In those species 
in which a number of different stages have been taken and examined I haye found that, as 
a rule, in the various growth-stages the proximal segments of this appendage. with_ ~lle 
exception of the 1st, tend to become proportionately longer, whereas the distal segnlents 
tend in the opposite direction and become relatively shorter; the line of denHtrcation 
between these two sets of changes usually occurs at the same point in the antenna, 
namely between the 18th and 19th segments, and it is interesting to note t.hat it is at 
exactly this point that the hinge-joint is developed in the grasping antenna of the uwJe in 
the Heterarthrandria, as well as in the two genera of the Amphaskundrin, lllc!localallus 
and Bathycalanus. . 

In the following pages I have given the lengths of the various seglllents of t.he abdoluen 
as parts per cent and of the 1st antenna as paits per thousand of the whole lpugth, as I 
have found that this greatly facilitates the comparison of thp lengths of the various 
segments in individuals of different sizes and in different stage~ of developlllent. 

Giesbrecht (1893, p. 103) in his'description of the genus Calu/lus (sensu loto) calls atten
tion to the presence in that genus of a projecting boss or ridge beset with hairs on the 

D2 



10 lJ!l ernO'i1'S of ihe Indian Museum. [VOL. X, 

posterior aspect of the 1 st basal segment of the 2nd antenna ; 
he also mentions the presence of a row of long hairs on the 

c 
hinder aspect of the same segment of the 2nd antenna in the 
genera Chiridius (loco cit., p. 226) and Euchirella (loc. cit., 
p. 236), and in this latter genus he states that "the 1st 
Basal is short and broad, on the posterior side it possesses 

, a hairy process." Figures are given by hinl sho'wing the , ~\I~I' ; i'i' presence of this row of hairs in U ndinula vulgaris (loc. cit., 
..... "~~ I" ,.t, I PI. VII, fig. 2) and in Euchirella messinensis (loc. cit., PI. XV, 

W/ fig. 16). Later observers, so far as I have been able to 
discover, have for the most part failed to notice this feature; 
but Farran (1905, p. 36, PI. VII, fig. 10) in his description 
of A1nallothrix emarninata calls attention to the presence in 

TEXT-FIG. I.-The basal segments of t:J 

the 2nd antenna in Para eucha eta 'Webel'i that species of a row of fine curved setae in the sanle situa
A. Scott, showing the row of hairs on 
Basal I. tion. This row of hairs appears to be of common oceur-
rence, if not universally present, in the species of the Amphaskandria and I have been able 
to detect it in the following :-

M egacalanus longicornis Sars. 
Bathycalanus richardi Sars. 
Undinula vulgaris (Dana). 
Undinula darwini (Lubbock). 
Olausocalanus arcuwornis (Dana). 
Drepanopsis frigidus Wolfenden. 
Gaetanus rectus Wolfenden. 
,Gaetanus kruppi Giesbrecht. 
,Gaetanu$ pileatus Farran. 
Chirund~a indica, sp. nov. 
Pseudoolii'rt!lla crytospina Sars. 
Pseudochirella l1wgna Wolfenden. 
Pseudochirella obtusa Sars. 
Euchirella bella Giesbrecht. 
Euchirella messinensis (Claus). 
·Euchirella curticauda Giesbrecht. 
Euchirella galeata Giesbrecht. 
Euchirella orientalis, sp. nov. 
Euchirella dubia A. Scott. 
Euchirella nwxil1w Wolfenden. 

Euchaeta tenuis Esterly. 
Paraeuchaeta bisinuata (Sars). 
Paraeuchaeta 1nalayensis nom. nov. 
Paraeuchaeta norvegica (Sars). 
Paraeuchaeta barbata Brady. 
Paraeuchaeta investigatoris, sp. nov. 
Paraeuchaeta weberi A. Scott. 
Paraeuchaeta californica ~Esterly). 
Valdiviella ins ignis Farran. 
Valdiviella oligarthra Steuer. 
Valdiviella mirwr Wolfenden. 
Phaena spinifera Claus. 
Cornucalanus chel'ifer Wolfenden. 
Cornucalanus indicus, sp. nov. 
Amallothrix emarginata (Farran). 
Anwllothrix indica, sp. nov. 
Lophothrix frontalis Giesbrecht. 
Scolecithrix danae Brady. 
Scottocalanus persecans (Giesbrecht). 
Scottocalanus tho1nasi A. Scott. 

Undeuchaeta bispirwsa Esterly. Scottocalanus dauglishi, sp. nov. 
Euchaeta concinna Dana. Scottocalanus investigatoris, sp. nov. 
Euchaeta 1narina (Prestandrea). Macandrewella scotti, sp. nov. 

Up to the present tilne I have failed to find this row of setae on the 1st basal segnlent 
of the 2nd antenna in any member of the group Heterarthrandria and it 'would seenl to be 
at least probable t.hat its presence i~ a characteristic of the group Amphaskandria. 
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I give below (pp. 13-19) a complete, bibliography of the various works that I have 
been, able to consult, but as A. Scott (1969) in his monograph of the Copepoda of the 
" Siboga " collection has given under each species a very complete bibliography of that 
species, I have not thought it necessary to reproduce these lists here and in most instances 
have only given the references to those papers that have appeared since the publication of 
Scott's work. 

SYSTEMATIC LIST OF SPECIES. 

The species ?nafked * occur in the Indian Museun~ Collections. 

Tribe Amphaskandria. 

Family Calanidae. 
Genus Oalanus Leach. 

1. Oalanus finmarchicus (Gunnerus). 

2. Oalanus propinquus Brady. 

3. *OaZanus tenuicol'nis (Dana). 

Genus Nannocalanus Sars. 
4. *Nannocalanus minor (Claus). 

(a) forma major. 
(b) forma minor. 

Genus Oalanoides Brady. 
5. Oalanoides brevicornis (Lubbock). 

6. Oalanoides natalis Brady. 

Genus Oanthocalanus A. Scott. 
7. *Oanthocalanus pauper (Giesbrecht). 

Genus N eocalanus Sars. 
S. *N eocalan'lts gracilis (Dana). 
9. N eocalan?J,s robustior (Giesbrecht). 

Genus Megacalanus 'Volfenden. 
10. * M egacalanus longicornis (Sars). 

Genus Bathycalanus Sars. 
11. *Bathycalanus richardi Sars. 

Genus UndinuZa A. Scott. 
12. *Undinula vulgaris (Dana). 

(a) forma rnaj or. 
(b) forma minor. 

13. *Undinula da1'wini (Lubbock). 

!Family Eucalanidae. 

Genus Eucalanus Dana. 
14. *Eucalanus attenuatus (Dana). 

15. *Eucalanus elongatus (Dana). 
16. *Eucalanus crassus Giesbrecht. 

17. * Eucalanus longiceps Ma tth ews. 
IS. *Eucalanus monachus Giesbrecht. 

19. *Eucalanus mucronatus Giesbrecht. 

:20. * Eucalan'tLs 'pzleat'U,8 Giesbrecht. 

21. *EucaEanus 8ubcraS8Ui5 thesore~ht. 
22. Eucalanus dentatus A. Scott. 

Genus Rhincalanus Dana. 

23. * Rhincalanlls cornutus Dana. 
24. *Rhincalanus nasutus Giesbrecht. 

Genus lJlecynocera Thompson. 

25. *J.ll.ecynocera da'i.lS~ Thompson. 
Family Paracalanidae. 

Genus Paracalanus Boeck. 
26. *Paracalanus aculeatus Giesbrecht. 

(a) forma majm·. 
(b) forma minor. 

27. * Paraca.lanus se'lTatipes Sewell. 

2S. *Pm'acalanu8 denudatus, sp. nov. 

29. * Paracalanus pm'vus Giesbrecht. 
30. *Paracalanus nanus Sars. 

31. *ParacalantlS crassiros['I"is Dahl. 

32. *Paracalanus dttbia Sewell. 

33. *Paracalanus nudus, sp. nov. 

Genus Acrocalam.ls Giesbrecht. 

34. *Acrooolan'lls gracilis Gieshl'eeht. 

35. *Acrocalanus gibbe1' Giesbrecht. 
36. *Acrocalanus inerrnis Sewell. 

37. * Acrocalanus longicornis Giesbrecht. 

3S. * AC'l'ocalanus rnonaclms Giesbrecht. 

39. * Acrocala nus gat·d·ineri "\Volfenden. 

Family Pseudocalanidae. 

Genus Oalocalanus Giesbrecht. 
40. *Oalocalanus pam (Dana). 

41. *Oalocalan'lls pbl1JIll{OSllS (Claus) .. 
42. *Oalocalanus styh'J'l'lIl1'S Giesbrecht. 
43. *Oalocala1lus ('olltracius Fanan. 

Genus Clausocalanu8 Girsl)Jecht.. 

44. *Ola'llsocalau1ls (/),ClliCOJ'lIis (Dana). 

(a) forma major. 

(b) forma miJlor. 

45. *Clawwcalui/u:; /lfr('ol'Us (Brady). 

46. *Olaus()('olol/usfurJ'(l111", Sp.llOV. 

Genus Sp1:noc(l1(/llu~ (iil'~hl'('eht. 

47. *Spillocolw/1Is '111O.f}JfU8 'Volfenden. 
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Genu~ Monacilla Sars. 

48. lit onacilla typica Sars. 

49. * JJ1 onacilla. tenera Sars. 
Genus Drepanopsis Wolfenden. 

50. *Drepanopsisfrigidus Wolfenden. 

Family Aetideidae. 
Genus Aetideu.~ Brady. 

51. *Aetideus armatu,s (Boeck). 

52. Aetideus giesbrecldi Cleve. 

53. Aetidius brady?· A. Scott. 

0~nus Aetidfopsis Sars. 

54. Aetideopsis rostrata Sars. 

Geriu~ UndirlOpsis Sars. 

55. Undinopsis arJ1lrttus (Brady). 

Genus Olliridius Giesbrecht. 

56. Ohirid1'us poppei Giesbrecht. 

57. *Ohiridius gracilis Farran. 
Genus Gaid1·1tS Giesbrecht.. 

58. *Gaidius minutus Sars. 
59. *Gaidius tenuispinus (Sars). 

Genus Gaid1:opsis A. Scott. 

60. Gaidio]Jsis cl'assirostris A. Scott. 

Genus Ohirid1'clla Sars. 

61. Ohiridiella macrodactyla Sars. 

Genus GaetanHs Giesbrecht. 
62. *Gaetanus armiger Giesbrecht. 

63. Gaetanus caud(6ni Canu. 
64. Gaetanus lwmatus A. Scott. 

6:;. *Gaetan7ts kruppi Giesbrecht. 

66. *Gaetanus latifrons Sars. 

67. *Gaetanus nifJ~.s Giesbrecht. 
68. *Gaetanus minor Farran. 

69. *Gaetanus pileatus Farran. 

70. *Gaetanus rect'~s Wolfenden. 

Genus Euchirella Giesbrecht. 

71. Euchirella amorna Giesbrecht. 
72. *Euclu:rella bella Giesbrecht. 

7:3. * Euchirella brevis Sal's. 
74. * Euchirella curti cauda Giesbrecht. 

75. *Euchirella galeata Giesbrecht. 
76. *Euchirella maxima Wolfenden. 

77. *Euchirella messinensis (Claus). 

78. Euchirella pulckJ'a (Lubbock). 

79. Euchil'ella venusta Giesbrecht. 

80. *Euchirella oTie'ntalis, sp. nov. 

Genus OhiTl.lndir/a. Giesbrecht.. 

81. Ohinmdina streetsi Giesbrecht. 

82. *Ohirundina indica, sp. nov. 

Genus Undeuchaeta Giesbrecht. 
83. Undeuchaeta major Giesbrecht. 

84. Undeuchaeta plumosa (Lubbock). 

85. Undeu.chaeta intermedia A. Scott. 

86. *Undeuchaeta bispinosa Esterly. 

Genus Pseudochil'ella Sars. 
87. *Pseudochirella notacantha Sars. 

88. *Pseudochirella cryptospina Sars. 

89. *Pseudochirella magna ("''''olfenden)._ 

90. *Pseudochirella obtllsa Sars. 

Family Euchaetidae. 
Genus Valdi l'iella Steuer. 

91. *Vald1>viella bem:cornis Sars. 

92. *Vald1:"iella insignis Farran. 

93. * Yaldiviella ignota ~ sp. nov. 
94:. *Valdi'IJiella minor \Volfenden. 
95. *Valrliciella oUgG1,thra Steuer. 

96. *" Valdil'iella gigas" Brady. 

Genus Ellchaeta Philippi. 

97. Euchaeta acuta Giesbrecht. 

98. Euchaeta a:ffinis Cleve. 

99. *Euchaeta concinna Dana. 

100. Euchaeta longicornis Giesbrecht. 

101. * Euchaeta marina Prestand. 

102. *Euchaeta media Giesbrecht. 

103. *Euchaeta spinosa Giesbrecht. 

104. *Euchaeta tenuis Esterly. 

105. Euchaeta tonsa Giesbrecht. 

106. *Eucltaeta wolfendeni A. Scott. 

Genus Parael/chaeta A. Scott. 

107. *?Paraeuclweta, barbata (Brady). 

]08. *Parael chaeta bis1>nuata (Sars). 

109. *Pameuclweta californica (Esterly). 

110. *Paraellchaeta investigato-l'is, sp. nov. 
Ill. Paraeuchaeta dentata A. Scott. 

11:2. * Paraeuchaeta gracilicauda A. Scott. 

113. Paraeuchaeta propinqua (Esterly). 

114. Paraellchaeta sarsi (Farran). 

I1f>. )araeuchaeta sibogae A. Scott. 

110. araellchaeta tonsa (Giesbrecht). 

117. Paraeuchaeta spinife'ra (Esterly). 

118. *Paraellchaeta malayensis nom. nov .. 
( =P . barbata A. ·Scott). 

119. *Paraeuchaeta tuberculata A. Scott. 

120. *Paraeuchaeta weberi A. Scott. 
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Family Phaennidae. 
Uenus Phaenna Claus. 

121. *Phaenna spinifera Claus. 
Genus Amallophora. T. Scott. 

122. Amallophora typica T. Scott. 
'Genus Heteramalla Sars. 

123. Heteramalla dubia (T. Scott). 
'Genus Onchoaalanus Sars. 

124. Onchocalanus cristatu,<; (WoHenden). 
125. Onchocalanus hirtipes Sars. 
126. *OnchocalfJnus trigoniceps Sars. 

Genus Xanthocalanus Giesbrecht. 
127. Xanthocalan'lts agilis Giesbrecht. 
128. Xanthocalanus fragilis (Aurivillius). 

Genus Brachycalanus Farran. 
129. Brachycalanus gigas A. Scott. 

Genus Oornucalanus Wolfenden. 
130. *Oornucalanus chelifer (Thompson). 
131. *Oornucalanus simplex Wolfenden. 
132. *Oornucalanus indicus, sp. nov. 

Family Scolecithricidae. 
Genus Scottocalanus Sars. 

133. *Scottocalanus farrani A. Scott. 
134. *Scottocalanus helenae (Lubbock). 
135. Scottocalanus persecans (Giesbrecht). 
136. Scottocalanus setosus A. Scott. 
137. Scottocalanus longispinus A. Scott. 
138. *Scottocalanus thomasi A. Scott. 
139. *Scottocalanus investigat(yris, sp. nov. 
140. *Scottocalanus dauglishi, sp. nov. 

Genus Lophothrix Giesbrecht. 
141. * Lophothrix frontalis Giesbrecht. 

(a) forma major. 
(b) forma minor. 

142. * Lophothr·ix quadr-ispinosa Wolfenden. 

Genus Macandrewella A. Scott. 
143. *Macandrewella 'chelipes (Giesbrecht). 
144. Macandrewella joanae A. Scott. 
145. *Macandrewella scotti, sp. nov. 

Genus Scaphocalanus Sars. 
146. *Scaphocalanus affinis Sars. 
147. *Scaphocalanus elongatus A. Scott. 
148. *Scaphocalanus magnus (T. Scott). 
149. 'Scaphocalanus major (T. Scott). 
150. *Scaphocalanus medius Sars. 

Genus Scolecitkrix Brady. 
151. Scolecithrix b'l'adyi Giesbreyht. 
152. *Scolecithrix danae (Lubbock). 
153. *Scolecithrix nicobarica, sp. nov. 

Genus Scolecithricella Sars. 
154. Scolecithricella auropecten (Gies

brecht). 
155. Scolecithricella abyssalis (Gies-

brecht). 
156. *Scolecitltricella ctenopus (Giesbrecht). 
157. Scolecithricella longicornis (T. Scott). 
158. Scolecithricella longifurca (Gies-

brecht). 
159. Scolecithl'icella marginata (Giesbrecht). 
160. Scolecitllricella mi'l'IO'I' (Brady). 
161. Scolec·ithricella profunda (Giesbrecht). 
162. Scolecithricella ten tn'pes A. Scott. 
163. *Scolec·ithn'cella pearsoni Sewell. 

Genus Arnallothrix Sars. 
164. Amatlotlwix cU'I't'l'ca uda (A. Scott). 
165. AII/allothti~: 91'acilis (A. Scott). 
166. 1Amallothiix obtusifro'lls Sars. 
167. Amalloth'l'ix tydemani (A. Scott). 
168. * Amallothrix enlarghzata (Farran). 
169. *Amallotltrix arcllata Sars. 
170. *Amalloth'l'ix Ival£da (Farran). 
171. *Amallothr·ix 'illd'ica, sp. nov. 
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Tribe AMPHASKANDRIA. 

Family CALANIDAE. 

Genus CALANUS Leach. 

From time to time the genus Calanus has been reduced in size by the separation of a 
number of groups that have been raised to the dignity of generic rank. It IS, in Illy 
opinion, doubtful whether these various groups should be oonsidered as true genera or 
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regarded merely as sub-genera, but at the present time it seems best, for purposes of con
venience, to treat them as genera. In 1847 Dana created the genus Undina but this n8l-De 
was preoccupied and in 1909 A. Scott renamed the genus Undinula. In 1852 Dana separated 
off the two genera Eucalanus and Rhincalanus; in 1864 Boeck created the genus Para
calanus; and in 1883 Brady founded the genus Calanoides. Recently, in 1925, G. O. Sars 
has still further reduced the limits of the' genus Calanus by the separation of a number of 
other forms and the creation of the genera Narwcalanus, to accommodate Calanus mirwr 
Claus, and Neocalanus, in which he includes three forms, '1)iz., Calanus gracilis Dana, O. 
robustior Giesbrecht, and C. tenuicornis Dana; of these three latter forms the :first two 
were in 1909 included by A. Scott in his new genus ,Megacalanus. It is unfortunate that 
in several instances Sars gives no reasons for the creation of these new genera nor does he 
give any definition of the genus; for instance (1925, p. 7) regarding his proposed new genus' 
Neocalanus he merely remarks" Ce nouveau genre est propose pour y comprendre les 3 
especes suivantes, generalement referees au genre Calanus, mais qui s'endistinguent par 
quelques caraGteres bien prononces, specialment manifestes chez Ie male." 

Of the various species that are still included in this now much restricted genus, Oa"/n,nm 
propinquus Brady has been recorded from the Indian Ocean by Brady himself (1915, p. 135), 
'1ho found it iL a collection made in Durban Bay; Calanus jinmarch.icus Gunnerus has' 
been recorded from the south and east of Cape Colony by Cleve (1904, p. 185), and.Oalanus 
tenuicornis (Dana) was taken by the " Siboga " in the Malay Archipelago and is recorded 
by A. Scott (1909, p. 8). Only this last from has so far been discovered in the" Investi
gator" collections. 

Calanus tenuicornis (Dana). 
Calanus tenuicornis, A. Scott, 1909, p. 8. 
Calanus tenuiOO'1'nis, T. Scott, 1912, p. 527. 

Calamus tenuicornis, Sewell, 1914, p. 193. 
Calanus tenuicornis, Farran, 1920, pp. 16, 19 and 24. 
Calanus tenuicornis, Friichtl, 1920, p. 468 (6). 

Neocalanus tenuicornis, G. O. Sars, 1925, p. 9. 
Calanus tenuioornis, Farran, 1926, p. 227. 
Calanus tenuicornis, Farran, 1929, p. 217. 

This species, though very rare, is occa~ionally found in Indian waters; it has now· 
been recorded from the Malay Archipelago (A. Scott), the Ceylon Pearl banks (Sewell) and 
the South African Seas (Cleve). 

As mentioned above, Sars includes this species with Oalanus gracilis Dana and Oalmn'US· 
fob'Ustior Giesbrecht in his proposed new genus N eocalanus, but the absence of a~y hook on 
th~ basal segment of the 1st le"g and the fact that in this species the head and 1st thoracic 
segnlent are separate, whereas in C. gracilis and O. robu.~tior they are fused, are, I think, 
sufficient grounds for disagreeing with Sars's suggestion and keeping this species separate. 
from the other two. 

·G€nus NANNOCALANUS Sari. 

Nannocalanus minor (Claus). 
Oalanus mino'i', A. Scott, 1909, p. 7. 
Calanus minor, Steuer, 1910, p. 1025. 
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Oalanus 'minor, Sharpe, 1911, p. 406. 

Oalanus minor, Wolfenden, 1911, p. 193. 

Oalanus minor, T. Scott, 1912, p. 527. 

Oalanus minor, Sewell, 1912, p. 354. 

Undinula COIfoli, Sewell, 1912, p. 356. 

Oalanus minor, Sewell, 1913, p. 367. 

Oalanus minor, Pesta, 1913, p. 30. 

Oalanus minor, Sewell, 1914, p. 192. 

Oalanus minor, Friichtl, 1920, p. 467 (5). 

Nannocalanus mino?', G. O. Sars, 1925, p. 9. 

Oalanus minm', Farran, 1929, p. 214. 
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This species appears to be widely distributed throughout Indian waters; it has now 
been obtained from the Malay Archipelago, the coastal region of Burma and the Mergui 
Archipelago, the Nicobar Islands, the Ceylon Pearl Banks and from the Maldive Archi
pelago. Though of wide distribution it is, as a rule, not particularly common; but in 
certain catches it has been taken in fairly large numbers. The females are in the live state 
usually tinged with pink, whereas the males are colourless. 

The "Investigator" collections made at Station 614 (Nankauri Harbour, Nicobar 
Islands) contain a number of examples of what I take to be this species, but a close examina
tion of these examples has revealed that there are two very closely related and extremely 
similar forms, difiering from each other for the most part only in size, though there are also 
a few minor structural differences; but these latter are so slight that I am convinced that 
there are two forms of the same species. I have, therefore, referred to them as forma majO'l' 
and forma m,inor. 

Forma major. 

(Text-fig. 2, a-d). 

~ The total length varies from 1'55 to 1'64 mm. 
The proportional lengths of the cephalothorax and abdomen are as 60 to 19; the 

abdomen is thus contained 3'2 times in the length of the anterior region of the body. 
The head and 1st thoracic segment are fused, but thoracic segments 4 and 5 are separate. 

The forehead is rounded and the posterior thoracic margin forms a uniform rounded curve. 
The a,bdominal segments have the following proportional lengths : 

Abdominal segment 1 and 2 3 4 5 }'urca. 
'---"\,--J 

36 20 15 7 22 -= 100. 

The furcal ramus is 1'75 times as long as wide. The distal nlargin bears five setae, 
of which the 2nd is thickened and is at least twice as long as the others. 1'he 5th setH. is 
small and is only one-half to one-third as long as setae 3 and 4. The dorsal seta is small 
and projects inwards in an S-shaped curve. 

The genital aperture on the ventral face of the 1st abdomina! segluent (text-fig. 2, b) 
is guarded by a semi-circular flap, that reaches across slightly more than four-fifths of the 
ventral aspect and is one and a half times as wide from side to side as it is frolll before back· 
wards. 
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The 1st antenna reaches back to the hinder margin of the genital segment. Segments 
1 and 2 are separate but segments 8 and 9 are fused. The segments have the folloWing 
proportional lengths : 

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'--v-' 

Srgment 1 2 3 

53 58 27 24 26 27 2i 57 37 39 43 45 45 48 50 50 50 47 40 itO 45 47 42 82 1.000. 

The 2nd antenna and the mouth-parts are of the usual Calanoid type. 
The 1 st swimming leg has the usual structure, both exopod and endopod consisting 

of three segments. The endopod reaches to the level of the 2nd inner seta on the margin 
of exoDod 3 . ... 

c. 
TEXT-FIG 2.-Nannocalamls minor (Claus) forma major, ~. 

a. The whole animal from the right side. c. The 2nd swimming leg. 
b. The genital segment of the abdomen, from below. d. The 5th swimming leg. 

The 2nd swimming leg (text-fig. 2, c) is, at any rate in certain individuals, charactez1sed 
~Y the strong development of the marginal spines on exopod 1 and 2; the spine on exopod 
1 reaches to the level of the j.unction of the third and fourth quarters of the external margin 
of exopod 2 and the spine on this latter segment may reach the level of the articulation of 
the proximal spine on exopod 3. 

The 5th swimming leg (text-fig. 2, d) agrees closely with the figure given by Giesbrecht 
(1892, Pl. VIII, fig. 19). The end-spine is nearly as long as the distal segment of the 
exopod; its length being contained 1'17 times in that of the segment. 

Forma minor. 

(Text-CUg. 3, a-d). 
~ Total length from 1'32 to 1'49 mm. 
The proportional lengths of the cephalothorax and abdomen are as 54 t.o 17, the 

abdonlen being contain~d 3'2 times in the length of the anterior region of the body, as in 
the larger fornl. 
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The general conformation of the body agrees with that of the larger form with this 
very slight difference that the posterior margin of the last thoracic segment does not form 
.a uniform curve, but exhibits a faint tendency to be produced at the apex of the curve. 

b. 

D. 

TEXT FIG. 3.-Nannocalanu8 minor (Claus) forma mill,or, ¥. 
a. The'whole animal from the right side. c. The 2nd swimming leg. 
b. The genital segment of the abdomen, from below. d. The 5th swimming leg. 

The abdominal segments have the following proportional lengths : 
Abdominal segments 1 and 2 3 4 5 Furca: 

'---y---' 

37 19 16 7 21 -= 100. 

The genital aperture (text-fig. 3, b) is guarded by a valve flap that is very distinctly 
narrower than in forma major and only reaches across a little more than one-half of ..... the 
ventral surface, while the transverse diameter of the valve is only one and a quarter times 
that of the antero-posterior diameter, instead of one and a half-times as in the larger form. 

The 1st antenna reaches back to the hinder margin of the genital segment and, as 
in forma major, segments 1 and 2 are separate and 8 and 9 are fused. The proportional 
lengths of the various segments are as follows: 

Segment 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'-v-' 

57 62 26 22 25 25 2a 45 a4 34 41 44 48 48 49 49 49 51 44 42 47 54 47 35 -- 1,000. 

The 2nd antenna, mouth-parts and the 1st swimming leg appear to be identical with 
those of forma major. 

The 2nd swimming leg in this form (text-fig. 3, c) exhibits a considerable difference 
from that of forma major in the degree of development of the marginal spines on exopod 1 
and 2; these are considerably smaller than in the larger form and the marginal spine on 
exopod 1 reaches to a level of the junction of the middle and distal thirds of the outer 
margin of exopod 2, while that on exopod 2 reaches only a little more than half the dis
tance to the point of origin of the proximal spine on exopod 3. 

D 
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The 5th swimming leg (text-fig. 3, d) closely resembles that of the larger form; the 
serration of the inner margin of the 1 st basal segment is identical and the degree of dev~op
ment of the marginal spines is also similar, but the end-spine is distinctly shorter; its length 
being 'contained 1°41 times in that of the 3rd segment of the exopod. 

Oopepodid Stage V (Text-fig. 4, a, b.) 

Associated with the adult specimens in the same tow-netting from" Investigator" Station No. 614' 
were a number of examples of the last Copepodid stage. 

a. 
'TEXT-FIG. 4.-Nannocalanu8 minor 

,(Claus): Copepodid Stage V. ~. 

a. The 2nd swimming leg. 
b. The 5th swimming leg. 

~ Total length, 1·302 mm. 

The proportional lengths of the cephalothorax and abdomen are as 
69 to 17, so that the abdomen is contained 4·06 times in the length of the 
anterior region of the body. 

In their general conformation these examples closely resemble the 
adult except that the segments of the abdomen have not yet assumed their 
adult character, and the cephalon and the 1st thoracic segment are still 
separate. The posterior margin of the thorax is very slightly produced at 
the apex of the curve as in the small form of the adult. 

The abdomen consists of four segments but in this case the 1st. and 
2nd are separate and it is the 4th and 5th that are still fused. The pro~ 
portionallengths of the segments are as follows : 

Segment 1 2 3 4, 5 Furca, 
~,---/ 

21 21 18 24 16 = 100 

The 1st antenna is segmented as in the adult; segments 1 and 2 being 
separate and 8 and 9 fused; the proportional lengths of the segments are 
as follows: 

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'-y-J 

62 67 27 24 26 25 23 4a 26 29 39 42 45 56 46 48 49 51 49 43 48 57 49 40 - 1,000 

The 2nd antenna and the mouth-parts resemble those of the adult. 
In the swimming legs the first four pairs possess three segments in both the exopod and the endopod. 

In the 2nd leg (text-fig. 4, a) the marginal spines on exopod 2 and 3 reach about half way to the base of 
the next marginal spine. 

In the 5th leg (text-fig. 4, b) the rami consist of only two segments. In the immature male the legs 
·of the two sides in the 5th pair 'are very nearly symmetrical, almost the only trace of the differentiat~on 

that will be reached in the adult between the right and left legs being seen in the terminal spines of 
·exopod 3, which is much shorter on the left side than on the right. 

A comparison of the different stages or size-groups in this species indicates that during 
the course of development the individual passes through a series of definite gradations in 
·structure. The first change to which I would call attention is the change in the relative 
lengths of the various segments of the 1st antenna. In the following table I have given 
the proportional lengths of these segments~in the three growth-stages, namely the last Cope
podid stage, the small adult (forma minor) and the large adult (forma major). 

Segment l I 3 4 I) 6 'I 8 9 10 11 12 
'--v--I 

13 14 15 16 17 18 19 20 21 22 23 2-1 25 

Final Copepodid 62 61 17 14. 16 15 is 48 26 29 39 42 45 46 46 48 49 51 49 43 48 57 49 40 
stage. 

Small ILdult 57 62 26 22 2i 25 2S 45 34 34 41 44 48 48' 49 49 49 51 44 42 4:7 54 47 35 

Large adult 58 58 17 24 26 27 27 57 37 39 43 45 45 43 50 50 50 47 40 40 45 .47 42 32 
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A comparison of the different lengths of the segments shows that in the first two proxi
m81 segments of this appendage there is a distinct tendency for the length of the segment 
to decrease with each stage in the increase of size in the individual. In this instance I hesi .. 
tate to call these stages actual growth-stages, since I have no reason, beyond the difierence 
in size, for concluding definitely that these stages are portions of the same life-history, and 
it is possible that the two forms, forma major and forma minor, may each be the final stage 
in the development of distinct races of the same species. Between segments 3 and 6 there 
is but little appreciable change but in segments 7 to 18 there is a clear tendency for the 
length of the segments to increase relatively with each increase in size of the individual. 
At this point in the appendage there is, however, a complete change and from the 19th to· 
the 25th segment inclusive the length of the various segments gets definitely less with an 
increase in the size of the individual. 

As I shall show later, in other species we can trace the same change in the proportionate· 
length of the antennal segments in successive growth-stages and it is interesting to note
that the point at .which the change in the proportional length switches over from an increase· 
to a decrease occurs, in almost every instance in which I have been able to obtain data, at 
the same point, namely between the 18th and 19th segments, which is also the point at 
which the hinge joint in the grasping antenna of the male develops in the Podoplea. 

Another point that appears to be brought out by a comparison of the above three forms 
is that the length of the marginal spines on the exopod of the swimming legs may alter
considerably during the course of growth.~ 

Genus CALANOIDES Brady. 

Oa'lanoides brevicornis (Lubbock) has been recorded from the region of the Malay 
Archipelago by A. Scott (1909, p. 10) and by Friichtl (1924, p. 33), while Cleve (1904, 
p. 185) has recorded its occurrence in the region of the Indian Ocean lying to the east of 
:~~ratai. Brady (1914, p. 4) has described a second species belonging to this genus, unda. 

the name O. nata lis , from Durban Bay on the East Coast of Mrica. Up to the present 
time I have failed to detect the presence of either species in the" Investigator" collections 
from Indian waters. 

Genus CANTHOCALANUS A. Scott. 

Canthocalanus pauper (Giesbrecht). 

Oalanu8 pauper, .A. Scott, 1909, p. 9. 

OaZanu8 pauper, Wolfenden, 1911, p. 193. 

OaZanus pauper, Pesta, 1912, p. 43. 

Oantkocalanu8 pauper, Sewell, 1912, pp. 315, 355. 
Oalanus pauper, Pesta, 1913, p. 30. 

Oantkocalanus pauper, Sewell, 1913, p. 367. 

Oantkocalanus pauper, Sewell, 1914, p. 193. 

Oantkocalanus pauper, Friichtl, 1924, pp. 12, 32. 
Canthocalanus pauper, Gurney, 1927, p. 14~. 
Oalanus pauper, Farran, 1929, p. 215. 

Oanthocalanus pauper, var. plumulosus, Sewell, 1912, p. 355. 

Cantkocalanus pauper var. plumulosus, Sewell, 1914, p. 193. 
D Z 
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This species is widely distributed throughout Indian waters; it has now been recorded 
from the Malay Archipelago (Scott, Friichtl), the Burma coast (Sewell), the region of 'he 
Nicobar Islands (Sewell), the Pearl Banks of Ceylon (Thompson and Scott; Sewell), the 
Maldive Archipelago (Wolfenden), the Arabian sea (Thompson and Scott)', the ~ed Sea 
(A. Scott), and the Gulf of Suez (Gurney). In the" Investigator" collections it occurs 

• in the following Stations: 540, 541, 542, 543, 544, 545, 547, 552, 555, 556, 558, 559, 561! 
562, 577, 578, 582, 583, 584, 587, 588, 590, 591, 614, and in Expedition Harbour in the 
central group of the Nicobars. 

As I have previously-pointed out (Sewell, 1914, p. 193) the variety plumulosus, based 
on the dichotomous branching of some or all of the furcal setae, is merely an abnormalit,y 
due in all probability to injury ~o and subsequent regeneration of the setae. Friichtl (1924, 
p. 12), who appears not to have seen my paper, has independently arrived at the same 
<!onclusion and considers that the increased size of the regenerated setae and their dichoto
mous branching is an attempt at compensation for loss of balance and diminished powers 
()f swimming caused by the loss of the original setae; while most often seen in the setae 
that arise from the furcal rami, a similar dichotomous branching may also occur in the 
setae arising from the segments of the 1st antenna. 

Genus NEOCALANUS G. O. Sars. 
Sars (1925, pp. 7-8) created the genus Noocalanus in order to include the three forms, 

rOalanus gracilis Dana, C. Tobustior Giesbrecht, and C. tenuioornis Dana, basing his 
action "on certain well pronounced characters, especially manifested in the male" A. 
Scott (1909, p. 12) had included Calanus gracilis and O. robustior in the genus Megacalanus 
along with M. princeps on the grounds that in all three species we find a hook on the 
'2nd basal joint of the 1st swimming leg. Sars, however, does not consider this sufficient 
grounds for classing these three forms together, and in view of the fact that in Oalanus 
gracilis and C. robustior the head and 1st thoracic segment are fused, whereas in Megaoalanus 
princeps they are separate, it certainly seems advisable to keep these forms apart. The 
-same objection, however, holds good in the case of Oalanu8 tenuicornis, in which also the 
head and 1st thoracic segment are separate. I have, therefore, included Oalanus gracilis 
and o. robustior in the genus N eoaalanus , leaving, for the time being, the position of 
,Calanus tenuicornt·s undecided. 

Both Oalanus gracilis and O. robustior have been recorded from Indian waters. The 
former species has now been taken in the Malay Archipelago and on the Pearl Banks of 
Ceylon, and occurs very rarely in the "Investigator" collections. Oalanus robustior has 
been recorded by Wolfenden (1906, p. 996) from the Maldive Archipelago. 

Neocalanus gracilis (Dana). 
Megacalanus gracilis, A. Scott, 1909, p. 12. 
Megacalanus graciZis, T. Scott, 1912, p. 528. 

4. 

Neocalanus gracilis. G. O. Sars, 1925, p. 7. 
Oal.anus gracilis, Farran, 1926, p. 229. 
Oalanus gracilis, Farran, 1929, p. 217. 

rrwo specimens (~) were taken in the tow-netting at "Investigator" Station 614 
(Nankauri ~arbour, Nicobars) on January 18th .. 19th, 1922. 
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Genus MEGACALANUS W ol£enden. 

(== Macrocalanus G. O. Sars.) 

The genus Megacalanu8 was created by Wolfenden in 1904 to accommodate a large 
Copepod that he had obtained in the deep water of the Atlantic Ocean and which he called 
Megacalanus princeps. A month or two later G. O. Sars independently described the same 
species under the name Macrocalanus longicornis. Wolfenden subsequently (1905, pp. 1-3) 
included in the same genus a second form which he took to be identical with that described 
by Brady in the" Challenger" report under the nalne Calanus princeps. This necessitated 
a change of name for the orjginal species, which he, therefore. renamed M. bradyi. Still 
later it was pointed out by both 'Volfenden (1906, p. 25) and A. Scott (1909, p. 11) that 
Brady's Oalanus princeps does not belong to the genus Megacalanus at all, so that Wol
fenden's original nalne M. princeps still held good and to add to the confusion the form 
which Wolfenden had taken to be identical with Oalanus pri1weps Brady was shown not to be 
so and was transferred by A. Scott (1909, p. 14) to a new genus Bradycalanus that he created 
to accomnlodate Oalanus princeps Brady and a new form that he discovered in the " Siboga " 
collection. This appeared to clear up the confusion that had arisen in the nomenclature; 
Sars, however, in his monograph of the Copepoda taken by the late Prince of Monaco has 
combined the genera Megacalanus and Bradycalanus, this latter name becoming a thirl 
synonym of the genus Megacalanus and therefore once again the name Megac~lanu~ princeps 
for Wolfenden's original species becomes untenable and must be replaced by the name given 
to it by Sars, namely M. longicornis. 

Megacalanus longicomis (Sars). 

Megacalanus princeps, 'Volfenden, 1904, p. 112, pI. ix, fig. 1 (n?n Oalanus prinoops Brady). 
Megacalanus bradyi, Wolfenden, 1905, p. 1, figs. 1-6. 
Macrocalan'Us longicornis, Sars, 1905, p. 7. 
Megacalanu8 longicornis, Pearson, 1906, p. 6. 
Megacalanuslongicornis, Farran, 1908, p. 21. 
Megacalanus longicornis, V. Breemen, 1908, p. 13, fig. 9. 
Megacalanu8 princeps, A. Scott, 1909, p. 13, pI. i, figs. 12-18. 
Megacalanus princeps, Wolfenden, 1911, p. 196, pI. xxii, figs. 1-11. 
Megacalanus princeps, Sewell, 1913, p. 354. 
Megacalanu8 princeps, With, 1915, p. 41, pI. i, figs. 3a-i, text-fig. 8, a-d. 
Megacalanus princeps, Lysholm and Nordgaard, 1921, p. 8. 
Megacalanus longicornis, Sars, 1925, p. 14, pI. iii. 
Megacalanus princeps, Farran, 1926, p. 230. 

This species appears to have a wide distribution; it has now been recorded from the 
Atlantic Ocean, the west coast of Ireland~ the south Atlantic Ocean, the Indian Ocean as 
far south as Lat. 65° S., and from the Malay Atchipelago. In the "Investigator" collec
tions it occurs at Sta 393, which extends its range to the north Indian Ocean and the Bay 
of Bengal. It appears to be an inhabitant of deep water; WoHenden records it in de pths 
ranging from 800 to 3,000 Inetres and in the Indian Ocean it has been taken at 400 fathoms. 

The examples in the" Investigator" collections are, curiously, allluales. 
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c! Total length, 9'5 mm. 
The proportional lengths of the cephalothorax and abdomen are as 14 to 5 and the~ 

proportional lengths of the abdominal segments are as follows: 

Abdominal segments 1 2 3 4 5 Furca 
16 25 19 15 13 12 =lOO. . 

The process on the posterior margin of the head in the mid -dorsal line is well marked.-
The posterior thoracic margin ends in a small blunt projection. The furcal rami are sym
metrical and bear five marginal setae, of which the 2nd is the longest, and an accessory 
dorsal seta. The inner borders of the rami are fringed with hair. 

With (1915, pp. 42-43) has called attention to the presence in members of this genus, 
of certain perforated areas, which he terms " maculae cribrosae", on the appendages. In" 
my examples I have seen most of those mentioned by With and also certain others that 
~'ppear to have escaped his observation. 

Sars (1926, p. 16) has called attention to the fact that in the closely allied genus Batky
calan~ls the right antenna in the male is modified to form a grasping organ similar to that 
found in the Podoplea. He states, however, that in the genus Megacalanu8 the antennae 
in the male are similar to those of the female and are the same on the two sides of the body. 
This does not agree with my observations on specimens from Indian waters; in all the 
examples of the male that I have examined, four in all, the antennae on the two sides of 
the body are different, that on the right side being modified into a grasping organ that 
appears to be very similar in structure to the grasping antenna in the genus Batk'!lcalafl,us~ 
On the left side the antenna consists of twenty-five segments having the following propor
tionallengths : 

Segment 

Sewell 

Wolfenden 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ 

32 46 29 26 31 32 85 41 44 48 54 54 54 66 55 55 54 

27 43 27 23 30 30 33 27 30 38 42 47 55 53 56 66 57 57 57 

41 39 41 38 23 23 - 1.000 

42 38 4:2 37 25 28 = 1,000. 

In the above table I have given the measurements taken by me and those given by 
Wolfenden, which I have converted into parts per 1,000 for the purpose of comparison, and, 
as can be seen, there is a very close agreement between the two sets of measurements. Seg
ments 7, 8 and 9 are fused together though traces of a line of separation can be made out, 
especially between segments 8 and 9. On the right side, however, there is a considerable 
difference; in the first instance the a~tenna consists of only twenty-four segments instead 
of twenty-five and in this respect seems to agree with the condition present in Bathycalanus. 
Scott (1909, pI. i, fig. 12) also figures the 1st antenna as consisting of 25 segments. As 
in the female and in the left antenna of the male segments 7, 8 and 9 are fused together, 
and in addition so are segments 12 and 13, and these last two segments are armed with 
longitudinal rows of needle-like spines. There is a distinct elbow-joint between segments 
18 and 19 and the terminal part of the antenna consists of six free segments. The pro
portionallen~hs of the segments are as follows: 

Segment 1 2 3 4 5 6 7 8 9 10 11 12 18 14 15 16 17 18 19 !! 0 21. 22 23 24 
"----.r-..J '--v-..J 

33 46 29 2!:1 32 32 32 26 30 41 44 62 66 68 68 68 66 66 41 -19 5 I 41 26 26 = 1,000 

With (1915, p. 41) calls attention to the clavate seta on segment 9 ; this is very clear in 
the present examples. He also calls attention to the imperfect jointing between segments 7 
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and 9. In his figure he shows these three segments as separated by imperfect joints, but 
in my Indian specimens the joint between segments 7 and 8 is completely absent and that 
between 8 and 9 is only partially indicated. The jointing between segments 12 and 13 
also appears to be imperfect, as Wolfenden states. According to With there is a pe~forated 
area on the second segment; in my examples there are two such, one near the proximal 
end, oval in shape and consisting of 9 pores, and another about half way along the 
segment with nine pores in a circle and a tenth centrally. 

In the 2nd antenna, basal 1 bears a single seta and a row of hairs; basal 2 bears two 
setae and, according to With, there is a "macula cribrosa " on the upper surface but I have 
failed to detect it in my specimens. The exopod bears a single seta. Endopod I bears a 
tuft of setae distally on its inner margin and has a " macula cribrosa " on the anterior sur .. 
face at the base of the distal third; endopod 2 bears a tuft of setae on its border. 

The ma.ndible is strongly armed on its biting surface with 5 large cusped teeth and 
three pointed teeth, and a serrated spine arises from the posterior margin; along the base 
of the biting teeth runs a row of needle-like spines, the 1st basal also bears a group of needle
like spines on its margin near the joint with basal 2 and a tuft of hairs about haH-way along 
the anterior margin of the masticatory lobe; basal 2 bears a single seta about the Iniddle 
of its length and three setae distally on the prolongation of the segment that bears the 
endopod. The 1st joint of the endopod is produced in a rounded swelling and bears a tuft 
of hairs externally. The exopodis of the usual type. A" macula cribrosa" is situated on the 
basal portion of basal 1 and another is to be found on basal 2 near the articulation of the 
exopod; according to With there are two maculae in this situation each consisting of a ring 
of 7 pores, but in my specimen there are 14 pores arranged in an oval with three other pores 
enclosed within the ring. 

In the maxilla the 2nd basal bears 4 setae, the 1st inner lobe bears 14 setae, the 2nd 
5 and the Srd 4; the 1st outer lobe carries 9 setae and the 2nd a single one. The endopod 
consists of two segments each bearing 7 setae, the exopod bears 11 setae and distally has a 
rounded swelling clothed with hair. 

A "macula cribrosa" is situated near the base of the external lobe and, according 
to With, there is a second macula basally near the lateral margin of the exopod but I have 
rfailed to detect this one. 

In the 2nd ma~lla the 1st lobe bears 6 setae, the 2nd, 3rd and 4th lobes bear 3 setae 
leach, the 5th lobe bears 3 setae Qnd one hook, while the 6th lobe bears orie large seta a,nd 
-three small ones. The 5th lobe is much the largest. The terminal joints bear 7 setae . 
. All the setae bear still hairs set wide apart. A" macula crib rosa " is situated on the anterior 
-surface of basal 1. 

The maxilliped consists of a two-jointed basal portion and an endopod of four seg
.ments; these various parts have the following proportional lengths : 

Basal 1 Basal 2 Endopod 1 • 2 3 
80 60 15 17 8 9 

In the 1st basal lobe 1 bears 1 seta, lobe 2 has 2 setae, lobe 3 has 4 and so has lobe 4 ; 
1,he 2nd basal bears a group of 3 setae on 'its inner border about the middle of its lengt,}l 
.and two others distally. There is a row of needle-like spines extending along its anterior 
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margin t.hroughout the proximal half, as far as t.he gTOUp of setae. The arrangen1ent of 
the set.ae on the se~ments of the endopoc1 is as follows :-

On Exopod 1, 4 setae 

" 
2, 4 

" 
(1 short and 3 long.) 

" 
3, 3 

" 
(1 short and 2 long.) 

" 
4, 4 

" 
(1 short and 2 long internally and 1 externally.) 

" 
5, 4 

" 
(2,short and 2 long.) 

Two" maculae cribrosae" are present on this appendage, one is situated on the 2nd 
basal and a second on endopod 4. Neither of these appear to have been seen by With. 

In the 1st swimming leg the 1st basal bears a tuft of long hairs on its anterior 
aspect. Basal 2 carries the hook and bristle that are so characteristic of this species; these 
are situated on the anterior aspect of the limb and not, as stated by Wolfenden, on the 
posterior side. 

A ,; macula cribrosa" is situated on the anterior surface of the segment and rather 
towards the median side near the insertion of the endopod. 

Both rami are three-jointed. Exopod 1 bears a single spine externally and one seta 
internally. Exopod 2 bears also one seta internally and a single marginal spine; on the 
external margin just proximal to the spine is a tuft of hairs. A" macula cribrosa " is situated 
on the anterior aspect near the base of the marginal spine and a little to the inner side. 
Exor'od 3 bears two spines and there are four setae on the inner margin; the distal spine 
j~ extremely long. All the marginal spines are long and slender and are serrated on both 
borders and on the proximal side of each a tuft of hairs ar-ises from the margin of the exopod. 
The proportional lengths of the three segments of the exopod and the distal spine are as 
26: 17: 35: 40. Endopod 1 bears a single seta; endopod 2 bears 2 setae and there is 
a "macula cribrosa" on the anterior aspect about the middle of its length; endopod 3 
bears 6 setae. The external margin of both the 2nd and 3rd segments is fringed with hairs. 

In the 2nd, 3rd and 4th swimming legs the 1st basal segment bears a "macula cribrosa" 
near the outer margin and there is a second on the 2nd basal segment situated just mesially 
to the articulation of the exopod; both of these were noted by With. A third lies in the 
1st segment of the exopod near the base of the marginal spine and a fourth is situated"on 
endopod 2 near the distal margin. There is a tuft of fine needle-like spines on the anterior 
aspect of endopod 3 near the base of tp.e proximal outer seta. 

In the 5th swimming leg in the male I have been unable to detect a " Inacula cribrosa ~, 
on the 1st basal segment, but there is one on the 2nd ba,sal near the articulation of the , 
exopod, another" macula" is situated on the 2nd segllleL ' of the exopod near the distal 
outer angle and a third on t.he 3rd segn1ent of the same ramus near the base of the 1st mar
ginal spine. 

Genus BATHYCALANUS G. O. Sars. 

This genus was created in 1905 to accoll1lnodate a single species, Bathycalanus richardi 
Sars, that had been taken by the late Prince of Monaco in the Atlantic Ocean. Wolfenden 
(1911, p. 198) subsequently added to the genus a second 3:pecif~s which he named B. maxi
mus, but this appeal'~ to differ so slightly fronl the OJ 19inal·"species that it is doubtful if 
the t,vo forms are reaJly distinct. Finally, in 1925) Sars addJd a third form to the genus 
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under the name B. rigidus, but this last form, to judge by the description and figures, 
appears to be identical with the species previously described by Wolfenden (1906) under 
,the name H eterocalanus medius. 

Only one species of this genus has so far been detected in the" Investigator" collec
tions. 

Bathycalanus richardi Sars. 
BathycaZanus richardi, Sars, 1905, p. 7. 

Bathycalanus richardi, Wolfenden, 1911, p. 200, pI. xxiii, fig. 8. 
Bathycalanus richardi, Sewell, 1913, p. 354. 

Bathycalanus richardi, Sars, 1925, p. 16, pI. iv, and pI. v, figs. 1 to 6. 

Two examples of this rare copepod were taken at "Investigator" station 393 in the 
Bay of Bengal at a depth of 0 to 450 fathoms; it has so far not been obtained at any lesser 
depth and would, therefore, appear to be a denizen of the deeper water. Both the examples 
were females and agree exactly with the description given by Sars; they show clearly the 
almost complete fusion of the 2nd and 3rd segments of the 1st swimming leg. ~ 

Genus UNDINULA A. Scott. 

Undinula vulgaris (Dana). 

Undinula vulgaris, A. Scott, 1909, p. 16. 

Calanus vulgaris, Wolfenden, 1911, p. 193. 

Undinula vulgaris, T. Scott, 1912, p. 529. 

Undinula vulgaris, Sewell, 1912, pp. 315, 356. 

Undinula vulgaris, Sewell, 1913, p. 357. 

Undinula vulgaris, Sewell, 1914, p. 196. 

Undinula vulgaris, Friichtl., 1924, pp. 15, 33. 

Calanus vulgaris, Farran, 1929, p. 216. 

Undinula vulgaris var. plumulosus, Sewell, 1912, p. 356. 

Undinula vulgaris var. plumulosus, Wolfenden, 1906, p. 994, pI. xcvi, figs. 21, 22. 

This is one of the most common species in Indian waters, occurring in nearly every 
towf"netting. In the " Investigator" collections it occurs at Stations 540, 541, 542, 552, 
555, 556, 558, 577, 582, 614, and it has also been taken in the Malay Archipelago (A. Scott; 
Friichtl. ; Cleve), the Mergui Archipelago and the Q~.ast of southern BurIna (Sewell), in the 
Nicobars, on the Pearl Banks qf Ceylon (Thompson and Scott; Sewell), in the lVIaldive 
Archipelago (Wolfenden) and (JfI the east coast of Africa (Cleve; Brady), itS well as in the 
Red Sea (A. Scott) and the opvll waters of the Indian Ocean (Thompson). 

In the adult form the males differ from the female in possessing a thoracic lllnrgin that 
is uniformly rounded, whereas in the fenlale the Inargin is produced into spines. The 
females, however, exhibit three quite distinct variations in the fornl of t.he p08t.erior nlargin ; 
in all cases the right margin ends in a single spil\e, the character of ,yhieh varies in certain 
types, but the left margin exhibits a much greater difference. In the Ii rst, type, to ,,~hieh 
I propose giving the nam( vat., typica, both the right and left thoraell' lllHrgins are pro
longed backwards in a sin ~le cu,~ved and sonlewhat claw-like spine that projects at first 
backwards but later curveE towalds the ventral side; in the second, or var. .lIiesbrecllii, 
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the single claw on the left side is replaced by' a double spine one of which, the upper, pro
jects straight backwards and the lower' is directed downwards; in the third type. var. 
zeylanica, the spine on the left side is also double, but in this case the whole of the posteridr 
margin is very considerably thickened and dilated and at the same time the spine on~the 
right posterior thoracic margin is thickened and projects straight backwards. These three 
types of margin appear to be absolutely distinct and I have never seen any intermediate 
gradations between the various forms. This modification in the posterior m.argin of the 
females appears only in the last moult between the 5th copepodid state and the adult. 

Copepodid Stage III ; sex undetermined. (Text-fig. 5, a-c.) 
Total length, 1'075 mm. 
The proportional lengths of the cephalothorax and the abdomen are as 45 to 12, the length of the 

abdomen being thus contained 3·75 times in the length of the anterior region of the body. 
At this stage of development the abdomen consists of only two segments, having with the furcal rami 

the following proportional lengths :-. 

Abdominal segment I 2-5 Furca. 
25 50 25 = 100. 

The 1st antenna reaches back to beyond the tip of the furcal ramus by the last 3t segments. At 
this stage of development the segmentation appears to be nearly complete, there being 23 free joints in 
the appendage; segments 6 and 7 are, however, still fused together, as also are segments 8 and 9, but these 
latter segments remain fused throughout life. The various segments exhibit the following proportional 
lengths :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'--v--' ~y-J 

44 60 28 27 25 35 31 19 25 33 38 42 47 47 53 56 65 56 54 53 59 50 53 == 1,000. 

O. 
TEXT-FIG. 5.-Undinula vulgQCi8 (Dana) : Copepodid Stage III. 

a. ~he lat ,wimming leg. b. The 2nd swimming leg. 
c. The 5th swimming leg. 

In the swimming legs, the 1st to the 4th pairs inclusive each consist of a two-jointed basal portion 
and two rami, the exopod and endopod, also each of two segments. The notch in the outer margin of 
the 2nd leg (text-fig. 5, b), that is so characteristic of the species, is already well marked. The proximal' 
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fJpin~ on the distal segment of the outer ramus, that will in the adult b,e the marginal spine of the seoond 
segment, is comparatively small and does not reach to the base of the next spine. 

The 5th pair of .legs (text-fig. 5, c) are symmetrical and each consists of a two-jointed basal portion 
• . and an exopod and endopod, each of a single segment only. The exopod bears three small spines on its 

external margin and only three setae, situated on the distal half of the inner border. At about the junc
tion of the proximal and middle thirds of the limb there is a shallow notch in the inner margin, indicating 
the future position of the articulation between the 1st and 2nd segments of the ramus. The endopod 
bears a small seta near the proximal end and four setae on the distal half of the inner border. 

At this stage of development it appears to be impossible from a study of the exttJrnal morphology 
to determine the sex of the individual. The chitinous exoskeleton of the whole body is thin and delicate 
,.and the limbs appear to be strengthened by a network of ribs and trabeculae. 

Oopepodid Stage IV. (Text-fig. 6, a-e.) 

~ Total length from 1·547 to 1·887 mm. 
The proportional lengths of the cephalothorax and abdomen are as 29 to 8, the length of the abdomen 

is thus contained 3·63 times in that of the anterior region of the body. 
The abdomen at this stage consists of three segments, that have, with the furcal rami, the following 

proportional lengths :-
Abdominal segment 1 2 3-5 Furca. 

-=-25--2~0---3-5--~2-0 = 100. 

The 1st antenna still reaches well beyond the tip of the furcal ramus. The segmentation of the 
.appendage is now complete, there being 24 free segments; these have the following proportional lengths :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'-v--' 

48 60 28 21 25 21 21 39 28 29 39 47 47 50 51 54 55 58 60 50 50 50 37 39 = 1,000. 

The mouth-parts have already assumed the adult characters. 
The swimming legs, however, are still of the same type as in the preceding moult, but the number 

-of setae on the various segments has increased. In the 1st swimming leg (text-fig. 6, c) the rami are 
still two-jointed but the distal segment of the endopod now bears 9 setae instead of 7; similarly in the 
2nd leg the number of setae on the endopod has increased from 8 to 9. The 5th pair of legs (text-fig. 6, 
.e) are still composed of a two-jointed basal portion and a pair of unjointed rami; but here again there 
is an increase in th~ number of the setae arising from the margin of the endopod, the number having been 
increased from 5 to 6 by the addition of a small seta that arises from the outer margin of the distal third. 

While still possessing the same general features as in the earlier moult, the 5th pair of legs is now 
'better developed and already begins to show traces of the~ difference in the structure of the appendage 
in the two sexes'; in the potential male the exopod of the left leg is now both longer and broader than 
,the correspon~' appendage of the right side, while the terminal spine is somewhat shorter. 

Oopepodid Stage V. (Text-fig. 7, aj.) 

~ The individuals obtained at "Investigator" Station 614 that were in this stage of development 
fall into two distinct groups, differentiated, so far as I have been able to discover, merely by size, and 
these two groups appear: to correspond to two different.orms of adult" which I have termed forma major 
.and forma minor respectively :-

(a) Forma major. 
Total length ranging from 1·717 to 1·924 mIn. 

(b) Forma minor. 
Total length ranging from 1·547 to 1·698 mm. 

E2 
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I have been unable to detect any marked anatomical difference between these two groups . 

. ----~ 

c. 

~ b. 

(. 

TEXT-FIG. 6.-Undinula ?.mlgari8 (Dana): Copepodid Stage IV. 5? 

a. The maxilli pede 

b. The 1st maxilla. 
e. The 5th leg. 

C. The 1st swimming leg. 
d. The 2nd swimming leg. 

The proportional lengths of the cephalothorax and abdomen are as 69 to 20; the abdomen is~~thue-·· 

oontained 3·45 times in the length of the anterior region of the body. 
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IDhe head and 1st theracic segment are fuaedbut in certain cases the line of demarcation can still 
cle&Jo/ be made out. With the exception of the segmentation of the abdomen these individuals closely 

TEXT-FIG. 7.-Undinula vulgaris (Dana): Copepodid Stage V. 

a. The maxilli ped. 
b. The 1st maxilla. 
o. The 1st swimming leg. 

d. The 2nd swimming leg. 
e. The 5th leg, right aide, ~. 
/. The 5th leg, left side, ~. 

'%esemble the adult, but there are no traces of any spine-like .projection on the posterior thQracio margin, 
which is uniformly rounded as in the adult male .. 
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The abdomen consists of four free segments, segments 4 and 5 still being fused together ~ the pro
portionallengths of the segments are as follows :-

Abdominal segment 123 4-5 Furca 
j!5 18 17 22 18 = 100. 

The 1st antenna still reaches beyond the tip of the furcal ramus by about the extent of the last 
segment. The proportional lengths of the various segments are as follows :-

Segment 1234567 8 9 10 11 12 13 14 15 16 17 18 19 20 21 II 13 14 15 
~ 

56 64 28 23 24 24 23 44 29 31 42 47 50 53 54 56 54 56 46 44 42 44 35 31 -= 1.000. 

In the 1st maxilla (text-fig. 7, b) there has been a slight increase in the number of setae bome on the 
terminal segments of the endopod, as follows :-

No. of setae on basal segment 
Ditto endopod 1 
Ditto endopod 2 
Ditto endopod 3 

Copepodid stage IV. 

4 

3 
2 

5 

Copepodid" stage V. 

4 

4 
4 

6 

Similarly in the maxilliped (text-fig. 7, a) the number of setae on the various segments of the endopo<J, 
as well as those at the distal end of the 2nd basal joint, has increased :-

Copepodid stage IV. Copepodid stage V. 

No. of setae on distal end of basal 2 1 2 

Ditto endopod 1 2 3 
Ditto endopod 2 2 3 
Ditto endopod 3 1 2 

Ditto endopod 4 1 (1 externally). 2 (1 externally). 
Ditto endopod 5 4 5 

The 1st to the 4th pairs of swimming legs have now assumed the adult characters and both rami 
consist of three segments. In the 5th pair of swimming legs the two rami still consist of only two seg
ments: in the exopod the proximal segment of the limb (exopod 1) has become differentiated and an 
additional spine has made its appearance on the external margin and thus indicates the level at which, 
in the next moult, the division between cxopod 2 and 3 will appear. In the female both legs of the 5th 
pair are symmetrical but in the male (text-fig. 7, e, f) the differentiation between the legs of the two sides 
is now well marked; on the left side the limb is considerably longer and the exopod is broader, the 
marginal spine on exopod 1 has increased in size and the terminal spine is much shorter than on the 
right side. 

Adult stage (Text-fig. 8, a-e). 

~ Among the specimens ta~en at " Investigator" Station 614 were a number of adult 
examples of this species that fall into two distinct groups in accordance with their size and 
I clearly had to deal with two distinct forms of the female, there being a clear separation 
between the two groups. There is little room for doubt that both these forms belong to the 
same species and, moreover,.it seems more than probable that the two adult forms corre
spond to the two groups of the copepodid stage V, to which I have already called attention 
·and, furthermore, the smaller form that I have termed forma minor appears to correspond 
to the members of the earlier stages of development, viz., copepodid stages III and 1,7 that 
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occur in the same tow-netting; whereas in the case of the larger form, which I have termed 
forma major, I appear to have obtained only the immediately preceding stage of develop
ment, namely copepodid stage V 

Cl/. D. 

TEXT-FIG. 8.-Undinula vulgari8 (Dana); Adult. 

a. Posterior thoracic margin and abdomen from left 
side; forma minor~. 

b. Posterior thoracic margin and a.bdomen from left 
side; forma major ~_ 

c. The 2nd swimming leg; forma minor. 
d. The 2nd swimming leg; forma major. 
e. An abnormal 5th left leg, hermaphrodite form. 

(a) Forma major. 

Total length ranging from 2'208 to 2-623 IDID. 

The majority of examples of this form agree with the variation that I described from 
the Pearl Banks of Ceylon (vide Sewell, 1914, p. 197) and the left posterior thoracic margin 
was very considerably thickened· and terminated in two spines, one directed backwards 
and the other downwards, as in the variety that I have termed zeylanica. 

(b) Forma minor. 

Total length ranging from 1·868 to 2·189 mm. 
The majority of the members 'of this group agree closely with the description given by 

Giesbrecht (1892, p. 129, pI. vii, fig. 24). The posterior thoracic margin ends on each side 
in a well-marked, backwardly directed spine, as in var. typica. 

The proportional lengths of cephalothorax and abdomen in both forms are 47 to 15 ; 
the abdomen being thus contained 3-12 tinles in the length of the anterior region of the body. 

There appear to be certain minor differences between these two groups. In the larger 
examples the genital swelling on the ventral aspect of the 1st abdominal segment is more 
pronounced than in the smaller examples. There is also a slight difference in the structure 
of the 2nd pair of swimming l~gs and I have figured this in text-figure 8, c and d. The 
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main difference lies in the degree of development of the marginal spine on exopod 2. 
In the smaller examples this spine clearly falls short of the level of the proximal spme on 
the margin of exopod 3; whereas in the larger form it reaches to or even slightly beyond 
this level. 

In the collection were a very few examples of what appear ITom their external charac
ters to be hermaphrodite individuals. The occurrence of abnormal females in which certain 
male characters are partially developed has been recorded in a number of allied species 
belonging to the genera Paracalanus and Acrocalanus. The species in which this 
.abnormality has so far been noticed are-

Paracalanus aculeatus Giesbrecht. 
Paracalanus crassirostris Dahl. 
Paracalanus parvus Giesbrecht. 
Acrocalanus inermis Sewell. 

In all such cases the abdomen has resembled that of the female and in certain cases 
'the individual has appeared to be a mature female with the addition of rudimentary 5th 
legs, such appendages being normally confined in these genera to the male sex. In the 
present individuals, however, the abdomen corresponded in the type of segmentation to 
the condition seen in the normal male and possessed five separate segments. On the other 
hand, however, the posterior thoracic margin exhibited the female type and was produced 
backwards on each side in a sharp ventrally-curving spine. Of the 5th pair of legs, that 
,on the right side exhibited the typical female form, but on the left side the appendage 
was modified and showed a close resemblance to the left 5th leg of an immature male in 
-the Vth copepodid stage of development. The r.esemblance is, however, only superficial, 
for a comparison of the two appendages shows that in the apparently hermaphrodite form 
both rami are three-jointed, though the actual division between exopod 2 and 3 appears 
to be incomplete (text-fig. 8, e). Exopod 1 bears a greatly enlarged marginal spine that 
reaches nearly to the level of origin of the proximal spine on exopod 3. In the endopod 
both the 1 st and 2nd segments bear on their inner margin a thickened seta that clearly 
.agrees with the corresponding seta in the mature female. Two specimens that showed 
this peculiarity measured 2·075 and 2·132 mm. respectively. 

I have already pointed out (vide supra, p. 24) that in the case of Nannocalanus minor 
(Claus) we can trace certain interesting changes in the proportionate lengths of the antennal 
segments as we pass from the last copepodid stage to the adult, and in the present species 
I am fortunate enough to have examples of the last four stages of development and am 
thus in a position to trace these changes throughout the greater part of the life-history. 
At each successive moult the 1st antenna increases in length but at the same time the pro
portions of the antenna and the total body-length change somewhat, so that the appendage 
becomes relatively shorter. This relative shortening of the antenna is brought about by a 
steady reduction in length of the terminal segments. In the following table I have 
given the length of each segment in parts of 1,000th of the total length at each successive 
moult in the female. I have only given one set of measurements for the lengths of the 
antennal segments in the last two stages of the life-history, namely copepodid stage V and 
the adult, for, although I have already shown that we have two distinct groups in each of 
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these growth -stages, I have been unable to detect any difference ill the proportional 
lengths of the segments in the two groups :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'-v-J '--v--' 

Copepodld stage III 44 60 28 27 25 35 31 19 25 33 38 42 47 47 53 56 65 56 54 53 59 50 53 
Copepodid stage IV 48 60 21 21 25 21 21 39 28 29 39 47 47 50 51 54 55 58 60 50 50 50 37 39 
Copepodid stage V 56 64 28 23 24 24 23 44 29 31 42 47 50 53 54 55 56 56 46 44 42 44 35 31 
Adult stage' 56 ~8 32 27 27 27 28 49 34 35 44 48 50 52 54 53 51 51 40 36 36 39 30 26 

It is clear from the above figures that the proximal segments exhibit a relative increase 
. at each ecdysis and that .the maximum increase in the length of the various segments 
··occurs at about the level of segment 6 or 7 and from there more or less steadily diminishes, 
as we pass distally, till it reaches zero at segment 17; whereas from segment 18 on to 

-the terminal segment there is a steadily increasing diminution in the relative length of 
·the segment. 

stage.. Vi 

Slagell/. 
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mm. 

• 
• ••• ~·o 
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TEXT-FIG. 9.-Showing the length.measurement of 200 individuals of Undinula vulgari8 (Dana) taken at II Investigator It Sta.tion 
555. 

In the tow-netting taken at "Investigator" station 555 a large number of examples 
of this species were taken in different stages of development. Two hundred of these were 

F 
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picked out at random and were measured, the measurement taken being the total-length 
from the anterior margin of the forehead to the tip of the furcal ramus and the resultsCob
tained are shown in the accompanying diagram (text-fig. 9). It is clear that the specimens 
fall into definite groups according to their length and the average length-measurem~nt of 
each group is given below in the following table and I have also given the calculated length
measurement and the corresponding growth-factor for each successive moult:-

Sex. Observed size. Calculated size. Growth-factor. 

~ mm. mm. 
Copepodid stage II 0·86 0·86 1·397 
Copepodid stage III 1·20 1·201 1·397 
Copepodid stage IV 1·68 1·678 1·311 
Copepodid stage V 2·24 2·20 1·311 
Adult stage 2·89 2·885 

c1 
Copepodid stage III 1·20 1·201 1·603 or 1·311 
Copepodid stage IV 1·56 1·574 1'603 
Copepodid stage V 2·14 1·925 
Adult stage 2·51 2·514 

From the above table it is clear that the females fall into five groups corresponding 
to the different growth-stages; of these groups the two smallest, copepodid stages II and 
III, are composite and include members of both sexes, since it was found to be Impossible 
to determine the sex in individuals so young as this. In examples of the smallest size the 
abdomen consisted of two segments only and the individuals appeared to correspond exactly 
with the second post-naupliar growth-stage, viz., copepodid stage II, the adult form thus 
being stage VI, as has been shown to be the case in Calanus jinmarchicus Gunnerus and 
other Calanoids. 

Assuming that this species follows the same line of development as I have shown to 
happen in other copepods (vide Sewell, 1912, p. 316 et seq.) we find that there is a drop in 
the growth-factor when stage IV is reached; in the earlier moults it is 1'397 but after 
stage IV, i.e., presumably at that stage in the life-history of the individual when the changes 
that lead to the attainment of sexual maturity begin to influence the vegetative growth, 
there is a fall in the factor to 1'311. In the male sex it appears to be probable that from 
copepodid stage III the individual may follow one of two distinct life-histories; either 
the individual may continue to have a growth-factor of 1'603, in which case it will reach 
to stage V by a single moult, or else the individual may for a single moult adopt the female 
growth-fa.ctor of 1'311 and thus pass to stage IV and then by a resumption of the male 
growth-factor of 1'603 pass to the adult stage. 

A number of other examples, which were taken at " Investigator" station 614, were 
similarly measured as regards their totallehgth and the results obtained are given in text
fig. 10. In the case of the females four distinct growth-stages were detected, but, as I 
have already mentioned, in the last copepodid stage and the adult form we appear to have 
two groups of individuals differing from each other in size and certain small anatomical 
details. A comparison of' the resultS! obtained from these measurements appears to indicate 
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tha~ it is the smaller group in these two last stages of the life-history that correspond to the 
earlier growth-stages. In this series the youngest stage corresponds to copepodid stage III, 

m.m. 
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TBXT-FIG. IO.-8howing the length-measurement of 288 individuals of Undinula wlgari8 (Da.na) taken at" Investigator" 
Station 614. 

the abdomen still consisting of only two segments. In the following table I give the 
average length-measurement and the corresponding growth-factor in each stage :-

Sex. Observed size. Caloulated size. Growth-faotor. 

~ mm. mm. 

Copepodid stage III 1·047 1·047 1·260 

Copepodid stage IV 1'319 1·319 1·251 

Copepodid stage V 1·634 1·650 1·251 

Adult stage 2·~67 2·064 

~ 
Copepodid stage III 1·047 1·047 1·510 or 1·2fH 

Copepodid stage IV 1·272 1·321 1·510 

Copepodid stage V 1·653 1·581 

Adult stage 1·964 1·978 

1" 2 
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Here again the course of development appears to follow exactly the same lines as 
before. At stage III in the male sex the individual appears to be able to follow one of 
two different lines of development; either the individual can by adopting the male growth
factor pass direct to stage V, in which case it would appear probable that it never ~ttains 
sexual maturity, or else by adopting the female growth-factor for a single moult it can pass 
to stage IV and then, reverting to the male growth-factor, passes to the adult stage. The' 
occurrence of the apparently hermaphrodite individuals, that I have already described 
above, at first sight oHers a difficulty in the life-history for these examples do not agree 
in size with any of the main groups; they are larger than the fully mature males but smaller' 
than the mature females. It would appear possible that these ind ividuals are really females 
that at the moult after copepodid stage IV, instead of exhibiting the female growth-factor' 
like normal individuals, develop the male growth-factor of 1'510, as follows :-

Observed size, Calculated size. Growth.factor. 

Copepodid stage IV 

Hermaphrodite stage 

1·319 

1·992 

1·510 

I have hitherto been inclined to beli eve that the growth-factor was a constant for any
given species but a comparison of the data given above seems to indicate that the growth
factor varies with the size of the adult individual and that the larger the size of the
indivIdual the larger will be the growth-factor. 

With an average size of ~ of 2·89 mm. the growth-factor is 1·397 or 1·311. 

Ditto ~ " 2·067 Ditto 1·260 " 1·251. 

Ditto <5 " 2·51 Ditto 1·603 " 1·311. 

Ditto ~ " 1·964 Ditto 1·510 " 1·251. 

Undinula darwini (Lubbock). 

Undinula darwini, A. Scott, 1909, p. 17. 

eUndinula darwini, Wolfenden, 1911, p. 193. 

UndinuZa darwini, T. Scott, 1912, p. 529. 

Undinula darwini, Sewell, 1912, p. 356. 

Undinula darwini, Pesta, 1913, p. 30, fig. 13. 

Undinula darwini, Sewell, 1914, p. 197. 

Oalanus darwini, Farran, 1929, p. 217. 

This species is widely distributed throughout the whole of the Indian Ocean; it has 
now been recorded from the Malay Archipelago (Scott); the coast of southern Eurma. 
(Sewell); the Pearl Banks of Ceylon (Thompson and Scott); the Maldive Archipelago. 
(Wolfenden), the Arabian Sea, Gulf of Aden and Red Sea (A. Scott and others) and from 
the east coast of Africa (Cleve). 

According to the description given by Lubbock, Giesbrecht and others the female of 
this species is characterised by a prolongat:ion of the posterior thoracic margin on the left 
side backwards in a rounded or square flap, and by the presence of rows of spines on the-
posterior margin of the first two abdominal segments. Among the" Investigator" collec
tions are a number of examples that I believe belong to this species, but which exhibit 
appreciable variations from the typical form, as well as others that conform to the originaL 
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description. I have already pointed out that in the allied species, Undinula vulgaris Gies
brecht, the female exhibits three distinct varieties as regards the character of the left 
thoracic margin and it appears probable that Undinula darwini (Lubbock) is equally vari
able. The typical form, as mentioned above, exhibits a square prolongation of the posterior 
margin of the thorax on the left side, while the right side shows a border that is tapered 
to a blunt point, below which is a small indentation; I propose to term this form, forma 
typica. In a second form the right thoracic mar'gin is similar to that in the forma typica, 
but the left thoracic margin is produced back in a triangular flap that is only from one
third to one-half the size of the corresponding flap in the typical form; and in the third 
form the margins of the thorax are symmetrical and both correspond to the condition of 
the right margin in the typical form. I have examined a large number of specimens, 
including examples of all three types, and have never seen any intermediate gradation 
between these forms and their differentiation would appear to be distinct. 

The presence of spines on the abdominal segments appears to be a very variable 
character; in some examples spines were present in the typical manner along the posterior 
margins of both the first and second segments of the abdomen, but in other cases these 
spines were absent from the genital segment and present on the 2nd segment or they might 
be absent altogether, and I have been unable to trace any correlation between the arrange
ment of these spines and the variations of the posterior thoracic margin. 

As regards the general structure of the body and appendages two of the forms men
tioned above, namely forma typica and var. intermedia, appear to agree exactly, while 
the third type var. symmetrica exhibits certain interesting though slight differences. 

Forma typica. 

(Text-fig. 11, a-j.) 

~ Total length, 1·66 mID. 

The proportional lengths of the cephalothorax and abdomen are as 35 : 9, the abdo-
men thus being contained 3·9 times in the length of the anterior region of the body. 

The head and Is~ thoracic segment are fused and together constitute rather more than 
one-half of the total length of the body. In the middorsal line, marking the level at which 
the fusion of the head and the next segment has taken place, is a small rounded bacl{wardly-
directed protuberance. The forehead is uniformly :rounded and terminates below in a pair 
of long rostral spines. As mentioned above, the thoracic margin differs on t.he t'wo sides 
of the body, that on the right side (text-fig. 11, a) being for the most part uniformly rounded 
but at the postero-inferior region it is slightly produced and immediately below this small 
prominence is an equally small notch; on the left side the thoracic margin is produced 
in a well-marked and usually square lappet, that covers at least three-fourths of the genita.l 
segment of the abdomen. The outline of the Ij,ppet is in some case::! rounded instead of 
being square. 

The abdomen consists of four segments having the following proportional lengths :-

Abdominal segments 1 2 
"--y--I 

aa 

3 4 

19 18 

5 Furca 

9 21 = 100. 
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The 1st and 2nd free segments are stated to be armed with rows of spines running trans
versely across the segments near the posterior border, but as already mentioned these spines 
may be reduced or even absent altogether. 

g. lb. 

TEXT-FIG. ll.-Und.nulcl darwini (Lubbook) forma.typica, 
Q. Posterior thoraoio margin:and abdomen, right side,~. J. The 2nd swimming leg. 

b. The 2nd antenna. g. An abnormal 2nd swimming Jeg; ondopod of two 
c. The 2nd maxilla. segments only. 
d. Maxilliped. h. The 3rd Bwimming leg. 
e. The 1st swmming leg. j. The 5th leg, ~. 
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The 1st antenna reaches back to the posterior margin of the Srd abdominal segment. 
It c6nsists of twenty-four free segments, segments 8 and 9 being fused. The proportional 
lengths of the various segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
"-".,...t 

52 74 37 28 30 30 30 51 34 35 39 44 45 46 46 50 52 47 38 38 39 44 42 28 = 1,000. 

A transverse row of small spinules runs across the surface of segments 6 and 7 near 
the distal margin. 

The 2nd antenna and mouth-parts are of the usual Calanoid type and are very similar 
to those of Undinula vulgaris (Dana). 

The first three pairs oi swimming legs agree with the descriptions given by previous 
authors, but the 4th pair in these examples from Indian waters differ in that the external 
margin of the distal part of the third segment of the exopod is invariably smooth and shows 
no signs of any denticulation such as occurs in the 2nd and Srd legs. 

In the 5th pair of swimming legs (text-fig. 11, j) the marginal spine of exopod 1 is 
long, much longer than the corresponding spines on the 2nd, Srd and 4th legs and reaches 
to the level of the base of the marginal spine of the 2nd segment of the exopod; the inner 
margin of the 1st basal segment is fringed with a row of small spinules about 40 in number, 
all of which are of approximately the same size. 

Var. symmetrica. 

The gelleral structure of this form agrees exactly with that of the forma typica, except 
that the prolongation of the posterior margin of the last thoracic segment on the left side 
is entirely absent. 

The proportional lengths of the antennal segments is the same or so little different that 
the discrepancy can be accounted for by individual variation; and the various other append
ages appear to be identical. The sole distinguishing character of this form is to be found 
in the thoracic margin. 

Var. intermnedia. 

(Text-fig. 12, a-d.) 

In this form the thoracic margin on the left side (text-fig. 12, a) is produced backwards 
in a flap that is suggestive of the corresponding flap in the forma typica but is mueh smaller 
and is triangular and not square; there are in addition certain small but apparently consis
tent differences in the structure' of some of the appendages. 

The total length and the proportions of the cephalothorax and abdomen are the same 

as in the typical form. 
The 1st antenna consists, as in the typical form, of twenty .. four segments, segments 

8 and 9 being fused and the proportional lengths of the segments are the same. In this 
form a row of minute spinules has been detectefi running across the surface of seQ'ments 
3 to 8 inclusive, whereas in the other form I have detected these only on segments ti and 
7. The mouth-parts and the first four pairs of swimming legs appear to be identical. The 
5th swimming leg (text-fig. 12, d) shows distinct differences. The external Dlarginal spine 
on the 1st segment of the exopod is very considerably smaller than in the forma typica and 
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only reaches about half-way to the level of the origin of the marginal spine on the 2nd seg
ment, and the spines on the inner margin of the 1 st basal segment are distinctly larger .than 
in the forma typica and at the two ends of the row the spines are distinctly larger than the 
rest.. There are about 30 spines in the row as opposed to 40 in the other form. 

TEXT-FIG. 12.-Undinula:darwini (Lubbook) var. intermedia. 
a. Posterior thoracic margin and abdomen, left side, ~. e. The 3rd swimming leg. 
h. Mandible. d. The 5th leg, ~. 

It is possible that the form that I have described above is in reality the female of Un .. 
ilinula caroli. Wolfenden (1906a, p. 994) has given a very brief account of a female CaIa
noid tha:t he suggested might be the female of U. ca'1oli and he remar¥s that this female 
"" while closely resembling the ~ O. Darwinii, differs from it in the fact that the denticula
tion of the last joint of the exopodite of the 2nd feet (external margin) is absent, and also 
in the 3rd pair, and on the 1st basal joint of the 1st pair of feet possesses three or £our very 
nne teeth. In other respects the animal agrees with O. Da'fWinii." I have previously 
pointed out (Sewell, 1914, p. 199) that in my opinion Wolfenden's examples were probably 
,examples of Oalanus minor and I have also shown that the sole distinguishing feature be· 
tween the males U. darwini and U. caroli lies in the structure of the 5th pair of legs and I 
regard them as forms or varieties of the same species. 

, 
Family EUCALANIDAE. 

Genus EUCALANUS Dana. 

At the present time this genus contains ten species all of which occur in Indian waters" 
with the single exception of Eucalanus dentatus A. Scott, which was described from 
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specimens taken by the" Siboga " in the Malay Archipelago. Thompson in 1900 recorded 
th~ occurrence of Eucalanus attenuatus (Dana) from the Indian Ocean and a year later 
Cleve (1901) added the following to the list of species known to occur in this region :-

Eucalanus crassus Giesbrecht. 
Eucalanus monachus Giesbrecht. 
Eucalanus mucronatus Giesbrecht. 
Eucalanus sub crass us Giesbrecht. 
Eucalanus subtenuis Giesbrecht. 

The same author in 1903 recorded all the above species from the Indian Ocean, Gulf of Aden 
and the Red Sea and in 1904 added to the list of species known to occur in these waters 
Eucalanus elongatus (Dana) from the east of Cape Colony. Thompson and Scott a year 
previously, in 1903, had recorded Eucalanus pileatus Giesbrecht from the Pearl Banks of 
Ceylon and in 1909 A. Scott described a hitherto unknown species Eucalanus dentatus from
the Malay Archipelago. It is extremely interesting to note that A. Scott in his exhaustive 
report of the Copepoda of the Siboga expedition makes no mention of either Eucalanus
attertuatus or E. elongatus as OCCUlTing in that region, and yet, so far as my own experience 
goes, these two species are remarkably common in tow· nettings taken in Indian waters
at a depth of about 200 fathoms, and are even occasionally to be found at the surface. 

Eucalanus attenuatus (Dana). 

Calanus a.ttenuatus, Dana, 1849, p. 18. 
Eucal(J;nus attenuatu8, Dana, 1852, p. 1081, pI.lxxv. 
Oal-anella meditcrranea, Claus, 1863, p. 176, pI. xxviii, figs. 6-11. 
Eucrilanus attenuatus, Brady, 1883, p. 38, pI. vi, figs. 1-8 ; pI. ii, figs. 8-10. 
Eucalanu8 attenuatus, Giesbrecht, 1888, p. 333. 
Eucalanus attenuatus, Giesbrecht, 1892, p. 131, pI. iii, fig. 1 ; pI. xi, figs. 1, 11, 13, 16, 18, 24, 40; 

pl. xxxv, figs. 3, 6,17,25,34,37 
Eucalanus' attenuatus, T. Scott, 1894, p. 28. 
Eucalanus attenuat'l.ts, Giesbrecht, 1895, p. 248. 
Eucalanus attenuatu8, Giesbrecht and Schmeil, 1898, p. 16, fig. 12. 
Eucalanus attenuatus, Thompson, 1900, p. 276. 
Eucalanus attenuatus, Cleve, 1901, p. 6. 
Eucalanus attenuatus, T. Scott, 1901; p. 207. 
Eucalanu8 attenuatus, Cleve, 1903, p. 362. 
Eucalanus attenuatus, Thompson and Scott, 1903, p. 242. 
Eucalanus attenuat~ts, Cleve, 1904, p. 189. 
Eucalanus attenuatus, Esterly, 1905, p. 133, fig. 7. 
Eucalan'Us attenuatus, G. O. Sars, 1905, p. 2. 
Eucalanus attenuatus, Pearson, 1906, p. 7. 
Eucalanus attenuatu8, Wolfenden, 1906 (a), p. 996. 
Eucalan'l.ts attenuatus, Farran, 1909, p. 22. 
Eucalanus attenuatu8, van Breeman, 1908, p. 16, fig. 12. 
Eucalantts attenuatu8, O. Pesta, 1909, p. 21. 
Eucalanus attenuatus, A. Steuer, 1910, p. 21. 
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Eucalanus attenuatus, Sharpe, 1911, p. 406. 
Eucalanus attenU{1,tus, Wolfenden, 1911, p. 204. 
Eucalanus attenuatus, Sewell, 1912, p. 357 
Eucalanus attenuatus, T. Scott, 1912, p. 529. 
Eucalanus attenuatus, Sewell, 1913, pp. 354, 357. 

Eucalanus attenuatus, Sewell, 1914,. p. 200. 

[VOL. XJ 

Eucalanus attenuatus, Brady, 1915, p. 136 [nee Euealanus attenuatus? With, 1915, p. 52 text
fig. 10.] 

Eucalanus attenuat.zes, G. O. Sars, 1925, p. 21. 

Eucalanus attenuatus, Farran, 1929, p. 218. 

This species is one of wide distribution, occurring in all the great oceans in the warmer 
tropical and sub-tropical regions and in the case of the North Atlantic occurring occasion
ally as far north as the west coast of Ireland. Wolfenden (1902, pp. 362-3) claimed this 
sp~cies as a member of the fauna of the Faroe Channel, having found it on one occasion 
in one of the sam.ples from that locality, but he subsequently withdrew this on the ground 
that this sample must, in his opinion. have become contaminated with some material from 
the Indian Ocean. 

In the "Investigator" collections this species has been taken in largb numbers at 
Stations 393, 463, 670 and 682. It also occurs occasionally in the surface collections from 
the Moscos Archipelago, off the coast of Southern Burma and it has been taken on the Ceylon 
Pearl Banks. 

Eucalanus elongatus (Dana). 

(Text-fig. 13, a-c.) 

Oalanus elongatus, Dana, 1849, p. 18. 

Oalanus elongatus, Dana, 1852, pI. lxxv, fig. 1, a, b. 
Oalanella hyalina, Claus, 1866, p. 8. 
Eucalanus elongat'Us, Giesbrecht, 1888, p. 333. 

Eucalanus elongatus, Giesbrecht, 1892, pp. 131, 149, pI. xi, figs. 2, 7, 12, 20, 25, 32, 36 and pI. 
xxxv, figs. 1, 2, 13, 23 and 24. 

Eucalanus elon,gatus, Giesbrecht, 1895, p. 248. 

Eucalanus elongatus, Giesbrecht and SchmeiI, 1898, p. 20. 
Eucalanus elongatus, T. Scott, 1901, p. 237. 
Euealanus elongatus, 'Volfenden, 1902, pp:362':'3. 
Eucalanus elongatus, Cleve, 1904, p. 189. 
Eucalanus elongatus, Wolfenden, 1904, p. 127. 

Euca.lanus atlantieus, Wolfenden, 1904, p. 113, pI. ix, figs. 3 and 4. 

Eucalanus elongatus, Esterly, 1905, p. 131, fig. 6. 
Eucalanus elongatus, Farran, 1905, p. 30. 
Euealanu8 elongatus, G. O. Sars, 1905, p. 2. 
Eucalanus elongatus, Farran, 1908, p. 21. 

Eucalanus elongatus, van Breemen, 1908, p. 14, fig. 10. 
Euealanus eloogat'us, Farran, 1910, p. 93, pI. xiv. 
Eucalan'Us elongatus, Ester1y, 1911, p. 1. 
Eucalanus elongatus, Wolfenden, 1911, p. 204 . 

. "Eucalanus elongatus, Sewell, 1913, p. 354. 
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E'lwalanus elongatus, Lysholm and Nordgaard, 1921, p. 8. 
Eucalanus elongatus, G. O. Sars, 1925, p. 20. 
Eucalanus elongatus, Farran, 1926, p. 230. 
Eucalanus elongatus, Farran, 1929, p. 218. 

49 

This species is of wide distribution and has been taken in all the great oceans: as re
gards its distribution in the Atlantic region, it appears to spread more to the northwards 
than Eucalanus attenuatus and has been taken in large numbers in the Faroe Channel. W 01-
fenden (1911) also records its occurrence as far south as 470 in the Indian Ocean, and states 
(1904, p. 125) that in the Atlantic it occurs as far south as 51 0 

Wolfenden (1904, p. 113), in his account of the Copepoda of the Faroe Channel, descrIbes 
a 'new' species under the name E. atlantica (0'). The sole difierences between this form 
and the male of E. elongatus lie in the degree of development of the mouth-parts, which 

TEXT-FlG. 13.-Euoolanu8 elongatu8 (Dana); Abnormal~. 

a. Mandibular palp. b. The 2nd maxilla. 
c. The 5th pair of legs. 

are not retrograded but entirely resemble those of, the female, as also does the 2nd antenna. 
In Wolfenden's examples the 5th leg difiered from that of the normal nlale of E. elongatus 
jn that" the left fifth foot is 9nly a little longer than the right, the first segment of the 
exopodite of each foot has a short marginal bristle, the last joint of the left side two distal 
bristles, the right foot three distal bristles." Among the examples taken by the " In vesti
gator" are several specimens which agree very fairly with this descriptiun. To all appear
ance they are males of E. elongatus, but the mnuth-parts show' no sign of being suppressed 
or retrograded and resemble those of the female; but these specimens diffpr !rom W olfen
den's in that the 5th pair of legs is normal and agrees closely with the figul'e gi'Ven by Gies
brecht except that the terminal segment of the left leg carried two setae, one at the distal 
end anq the other on its inner margin, instead of only a sjngle one distally as sho,Yn by 

02 
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Giesbrecht. The abdomen consisted of four segments and the fUrca. I think there can 
be no doubt that E. atlanticus Wolfenden is merely a synonym of E. elonga~us (Dana). ( 

Eucalanus elongatus has been taken in large numbers at Stations 393, 614, 670 and 
682, as well as occasionally on the surface. 

Eucaianus crassus Giesbrecht. 

Eucalanus crassus, A. Scott, 1909, p. 19. 

Eucalanus crassus, T. Scott, 1912, p. 529. 

Eucalanus crassus, Sewell, 1912, p. 257. 

Eucalanus cra.ssus, Sewell, 1913, p. 357. 

Eucalanus crassus, Sewell, 1914, p. 202. 

Eucalanus crassus, With, 1915, p. 357 
Eucalanus m'assus, Sars, 1925, p. 22. 

Eucalanus crassus, Farran, 1926, p. 23l. 

Eucalanus crassus, Farran, 1929, p. 220. 

This species, though widely distributed, does not appear to be very common in Indian 
waters; it was taken at "Investigator" Stations 542, 555, 558, 582, 583, 587, 588, 591, 

-614, 672 (surface). 
It has now been recorded from the Malay Archipelago (A. Scott), the coast of southern 

Burma (Sewell), the Nicobar Islands (Sewell), the Pearl Banks of Ceylon (Thompson and 
Scott), the Gulf of Aden and the Red Sea (Cleve), the Maldive Archipelago (WoHenden) 
and from the east coast of Cape Colony (Cleve). 

Eucalanus longiceps Matthews. 
~ Eucalanus sp., Wolfenden, 1908, p. 29. 

~ Eucalanus aUenuatus, With, 1915, p. 52, fig. 10. 

Eucalanus longiceps, IVlatthews, 1925, p. 127, pI. ix. 

Eucalanus acus, Farran, 1929, p. 218, fig. 3, a-e. 

This species was described by Matthews from specimens that had been taken by the 
, Challenger" expedition in the Antarctic and had been previously overlooked. The spe
cimen described by With (1915) from the North Atlantic and which he tentatively referred 
to Eucalanus attenuatus (Dana) also appears to belong to the same species. In the" In
vestigator" collections is a single example, taken at Station 670 in the mid-water 'net at 
a depth of 0-200 fathoms, that appears to belong to the same species. The general shape 
of the head region is quite different from that of Eucalanus attenuatus Giesbrecht; the fore .. 
:head is much more pronounced and elongated and does not ~aper to quite so sharp a point. 
Wolfenden (we. cit.) records the occurrence of a species of Eucalanus from as far south as 
Lat. 560 in the coll~ctions made by the National Antarctic expedition. In size these examples 
agree exactly with Eucalanus longiceps ¥atthews, and from Wolfenden's description
" The head is very triangular, elongated and produced in front into a blunt point slightly 
bent downwards; there are lateral swellings as in attenuatus, the part behind is not, how
ever, indented- " it would seem not improbable that he had before him examples of Eu .. 
calanu.s longiceps Matthews. 
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Eucalanus monachus Giesbrecht. 
E~lcalanus monachus, A. Scott, 1909, p. 20. 

Eucalanus monachu8, Wolfenden, 1911, p. 204. 
Eucalanus monachu8, Sharpe, 1911~ p. 406. 
EucaZanus monachus, Sewell, 1912, p. 357. 
Eucalanus monachus, Sewell, 1914, p. 202. 

Eucalanus 11Lonachu8, Sars, 1925, p. 22. 
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This species is comparatively common in Indian waters. In the "Investigator" 
,collections it occurs at Stations 541, 547, 552, 556, 558, 561, 562, 575, 577, 578, 581, 582, 
583,584,587,588,591. It has previously been recorded from the Malay Archipelago (Cleve; 
A. Scott), the Pearl Banks of Ceylon (Thompson and Scott; Sewell), the coast of southern 
Burma (Sewell), the Arabian Sea, Gulf of Aden and the Red Sea (Cleve) and from the easi' 
-of Cape Colony (Cleve). 

Eucalanus mucronatus Giesbrecht. 
Eucalanus mucronatus, A. Scott, 1909, p. 20. 
Euoolanus mucronatus, Wolfenden, 1911, p. 204. 
Eucalanus mucronatus, Sewell, 1914, p. 201. 
Eucalanus mucronatus, Sars, 1925, p. 21. 

Eucalanus mucronatus, Farran, 1929, p. 218. 

This species, though widely distributed, does not appear to be common in Indian waters. 
It has been taken in the" Investigator" collections at Stations 614 and 682, and also occurs 
in Expedition Harbour in the central group of the Nicobars and in Macpherson Strait in 
the Andamans. It has been taken by previous workers in the Malay Archipelago (A. Scott; 
Cleve) ; the Pearl Banks of Ceylon (Sewell) ; in the Maldive Archipelago (Wolfenden) ; in 
the Indian Ocean, Red Sea and Gulf of Aden (Cleve) and from the east of Cape Colony 
{Cleve). 

Eucalanus pileatus Giesbrecht. 
Eucalanus pileatus, A. Scott, 1909, p. 21. 

Eucalanus p~1eatuls, Wolfenden, 1911, p. 204. 
Eucalanus pileatus, Sf3weI1, 1912, p~ 357. 
Eucalanus pileatus, Sewell, 1914, p. 202. 

This species occurs in the "Investigator" collections at Stations 555 and 614. It 
has previously been recorded from Indian Seas in the Malay Archipelago (A. Scott); the 
coast of southern Burma (Sewell) . the Pearl Banks of Ceylon (Thompson and. Scott; Sewell) ; 
-the Maldive Archipelago (Wolfenden) and the east coast of Cape Colony (Cleve). 

Eucalanus subcrassus Giesbrecht. 
Eucalanu.s subcrass'tts, A. Scott, 1909, p. 21. 

Eucalanus subc·rassus, Sewell, 1912, p. 358. 
E'U,calanus suborassus, Pesta, 1912, p. 44, fig. 3. 

Eucalanus subcras,sus, Pesta, 1913, p. 31. 
Eucalanus subcrassus, Sewell, 1914, p. 203. 
EucaZanus subcrassu8, Farran, 1929, p. 219. 
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This, species is widely distributed throughout Indian waters and at least in certain areas 
is extremely common. It occurs in the" Investigator" collections at Stations 546, 541, 
542, 547, 555, 556, 558, 561, 562, 581, 587, 588, 589, 591. It has also been recorded from 
the Malay Archipelago (Cleve; A. Scott) ; from the coast of southern Burma (Sewell); the 
Pearl Banks of Ceylon (Thompson and Scott; Sewell) ; the Maldive Archipelago (Wolfen
den) ; the Arabian Sea, Gulf of Aden and the Red Sea (Cleve) ; the Persian Gulf (Pesta)
and from the east of Cape Colony (Cleve). 

A large number of examples in different stages of development were taken~ by the " In
vestigator" at Station 563 and I give belo\v the results of my examination of these spe
CImens. 

Copepodid Stage III. (Text-fig. 14, a-c.) 

~ Total length, ranging from 0'96 to 1·019 mm. 
The proportional lengths of the cephalothora.x and abdomen are as 46 to 8, so that the 

abdomen is contained 6'71 times in the le~gth of the anterior region of the body. The abdomen 

b. 

TEXT~FlG.14.-Eucalanu8 8ubcra88U8 Giesbreoht I Copepodid Stage III. 
a. Mandibula.r palp b. The 2nd swimming leg. 

c. The 4th swimming leg. 

consists of only two segments and the posterior segment and the furcal rami are completely, fused, there 
being no indication of any line of demarcation between them. The proportional lengths of the abdo
minal segments are as follows :-

Abdominal segment 

32 68 =100 

The 1st antenna reaches well beyond the tip of the furcal ramus by at least the last three 
segments. At this stage of developement tbis a.ppendage consists of only 21 free segments, segments 1 
to 4 appear to be still represented by a single mass and segments 8 and 9 are fused together. The 
proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'---v----J '--y-J 

175 28 24 2-1 38 26 26 32 34 41 42 43 45 48 50 50 52 45 57 48 72 -= 1000 

The mouth-parts are already well developed and closely resemble those of the adult. 
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. In the swimming legs the general structure resembles that of the same stage in other closely allied 
-speclea The basal portion of the limb in all the legs consists of two segments and the rami consist of two 
.segments in all but the last pair. In the 4th pair of legs the rami exhibit only a single segment. 

Oopepodid Stage IV. (Text-fig. 15, a, b.) 

~ Total length 1·358 mm. 

The proportional lengths of the cephalothorax and abdomen are as 61 to 11, so that in this stage 
the abdomen is contained 5·55 times in the length of the anterior region of the body. 

The abdomen now consists of three segments, the most posterior being still fused with the furcal 
Tami. The proportional lengths of the segments are as follows :-

Abdominal segment 1-2 3 4-5 Furca. 
'--- '---v---J 

64 16 20 =100 

The 1st antenna reaches back beyond the tip of the furcal ramus by about the last five segments. 
In this stage the 1st and 2nd segments are fused but segments 3 and 4 are now separate. Segments 8 and 9 
.are still fused. The proportional lengths of the segments are as follows :-

Segment 1 2 3 4 I) 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'--y-J ~ 

116 20 23 27 27 29 45 30 33 36 40 44 46 47 47 48 48 47 47 46 50 46 50 = 1000 

TEXT-FIG. 15.-Eucalanus 8ubcraSSU8 
Giesbrecht: Copepodid Stage IV. 

·a. The 1st swimming leg. b. The 5th leg; r1. 

The second antenna and the mouth-parts are as in the 
adult. 

The swimming legs now all exhibit a division of the two rami 
into two segments but the division is incomplete in the case of 
the 1st leg. 

&' Total length 1·245 mDl. 

At this stage of development there is but little difference 
between the two sexes except as regards size and the presence 
in the male of a somewhat rudimentary 5th leg. The abdomen 
does not appear to be quite so well developed as in the female and 
I was only able to detect a trace of the line of separation of the 
1st and second segments on the dorsal aspect. The proportional 
lengths of the various parts are as follows :-

Abdominal segment 1-2 

53 

3-5 Furca. 
'---v---' 

47 =100 

The mouth-parts are exactly as in the female. 
The swimming legs are the same as in the female; the 5th leg (text-fig. 15, b) consists.of three segments, 

the terminal segment bearing distally a single seta that is about as long as the segment itself. The whole 
appendage reaches about half-way along the 1st basal segment of the 4th swimming leg. 

Copepodid Stage V. (Tex-fig. 16 a-h.) 

At this stage of development the female to all appearance is sexually mature and, apart from size, 
there appears to be nothing to distinguish it from the fully-grown adult. 

~ The total length ranges from 1·51 to 1·81 mm. 
The proportional lengths of the cephalothorax and abdomen are as 96 to 1{, tlO that the nbdomen 

is now contained 5'43 times in the length of the cephalotliorax. 
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The abdomen consists of three segments, the furcal rami being still fused with theual segment. 
The proportional 1en,gths of the segments are as follows :--. 

Abdominal segment 1-2 3 4-5 Furca. 
~ '--y---J 
67 15 30 ==100 

e. 

~-

TEXT-FIG. 16.-Eucalanu8 8ubcra88u8 Giesbrecht: Copepodid Stage V. 

a. The whole animal from the right side, ~. e. The ma.xillary palp. 
b. The abdomen, ventral aspect, ~. f. The 1st. swimming leg. 
c. The 2nd antenna. g. The 2nd swimming leg ... 
d. The mandibular palp. h. The 5th leg, ~. 
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All the appendages have now reached the adult condition. 
it Total length 1·472 mm. 
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The proportional lengths of the cephalothorax and abdonlen are as 64 to 14, so that the abdomen is 
now contained in the length of the anterior region of the body only 4·57 times. 

The abdomen now consists of three segments, the furcal rami still being completely fused with the 
anal segment. The proportional lengths of the segments are as follows :-

Abdominal segment 1 2 3-5 Furca 

54 15 31 =dOO. 

The 1st abdominal ~egment is about one and a quarter times as long as wide. 
The 1st antenna reaches back beyond the tip of the furcal rami by the last five joints. The propor

tionallengths of the various segments are as follows :-
Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

'-v-' '--y--J 

120 24 24 27 27 28 44 32 34 a5 41 46 50 50 50 51 48 45 46 41 45 39 51 =1000. 

The 2nd antenna and mouth-parts are the same as in the female and there is at this stage of 
development no trace of the reduction of the mouth-parts that is present in the adult condition. 

In the swimming legs the exopod. is three-jointed, though in the 1st pair the segmentation between the 
1st and 2nd segments is still incomplete. In the 1st leg the endopod consists of only two segments but 
in the 2nd to the 4th inclusive this 'ramus consists of the usual three joints. 

The 5th leg (text-fig. 16, h) j~ moderately well-developed and now exhibits four separate segmenta, of 
which the 1st or proximal is the longest and the 2nd is somewhat shorter, while the third and fourth 
together are but little longer than the 1st. The distal seta is longer than the terminal segment and is 

somewhat curved. 

Adult Stage. (Text-fig. 17, a-c.) 

~ Total length ranges from 1'925 to 2'113 mm. 

-~ 
ev. h. 

TEXT-FIG. 17,-lEucalaullS subcras.'lJt8 Giesbrl'cht: Adult., ~:, 

a. The abdomen, from the ventral side. b. The mandibular palp. 

c. The maxilla,. 

The proportional lengths of the cephalothorax and abdomen are as 96 to 16, so that 
the abdomen is contained 6 times in the length of the anterior region of the body. 

H 
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The abdomen consists of three segments, the furcal rami being fused with the anal 
segment. The proportional lengths of the segments are as follows :-

Abdominal segment 1-2 3 4-5 Furca 
~ '---y---/ 
55 18 27 = 100. 

The genital segment is slightly wider than long, being 50 in length and 45 in breadth. 

m.m. 

<f> • 0 • • • • z·z 
• • • • • • • • • • • • • • • • • • 

Stlzg~VI. • • • 2·0 

• • • • • • • • • • • • 1'9 

• • 1·8 • • • • • • • • •• • • • • Stagt:,y' • • • • /·7 • Sf4geVI. • • • • • • • • • • •• • •••• • • • • • · . '-' • • • • • • • • • • 1·6 • • • • • • • • • • • • }·5 

• I: ~v. • • • • • • • • /.4- • 
S~e,1V. • • • • • • • • • • • • 1'.3 

• • Sf4geIV. 
• • 

1·2 

• 
J·1 

Stage-Dl. • • •• 1·0 

• 

TEXT-FIG. 18.-Eucalanu8 8ubcras8us Giesbrecht. 

Measurements of 140 examples in different stages of development. 

The 1st antenna reaches back beyond the tip of the furcal rami by the last four or 
five segments. The proportional lengths of the various segments are as follows :-

Segment 1 2 8 4 5 6 7 8 9 10 Ii 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ \-y-l 

125 26 27 29 29 31 53 3a 35 39 44 45 48 49 49 48 45 44 41 38 41 35 46 ==1000. 

I have already referred to the changes that can be traced in the proportional lengths 
of the various segments of the 1st antenna during the course of development (vide supra 
pp. 9, 25) and in the case of this species we can trace identically the same process. In the 
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table below I have given the proportional lengths, in IOOOths of the whole appendage, of 
the various segments at each successive moult :_ 

Segmen~ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1!S 16 17 18 19 20 21 22 23 !4 25 

Copepo«td stage III 
"----v----J ~ 

175 28 24 24 38 26 26 3i 34 41 42 43 45 48 50 50 52 45 57 48 7i 

Oopepodld stage IV 
'-y-I 

120 23 24 27 29 29 43 30 32 34: 39 44 44 45 46 48 48 46 46 44 49 46 64 

Oopepodld stage V 123 26 27 28 30 30 51 32 34 37 4! 45 45 45 46 48 45 44 44 40 42 40 56 

Oppepodld stage VI 125 26 27 2929 31 53 33 35 39 44 45 48 49 49 48 45 44 41 38 41 35 46 

Here again we see that the segments in the proximal portion of the antenna tend to 
increase in length at each successive moult, the greatest increase occurring at the level of 
the 8th and 9th segments, and from that point towards the distal extremity the change gets 
less and less till at the 18th segment we get no change throughout the whole life-history ; 
distally to this point the antennal segments tend to get relatively sh~rter as life progresses 
and the proportional lengths of the segments get less and less, the greatest change occurring 
in the terminal segment. 

A study of the length measurements of a series of individuals in different stages of 
development indicates that once again we can trace the same life-history as we have already 
noted in several species. In text-figure 18 I have given the measurements of 140 in
dividuals and these show clearly the manner in which the examples fall into definite groups, 
corresponding to the various moults in the post-larval development. In the table below 
I have given the average length-measurement in each group and have also given the cal
culated length-measurements and the growth-factors for the two sexes. The individuals 
in Copepodid stage III are too immature to allow of the determination of their sex :-

Observed Caloulated Growth. 
size size factor 

~ 
mm. mm. 

Copepodid stage III 1·015 1·016 1·345 

Copepodid stage IV • 1·365 1·365 1·218 

Copepodid stage V 1·665 1·663 1·218 

Ad~lt stage 2·024 2·026 

~ 
Copepodid stage III . 1·015 1·015 1·382 or 1·218 

Copepodid stage IV 1·238 1·236 1·382 

Copepodid stage V 1·440 1·403 

Adult stage 1·666 1·708 

As before, we find that in the female the individuals in their developlllent follo\v a 
straightforward course, the growth-factor dropping from 1·345 to 1·218 ,at that stage in 
which the development of the sexual organs begins to interfere with the ordinary vegeta
tive growth of the body. In the male, however, individuals may follow one of t\VO paths 
in their development; they may, apparently, either continue to show the male growth
factor of 1·382 and so pass from Copepodid stage 1111 to Copepodid stage V direct, in which 
case it appears doubtful if they ever become sexually lnature, or else they may for a sing1e 
moult adopt the female growth -factor of 1· 218 and pass from Copepodid stage III to 
Oopepodid stage IV and then by reverting to the nlale growth-factor of 1- 382 pass to the 

sexually-adult stage. 
H2 
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Genus RHINCALANUS Dana. 

Five species have been described as belonging to this genus, namely Rhincalanust CO'!

nutus Dana, R. nasutus Giesbrecht, R. gigas Brady, R. grandis Giesbrecht and R. aauleatus 
T. Scott. This latter species can, however, at once be disposed of; Scott himself (1894, 

p. 32) remarks that it "differs somewhat from the generic characters of Rhincalanus as 
described by Prof. Brady in the number of joints of the anterior antennae, the compara ... 
tively long terminal j oint of the secondary branch of the posterior antennae, and in the 
form of the mandible, but it agrees with the other characters." It is now well recognised 
that this species is a synonym of A1'ietellus setosus Giesbrecht and does not belong to the 
genus Rhincalanus at all. Of the remaining species only two are so far known to occur 
in Indian water. 

Rhincalanus cornutus Dana. 
Rhincalanus cornutu.s, A. Scott, 1909, p. 23. 
Rhincalanus cornutus, Wolfenden, 1911, p. 194. 
Rhincalanus corn'lltus, T. Scott, 1912, p. 530. 
Rhincalanus cornutus, Sewell, 1912, p. 358. 
Rhincalanus cornutus, Sewell, 1913, p. 354. 

Rhincalanus C01'nutus, Sewell, 1914, p. 203 (by a clerical error the name is given as R. gigas). 
Rhincalan'Us cornutus, Brady, 1915, p. 136. 
Rhincalanus cornutus, Sars, 1925, p. 22. 

Rhincalanus cornutus, Farran, 1929, p. 220. 

This species is of wide distribution throughout all the great oceans in the tropical and 
temperate zones; it has been recorded in the north Atlantic Ocean as far north as Lat.· 52° 
and it was taken by the" Scotia" in Lat. 34° 21' South. In the Indian Ocean it has now 
been recorded from the Malay Archipelago (Scott), the Mergui Archipelago and the coast 
of southern Burma (Sewell), the Pearl Banks of Ceylon (Thompson and A. Scott), the Mal
dive Archipelago (Wolfenden), the Gulf of Aden and the Red Sea (Cleve; A. Scott) and 
from the east coast of Africa (Cleve; Brady). WhHe appearing fairly frequently at the sur. 
face it attains its greatest density at some distance below; at " Investigator" Station 393 

between 0-400 fathoms over 90 examples were taken in the mid-water net. In the:" 
Investigator" collecti<?ns it also occurs at Station 614, 670 and 682. 

Rhincalanus nasutus Giesbrecht. 

(Text-fig. 19, a, b.) 
Rhincalanu~ nasutus, A. Scott, 1909, p. 24. 
Rhincalanus nasutu,s, Farran, 1910, p. 18. 
Rhincalan'tts gigas (in part), T. Scott, 1912, p. 530. 
Rhincalanus nasutus, Sewell, 1913, p. 354. 
Rhincalanus nasutus, Sewell, 1914, p. 204. 

Rhincalanus nasutus, With, 1915, p. 44, Ifl. i, figs. 4, a-e. 

Rhincalanuis nasutus, Lysholm and Nordgaard, 1921, p. 9" 
Rhincalanus nas'utus, Sars, 1925, p. 23. 
Rh1:ncalanus nasutus, Farran, 1926, p. 232. 

Rhincalanus nasutus, Farran, 1929, p. 232. 
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·Like Rhincalanus cornutus, R. nasutus is widely distributed throughout the tropical 
and northern seas; Giesbrecht gives the southern limit of distribution of the species as Lat. 
52° South, but I have been unable to check this reference. In the Indian Ocean it has 
now be~ recorded from the Malay Archipelago (A. Scott), the Pearl Banks of Ceylon 
(Thompson and A. Scott; Sewell), the Arabian Sea, Gulf of Aden and the Red Sea (Cleve) 
and the east coast of South Africa (Cleve). 

Though examples are occasionally. met with at the surface, Rhincalanus nasutu8 is 
normally an inhabitant of the deeper levels; Lysholm and Nordgaard give it as occurring 
at 400-1000 metres in the north Atlantic Ocean and Farran records that off the Irish Coast 
a few individuals occur at 50 fathoms but that it is comparatively abundant at 100 fathoms. 
In the Indian Ocean it occurs in large numbers in the- sub-surface layers; thus at " Inves
tigator" Station 393, depth 0-400 fathoms, over 140 examples were taken; the species 
is also well represented at Stations 463, 670 and 682. 

These examples agree closely with the descriptions given by previous authors; in a 

tN. b. 
TEXT-FIG. 19.-a. The anterior end of 

Rhincalanu8 na8utu8 Giesbrecht. 

few examples the spine on the right side of the 4th 
thoracic segment is double and in another instance the 
spine on the dorsum of the 1st abdominal segluent ,vas 
similarly duplicated, there being two curved and claw
like spines present instead of the usual single one. The 
average size of examples of this species frOlll the Indian 
Ocean ranges from 4' 0 to 4· 5 mm. in length. 'V olfenden 
has obtained in the Faroe Channel two large exaulples 
of the species that measure respectively 5·1 and 5·4 111m. 

These are now in the British Museulll (Natural History) 
collection and I ha ve examined thelll carefull.y. I 

b. The anterior end of Rltincalan7.ts gigas 
Brady. cannot find any structural differences to distinguish 

~ L 

them from the ordinary smaller form, and I consider that Wolfenden's diagnosis is correct. 
Both the examples are females and it is interesting to note that in one of thelll the 
usual single spine on the margin of the 4th thoracic segment is replaced by t,vo spines on 
the left side and three on the right. 

A considerable amount of uncertainty appears to exist regarding the specific identity 
of the three so-called species Rhincalanus nasutus, R. grandis and R. g·igas. Giesbrecht 
(1902, pp. 18-19) and Wolfenden (1908, p. 13) are of opinion that Rhincalanus gigas and 
R. grandis are the same species. Giesbrecht points out that these two foruls are very siuular 
as regards their size; Brady gives 8·5 to 10·0 Ir).m. for Rhincalanus gigas and R. grandis 
is said to have a length of 7'5 to 9'0 mm. according to Giesbrecht and 7·2 to .8·0 nun. accord
ing to Wolfenden. Wolfenden (loc. cit.) s:uggests that Brady's exalllpies of R. g·igas ,vere 
immature and again in 1911 (1911, p. 193) he repeats his views, which are based on the 
examination of two specimens of R. gigas preserved in the British MUSeUlll. In 1908 (1908, 
p.13) he remarks that "of the two preserved flpecimens at the British Muselun ,vhich 
I have examined, one measured 5' 8 mm. and another 6' 0 mIn. Both ,vere inulla.ture 
females." These two examples appear to be two mounted speciIllens; and apparently 
Wolfenden did not examine the other specimens in the British MUSeUll1 that are preserved 
in spirit. In addition to the two mounted specimens there are alllong the spirit specilnens 
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from "Challenger" station 156 several undoubted specimens of the form described by 
Giesbrecht as R. grandis; others occur in " Challenger" station 320. I have also exa:rcnined 
the examples that were obtained by the National Antarctic Expedition and were identified 
by Wolfenden (1908) as R. grandis and I have no doubt that R. gigas and R. gra4ilis are 
synonyms; Brady's description and his figures are poor and in certain points inaccurate 
but there is no doubt as to the examples themselves. The species R. grandis Giesbrecht 
must, therefore, be merged in R. gigas Brady. 

The view has also been put forward that the species Rhincalanus nasutus Giesbrecht 
is also a synonym of the same species, namely R. gigas Brady. This was suggested by 
A. Scott (1909, p. 24) and I myself (Sewell, 1914, p. 204) was inclined to agree with him, 
but a further study of these forms has caused me to alter my opinion and I now believe 
that R. nasutus must be regarded as a distinct species. l In the table below I have given 
the main points of difference between the two forms and these are, I consider, sufficient to 
separate them as distinct species. 

RlLincala1'l.U8 gigas Brady (= R. grandis 
Giesbrecht) 

RhincaZanuB nasutus Giesbrecht 

1. Total length 7·5 to 10·0 rnm. 3·8 to 5·4 rom. 
2. 

3. 

4. 

5. 

6. 

7. 

Lateral spines on thoracic seg
ments 3 and 4 only. 

~ Sub-dorsal spines on none of the 
thoracic segments. 

0- Sub-dorsal spines on thoracic 
segment 4 only. 

~ Abdominal segments devoid of 
spines on dorsal aspect. 

0- Dorsal aspect of genital segment 
armed with a pair of small spines. 

The anterior end of cephalon shtJ,rt 
and bluntly pointed. 

Body comparatively robust. Pro
portions of cephalothorax and 
abdomen 6·1. 

Appears to be confined to southern 
Antarctic waters south of Lat. 
37° S. 

Lateral spines on thoracic segments 
2,3 and 4. 

Sub-dorsal spines on thoracic seg .. 
ments 2, 3 and 4. 

Sub-dorsal spines on thoracic seg
ments 2, 3 and 4. 

Dorsal aspect of genital segment 
armed with a pair of small spines. 

As in the female. 

~he anterior end of cephalon long 
and sharply pointed. 

Body comparatively slender .. Pro
portions of cephalothorax and 
abdomen 5·1. 

Widely distributed throughout Tro
pical and Northern waters. 

Examples of Rhincalanus gigas Brady have been obtained as far north as Lat. 37° S. 
by both the "Challenger" and the "Gaus" but this appears to be about the northern 
limit of its dist:ribution; Thompson (1900, p. 276) has recorded the occurrence of a single 
example of R. gigas Brady from Lat. 20° S. but I am inclined to think that this was in 
reality a specimen of R. nasutus Giesbrecht. 

Genus MECXNOCERA Thompson. 

Mecynocera clausi Thompson. 
Mecynocera clausi, A. Scott, 1909, p. 25. 
Mecynocera clausi, Sharpe, 1911, p. 406. 

1 The same opinion has recently been expressed by Farran (1929, p. 220). 
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Mecynocera clausi, Wolfenden, 1911, p. 202. 
Mecynocera clausi, T. Scott, 1912, p. 530. 
Mecynocera clausi, Sewell, 1914, p. 204. 

Mecynocera clausi, Friichtl, 1924, p. 34. 
Mecynocera clausi, Sars, 1925, p. 23. 
Mecynocera clausi, Farran, 1926, p. 233. 
Mecynocera clausi, Farran, 1929, p. 221. 
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This fiipecies is Qf wide distributiQn and appears to. Qccur thrQughQut the whQle Qf the 
Indian seas frQm the Malay Archipelago. to. the east CQast Qf ..t\frica and in the Gulf Qf Aden 
and the Red Sea. In. the" InvestigatQr " cQllectiQns I have up to. the present time failed 
to discover any specimens thQugh I have fQund exam.ples in collections taken on the Pearl 
Banks of Ceylon. 

Family P ARACALANIDAE. 

Genus P ARACALANUS BQeck. 

A certain degree Qf cQnfusion appears to. have arisen in this genus regarding the vali
dity o.f various species and varieties that have been described and also. with regard to. the 
syno.nmy of some of the forms. Up to. the present time five species have been described 
and recognised in Indian or neighbouring waters, V1:Z., Paracalanus aculeatus Giesbrecht, 
p,. parvus (Claus), P. crassirostris (Dahl), P. se'flra.t~pes Sewell and P. dubia Sewell. Both 
these latter forms appear to be IQcal in their distribution, whereas the other three are wide
spread. All five fQrms Qccur in the "InvestigatQr" collectiQns and I have in addition 
described belQw certain other forms that must in my QpiniQn be given specific rank. 

One difficulty that is met with in the correct determination of the taxonomy Qf this 
genus is the fact that in at least sQme,Qf the species we appear to have two sexually-mature 
fo.rms th~t differ from each Qther mainly as regards size. Farran (1926) has called atten
tio.n to the fact that in the genus Olausocalanus we may have fQrms so alike structurally 
that it is a matter of very gre~t difficulty to decide whether Qr not we are dealing with 
dimorphic forms or distinct races of the same species Qr with very clQsely re1ated species; 
in the species Olausocalanus arcuicornis according to. Farran and others we ha ve two. 
fo.rms, a larger and a smaller, both of which must be referred to this species, and Farran 
(1926) has described a third form that differs Qnly in small details but which he regards 
as a different species and to which he gives the name of O. pergens. In the genus 
Paracalanus I have in a previous paper (Sewell, 1912) called attention to the fact that 've 
seem to have two. sexually-mature fQrms ot the male in the species P. "acttleatus, and in 
certain other cases the anatomical differences between certain fQrms are so slight that 
one hesitates to award them definite specific rank; but since these differences appeal' to 
he constant I have thQught it advisable to do so in certain instances. 

The members of this genus can be divided into two. grQups differing fronl each o.ther 
in the proportionate lengths of the body and abdomen, the character of the genital aper
ture of the female and in the length and the arrangement of the segulent,s in the 1st antenna. 
Members o.f one group ~losely resemble Paracalan1ls aculeat~t8 and those of the ot,her 

P. parvus. 
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(a) THE A.CULEATUS group. 

[VOL. X, 

Three different species in the" Investigat.or " collections can be recognised as belong
ing to this group, namely Paracalanus aculeatus G-iesbrecht, Paracalanus serrati pes Sewell 
and Paracalanus denudat'tts, sp. nov. 

In all three forms the genital aperture on the ventral aspect of the 1st abdominal seg-
ment is so much alike tha.t it is impossible to discriminate between them and the only dis
tinguishing features lie for the most part in small details of structure, such as the length 
of the terminal segment of the 1 st antenna, and even here the three species fO!ID a series, 
for in Pa,raCalanu,8 denudatus the terminal segment is 1·9 times the length of the ante-penul
timate joint, in P. aculeatus it is 1'6 tinles and in P. serrati pes -the two segments are equal. 

Paracalanus aculeatus Giesbrecht. 

Pa1'acalanus parvus, T. Scott, 1894, p. 26, pI. i, figs. 9-14. 

Paracalantts aculeatus, A. Scott, 1909, p. 26. 

Paracalanus aculeatus, Wolfenden, 1911, p. 203. 
Paracalan'Us aculeatus, T. Scott, 1912, p. 53l. 

Paracalanus aculeat1ts, Sewell, 1912, pp. 326, 358. 

Paracalanu8 aculeatus, Pesta, 1912, p. 44, fig. 4. 
Paracalanus aculeatus, Sewell, 1913, p. 357. 

Paracalanua aculeatus, Sewell, HH4, p. 205. 
Pm'acalanus aculeatus, Friichtl, 192·:1-, p. 35. 

Paracalanus clevei, FrUchtl, 1924, p. 35. 

~aracalanus aculeatus, Farran, 1929, p. 222. 

This species is very common throughout the whole of the Indian seas. I t has now been 
'recorded from the Malay Archipelago (A. Scott), the Aru Archipelago (Friichtl), the coast 
·of southern Burnla (Sewell), the Pearl Banks of Ceylon (Sewell), the Maldive Archipelago 
(Wolfenden), the Arabian Sea, Gulf of Aden and the Red Sea (A. Scott) and the east coast 
of Africa (Cleve). 

A comparison of the examples taken in the Indian Ocean with the description of the 
form described by T. Scott (1894), under the name Paracalanus part'us, leaves little room 
for doubt that he was in reality dealing with this species. Friichtl (loc. cit.) obtained certain 
examples in the Aru Archipelago that correspond to the form described by Cleve (1901) 
as the ulale of .L4crocalanus pedi,ger and whieh Carl (1907, p. 7) subsequently pointed out 
to he in reality a Paracalanus. Friichtl does not appear to have been acquainted with 
my paper (1914) in which I have shown this form to be the male of Paracalanus aculeatus. 

In the" Investigator" collections this species is of common OCClllTence and examples 
Lave been identifi.ed from Stations 540, 541, 542, 543, 544, 545, 547, 552, 555, 556, 558, 
561, 562, 574, 578, 581, 582, 583, 587, 589, 590, 591, 614, and from Expedition Harbour 
in the CentJral group of the Nicobars. 

I have previously (Sewell, 1912, p. 326) pointed out that in this species we appear to 
ha ve two distinct forms of the male, distinguished from each other only in size, and in the 
" Investigator" collections from N ankauri Harbour in the Nioobar Islands, Station 6] 4 , 
there are, correspondingly, two distinct forms of the female, both of which appear to be 
sexually mature and differ from each other, as in the case of the males, only in size. 



1929.] R. B. SEYMOUR SEWELL: Copepoda of Indian Seas. 

(a) Forma major. 

(Text-fig. 20, al.) 
~ Total length, O· 89 to 0·99 mm. 

Examples from Nankauri Harbour, Station 614, are distinctly smaller than those from 
the Pacific, for which Giesbrecht gives a length measurement of 1·1 mm. 

h. 0. e. 

TEXT·FIG. 20.-Paracalanu8 aculeatus Giesbrecht, forma major. ~. 

a. The genital segment of tho abdomen and the 5th pair of legs. d. The 2nd swimming leg. 
b. The maxilliped. e. The ard swimming leg. 
c. The 1st swimming leg. f. The 4th swimming leg. 

The proportional length of the cephalothorax and abdomen are as 36 to 11, so that 
the abdomen is conta~ed 3·27 times in the length of the anterior region of the body. The 
cephal on and 1st thoracic segment are fused and their combined length f?rms two-thirds 
of the total length af the cephalothorax. The body is slightly humped. The posterior 
thoracic margin is rounded and is fringed with a number of long and delicate ha.irs. 

The abdomen possesses four segments that have the following proportional lengths :-

Abdominal segment 1-2 3 4. 5 Furca 

33 15 13 23 16 =100 

The 1st antenna reaches back to beyond the tip of the furcal ramus by about the ext~nt 
of the last segment. There are twenty-three free joints in the appendage. Segments 1 

I 
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and 2 and 8 and 9 being fused respectively. The proportional lengths of the segments 
are as follows :-

Segment 1-2 3 4 {) 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

132 37 37 37 36 37 43 23 25 29 37 39 39 42 42 42 45 43 43 41 43 41 67 =1000 

Wolfenden [1906 (a), pI. xcvi, fig. 12J has called attention to the presence in this spe
cies of rows of minute spinules on the segments of the antenna. 

As regards the mouth-parts and swimming-legs, these examples agree exactly in strue .. 
ture with the description and figures given by Giesbrecht (1892). 

There appears to be some evidence of a seasonal variation in the size of my examples 
for specimens taken in Nankauri Harbour in November, 1922, measured O·e9 rom. in length, 
whereas examples taken in the same locality in the month of January, 1923, were only 
{)·S9 mm. in length; this may possibly be correlated 'with the changes in salinity that occur 
in this region, for in the month of January the salinity is considerably less than it is in N ov
ember owing to the onset of the north-east monsoon and the consequent dilution of the 
surface-water by rain and river-water. 

(b) Forma minor. 

(Text-fig. 2l, a-g.) 

~ Total length, 0·69 mm. 
The proportional lengths of the cephalothorax and abdomen are as 55 to 18, the ab

domen being thus contained only 3·06 times in the length of the anterior region of the body, 
instead of 3· 27 times, as in the larger fornl. 

The ' abdominal segments have the following proportional lengths :-

Abdominal segment 1-2 3 4 5 Furca 

33 14 11 23 19 =100 

The genital aperture agrees exactly with that of the larger form. 
As in the larger form, the 1st antenna reaches beyond the tip of the furcal ramus by 

about the last segnlent. The proportional lengths of the segments are as follows :-
Segment 1-2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24: 25 

128 38 36 36 36 36 43 23 26 30 35 38 38 38 41 41 45 43 43 43 47 46 70 ==1000 

The various segments carry rows of small needle-like spinules as in the larger form, 
the rows on the proximal segments running transversely and the distal ones longitudinally. 
'The last two segments are devoid of spines. I have already pointed out that during the 
process of development in the Copepoda (vide supra, p. 9) we can trace a definite change 
in the proportional lengths of the antennal segments, the proximal segments tending at 
each successive moult to get proportionately longer and the distal ones shorter,. and a com .. 
parison of the lengths of the segments in these two forms of Paracalanus aculeatus reveals 
,exactly the same change. For the purpQae of comparison I have given the lengths in the 
two forms below :-

Segment 1-2 3 4 5 6 7 
~ 

f. minor 128 38 36 36 86 36 

f. major 132 37 37 37 36 37 

8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ 

43 23 26 30 35 38 38 88 41 41 45 43 43 43 47 46 70 = 1000 

43 23 25 29 37 39 89 42 42 42 45 43 43 41 47 41 67 ==1000 ... 
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In these examples the differences are for the most part small but they indicate the 
pro'bability that we are here dealing with two successive stages in the development of the 
species and not with two races. 

b. d. e. 
. ..... 

g. 

TEXT-FIG. 21.-Paracalanu8 aculeatu8 Giesbrecht, forma minor. ~. 
a. The genital segment of the abdomen. d. The 3rd swimming leg. 
b. The 1st swimming leg. e. The 4th swimming leg. 
c. The 2nd swimming leg. f. The 5th leg. 

g. An abnormal 5th pair of legs. 

The swimming legs closely resemble those of forma ma}o1" but in a few cases there ap
pears to be a reduction in the number of spines on the surface of the segments; this is es
pecially noticeable in the case of the leaf-like spines that are present on the posterior aspect 
of the 2nd segment of the exopod of the 4th leg. 

Friichtl (1924, p. 20) has called attention to the occurrence in this species of an occa
sional individual that possesses the appearance of a female but in addition exhibits an a~
normal 5th pair of legs, ap.d he has given a figure of one of these examples (vide loco cit., p. 21, 
text-fig. 11). Exactly similar individuals have been discovered by me anlong the speci
mens taken at " Investigator" Station 614. 

Such ~n example had a total length measurement of O' 80 mm. ; and the pl'oportional 
lengths of the cephal<?thorax and abdomen were as 32'5 to 10 so that the abdomen is con
tained 3·25 times in the length of the anterior region of the body. 

The abdomen is as in the normal female ann possesses four segments having the fol
lowing proportional lengths :-

Abdominal segment 1-2 3 4 5 Furoa 

33 16 14 21 16 =100 

The genital segment is as figured in text-fig. 21 (a), which is taken from a normal female. 
12 
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The 1st antenna reaches to the posterior end of the abdomen and is also similar to 
that of a normal female, the segments having the following proportional lengths :-

Segment 1-2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ '-'-' 
125 40 40 37 35 38 48 2:3 24 26 33 37 38 40 40 43 44 45 45 45 49 45 60 = 1000 

The swimming legs on the other hand resemble those of the male in that the external 
margin of the second s~gment of the exopod is armed with a row of small spines similar 
to those on the margin of exopod 3. There is a 5th pair of legs present that approximates 
·to the normal type but is not so well developed. 

In these individuals we have examples that, to judge from the characters of the abdo
·men and the genital segment, are functional females but which yet exhibit certain definite 
-male characters, and it seems probable that these are cases where an individual has diverged 
from the normal line of development at copepodid stage IV and by the adoption of the 
male growth-factor has passed to the stage that I have in my diagram on p. 7 called 
-stage X. 

Paracalanus serratipes Sewell. 

(Text-fig. 22, a, b.) 

Paracalanus se1'ratipes, Sewell, 1912, p. 332, pI. xv, figs. 6-10. 
Paracalanus serratipes, Sewell, 1914, p. 208. 

Examples of this species have been taken on the coast of southern Burma in the estua
rine regions around the mouths of the Rangoon and Tavoy rivers, on the Pearl Banks of 

eM. 
TBXT-FIG. 22.-Paracalanus serratipes Sewell, !? 

a. The genital segment of the abdomen. b. The 5th leg. 

Ceylon, and in Expedition Harbour in the central group of the Nicobars. It would appear 
from its distribution to be a coastal and in the main an estuarine form. 

Paracalanus rdenudatus, sp. nov. 

~ Total length, 0·64 mm. 
(Text-fig. 23, a-h.) 

The proportional lengths of the cephalothorax and abdomen are as 53 to 16 ; the ab
domen is thus contained 3·31 times in the length of the anterior region of the body_ The 
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head and 1st thoracic segment are fused and the dorsal profile exhibits a slight hump about 
the taiddle of the fused mass, as is also seen in Paracalanus aculeatus Giesbrecht; the an
terior region of the body is, however, slightly more slender in the present species and the 
fused mass of the cephal on and 1st thoracic segment is contained only 1'4 times in the length 
()£ the whole anterior region, whereas in P. aculeatus it is contained 1'5 times. The forehead 
is uniformly rounded and the rostral filaments are directed do,vnwards and backwards. 
'Thoracic segments 4 and 5 are fused and the posterior thoracic margin is rounded. The 
abdomen consists of four segments having the following proportional lengths :-

Abdominal segment 1-2 3 4 5 ~Furca. 

31 15 13 21 20 =100 

The furcal rami are nearly three times as long as broad, the proportions of length to 
-breadth being 20 to 7. The inner furcal seta is delicate and is only about one-fourth the 
length of the next seta, thus closely resembling the condition found in Paracalanus acu,

leatus. 

9· 
TEXT-FIG. 23.-Paracalanus den1tdatus, sp. nov., ~. 

a. The whole animal from the left side. e. The 3rd swimming leg. 
b. The abdomen, from above. f. The 4th swimming leg. 
c. The genital segment of the abdomen. g. The 4th swimming leg in another speoimen. 
d. Th~ 2nd swimming leg. h. The 5th pair of legs. 

The 1st antenna agrees in its general plan with that of Paracalanus aculeatus, forma 
l'I'I4jor, segments. 1 and 2 and 8 and 9 respective1y being fused together. The appendage 
reaches beyond the tip of the furcal ramus by approxinlately the extent of the last seglnent. 
'The proportional lengths of the segments are as follows :-

Segment 1-2 3 4: 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 2:l 24 25 
~ ~ 

121 32 30 30 :30 33 38 2L 24: 27 36 36 36 :Hi 40 4L 4:J 44 .u 44 58 ;;;1 HH = lOOt} 
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The length of the end segment of the antenna is thus very much greater than in P. 
aculeatus. The segments 10 to 23 all bear rows of minute spinules, running longitudihally 
as is the case in P. aculeatus, but I have been unable in this species to trace any rows of 
spines on the proximal segments 1 to 9. As in P. aculeatus, the two terminal segments 
are devoid of spines. Where the longitudinal rows of spines occur they are, as is also the 
case in P. aculeatus, broken in the middle of the segments by a short gap in the line. 

The mouth-parts appear to be identi~al with those of Paracalanus aculeatus. The 
swimming legs are also very similar to those of that species but differ in small details that 
appear to be constant. The most striking difference is in the number of spines on the ex
ternal margin of exopod 3 in all the legs, and in certain cases this reduction of the number 
of spines in the present species has proceeded so far that in some of the legs we may find 
that they have been totally suppressed. The row of leaf-like spines that is present on the 
posterior aspect of the 2nd joint of the exopod of the 4th leg in Paracalanus aculeatus 
appears to be always absent in the present species. The proportional lengths of the termi
nal segment of the exopod and the end-spine in the 2nd to 4th swimming legs inclusive 
is also different in the two species, and in the table below I have given the various measure
ments, that of the end segment being taken as 100 in each case :-

ParacalanUB aculeatuB Paracalanu8 denudatu8 

Exopod 3. End-spine. Exopod 3. End-spine. 

2nd Swimming leg 100 117 100 136 

3rd Swimming leg 100 104 100 126 
4th Swimming leg 100 93 100 103 

These constant di:fferences are in my opinion sufficient reason for making this a new 
species and I therefore propose the name Paracalanus denudatus for it. Examples have 
been taken in the surface tow-net at Station 614 '(Nankauri Harbour) and in Macpherson 
Strait, Andaman Islands, and it would thus appear to be a free-swimming littoral form. 

(b) The ,PARVUS group. 

The individuals of this group differ from those of the A.culeatus group by possessing 
complete segmentation' of the 1st antenna, all the segments being separate, whereas in the 
Aculeatus group segments 1 and 2, and 8 and 9 are respectively fused together; the length 
of the 1st antenna is also much shorter, reaching only to the end of the cephalothorax 
or to about the middle of the abdomen and never reaching beyond the tip of the' furcal 
ramus. There is also a very marked difference in the structure of the genital swelling on 
the ventral aspect of the 1st abdominal segment. 

In this group I include Paracalanus parvus (Claus), P. nanus G. O. Sars, P. dubia Sewell, 
P. crassirostris (Dahl), as well as a new species, Pa1'acalanus nudus, all of which species 
are represented in the present Indian collections. 

Paracalanus parvus, Giesbrecht. 

(Text-figs. 24, a-g and 25, a-e.) 

Paracalanus parvus, Norman and Scott, 1900, p. 127. 
Paracalanus parvus var. perplexus, Norman and Scott, 1906, p. 127, pIs. xii, figs. 1, 2 ; xiii, fig. 1 ; 

xiv, fig. 1. 
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Paracalanus parvus, A. Scott, 1909, p. 27. 
Paracalanus parvus, Farran, 1910, p. 61. 
Paracalanus parvus, Steuer, 1910, p. 22. 
Paracalanus parvus, Sharpe, 1911, p. 406. 
Piezocalanus lagunaris, Grandori, 1912, p. 97. 
Paracalanus parvus, Sewell, 1912, p. 358. 
Paracalanus parvus, Brady, 1914, p. 25. 
Paracalanus parvus, Sewell, 1914, p. 208. 
Paracalanus parvus, With, 1915, p. 54, text-fig. 12, a1. 
Paracalanus parvus, Friichtl, 1920, p. 8. 
Paracalanus parvus, Friichtl, 1924, p. 35. 
Paracalanus parvus, Sars, 1925, p. 24. 
Paracalanus parvus, Farran, 1926, p. 233. 
Paracalanus parvus, Gurney, 1927, p. 143, fig. 16-A. 
Paracalanus parvus, Farran, 1929, p. 22l. 

~ Total length, 0'76 mm. 

69 

The proportional lengths of the cephalothorax and abdomen are as 31 to 9; the ab
domen being t4us contained 3·44 times in the length ,of the anterior region of the body. 

The body is comparatively robust and the forehead is uniformly rounded, terminating 
below in a pair of long and delicate rostral spines. The head and 1st thoracic segment 

d. 
TEXT-FIG. 24.-Paracalanu8 parfJU8 Giesbreoht, !j? 

a. The genital segment of the abdomen. d. The 2nd swimming leg~ 
b. The maxillary pdp. e. The 3rd swimming leg. 
c. The 1st swimming leg. f. The 4th swimming leg. 

g. An abnormal 5th pair of legs. 

are incompletely fused, traces of the original line. of separation being clearly visible across 
the dorsal surface. The posterior border of the thorax is slightly emarginate. 

The abdominal segments have the following proportionalle~gths:-
Abdominal segment 1-2 3 4 5 Furoal 

'-.-I 

31 17 13 22 17 =100 
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The 1st abdominal segment is armed with a row of small spinules that runs parallel· 
to and close to the posterior margin, except on the ventral aspect. The genital ape~e
is somewhat angular and the arrangement of the ducts is as shown in text-fig. 24 (a). 

The 1st antenna reaches back to the 2nd abdominal segment. The proportional 
lengths of the segments are as follows :-

SejZment. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
76 57 34 34 34 34 34 28 25 27 28 31 37 39 40 40 45 43 45 45 45 iI 45 40 53 ==1000 

Segment 12 bears a short oblique row of minute spinules and segments 13 to 23 inclu-
sive each bear a longitudinal row of spinules along the proximal half of the segment. 

Examples of the male of this species taken in Nankauri Harbour in the central group, 
of the Nicobars (" Investigator" Station 614) agree exactly with the description given· 
by Grandori (1912) of the male that he called Piezocalanus lagunaris • 

c. 

. ;;C'':::':':::C:::'J:':':'::'::':'::'::':':':':':':':':':':':':''::':':':::-:':'::'''---~;:::::- -

/,.?-

TEXT-FIG. 25.-Paracalanu8 parVU8 Giesbrecht, ~. 

a. The whole animal from the right side. c. The 3rd Bwimming leg; exopod. 
b. The 2nd swimming leg; exopod. d. The 4th sWimming leg; exopod. 

e. The 5th pair of legs. 

~ 'l'otallength, 0·74 mm. 

The proporti?nallengths of the cephalothorax and abdomen were as 28 to 11, the
abdomen thus be~g contained 2,55 times in the anterior region of the body. The dorsal 
profile shows a uniform curve and there is present in the mid-dorsal iine the same small 
transparent swelling that Gurney has figured in the male of .Acrocalanus gibber (vide Gur
ney, 1927, p.147, fig. 18). The 4th and 5th thoracic segments are fused but the line of 
fusion can clearly be seen in the lateral region. The posterior thoracic margin. i~ some
what sharply rounded. The abdomen consists of five segments having the following pro
portionallengths :-

Abdominal se~ment 1 2 3 4 5 Furca, 
12 24 16 16 16 16 =100 
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The antennae, mouth-parts and swimming legs agree exactly with the description 
given'by Grandori. In the 2nd, 3rd and 4th swimming legs the margin of the distal 
portion of the last segment, as well as the margin of the 2nd segment, of the exopod 
are fringed with small spines. 

Paracalanus nanus G. O. Sars. 

(Text-fig. 26, a1.) 
Paracalanus nanus, Sars, 1907, p. 4. 
ParacaZanus nanus, Sars, 1925, p. 26, pI. vi, figs. 10-17. 

A single example of a Para~lanus that I believe to belong to this species was taken 
at "Inv~stigator" Station 614. , 

~ Total length, O· 62 mm. 
The proportional lengths of the cephalothorax and abdomen were 27 to 6, so that the 

,abdomen is contained 4· 5 times in the length of the anterior region of the body; in Para
·calanus parvus Giesbrecht it is contained only ~·5 times. The abdomen is, therefore, much 
shorter in the present species. 

The forehead is rounded and terminates below in a pair of backwardly directed spines
The posterior thoracic margin is rounded and is somewhat produced in the postero-inferior 
Irregion. The head and 1st thoracic segments are completely fused, and whereas in Para-

d. 

":':~~::-,::::::::::::::::::::::~:=;:':-::J;=:~~~f;:: 
Cf/. 

Do 

. 
, 

I 

TEXT-FIG. 26.-Paracalanu8 nanU8 Sars, ~. 

a. The whole animal from the left side. d. The 3rd swimming leg. 
b. The 2nd antenna. e. The 4th swimming leg. 
c. The 2nd swimming lep'"- f. The 5th pair of legB. 

~calan'US parvus traces of the line of fusion can be seen across the dorsal surface, no such 
ltrace was visible in the present specimen. 

It 
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The abdominal segments have the following proportional lengths :-

Abdominal segment 1-2 3 4 5 Furca. 

29 15 12 23 21 =100 

The furcal rami are t\vice as long as broad. The structure of the genital ape~ure 
on the ventral aspect of the 1st abdominal segment very closely res~mbles that of Para
calanus parvus. 

The 1st antenna barely reaches to the posterior margin of the thorax. The propor
tional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
76 55 33 33 3! 3! 3! 31 28 28 28 28 3! 36 38 !1 !5 45 45 45 45 45 48 45 48 ==1000 

There is thus but little difference between this species and Paracalanus parous in the 
length of the antennal segments, but segments 8 and 9 appear to be slightly shorter. 

The swimming legs were unfortunately badly damaged. 
The 5th pair of legs exhibited a very short distal segment, as is shown in text-fig. 26, f. 
This individual differs from Paracalan1ts parvus and resembles P. nanus Sars in the 

following particulars : (1) size, (2) the shortness of the abdomen, (3) the short antenna, and 
(4) the structure of the 5th pair of legs. 

Paracalanus crassirostris Dahl. 

(Text-fig. 27, a-b.) 

Paracalanus crassirostris, Dahl, 1894, p. 21, pI. i. figs. 27-28. 
Paracalanus crassirost'ris, Giesbrecht and Schmeil, 1898, p. 24. 
Paracalanus ~rassirostris, Thompson and Scott, 1903, p. 243. 
Paracalanus crassirost'tis, Sewell, 1913, p. 339. 
Paracalanus crassirost'ris, Pesta, 1916, p. 4. 
Paracalanus crassirostris f. typica, Friichtl, 1924, p. 36. 
Paracalanus crassirostris, Sewell: 1924, p. 780. 

Friichtl (loc. cit.) has discussed the relationship of this species and various closely
allied, if not specifically identical, forms and he has reached the" conclusion that the form 
recorded by T. Scott under the name of Paracalanus pygmaeus Claus (vide T. Scott, 1893, 
p. 27, pI. i, figs. 1 to 8) from the Gulf of Guinea, and the form described by me under the 
name P. dubia (vide Sewell, 1912, p. 330, pI. xv, figs. 1 to 5) from the mouth of the Rangoon 
River, are to be -regarded as different forlns of the one . species, namely P. crassirostris Dahl, 
and he proposes the names forma scotti for the former and forma sewelli for the latter. Sars 
(1925, p. 24) considers that the form described originally by Claus under the name Para
calanus pygmaeus (vide Claus, 1863, p. 7·1) is in reality a valid species and that the speci
mens described by T. Scott from the Gul.f of Guinea under this name were actually exam
ples of that species. Frlichtl does not appear to have been acquainted with my paper, 
published in 1924, in which I have myself remarked on the possibility of Paracalanus
dubia being merely a variety or local race of P. crassirostris; but a subsequent study of 
both these forms has led me to conclude that they are in all probability distinct, though 
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very closely allied, species and they certainly seem to show perfectly constant, though 
slight, differences (JI structure, especially as regards 
the terminal spine on the 5th pair of legs and the 
form of the genital aperture on the 1st abdominal 
segment. I, therefore, prefer for the present to 
regard them as specifically distinct. 

This species has now been taken in Indian 
waters on the coast of southern Burma (Sewell), in 

~. h. the Chilka Lake (Se\veU) and on the Pearl Banks 
TEXT-FIG. 27.-Paracalanu8 crassirostris Dahl, ¥. of Ceylon (Thompson and Scott); and I can now 

a. The genital segment of the abdomen. further record its presence in tow-nettings from 
b. The 5th pair of legs. " I . " nvestlgator Stations 556, 562, 614, and from 

'Expedition Harbour in the Nicobar Islands, as well as from Port Blair Harbour in the 
Andamans. From its distribution and from its prevalence in -the Chilka Lake it would 
'seem that this species is in the main an inhabitant of brackish-water rather than of the 
open sea. 

I ~ The total length of individuals of this species varies from 0·42 to 0'5 nlm. in different 
,localities; I have in a previous paper (1924) called attention to this and I attributed it to 
the salinity of the water in which the specimens \vere living. 

In this species the antenna reaches back only to the level of the posterior thoracic mar
·gin. As in Paracalanus parvus Giesbrecht, segments 1 and 2 are separate but segments 
'8 and 9 on the. other hand are fused as in P. aculeatus Giesbrecht. The antenna in this 
species still further resembles that of P. aculeatus in that on the various segnlents we find 
TOWS of minute spinules; those on segments 3 to 10 inclusive run transversely, but in the 
more distal segments from 12 to 23 inclusive they run longitudina.lly; the two terminal 
-segments are devoid of spines. The proportional lengths of the various segments are as 
'follows: 

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2j 
~ 

75 58 !3 23 23 23 23 46 25 27 33 33 33 35 35 40 54 55 55 58 58 58 .);) .>2 =- lOOn, 

While investigating the copepodid fauna of the Chilka Lake I was able to examine 
'R large number of examples of this species and to take their measurements and thus cal
culate the growth-factors at the different stages of development. In all I \vas able to nleasure 
large numbers belonging to four different stages and I found that the increase in the 
length measur~ment follows, in the main, the saIne course that I have already described 
in the case of Paracalanus aculeatus Giesbrecht. There are, however, certain extreluely 
interesting differences. 'Ve have already seen that in the 'case of P. aculeatns the full de
velopment requires five ecdyses, so that there are in all six stages, but that the last t,vo 
may both be sexually-mature. In the case of P. crassil'ostris the s111allest exanlples ap
peared to belong to the 1st copepodid stage and possessed only a single segtnent in the ab
domen, while the sexually-mature exalnples were in the 5th stage of developluent. In both 
'sexes, therefore, there was shortening of the developlnent by one stage, but the eliInina
tion of this stage seems to occur at different ends of the life-history in the t,vo sexes. In 
the female it appears from the growth-factors that the last two stages, cuhninating in the 
attainment of sexual maturity, were in the present instance copepodid stages IV and V, 

K2 
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whereas in the case of P. aculeatus they are copepodid stages V and VI. In what I term 
the normal course of development. it is at the IVth stage in the female sex that we fum the 
antagonism between the attainment of sexual maturity on the one hand and the general 
vegetative increase in the body-size on the other, this antagonism being shown by a fall 
in the growth-factor. Furthermore, in the normal course this reduced growth-factor haa 
to be repeated twice before the final large adult or forma major is reached although the 
Vth stage may in some instances become sexually mature and so give rise to the forma 
minor. In .these examples of P. crassirostris this reduction in the growth-factor occurs a. 
copepodid stage III, the growth-factor falling from 1·322 in the second ecdysis to 1·212' 
in the 3rd and 4th, the sexually-mature individual being therefore in the Vth copepodid 
stage, though corresponding to the forma major of other species. During the process of 
development, the alteration in the number of segments in the abdomen is as follows: 

Copepodid Stage I possesses 

Copepodid Stage II possesses 

Copepodid Stage III possesses 

Copepodid Stages IV and V possess 

1 abdominal segment. 

2 
" " 

3 
" " 

4 
" " 

but, as is usual, in stage IV it is segments 4 and 5 that are still fused, whereas in stage V· 
segments 4 and 5 are separate and 1 and 2 are fused. In most instances, during develop-
ment, copepodid stages II and III each exhibit an abdomen composed of 2 degments, as. ~ 

mm. 
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TEXT-FIG. 28.-Paracalanu8 craBSir08tris Dahl, the length.measurements of 609 individuals in 
different stages of development~ from the Chilka Lake. ' 

has been shown to be the case in Ca~nU8 finmarchicus by Lebour (1916) : but in this case'-
one of these stages has been dropped. . 
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In the case of the male there also appears to be a reduction in the length of the life .. 
histbry. In the earlier stages of development it is as usual impossible to distinguish bet
ween the sexes, but to judge from the average size of the later groups it is at copepodid 
stage.III that we find the two subsequent possible lines of development; in the one line it 
seems that by adopting the male growth-factor of 1·289 individuals may pass to stage V 
and become at once sexually-mature; whereas in the other line a certain number may adopt 
the female growth-factor of 1·212 and pass to copepodid stage IV ; if now these individuals 
revert, as appears to be possible from the life-history in certain other species, to the male 
growth-factor they would then attain an increased size and become sexually-mature in stage 
VI and form the high dimorph or forma major but this stage has so far not been discovered. 
Theoretically these individuals would attain a length of approximately 0·450 mm. 

In the table below I have given the average size of the various groups from allioca
lities as well as the calculated size and the corresponding growth-factors: 

~ 
Copepodid Stage II 
Copepodid Stage III 
Copepodid Stage IV 
Copepodid Stage V (adult) 

Copepodid Stage X 

~ 

Copepodid Stage III 
Copepodid Stage IV 
Copepodid Stage V (Adult) , •• 
Copepodid Stage VI (unknown) 

.. 

Observed 
size. 

mm. 

0·222 

0·293 

0·355 

0·431 

0·379 

0·293 

0·351 

0·369 

Calculated] 
size. 

mm. 

0·222 

0·293 

0·355 

0·430 

0·378 

10.293 

0·355 

0·377 

0·458 

Growth-
factor. 

1·322 

1·213 or 1·289 

1·213 

1·289 or 1·213 

1·289 

I have already called attention to the occurrence in this genus of individuals that, while' 
resembling the female in certain characters, yet show a tendency to approach the male es
pecially in the possession of rudimentary 5th legs of the male type. In Paracalanus C'I'as~ 
sirostris the occurrence of individuals of this nature was particularly comnlon in the Chilka 
Lake and wherever examples of this species were found I also obtained numbers of the' 
abnormal fornt A large number of measurements were taken of the total length of these 
individuals and the average gave a length of 0·379 mm. These individuals.a.re thus smaller" 
than the sexually-mature female but are larger than the adult male. Gurney (1927) has 
pointed out that these individuals are females and it seems probable that they originate 
from copepodid stage III by the assumption of the Inale growth-factor; I have sho\vn 
that the' average size of individuals of stage III is 0·293 mm. and ,ve have seen that the
male growth-factor is 1·289 ; this gives a calculat~d size for the moult of 0'378 mm. which 
agrees almost exactly with the observed size of 0·379 mm. 

As I have previously pointed out the average length-measureluent of this species varies· 
somewhat in different localities and at different seasons of the year, probably in agreement 
with the salinity of the surrounding water. In the case of Undinula vulgar·is (Dana) we-
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noted that the growth-factor varied with the size of the adult female and the same appears 
10 be the case in the present species: 

With a length measurement of 0·426 mm. the final ~ growth-factor is 1·220. 

"" " 0·436 mm." " " " " 1·228. 

" " 
, , 0·481 mm. " " " " " 1·250. 

Paracaianus dubia Sewell. 

(Text-fig. 29, a-b.) 

Paracalanus dubia, Sewell, 1912, p. 330, pI. xv, figs. 1-5. 
Paracalanus crassirostris, forma Sewelli, Friichtl, 1924, p. 36. 

This species was described by me from specimens taken oft the mouth of the Rangoon 
River in Burma in water that possessed a specific gravity of 1002. Friichtl (loc. cit.) has 
-suggested that this form is in reality a variety or race of Paracalanus crassirostris and he has 

(#. b. 
TEXT-FIG. 29.-Paracalanu8 dubia Sewell, ~. 

a. The genital segment of the abdomen. 
b. The 5th leg. 

proposed to rename the form Paracalanus crassirostris 
forma Sewelli. That Paracalanus crassirostris and 
P. dubia are very nearly related there can be no 
doubt; but I anl inclined to regard them as separate 
species rather than fOl'illS of one and the same 
species. In Paracalanus dubia the structure of the 
genital opening on the ventral aspect of the 1st 
abdominal segment is somewhat different from 
that in P. crassirostris (qf. figs. 27, a and 28, a) 
and the 5th pair of legs are also different; the 
terminal spines in P. crassirostris are both very 
short, the inner one being only twice the length of 

·the outer one and about one-half the length of the segment that bears them; the larger 
·spine also exhibits a row of tw'O or three small teeth along its edge. In P. dubia the 
terminal spines are markedly unequal, the inner one being about three times the length of 
the outer one and about two-thirds the length of the segment; the edge of the spine is also 
:armed with a row of 10 to 12 spinules. As these differences appear to be constant, I think 
it as well, for the present at any rate, to regard these two species as distinct. 

Paracalanus nudus, sp. nov. 

(Text-fig. 30, a-i.) 

~ Total length, 0·45 to 0·48 rom. 
The proportional lengths of the cephalothorax and abdomen are as 47 to 13, so that 

the abdomen is contained 3'61 times in th-e length of t.he anterior region of the body. 
The body is 'slender and the forehead is rounded, terminating below in a pair of delicate 

rostral spines. The head and 1 st thoracic segment are fused, as also are thoracic segments 
4 and 5. The posterior thoracic margin is slightly emarginate and is furnished with a tuft 
·of backwardly-directed hairs as in Paracalanus aculeatus. The abdomen consists of the 
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usual four segments, of which the 2nd and' 3rd are short. The proportional lengths of the 
segi!lents are as follows: 

Abdominal segment 1-2 3 4 5 Furca. 
35 13 lO 21 21 = 100. 

The genital segment is swollen ventrally and the genital orifice is guarded by a wide 
concentric Hap. On the right side of the segment there is a group of slnall triangular spines. 

The 1st antenna reaches back only to about the level of the posterior thoracic margin. 
Segments 1 and 2 are separate but segments 8 and 9 are fused as in Paracalanus crassiros
tris. The various segments have the following proportional lengths : 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
70 44 23 21 21 25 25 42 27 30 3:3 37 42 42 44 42 44 46 46 49 61 65 53 68 = 1000. 

The 2nd antenna and mouth-parts appear to be the same as those of Paracalanus 
parvus. 

The swimming legs differ from those of all previously described species in this genus 
by being totally devoid of all spinules on the external margin of the 3rd segment of the 
exopod. 

The 1st swimming leg (text-fig. 30, e) has no spines on either of the two basal segments. 
Exopod 1 bears a row of transverse needle-like spines at the distal external angle. Exopod 

i. 

e g. 

TEXT-FIG. 30.-Paracalanu8 nudus, sp. nov., ~. 
a. The whole animal from above. e. The 1st swimming leg. 
b. The whole animal from the right side. f. The 2nd swimming leg. 
C. The abdomen from the right side. g. The 31'd swimming leg. 
d. The genital segment of the a.bdomen. 11. The 4th swimming leg. 

i. The 5th leg. 

:2 has no marginal spine and exopod 3 bears two marginal spines of about equal length and 
a delicate end-spine, that is longer than the whole ranlUS. The proxinlal segnlent of the 
endopod, that consists of only two segments, bears a ro,v of four long and needle-like spines. 

The 2nd swimming leg (text-fig. 30, f) possesses a few delicate needle-like spines on 
the outer aspect of the 1st basal joint. The 1st seglnent of the exop,od bears a marginal 
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spine and a small additional needle-like spine near the distal external angle. The 2nd seg
ment of the exopod is similarly armed but the marginal spine is in this species very much 
less developed than in Paracalanus aculeatus or P., parvus. The 3rd segment of the exopod 
is comparatively short, being but little longer than the 2nd segment; the usual two mar-
,ginal spines are present, but in this species the proximal spine divides the external margin 
into two very nearly equal parts, as in the genus Acrocalanus, whereas in most species of 
the genus Paracalanus the proximal part of the segment is twice as long as the distal portion. 
The end-spine is long and delicate and is nearly equal in length to the last two segments 
-of the ramus. As mentioned above, there is a complete absence of spines on the eXternal 
margin of the exopod. In the endopod, the 2nd segment bears a row of stout spines and 
the 3rd segme.nt is comparatively short. 

The 3rd swimming leg (text-fig. 30, g) closely resembles the 2nd, the endopod show
;ing a slight increase in the number of spines on the face of the two distal segments; en
oopod 2 bears three needle-like spines and the terminal segment bears a pair. 

The 4th swimming leg (text-fig. 30, h) is totally devoid of all spines on the anterior or 
posterior surfaces of the segments with the single exception of a small one on the 2nd seg
ment of the endopod. 

The 5th pair of legs (text-fig. 30, i) have the same general characters as those of. other 
'members of this genus and consist of a basal portion, a single free segment and a pair of 
unequal terminal spines. In this species the fre~ segment is remarkably short, whereas the 
larger of the two end-spines is remarkably long and stout and is armed throughout the distal 
-three-fourths with a row of spinules giving it a serrated margin. This spine is at least four 
times as long as the free segment that bears it. The outer spine is very short. 

There can, I think, be no doubt that this is a new species. It is interesting to observe 
-that in both the genera Paracalanus and Acrocalanus there is the same tendency to the 
reduction, in certain species, of the marginal spines on the exopod of the swimming legs. 
I have previously described this condition in Acrocalanus inermis and we find it again here 
in Paracalanus nudus. 

Genus ACROCALANUS Giesbrecht. 

At the present time five species can be recognised in the genus Acrocalanus, namely 
Acrocalanus longicornis Giesbrecht, A. gracilis Giesbrecht, A. gibber Giesbrecht, A. monarchus 
Giesbrecht and A. inerm.is Sewell. Wolfenden (1905, p. 1004, pI. xcvii, figs. 5, 10,. 14-21) 
-created a new species under the name Acrocalanus gardineri to accommodate certain 
·specimens that were taken in the Maldive Archipelago; these examples were all males 
and I have previously (Sewell, 1914, p. 211) pointed out that in my opinion these males 
belong to the species A. graoilis Giesbrecht; Gurney (1927, p. 149), however, thinks that 
they probably correspond to A. longicornis Giesbrecht. While, therefore, retaining the 
name for the present in order to accommodate certain males, the female of which has not .. 
yet been definitely determined, it must be recognised that in all probability the name, 
'sooner or later, will have to be dropped, becoming a synonym of one or other of the species 
.at present recognised, as soon as we are able to determine definitely to which of the 
female forms these males correspond. The species described by Cleve (1901, p. 33) under 
the name Acrooalanus pediger, as I have shown previously (Sewell, 1914, pp. 205, 210), does 
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not exist; Carl (1907, p. 7) pointed out that the supposed male does not belong to the 
.genus A.crocalanus at all but is a Paracalanus, and I (loc. cit.) connected it with P. 
-aculeatus; the female Acrocalanu8 pediger is a synonym of A. gibber. 

Acrocalanus gracilis Giesbrecht. 

(Text-fig. 31;- a-e~) 

Acrocalanus gracilis, A. Scott, 1909, p. 29. 

Acrocalanus gracilis, Wolfenden, 1911, p. 204. 

AcrocalanUSlJracilis, Sewell, 1912, p. 359. 
Acrocalanus gracilis, Sewell, 1913, p. 357. 

Acrocalanus gracilis, Sewell, 1914, p. 209. 

Acrocalanus gracilis, Friichtl, 1924, p. 41 (63). 

This species is widely distributed and has now been obtained from the Malay Archi
pelago (AI Scott; Friichtl), the coast of southern Burma (Sewell), the Pearl Banks of Ceylon 

TEXT-FIG. 31.-Acrocalanus gracilis Giesbrecht, ~. 
a. The whole animal from the left side. c. The 2nd swimming leg. 
b. The 1 at swimming leg. d. The 3rd swimming leg. 

e. The 4th swimming leg. 

(Thompson and A. Scott; Sewell), the Maldive Archipelago (Wolfenden) and from the east
~oa8t of Africa (Cleve). 

L 
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Examples fro~ the Nicobar region agree closely with the previous accounts. 
~ Total length, 1· 0 mm. 

[VOL. X,. 

The proportional lengths of the cephalothorax and abdomen are as 83 to 21, so that. 
the abdomen is contained 3·95 times in the length of the anterior region. There is no trace 
of the line of fusion between the cephalon and the 1 st thoracic segment. 

The 1st antenna reaches beyond the tip of the furcal ramus by the last three segments .. 
The proportional lengths of the segments are as follows: 

Segment 1-2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 !4 2if 

121 31 31 31 31:31 45 24 26 2~ 37 39 41 43 46 47 50 56 53 53 49 38 49 = 1000. 

The 1st and 2nd segments are completely fused and segments 8 and 9 are also partially 
fused but the line of demarcation between them can be easily detected. 

Acrocalanus gibber Giesbrecht. 

(Text-fig. 32, a-e.) 

Acrocalanus gibber, A. Scott, 1909, p. 29. 

Acrocalanus gibber, Sewell, 1912, pp. 315, 359. 

Acrocalanus g1'bbe1', Sewell, 1914, p. 210. 

Acrocalanus gibber, Brady, 1914(a), p. 25. 

Acrocalanus gibber, Gurney, 1927, p. 147, fig. 18. 

This species is widely distributed throughout the whole of Indian waters. It has now 
been taken in the Malay Archipelago (A. Scott), on the coast of southern Burma (Sewell)~ 
on the Pearl Banks of Ceylon (Thompson and A. Scott; Sewell), in the Maldive Archipelago
(Wolfenden); in the Arabian sea, Gulf of Aden an9. the Red Sea (A. Scott; Cleve) and in 
the Gulf of Suez (Gurney); while to the west it has been recorded from the east coast of 
Mrica (Cleve; Brady). It is one of the commonest species in the "Investigator" collec
tions and occurs at Stations, 541, 542, 544, 545, 552, 555, 556, 558, 561, 562, 574, 5.75, 577, 
578, 583, 583, 584, 587, 590, 591, and 614. 

Gurney (1927, p. 147) has called attention to certain discrepancies in the various earlier 
accounts with regard to the length of the antenna; Giesbrecht in his original description of 
the species stated that the 1st antenna extended beyond the tip of the furcal ramus by the 
last 1 or 2 segments. 

Gurney in specimens taken fronl the Gulf of Suez and the Suez Canal finds that the 
antenna always extended beyond the tip of the furcal ramus by 1 to 3 joints; "\Volfenden 
(1906(a), p. 1003), however, states that in specimens from the Maldive Archipelago the an
tenna did not reach the end of the abdomen and the same is true of specimens taken at 
" Investigator" Station 614 in which the antenna. usually reaches to about the middle of 
the furcal ramus. 

~ Total length, O' 81 mm. 
The proportional lengths of the cephSlothorax and abdomen are as 33 to 10, the ab-. 

domen being thus contained 3·30 times in the length of the anterior region of the body. 
The abdominal segments have the following proportional lengths : 

Abtl"minal segment )·2 3 4 5 Fnraa.. 
33 15 12 22 U, a:: 100 
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The furcal ramus is a little more than half as broad as long, the proportions being 1 

to 1'9. The inner seta of the furcal ramus is very short and delicate. 

b. 

TEXT-P'IG. 32.-Acrocalanu8 gibber Giesbrecht, ~. 

a. The whole animal from the left ~ide. c. The 2nd Bwimming leg. 
b. The 1st swimming leg. d. The 3rd swimming leg. 

e. The 4th Bwimming leg. 

The 1st antenna reaches to about the end of the abdomen. The segments have the 
'following proportional lengths : 

Segments 1-2 3 4: 5 6 7 8-9 10 11 U 13 H: 15 16 17 18 19 20 21 22 2:3 21 2:> 
~ ~ 

123 35 35 35 33 33 46 26 26 30 35 37 38 39 42 44 49 49 49 51 49 H 52 = 1000. 

'The 1st and 2nd segments are fused and so also are the 8th and 9th. 

Acrocalanus inermis Sewell. 
Acrocalanus inermis, Sewell, 1912, pp. 334-336, pI. xvi, figs. 1-9. 

Acrocalanus similis, Sewell, 1914, pp. 211-213, pI. xvii, figs. 3-5. 

Acrocalanus inermis, Sewell, 1924, p. 781. 

Acrocalanus inermis, Friichtl: 1924, p. 39 (61). 

This species, though widely distributed throughout Indian waters, appears to be in the 
main an inhabitant of brackish-water and to be confined to the coastal region~. It has 
now been recorded from the coast of Burma and especially from the estuarine regions round 

L2 
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the mouths of the chief rivers, such as the Rangoon river; the Chilka Lake; the Pearl 
Banks of Ceylon and from the region of the central group of the Nicobars, where I kava
taken it in Expedition Harbour and in Nankauri Harbour. Friichtl (1924) records it from 
the Malay Archipelago. 

AcrocalanuE longicomis Giesbrecht. 

(Text-fig. 33, a1.) 
Acrocalanus longicornis, A. Scott, 1909, p. 28. 
Acrocalanus longicornis, T. Scott, 1912, p. 531. 
Acrocalanus longicornis, Sewell, 1912, p. 358. 

Acrocalanus longicornis, Pesta, 1913, p. 13, fig. 14. 
Acrocalanus longicornis, Sewell, 1913, p. 357. 
Acrocalanus longicornis, Sewell, 1914, p. 209. 
Acrocalanus longicornis, Brady, 1915, p. 135. 
Acrocalanus longicornis, Farran, 1929, p. 222. 

This species is widely distributed throughout Indian waters; it has now been taken in:. 
the Malay Archipelago (Cleve; A. Scott), off the coast of southern Burma (Sewell), on the 
Pearl Banks of Ceylon (Thompson and A. Scott; Sewell), in the Maldive Archipe18go~ 
(Wolfenden), in the Persian Gulf (Pesta) and on the east coast of Africa (Brady). In the-, 

c. 

TEXT-FIG. 33.-Acrocalanu8 longicorni8 Giesbrecht) $? 

a. The whole animal from the right side. d. The 2nd swimming leg. 
b. The abdomen from below. (.. e. The 3rd swimming leg. 
c. The 1st swimming leg. f. The 4th swimming leg. 

" Investigator" collection it occurs at Stations 547, 555, 614 and in Expedition Harbour illl 
the Nicobara. 

~ Total length, 1·0 mm. 
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The proportional lengths of the cephalothorax and abdomen are as 21 to 6: so that 
the a\)domen is contained 3'5 times in the length of the anterior region of the body. Gurney 
(1927, p. 147) states that Acrocalanus gibber is the only species in this genus that exhibits 
a partial separation of the cephalon from the 1st thoracic segment. He remarks" All the 
females (of A. gibber) are characterised by having a strikingly humped dorsal outline and 
a partial separation of the head from the 1st thoracic somite, two characters which separate 
.A. gibber from the others described" In this he is mistaken; it is true that the dorsal 
hump is much more marked in A. gibber than in other members of the genus, but it is still 
noticeable in both A. longicornis and A. inermis and the partial separation of the cephalon 
and the 1st thoracic segment is clearly seen in Indian examples of A. longicornis, a distinct 
line of separation running across the dorsal region. 

The abdomen consists of four segments having the following proportional lengths : 
Abdominal segment 1-2 3 4 5 Furca. 

31 16 11 22 20 -100. 

The 1st antenna over-reaches the posterior end of the furca by at least the last three 
segments. The proportional lengths of the segments are as follows: 

Segments 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24: 25 

52 42 26 26 24 24 2tl 40 23 24 30 37 42 44 48 50 52 60 67 61 58 52 39 53 ==1000. 

Acrocalanus monachus Giesbrecht. 
Acrocalanus monachus, A. Scott, 1909, p. 30. 

Acrocalanus monachu8, Sewell, 1912, p. 359. 

Acrocalanus monachus, Sewell, 1914, p. 210, 

This species is widely distributed throughout the whole of the Indian seas. It has now 
been taken in the Malay Archipelago (A. Scott); on the coast of southern Burma (Sewell); 
the Pearl Banks of Ceylon (Thompson and A Scott; Sewell); the Maldive Archipelago 
(Wolfenden) and on the east coast of Africa (Cleve). 

Acrocalanus gardineri Wolfenden. 
Acrocalanus gardineri, Wolfenden, 1906(a), p. 1004, pl. xcvii, figs. 5, 10, 14 .. 21. 

Acrocalanus gardineri, Sewell, 1912, p. 359. 

Acrocalanus gardineri, Sewell, 1914, p. 21l. 

A.crocalanus gardineri, Frlichtl, 1924, p. 42 (64). 

Wolfenden in 1906 under the name Acrocalanus gardineri described a male Acrocalanid 
from the Maldive Archipelago. As I have mentioned above (vide supra', p. 78) I sug
gested that these examp]es~ were really the unknown male of Acrocalanus g·racilis; Gurney 
(1927, p. 149) suggests that they are the male of A. lOl1gicornis. These examples have in
variably been found in association with the females of other known species in the genus 
and there seems little reason to doubt that they &re the male of one of the known species of 
females. 

Examples have now been recorded from the Malay Archipelago, the coast of southern 
Burma, the Pearl Banks of Ceylon and the Maldive Archipelago and in the" Investigatof" 
collection I have found exampies from the Nicobar Islands. 
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Up to the present time only three adult males have been described in this genus, namely 
those of Acrocalanus gibber, A. inermis and A. gardineri. Of these three AcrocalanusCliner
mis need not concern us here, since it is quite easily distinguished from any other male by 
its size and by the absence of spinules on the margin of the segments of the swimming feet. 
Of the other two there seems no reason to doubt that the form described by Cleve in 1901 
and subsequently partly figured and described by Gurney in 1927 is the true male of Acto
calanus gibber; but the situation is quite different as regards the form described by W 01-
fenden under the name A. gardineri. Among the tow-nettings ta,ken in Nankauri Harbour 
in the Nicobars (" Investigator" Station 614) are representatives of all five species of females 
and associated with these are a number of males, some of which appear to correspond to 
fcrocalanus gibber, while others seem to be nearly related and only differ in very minute 

details; but since these differences appear to be constant one is justified in concluding 
that we have here the males of more than one species and I have endeavoured to connect 
these males with the corresponding female. In doing this I have found it necessary to 
add yet another description of the male of A. gibber in spite of the detailed accounts given 
.originally by Cleve and later by Gurney. 

Acrocalanus gibber (Text-fig. 34, a-d.) 

~ Total length of present specimens, 0'943 mm., Cleve gives it as 1°0 to 1'2 in his 
examples and Gurney gives his specimens from the Gulf of Suez as measuring 0'85 to ] '06 
mm. The proportional lengths of the cephalothorax and abdomen are as 19 to 6, so that 
the abdomen is contained 3'17 times in the length of the anterior region of the body. Cleve 
in his account gives the proportionate lengths as 8 to 3 or 9 to 3°5, so that in his examples 
the abdomen is contained 2'67 to 2°57 times in the cephalothoraxo The abdomen in my 
examples would, therefore, appear to be considerably shorter than in the Malay examples. 

The head and thorax form a uniformly rounded curve, the dorsal margin being gently 
convex. In the middle line near the anterior end of the cephalothorax is a small bubble
like swelling, that has been correctly figured by Gurney though he does not mention it in 
the text. 

The abdomen consists of five segments having the following proportional lengths : 

Abdominal segment 1 2 3 4 5 Furca. 
13 25 17 17 16 12 = 100. 

As in the account given by Cleve, the furcal segments are not as long as the anal seg~ 

ment; they are, however, not quite as broad as long, measuring 7°5 in length by 6"0 in 
breadth or 1'25 to 1o They are widely divergent. 

The antenntt reaches back to just beyond the posterior margin o£ the thorax. The 
proportional lengths of the various segments are as follows: 

Segment 1·6 7·8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'-.-' '-v-' 

2iO 64 25 26 28 35 40 40 40 42 42 45 45 47 4i 45 50 4S 27 -1000. 

The 2nd antenna and mouth-parts arEl. as described by Cleve. 
The 1st swimming leg (text-fig. 34, c) bears a conlb of small teeth along the external 

margin of the proximal part of the 3rd segment of the exopod. 
The 2nd to 4th swimming legs are as figured by Cleve and Gurney. I t seems to be 

somewhat doubtful whether the actual structure of these appendages differs materially in 
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the various species in this sex, and almost the only difference that I have been able to trace j 

in what I believe to be different species, lies in the proportions of the various segments and 

TEXT-FIG. 34.-Acrocalanu8 gibber Giesbrecht, cT. 

a. The whole animal from the left side. c. The 1 st swimming leg. 

b. The posterior end of a.bdomen and furcal rami. d. The 4th swimming leg. 

e. The 4th swimming leg of A. gracilis (1) a. 

the terminal spine in these appendages and in the number of, spines on the margins. I, 
therefore, give below in tabular form the proportions of t.hese parts in the different legs: 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 24 26 27 

" 3, proximal part. 20 21 23 

" 3, distal part 18 20 lR 
End-spine 38 33 3~ 

The number of spinules on the different parts of the legs also appears to offer a clue 
to the separation of the various species. In the present species t.he number of teeth on the 
various parts of the different legs are as follows: 

2nd leg. 3rd leg. 4t.h h'g, 

Exopod 2 11 13 20 t.o 22 

" 3, proximal part. 10 15 25 

" 3, distal part 7 ~o 8 14 to If) 10 t.o 11 

The 5th leg reaches to the end of the 3rd or the nliddle of the 4th ~eglnent of the abdo
men, when the various segments of the leg are fully extended. The proportional length8 of 
the various segments are, commencing from the base, 26, 12, 25, 22 and 15. 
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In the case of the female Acrocalanus gibber the proportions of the various segments 
of the swimming legs are as follows : 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 23 27 28 

" 
3, proximal part 20 21 27 

" 
3, distal part 20 22 19 

End-spine 37 30 26 

The number of spines on the various segments of the leg in the female are as follows: 
2nd leg. 3rJ leg. 

Exopod 2 8 9 or 10 

" 
3, proximal part 7 9 

" 
3, dista1 part 4 or 5 01 

Acrocalanus longicornis (==Acrocalanus gardineri Wolfenden 1) 

~ In this form the total length is 0·95 to 1·0 mm. 

4th leg. 

13 or 15 
15 or 16 

6 to 8 

The proportional lengths of the cephalothorax and abdomen are as 3·41 to 1 in one 
specimen and 3·545 to 1 in another. The forehead is rounded but is more prominent than 
in the form that I take to be the male of A. gibber. There is the same rounded elevation 
in the mid-dorsal line on the cephalon, but apart from this the dorsal profile is rounded, 
as also are the posterior thoracic margins. The line of separation between the 4th and 5th 
thoracic segments can clearly be made out in the lateral region. 

The proportions of the abdominal segments are as follows: 

Abdominal ~egment, 2 3 4 5 Furt'&. 
12 22 15 15 20 16 = 100. 

The furcal rami are widely divergent and are comparatively short·~ measuring 16 by 12, 
the proportions of length to breadth thus being 1"33 to I. 

The 1st antenna reaches back beyond the posterior margin of the last thoracic segment 
by the extent of the terminal three segments. The proprtionallengths of the segments are 
as follows: 

Segment 1·6 7·8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24: 25 
'---' """-' 
250 63 24 29 32 39 39 44 44 44 44 44 49 49 44 44 49 44 25 = 1000. 

The 1st swimming leg appears to differ in small details from that of the previously 
described form. The spinules of the margin of the proximal part of exopod 3 increase in 
size distally and the row turns jnwards as it approaches the 1st marginal spine and is con· 
tinued on the posterior face of the segment. 

In the 2nd to 4th swimming legs the proportional lengths of the various segments are 
as follows: 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 22 27 27 

" 
3, proximal part 20 21 24 

" 
3, distal part 22 21 20 

End·spine 36 31 29 

. 1 In one case there was a row of small spines present on the distal part of exopod 3 on the left side; the number of these 
splnes was 8. 
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The number of spines that are carried on the external margin of the various segments 
.of t~ legs are as follows : 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 8 to 10 12 16 to 20 

" 
3, proximal part 9 to 10 13 23 to 25 

" 
3, distal part 7 to 8 15 15 to 20 

The 5th leg reaches back when fully extended to the middle of the anal segment; the 
. proportional lengths of the various segments of the appendage being as follows: 

Segment I 234 5 
23 14 25 20 18 = 100. 

For the purpose of comparison I give below the measurements of the appendages of a 
-.female example of this species : 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 21 27 27 
" 3, proximal part 20 20 22 
" 3, distal part 22 24 24 

End-spine 37 29 27 

While exhibiting a certain amount of similarity to the measurements of the correspond
.jng appendages in the male, the agreement is by no means so close as to be conclusively in 
favour of this form being the male of A.longicornis. When, however, we compare the propor
·tions in the adult female and in an example of an immature male in the last copepodid stage 
'we :find that t1?-e agreemen~ is considerably closer. In the table below I give the propor 
:tions in such an immature individual : 

2nd leg. 3rd leg. 4th leg. 

Exopod 2 20 24 24 

" 
3, proximal part 19 20 25 

" 
3, distal part 21 22 20 

End-spine 40 34 30 

The proportional lengths of exopod 2 are somewhat smaller and those of the end-spine 
'somewhat larger in the immature male form than in the adult female, but this can be ex
Flained fJn the grounds of growth and I think that the agreement is sufficiently close to 
'warrant the belief that this form is the male of Acrocalanut~ longicornis. 

Acrocalanus gracilis? (Text'-fig. 34, e.) 

J Total length from 0'80 to 1'0 mm. 
The proportional lengths of the cephalothorax and abdomen are as 3 '08 to 1. The 

lposterior margin is rounded but is slightly emarginate at the apex of the curve. The line 
-of division between the 4th and 5th segments of tfte thorax is clearly visible in the ventro
Ja teral region. 

The segments of the abdomen have the following proportional lengths : 

Abdomina,l segn)f>nt 1 2 3 4 f) Furoa. 
13 26 17 15 16 13 -=100. 

M 
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The furcal rami are not, as in other forms, widely divergent; on the contrary, they 
are nearly parallel to each other and are distinctly longer than wide in the proportinns of 

1'44 to 1. 
The 1st antenna reaches back to beyond the level of the posterior thoracic margin by 

the extent of the last two segments. The proporti0nallengths of the segments are as follows: 
Se~ment 1-6 7-8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

~-' '--v-' 
270 64 25 26 30 32 42 40 40 40 45 45 47 47 47 45 50 40 25 =1000. 

The mouth-parts and the 1st pair of swimming legs closely resemble those of other 
members of the genus. The row -of spines on the proximal part of exopod 3 of the 1st leg 
consists of ten spines and does not appear to bend on to the posterior face of the segment. 

In the 2nd to 4th swimming legs the proportions of the various segments are as fol
lows: 

2nd leg. Brd leg. 4th leg. 

Exopod 2 22 25 25 

" 
3, proximal part 20 22 28 

" 
3, distal part 19 20 II 

End-spine 39 33 30 

The number of spines on the external margin of the various segments of the appendages 
are as follows: 

2nd leg. Brd leg. 4th leg. 

Exoporl 2 10 to 11 11 to 12 17 

" 
3, proximal part 11 15 22 

" 
3. distal part 8 14 17 

The proximal four or five spines on the 2nd tegment of the exopod are widely spaced 
with twice the interval between them than between the more distal spines. 

The 5th leg wh~n fully extended only reaches back to the posterior margin of the 2nd 
abdominal segment. The proportional lengths of the various Eegments of the limb are as 
follows: 

Segment 1 2 3 4 5 
25 13 24 20 18 = lOO. 

For the purpose of comparison I give below in tabular form the measurements of the 
appendages of a female example of this species: 

2nd leg. Brd leg. 4th leg. 

Exopod 2 22 26 26 

Jt 3, proximal part 20 22 23 

" 
S, distal part .. 19 20 22 

End-spine 39 32 29 

Family PSEUDOCALANIDAE. 

Genus CALOCALANUS Giesbrecht. 
\. 

At the present time this genus comprises four species, three of which have heen recorded 
from Indian waters, namely Calocalanus pavo (Dana), C. plumulosu8 (Claus), C. stylirem·is 
Giesbrecht, and I am now able to record the occurrence of a fourth species, O. contractus 
Farran from this region. 
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Calocalanus pavo (Dana). 
Calocalanus pavo, A. Scott, 1909, p. 30. 
Calocalanus pavo, Sharpe, 1911, p. 406. 
Calocalanus pavo, Wolfenden, 1911, p. 203. 
Calocalanus pavo, T. Scott, 1912, p. 531. 
Calocalanus pavo, Sewell, 1912, p. 359. 
Calocalanus pavo, Sewell, 19]4, p. 214. 
Calocalanus pavo, Friichtl, 1920, p. 10 (4:72). 
Calocalanus pavo, Frlichtl, 1924, p. 42. 
Oalocalanus pavo, Farran, 1929, p. 222. 

This species occurs sparingly in the" Investigator" collections. 

Calocalanus piumulosus (Claus). 
Calocalanus plumulosus, A. Scott, 1909, p. 3l. 
Calocalanus plumulosus, Sharpe, 1911, p. 406. 
Calocalanus plumulosus, Wolfenden, 1911, p. 203. 
Od:mcalanus plumulosus, T. Scott, 1912, p. 531. 
Oalocalan~ts pl~tmulosus, Sewell, 1912, p. 360. 
Oalocalanus plumulosus, Sewell, 1914, p. 214. 
Oalocalanus plurnulosus, Frlichtl, 1924, p. 43. 
Oalocalanus plumulosus, Farran, 1929, p. 223. 
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Both the above forms are widely distributed throughout the whole area of the Indian 
ocean, though they never appear to be present in any very large numbers. They have now 
been obtained from the Malay Archipelago, the coast of southern Burma, the Nicobar Islands, 
the Pearl Banks of Ceylon and the Maldive Archipelago. 

Ce.localanus styliremis Giesbrecht. 
Oalocalanus styliremis, Giesbrecht, 1888, p. 333. 
Oalocalanus styliremis, Gie.sbrecht, 1892, p. 176, pI. ix, figs. 15, 18, 29 ; pI. L"{xvi, figs. 46··48. 
Oalocalanus styliremis, Giesbrecht and Schmeil, 1898, p. 26. 
Oalocalanus styliremis, Wolfenden, 1906 (a), p. 999. 
Oalocalanus styliremis, Van Breemen, 1908, p. 23. 
Oalocalanus styliremis, Friichtl, 1923, p. 149, text-figs. 7-9. 
Oalocalanus styliremis, Sars, 1925, p. 27. 
Oalocalanus styliremis, Farran, 1926, p. 234, pI. v, figs. 5, 6. 
Oalocalanus styliremis, Farran, 1929, p. 222. 

A few examples of this species were taken in the surface tow-net in Nankauri Harbour, 
Nicobars (" Investigator" Station 614). 

Calocalanus contractus Farran. 

(Text-fig. 35, a-d.) 

Oalocalanus contractus, Farran, 1926, p. 234, pI. v, figs. 1-4. 

This species was recently described by Fai·.·'an f~om examples taken in the Bay of Biscay 
by the" Research" and it is extremely interesting to note that the same species occurg in 
Indian waters. This would suggest that it is a widely distributed species and probably 
(loours in all the great oceaJns but that it has hitherto been overlooked&. 

~ Total length, 0'566 mm. 
1\12 
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These examples are considerably smaller than the Bay of Biscay specimeIh~, which,. 
according to Farran, measure froIp. 0'75 to 0'78 mID. 

The proportional lengths of the cephalothorax and abdomen are as 51 to 9; the ab--
domen is thus contained 5'7 times in the length of the anterior region of the body. 

" 
'1 

" f: 

U '. : : 
ii 
" " I, 
!: :: '. f: 

c· :: :: 

~ 
a. 

TEXT-FIG. 35.-0alocalanu8 contractus Farran, ~. 
ct. The whole animal from above. c. The 4th swimming:leg. 
b. The ma.xilliped. d. The 5th leg. 

c. 

The abdomen consists of three segments, of which the 2nd is very short. The 1st or' 
genital segment is wide and swollen, being considerably broader than long. The furcal' 
rami are appro~ately as wide as long and are equal in length to the 3rd abdominal seg
ment. 

The 1st antenna reaches to well beyond the tip of the furcal ramus; unfortunately 
in all the specimens that I have been able to examine the terminal segments were broken, 
off. I give below the length of those segments that still were left, but I have been unable 
to calculate their lengths in parts of 1,000 as in the case of other species: 

Segment 1-2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 
48 12 10 11 8 12 20 10 10 12 13 14 14 17 18 20 20 23 24 28 

Farran (loe. cit., p. 234) states that in his examples "the segmentation between joints 
1-2 is distinct; " in these examples from Indian waters I was unable to detect it. With.J 

• 
this exception my examples agree very well with Farran's description and figures and I have..~ 
'no hesitation in referring them to this species. 

Genus CLAUSOCALANUS Giesbrecht. 

Ciausocalanu& arcuicomis (Dana). 
Cla'Usocalanu8 arcuicornis, A. Scott, 1909, p. 32. 
Clausocalanus arcuicornis, Sharpe, 1911, p. 406. 
Olausocalanu8 arcuicornis, Wolfenden, 1911, p. 203. 
Clav8ocalanu8 arcuicornis, T. Scott, 1912, p. 531. 
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Olausocalanus arcuicornis, Sewell, 1912, p. 360. 
Olausocalanus arcuicornis, Sewell, 1913, p. 357. 
Olausocalanus arcuicornis var. plumulosus, Sewell, 1913, p. 357. 
Olausocalanus arcuicornis, Sewell, 1914, p. '214. 
Oa7lusocalanus arcuicornis, Friichtl, 1920, p. 474 (12). 
Olausocalanus arcuicornis, Friichtl, 1923, p. 135. 
Olausocalanus arcuicornis, Friichtl, 1924, p. 43. 
Olausocalanus arcuicornis, G. O. Sars, 1925, p. 27. 
Olausocalanus arcuicornis, Farran, 1926, p. 237, pI. vi, figs. 1-3. 
Olausocalanus arcuicornis, Gurney, 1927, p. 150. 
Olausocalanus arcuicornis, Farran, 1929, p. 223. 

This species possesses one of the widest ranges of distribution of any known Copepod •. 
It has been taken as far south as Lat. 84° 01' and as far north as the west coast of Ireland •. 
It is widely distributed throughout the Indian Ocean and has now been recorded from the 
Malay Archipelago (Cleve; A. Scott); the coast of southern Burma (Sewell); the Pearl 
Banks of .peylon (Thompson and A. Scott; Sewell); the Maldive and Laccadive Archi
pelagoes (Wolfenden); the east coast of Africa (Cleve) and from the Gulf of Suez at the 
head of the Red Sea (Gurney). 

So far as my experience goes this species is never very common but a careful search 
through a tow-netting will not infrequently reveal its presence. 

Both Friichtl (1923) and Farran (1926) have called attention to the existence in this 
species of two forms, differing from each other in size and in certain small anatomical 
characters. As Farran' (loc. cit., p. 238) remarks· " it is not impossible that we should see 
in the two groups included under O. arcuicornis a case of variation due to development in 
regions differing in temperature or some other environmental condition, such' as has been 
demonstrated in Danish waters by Jespersen and Miss Adler (1920) ••• But against 
this view may be mentioned the fact that, judging by the large number of immature speci
mens present, development was proceeding in situ, and the probability that individuals 
brought from elsewhere by a sUFface drift would soon resume their normal vertical distri
bution." 

The same two forms of this species occur in Indian waters in the same tow-netting at 
" Investigator" Station 614 (Nankauri Harbour, Nicobars) and it appears at least probable 
that a careful study would reveal their. occurrence in every area of their known habitat. 
As mentioned above, in addition to the difference in size, there are certain differences in 
structure. Farran has called attention to the difference in the structure of the 5th pair 
of legs and there is in addition a difference in the proportional lengths of the s-egnlents of 
the 1st antenna. In this latter respect these two forms exhibit the same dtfference that \ve 
have already noticed in the proportional lengths in individuals of the same species in different 
stages of development, and it seems possible that we have here another instance of dimor
phism, such as I have called attention to in previous papers, the two forms of Clausocalanus 
arcuicornis being different stages in the ]ife-histo~ of the individual rather than different 
races of the same species. I give below the proportional lengths of the antennal segments·. 
in the two forms : 

Segment 

Small form 
Large fonn 

1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
--,....J ~ 

62 72 27 23 24 23 25 49 29 29 35 40 42 44 49 49 61 49 44. 44 44 66 00 = 1000. 
64 77 32 27 29 25 31 53 33 33 36 42 48 51 53 61 49 42 88 36 36 43 71 <=> 11)00. 
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Here again we find that in the smaller form the segments from 1 to 17 inclusive are 
emaller relatively than the corresponding segments in the larger form, but at segment 18 
we get a change and the segments distal to this in the smaller form are now proportionately 
longer than in the larger form. 

Forma minor. 
(Text-fig. 36, a-g.) 

~ Total length, 0"94 mm. 
Proportional lengths of the cephalothorax and abdomen are as 19 to 6, so that the 

abdomen is contained 3"17 times in the length of the anterior re~on of the body. 

, I 

=-=-:-::::::-;,,:..-;::::::~:-,----:-=:.-:=:::::;-:::-:::~;! g? 

.................. -. 

c. 
h. 

TEXT-FIG. 36.-Ola'l(,Socalanu8 arcuicornis (Dana), forma minor, ~. 

a. The whole animal from the right side. e. The 3rd swimming leg. 
b. The abdomen from below. f. The 4th swimming leg. 
c. The genital segment of the abdomen. g. The 5th pair of legs. 

d. The 2nd swimming leg. gl. Enlarged view of the end of distalsegmente 

The proportional lengths of the abdominal segments are as follows: 
Abdominal segment 

~ Total length, 1'17 IDm. 

1-2 3 4 
42 20 18 

Forma major. 
(Text-fig. 37, aj.) 

5 Furca. 
8 12 =100. 

The proportional lengths of the cephalothorax and abdomen are as 23 to 8, so that 
the abdomen is contained 2'88 times in the length of the anterior region of the bOody. There 
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is thus a very considerable difference in the proportions of the body in these two forms, 
the l\bdomen in the larger form being considera bly ~onger than in the smaller form. There 

a. 

h. 
~. f. 

TEXT-FIG. 37.-Glau.socaZanus arcuicornis (Dana), forma major, ~. 
a. Genital.segment of the abdomen. d. The 3rd swimming leg. 
b. The 1st swimming leg. e. The 4th swimming leg. 
c. The 2nd swimming leg. J. The 5th pair of legs. 

appears to be a slight difference also in the proportional lengths of the segments of the ab
domen. In this f<;>rm these are as follows : 

Abdominal segment 1-2 3 4 5 Furca. 
38 21 17 11 13 = 100. 

The 1st segment thus appears to be somewhat shorter and the 5th segment and the 
furcal rami slightly longer than in the small form. 

Clausocalanus furcatus (Brady). 

Olausocalanus furcatus, A. Scott, 1909, p. 32. 
Olausocalanusfurcatus, Esterly, 1911, p. 223, pI. i, figs. 2,7,9; pI. ii, fig. 3; pI. iii, fig. 33 and 

pI. iv, figs. 36, 40, 44. 
Olausocalanusfurcatus, Wolfenden, 1911, p. 203. 
Olausocalanus furcatus, T. Scott, 1912, p. 531. 
Olausocalanus furcatus, Sewell, 1914, p. 215. 
Drepanopusfurcatus, Brady, 1914, p. 2. 
Drepanopus furcatus, Brady, 1915, p. 135. 
Clausocalanusfurcatus, Friichtl, 1920, p. 12. 
Olausocalanus furcatus, Friichtl, 1924, p. 44 (66). 
Olausocalanus fu,rcatus, G. o. Sars, 1925, p. 28. 

Olausocalanus furcatus, Farran, 1929, p. 225. 
J 

This species is widely distributed throughout Indian waters and has now been recorded 
from the Malay Archipelago (Cleve; A. Scott; Frtichtl); the Pearl Banks of Ceylon 
(Thompson and Scott; Sewell); the Maldive and Laccadive Archipelagos (Wolfenden) and 
from the coasi of Africa (Brady). 
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It occurs in the" Investigator" collections taken at Stations 555 and 614 and I have 
no doubt that further search would reveal its presence in many other collections. 

Clausocalanus farrani, sp. nov. 

(Text-fig. 38, a-g.) 

~ Total length, 0·87 to 1·08 mm. 
The proportional lengths of the cephalothorax and abdomen are as 16 to 7, so that 

the abdomen is contained 2·29 times in the length of the antei!or region of the body. 
The forehead presents a uniform rounded appearance, when viewed from the side; it 

terminates below in a pair of rostral spines that are directed vertically downwards and 
above passes straight back into the line of the dorsal margin. The head and 1st thoracic 
.segment are fused and so also are the 4th and 5th thoracic segments. The posterior thoracio 
margin is slightly produced at the upper angle but below this forms a uniformly rounded 
.curve. 

:: :::::::: : .. :::: :::::: .. ::.:.:.::::: ..... :~ 
a: 

6. 

g. g! e. 
'TEXT-FIG. 38.-0lausocalanus farrani, sp. nov., ~. 

a. The whole animal from the left side. e. The 3rd swimming leg. 
b. The abdomen from below. f. The 4th swimming leg. 
c. The genital opening. g. The 5th pair of legs. 

d. The 2nd swimming leg. gl. Enlarged view of the end of distal segment. 

The abaomen consists of four segments that have, with the furcal rami, the following 
'proportional lengths : 

Abdominal segment 1-2 3 4 5 Furoa. 

37 23 19 9 12 = 100. 

The furcal rami are thus one-third longer than the anal segment; they are also slightly 
longer than broad. 
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The genital aperture on the ventral aspect of the 1st abdominal segment is swollen and 
does not reach as far back as the posterior margin of the segment. 

The 1 st antenna reaches back to the posterior margin of the thorax. I t consists of 
twenty-three separate joints; segments 8 and 9 and 24 and 25, respectively, being fused. 
The proportional length of the various segments are as follows: 

Segment 1234567 8-9 
'-v-' 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-r-' 

63 56 24 23 23 24 26 49 27 29 34 ;~4 44 46 47 49 50 49 47 47 49 63 97 ==1000. 

The mouth-parts and swimming legs do not present any very marked differences from 
those of Clausocalanus arcuicornis (Dana) and especially of the forma minor, though the 
4th pair of legs are rather more slender in the present species. The 5th pair of legs closely 
resemble those of C. pergens Farran (1926, p. 239, pI. vi, figs. 4-6) but in the ,bifid end of 
the terminal segments the two points diverge, whereas in C. pergens they are nearly parallel. 

This species very closely resembles Clausocalanus per gens Farran and when I first came 
across these examples in the tow-netting taken at " Investigator" Station 555 I was in
clined to think that they were identical. Mr. Farran has, however, very kindly examined 
certain specimens that I sent him and he informs me that they are, in his opinion, speci
fically distinct. I, therefore, have much pleasure in dedicating this species to Mr. Farran. 

Genus SPINOCALANUS Giesbrecht. 

Spinocalanus magnus Wolfenden. 
Spinocalanus magnus, Wolfenden, 1904, p. 118. 

Spinocala;nus magn~ls, Farran, j 906, p. 30, pI. iii, figs. 1-12. 

Spinocalanus magnus, Pearson, 1906, p. 10. 

Spinocalanus magnus, Wolfenden, 1906, p. 41. 

Spinocalanus magnus, Damas and Koefoed, 1907, p. 409. 

Spinocalanus latifrons, Sars, 1907, p. 5. 
Spinocalanus magnus, Farran, 1908, p. 27. 

Spinocalanus magnus, van Breemen, 1908, p. 29, fig. 29. 
Spinocalanus magnus, Wolfenden, 1911, p. 216, pI. xxv, figs. 3-5, text-fig. 8 a, b. 

Spinocalanus magnus, With, 1915, p. 72. 
Spinocalanus magnus, Bars, 1925, p. 33, pI. ix, figs. 8-15. 

Spinocalanus magnus, Farran, 1926, p. 243. 

Spinocalanus mag'lllus, Farran, 1929, p. 227. 

A few examples of this species, all females, were taken bY'the " Investigator" at Sta .. 
tion 682 at a depth of 0 to 200 fathoms. The major portion of the contents of the tra.wl 
c,ame from the maximum depth of 200 fathoms and this distribution agrees very well with 
the depth at which Farran records the occurrence of the species off the west coast of Ireland. 

Genus MONACILLA Sars. 

(== Oxycalanu,s Farran.) 
1 

A. Scott (1909, p. 33, pI. ii, figs. 9-21) under the name Oxycalanus s8'1nispinus recorded 
the occurrence in the Malay Archipelago of the female of a species that he took to be new 
though closely related to Oxycalanus spinifer Farrani He also recorded a nlale example 
of a species of Monacilla and named it M. dubia (loc. cit., p. 35, pI. iii, figs. 17-20). Sars 

N 
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(1925, p. 38) considers that the two forms described by Scott are the two sexes of the same 
species and he identifies them with the species briefly described by him in 1905 unde~ the 
name Monacilla typica. Up to the present time I have not discovered any examples of 
this species in the" Investigator" collections but a second species was obtained from the 
Bay of Bengal. 

Monacilla tenera SARS. 

Monacilla tenera, Sars, 1907, p. 6. 
Hypsicalanus gracilis, Wolfenden, 1911, p. 219, pI. xxv, figs. 6-1~. 
Monacilla tenera, Sars, 1925, p. 40, pI. xii, figs. 11-18. 
Monacilla tenera, Farran, 1926, p. 245, pI. vi, figs. 13, 14. 

Two examples, a female and an immature male, that cle~rly belong to this species were 
taken at " Investigator" Station 682. The female agree~ exactly with the description and 
figures given by Sars. This species has now been recorded from the Atlantic and Indian 
Oceans. 

Genus DREP ANOPSIS Wolfenden. 

This genus was created by Wolfenden (1911, p. 245) to accommodate a new species, which 
he named Drepanopsis frigidus. The genus is characterised, according to its author, by the 
absence of a rostrum or rostral filaments, the complete separation of the two last thoracic 
segments, the unequal branches of the 2nd antenna, the inner being longer than the outer, 
and the very small inner branch of the mandible; the 5th legs also consist of a single three
jointed ramus, the end-joint bearing a pair of spines. Sars (1920, p. 4) created the genus 
Farrania to accommodate a new species, which he termed Farrania oblonga. He subsequent
ly (1924, p. 36, pI. xiii, figs. 1-14) described and figured the same species. It seems from 
the two accounts that Sars' genus Farrania is identical with Wolfenden's genus Drepanopsis, 
which has priority. 

Drepanopsis frigidus W oHenden. 

(Text-fig. 39, aj.) 

Drepanopsisfrigidus, Wolfenden, 1911, p. 245, text-fig. 29, a-b. 

Drepanopsis jrigidus, Farran, 1929, p. 232. 

Wolfenden based his description of this species on examples that were taken by the 
" Gauss" in the south Indian Ocean at a depth of 1,200 metres and in the equatorial region 
of the Atlantic Ocean at a depth of 3,000 metres. 

A single example of what seems to be this species was taken by the "Investigator" 
at Station 682. 

The present specimen agrees closely with Wolfenden's description and figures, but as 
. his description is not complete and as the present specimen exhibits certain characters not 
mentioned in the original description I have added a few notes regarding the structure 
below: 

~ Total length, 2· 28 mm. 
The proportional lengths of the cephalothorax and abdomen are as 98 to 23, the 

abdomen thus being contained 4·26 times in the length of the anterior region of the body. 
The head is rounded and terminates ventrally in a curved and backwardly-directed 

median spine instead of in a bifid rostrum. The head and 1st thoracic segment are fused. 
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Thoracic segments 4 and 5 are separate and the 5th segment is produced back in a sharply 
po~ted wing. 

The abdomen consists of four segments and the furcal rami which have the following 
proportionallengt~s :-

Abdominal segment 1-2 3 4 5 Furca. 

45 9 9 14 23 =100. 

In my example the abdominal segments are markedly telescoped, the full length of 
each segment being in the proportions 39: 13: 12: 15: 21. The furcal rami are some-

~. 

TEXT-FIG. 39.-Drepanopsis .lrigidus Wolfenden. 
a. The maxillary palp. d. The 3rd swimming leg. 
b. The proximal part of the exopod of the 2nd ante.llna. e. The 4th swimming leg. 
c. The endopod of the 2nd swimming leg. f. The 5th pair of legs. 

what longer than the anal segment and the length is 1'75 times the breadth. There are a 
-few scattered hairs on the inner margin of the ramus. 

The 1st antenna reaches to the posterior thoracic margin, or about haH way along the 
.genital segment. It consists of 24 free segments, segments 8 and 9 being fused together. 
'The proportional lengths of the segments are as follows; 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 18 14 15 16 17 18 19 20 21 22 28 24 25 

73 67 27 27 28 30 30 52 27 32 83 42 45 52 47 50 48 55 42 35 48 45 45 25 ao}Ooo. 

N2 
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In the 2nd antenna the two rami are of nearly equal length, the endopod being slightly 
the longer and the proportional lengths being 72 to 77. In the exopod the 1st and, ~d 
segments are separate, and the 2nd segment (text-fig. 39, b) bears three rounded prominences 
on its anterior margin, of which the 2nd and 3rd each bear a short stiff se~a. The 1st basal 
segment bears a row of fine hairs. 

The mandibular palp consists of a swollen basal segment and the usual two rami, 
of which the endopod is about half the length of the exopod and consists of two seg
ments. 

In the 1st maxilla (text-fig. 39, a) the 2nd and 3rd inner lobes each bear 4 setae and 
the 3rd lobe bears a number of hair-like spines on its anterior aspect. The basal segment 
bears 5 setae and is armed on its anterior and outer aspects with a number of short hair
like spines. The endopod is clearly marked off from the basal segment, and the three 
segments bear 4, 5 and 7 setae respectively; this is one more than the number given by 
Wolfenden. The exopod, as stated by Wolfenden, bears 11 setae. 

In the 2nd maxilla the general structure is as described by Wolfenden. The 2nd, 3rd 
and 4th lobes each bear a row of spines. All the setae arising from the endopod are un
modified. 

The maxilliped bears a row of needle-like spines on the proximal part of the anterior 
border of the 2nd basal segment. 

The 1st swimming leg has a three-jointed exopod and a single-jointed endopod. Each 
segment of the exopod bears a single marginal spine, and the endopod possesses the usual 
swelling on its outer margin, which is crowned with a row of short spines. 

In the 2nd swimming leg the exopod consists of three segments and the endopod is 
two-jointed; the 1st basal bears a number of hair-like spines on the posterior and outer 
aspects of the proxinal third and a series of smaller spines along the outer aspect of the middle 
third. Basal 2 bears a series of small spines on its posterior aspect. The 1 st segment of the 
endopod (text-fig. 39, c) bears two coarse spines, and the ,distal segment is armed with three 
groups of 3, 2 and 3 spines respectively. 

In the 3rd swimming leg (text-fig. 39, d) the 1st basal se'gment oears a number of hair
like spines on the outer margin of the proximal third and a series of smaller spines along 
the margin of the middle third. The 2nd basal bears a number of small spines on its pos
terior aspect. The exopod and endopod each consist of 3 segments. All the marginal 
spines on the exopod are sub-equal. Exopod 1 bears 2 spines near the base of the marginal 
spine, and the distal margin of exopod 2 is armed with a row of small needle-like spines. 
The end-spine is considerably longer than the distal segment. The endopod bears 2 spines 
on the posterior aspect of the 1st segment; a curved row of spines, 6 in all, on the 2nd seg
ment, and a group of 3 small spines proximally and a pair of larger spines distally on the 
3rd segment. 

The 4th swimming leg (text-fig. 39, e) closely resembles the 3rd in its general form 
but there are no spines on any of the segmellts, except a row of small needle-like spines along 
the distal margin of the 2nd segment of the exopod. The third segment of the exopod in 
the 2nd-4th swimming legs bears 4 setae. 

The 5th pair of legs (text-fig. 39,j) agrees closely with the description and figures given 
by Wolfenden. 
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The above specimen agrees well with Wolfenden's description of Drepanopsis f'l'igidus 
and,. fVJ far as it is possible to judge from his short account, seems to belong to the same
specIes. 

Family AETIDEIDAE. 

Genus AETIDEUS Brady. 

Four species belonging to this genus have up to the present time been recorded from-. 
Indian waters, namely-

(1) A.etideus a'l'matus (Boeck) ; from the Malay Archipelago (A. Scott) ; Indian Ocean 
(Thompson); the Gulf of Suez (Thompson and Scott) and south of Cape 
Colony (Cleve). 

(2) A.etideus bradyi A. Scott; from the Malay Archipelago (A. Scott). 
(3) Aetideus giesbrechti Cleve; from the Malay Archipelago (A. Scott); and the east 

of Cape Colony (Cleve). These last two species has since been removed by 
Sars (1925, p. 42) to his new genus Euaetideus. 

Up to the present time I have detected only a single species in the "Investigator' 
collections. 

Aetideus armatus (Boeck). 

Aetideus armatus, A. Scott, 1909, p. 37, pI. iv, figs. 14-25. 
Aetideus armatus, Steuer, 1910, p. 23. 
Aetideus armatus, Farran, 1911, p. 8l. 
Aetideus armatus, Wolfenden, 1911, p. 209, text-fig. 4. 
Aetideus armatus, With, 1915, p. 75, text-fig. 16, pI. ii, figs. la-a 

Aetideus armatus, Friichtl, 1920, p. 15 (477). 
Aetideus armatus, Sars, 1925, p. 41. 
Aetideus armatus, Farran, 1926, p. 246. 
Aetideus armatus, Farran, 1929, p. 228. 

A single specimen of this species was taken at " Investigator" Station 682. 

Genus AETIDEOPSIS Sars. 

A. Scott (1909, p. 40, pI. v, figs. 13-24) has recorded the occurrence of Aetideopsis ros-
trata Sars from the Malay Archipelago. Up to the present time it has not been recorded 
from Indian waters proper and I have not detected it in the" Investigator" collections. 

Genus UNDINOPSIS Sars. 

(= Bradyidi?hs Giesbrecht.) 

Undinopsis armatus (Brady) has been taken in t~e Malay Archipela,go by the" Siboga" 
and has been recorded by A. Scott (1909, p. 39, pI. vi, figs. 1-11) and its presence in the 
Indian Ocean and Red Sea has been recorded by Thompson (1900, p. 278). Wolfenden 
(1906(a), p. 1005) also records the presence of a small form, only half the size of the Atlantic
species, in the Maldive Archipelago. It does not occur in the" Investigator" collections. 
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Genus CHIRIDIUS Giesbrecht. 

Ohiridius poppei Giesbrecht has been recorded from the Malay Archipelago by Ar Scott 
{1909, p. 41, pI. xi, figs. 10-17) and from the Agulhas Current by Cleve (1904, p. 187). 
A. Scott has also doubtfully recorded the occurrence of Chiridius gracilis Farran (loc. cit., 
p. 42, pI. xi, figs. 1-9) and C. obtusifrons Sars (loc. cit., p. 43, pI. Xliv, figs. 1-3) from the Malay 
Archipelago. So far only a single species, Chiridius gracilis, ~as been detected in the " In
vestigator " collections. 

Chiridius gracilis Farran. 
Chiridius gracilis, A. Scott, 1909, p. 42, pI. xi, figs. 1-9. 
Chiridius gracilis, With, 1915, p. 85, text-fig. 21, a-d. 
Chiridius gracilis, Farran, 1926, p. 248. 

Ohiridius? gracilis, Farran, 1929, p. 229, fig. 6. 

A single example of this species was taken by the" Investigator" at Station 682. It 
measures in total length 2·2 mm., so that it is slightly smaller than Farran's examples that 
measured from 2·4 to 2·8 mm.; but this is usually the case with examples of the same 
species that are taken in Indian waters, the great majority being smaller than examples 
-taken in the north Atlantic Ocean. 

Genus GAIDIUS Giesbrecht. 

Up to the pl'esent time two species belonging to this genus have been recorded from 
-the Indian Ocean or neighbouring seas. A. Scott (1909) in the report of the "Siboga " 
collections records the occurrence of Gaidius similis (T. Scott) [=Gaidius tenuispinus (Sars)] 
'and Gaidius notacanthus Sars in the Malay Archipelago. This latter species has since been 
removed by Sars from the genus Gaidius to his new genus Pseudockirella. The former of 
these species, as well as an example of G. minutus Sars, occurs in the" Investigator" collec
tions. 

Gaidius minutus Sars. 
Gaidius minutus, Sars, 1907, p. 10. 

Gaidius minutu8, Sal's, 1925, p. 49, pI. xiv, figs. 14-18. 

A single specimen, a female, that appears to correspond exactly with the description 
given by Sars, was taken by the" Investigator" at Station 682. 

Gaidius tenuispinus (Sars). 
Chiridiu8 tenuispin'lts, Sars, 1900, p. 67, pI. xviii. 
Gaidius tenuispinus, Mrazek, 1902, pp. 512, 521, figs. 7 .. 9. 
Gaidius boreali.~, Wolfenden, 1904, p. 13I. 

Gaidius ten 1tispinus, van Breemen, 1908, p. 36, fig. 39. 
? Gaidius'similis, A. Scott., 1909, p. ~l, pl. vii, figs. 1~11. 

Gaidi~ts tenuispinul~, Esterly, 1911, p. 316, pl. xxviii, fig. 26; p1. xxix, fig. 64. 
Gaidius tenuispinus, With, 1915, p. 89, text-figs. 23a-j ; pI. ii, fig. Sa, and p1. iii, figs. 2a-n. 
Gaidius tenuispinus, Sars, 1925, p. 46. 
Gaidius tenuispinus, Farran, 1929, p. 231 
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A considerable degree of confusion appears to have existed regarding this species. Ori
ginally described by Sars in 1900, it is considered by A. Scott (1909) to be a synonym of 
Gaidiu8 similis (T. Scott), the form described by this latter author in 1893 from the Gulf 
of Guinea under the name Euchaeta hessei var simi lis being the male of the species. Again 
the form described by Wolfenden in 1903 under the name Gaidiu8 borealis was acknowledged 
by him in 1904 to be identical with G. tenfl·ispinus (Sars). Van Breemen (1908) also con
siders that the form recorded by Wolfenden in 1904 under the name G. pungens Giesbrecht, 
from the warm area of the Altantic, is in reality the present species. 

This species would appear to have a wide distribution. It has now been taken in 
the Malay Archipelago (A. Scott) and occurs also in the Atlantic Ocean, the North Sea and 
the Arctic Ocean. Two examples, a male and a female, were taken at "Investigator" 
Station 682. The length of the female was 3'1 mm. 

Genus GAIDIOPSIS A. Scott. 

This genus was created by A. Scott (1909, p. 52) to accommodate a single species, Gai
diopsis crass'i.'rostris, which occurs in the Malay Archipelago. So far no example has been 
detected in the Indian Museum collet tions. 

Genus CHIRIDIELLA Sars. 

A. Scott (1909, p. 79, pI. xxxvi, figs. 9-21) records the occurrence of a single specimen 
of Ohiridiella macrodactyla Sars in the collections made by the "Siboga" in the Malay 
Archipelago ; but up to the present I have not found this species in the "Investigator" 
collections from Indian waters. 

Genus GAETANUS Giesbrecht. 

A. Scott (1909) has recorded the following species belonging to this genus from the 
Malay Archipelago :-

Gaetanus armiger Giesbrecht. 
Gaetanus caudani Canu. 
Gaetanus hamatus A. Scott. 
Gaetanu8 kruppi Giesbrecht. 
Gaetanus latifrons G. o. Sars. 
Gaetanus rYj;inor Farran. 
Gaetanus miles Giesbrecht. 

Previous to the" Siboga " expedition Cleve (1904) had recorded Gaetanus armiger and 
G. miles from the east coast of South Africa. The" Investigator" collections contain 
examples of all the above species, with the exception of Gaetanus caudani and possibly Gae
tanus hamatus and, in addition, Gaetanus pileatus Farran and Gaetanu8 rectus Wolfenden. 

Gaetanus armiger Giesbrecht . 
• 

Gaetanus armiger, A. Scott, 1909, p. 45, pI. viii, figs. 16-22. 
Gaetanus armiger, Sewell, 1913, p. 351. 

Gaetanus armiger, Sars, 1925, p. 59, pl. xviii, :figs. 1, 2. 

Examples of this species were taken by the" Investigator" at Station 393. 
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Gaetanus kruppi Giesbrecht. 

Gaetanus kruppi, A. Scott, 1909, p. 48, pI. ix, figs. 9-15 and pI. x, figs. 1-9. 

Gaetanus ma.ior, Wolfenden, 1911, p. 23l. 
Gaetanus kruppi, With, 1915, p. 97, pI. iii, figs. 3a-h, text-figs. 25 a-o. 

Gaetanus kruppi, Sars, 1925, p. 61, pI. xviii, figs. 5-8.· 

Gaetanus ma.ior, Farran, 1926, p. 249. 

[VOL. X, 

I agree with Scott that Gaetanus kruppi and G. ~re probably synonyms; Farran 
(1926) is, however, doubtful on this point. This species has a wide distribution and has now 
been recorded from all the great oceans; in the Atlantic Ocean its range appears to extend 
from Lat. 36° S. to as far north as the Faroe Channel. Several examples, all females, were 
taken by the " Investigator" at Station 670. 

Gaetanus latifrons Sars. 
Gaetanus holti, Wolfenden, 1908, p. 31. 
Gaetanuslatifrons, A. Scott, 1909, p. 49, pI. x, figs. 10-17 . 
Gaetanus holti, Wolfenden, ]911, p. 232, text-fig. 19. 
Gaetanus latifrons, Sewell, ]913, p. 354. 
Gaetan?lS latifrons, With, 1915, p. 108, pI. iii, figs. 5 a-g, text-figs. 27 a-e. 

Gaeta.nus latifrons, Sars. 1925, pc' 57, pI. xvii, figs. 7-9. 
Gaetanus latifrons, Farran, 1926, p. 251. 

Thi~ species is also one of wide distribution, having been taken in the Malay Archipelago., 
the Indian Ocean and in the Atlantic Ocean as far north as the west coast of Ireland. Wol
fenden (loc. cit., 1911) states that it occurs as far north as the west coast of Greenland 

Examples were taken by the" Investigator" at Stations 393 and 670. 

Gaetanus miles Giesbrecht. 
Gaetanus miles, A. Scott, 1909, p. 44, pI. viii, figs. 1-8. 
Gaetan'u8 miles, Wolfenden, 1911, p. 23l. 
Gaetanus miles, Sewell, 1913, p. 354. 
Gaetanus miles, With, 1915, p. 107, pI. iii, figs. 7 a-b. 

Gaetanus miles, Sars, 1925, p. 54, pI. xvii, fig. 1. 
Gaetan'Us miles, Farran, 1926, p. 251. 

'This species has now been recorded from as far south as Lat. 36°S. and as far north as 
the Faroe Channel. It occurs in all the three great· oceans. Examples occur in the 
." Investigator" collections at Stations 393 and 670. 

Gaetanus minor Farran. 
Gaetanus minor, Farran, 1905, p. 34, pI. v,Jigs. 1-11. 
Gaetanus minor, A. Scott, 1909, p. 47, pI. ix, figs. 1-8. 
Gaetanuf; minor (? minimus), Wolfenden, 1911, p. 233, text-figs. 20 a-e. 

Gaetanusminor, With, 1915, p.103, pI. iii, fig. 4 a. 
o 

Gaetan·us minor, Sars, 1925, p. 60, pI. xviii, figs. 3, 4. 
Gaetanus minor, Farran, 1926, p. 250. 

Gaetanus minor, Farran, 1929, p. 233. 

Examples of this species were taken at " Investigator" Station 682. 
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Gaetanus pileatus Farran. 
Gaetan1lS pileat'Us, Farran, 1903, p. 16, pI. xvii, figs. I-II. 

Gaetanus caudani, Wolfenden, 1904, p. 114, pI. ix, figs. 20-22. 
Gaetanus .pileattls, Farran, 1905, p. 33. 

Gaeta'n'tls u'nico'rnis, Est.erly, 190G, p. 57, pI. ix, fig. 3 ; pI. xii, fig. 54, and pI. xiii, fig. 76. 
Gaetanus pileatus, Farran, 1908, p. 35. -

Gaetanus caudani, van Breemen', ] 908, p. 42. fig. 48. 

Gaetanus caudani, A. Scott, 1909, p. 46, pI. viii, figs. 9-15. 

Gaetanus p1'Zeatus, WoIfenden~ 1911, p. 229, pI. xxvii, figs. 1, 2 and t.ext-figs. 17 a-e. 
Gaetanus pileatus, With, 1915, p. 10( pI. iii, fig. 6 a and text-figs. 26 a-e. 
Gaet(6n'ltS pilea,tus, Sal's, 1925, p. 56, pI. xvii, figs. 3-6. 

Gaetanus pileatus, Farran, 1926, p. 250. 
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As is clearly indicated by the reference list given above there has been a considerable 
. degree of confusion regarding the synonymy of this species and a doubt whether the form 
described by Farran as Gaetanus pileatus is or is not identical with that described by Canu 
. under the name Gaetanus caudani. A. Scott (1909) considers that the two forms are identical 
and he accounts for the discrepancies between the two by assuming that the three-jointed 
exopod of the 1st leg in Canu's form, which was an immature male, would become a two
jointed ramus in the final moult. I believe this assumption to be entirely unjustifiable 
and Scott's argument 'is conlpletely discounted by the discovery by Farran himself of inlma
ture forms of Gaetanus pileatus in which the first leg possesses a two-jointed exopod that 
exactly resembles the corresponding appendage of the adult (vide Farran, 1908). 

Exalnples of this species were taken at " Investigator" Station 670. 

Gaetanus pileatus Farran, juv. (Text-fig. 40, a-g.) 

Associated in the collection at Station 670 with adult examples of G. pileatus Farran \vere 
several examples of a species of Gaetanus, both males and females, that were still in the last 
immature stage. These examples I believe to be inlmature fornls of G. pileatus Farran, 
but as they differ in one or t\VO details of structure from the account given by Farran I have 
thought it advisable to give a somewhat full account of them. 

~ Total length, 4'1 mm. 
The proportional lengths of the cephalothorax and abdomen are as 5 to 1, taking the 

length of the cephalothorax to include the frontal spine. 
The 4th and 5th thoracic seglnents are fused and the 5th segment bears on each side a 

sharp spine as in the adult G. pil~atus. 
The abdomen consists in both immature sexes of four segnlents, of ,vhich the most 

posterior appears to consist of two segments that have as yet not become separated off frOIn 
each other. The segments have the following proportional lengths :-

Abdominal segment 2 3 4-;' FIIl'clt. 

27 20 =...: 100 

The furca is nearly as broad as long; the 5th or external seta is extremely small. The 
posterior margins of the 2nd and 3rd segments of the abdolllen are anned \vith minute spines. 

The 1st antenna reaches back beyond the tip of the furcal ramus by about the last seven 
segments; the whole antenna is nearly twice as long as the body, the proportions being 118 

o 
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to 66. In the table below I have given the lengths of the various antennal segments and for 
the purpose of comparison I have also given those of the adult Gaetanus pileatusi:--c 

Juv. 
Adult 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18·' 19 20 21 22· 28' 24 ;25 
47 29 14 14 17 20 22 39 28 29 30 46 46 53 53 58 58 :-80 80 67 ~2 50. 86 12 
48 27 17 17 19 21 21 44 27 29 31 48 48 64 54 58 58' 77. 77 62 68 4'8· 84 12 

As in other instances in which we have been able to compare the length of the segments 
of the antenna in the immature and adult forms, we find that in the.proximal ~egments from 
1 to 18 there is a slight increase in the proportional lengths of the segments as we pass from 
the immature to the adult but that in the distal segments the length of these decreases in 
the adult. It will be noted from the above measurements that segments 8 and 9 are fused; 
but that segments 24 and 25 are separate. Farran (1908) states that these are fused 
in the examples of Gaetanus pileatus that he. obtained oft the Irish Coast but in my 
examples from Indian waters they are distinctly separate. 

The 2nd antenna ~nd mandible are identi~al with these organs in G. pileatus. 

g. 

d. 
TEXT-FIG. 40.-Ua.etanu8 pileatu8 Fa.rran; Copepodid Stage V. 

a. The 1st maxilla. 
b. The maxilliped. 
c. The 1st swimming leg. 

d. The 2nd swimming leg. 
, e. The 3rd swimming leg. 

f. The 4th swimming leg. 
g. The 5th pair of legsi, ~. 

The maxilla (text-fig. 40 a) in its geneI'al form closely resembles that of the adult but. 
differs in a few details. In these jmmature "forms the three segments· of the endopod b~ar 
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4, 4 and 6 setae respectiveJy, whereas in the adult I find only 4, 3 alld 6, which agrees with the 
num~r figured by Farran (1903," pI. xvij, fig. 6). In b"pth, the adult anq. immature forms 
the basal segment bears 5 set~e and is fringed with hairs along its inner margin. In both 
torms also the 2nd inner lobe bears 3 setae. In the adult the 3rd inner lobe bears 4 setae 
~nd is described as being very much b~oader than the 2nd lobe, but in the present immature 
forms, while the number of setae agrees, the lobe is not very much broader than the 2nd. The 
exopod in theee immature forms bears only 10 setae, whereas in the adult it bears 11. 

The 2nd maxilla and maxilliped (text-fig. 40 b) appear to agree exactly with those in 
the adult, except as regards the lamella on basal 1 qf the 2nd maxilliped which, as With 
(loc. cit. p. 106.) states, is shorter and more rounded than in the adult. 

The 1st swimming leg (text-fig. 40 c) consists of a two-jointed exopod and a single jointed 
endopod, as in the adult. The 2nd f;wimming leg (text-fig. 40 d) possesses a three-jointed 
exopod and the endopod consists of only a single joint. The 3rd and 4th swimming legs are 
each composed of a three-jointed exopod and endopod, but in the 4th leg the 1st basal is 
merely fringed with fine hairs on its in~er margin and. appears to be without the charac
teristic row of hairs that is found across the face of the segment in the adult. There was no 
trace of any 5th pair of legs. The absence of this appendage is peculiarly interesting, in 
view of tlte statement made by Farran (1908, p. 35) that so far as he could ascertain" no 
distinction can be drawn between males and females at this stage, as both sexes appear to 
p~ssess rudimentary fifth feet, which are lost by the female in the final ecdysis at any rate in 
this genus." 

~ In the young male the general structure of the body and appendages agrees closely 
with that of the females. The antennae, mouth-parts and swimming legs are identical with 
those of the female, but in addition there is present a rudimentary 5th pair of legs (text-fig. 
40 g), which agree closely in shape with those described by T. Scott (1894, p. 72, pl. viii, 
fig. 26) in the young of Gaetanus armiger, and by With (1915, p. 105, fig. 26 e) in the case of 
this species, except that the exopod 011 each side bears a small spine on the external margin 
about the junction of the proximal and middle thirds of the limb in addition to the two 
unequal spines at the distal end. 

These young males differ from the specimen described by Canu (1896, p. 424), under the 
name Gaetanus caudani, in having only two segments in the exopod of the 1st leg and thus 
agree with the forIp. that Farran has already recorded as the young of G. pileatus and I have 
no doubt that they are the immature male of that species. 

Gaetanus rectus Wolfenden. 

Gaetanus rectus, Wolfenden, 1911, p. 232, text-fig. 18 and.~l)l. xxvi, figs. 14-16~ 
~ Gaetanus bremcornis, Esterly, 1906, p. 56, pl. xi, fig. 4 ; pI. xii, fig. 55. 
~ Gaetanus hamatus, A. Scott, 1909, p. 50, pI. ix, figs. 16-22. 

This species was first obtained by the" Gauss" in t4e tropical region of the North 
Atlantic Ocean. Several examples, of what I tak~ to be this species, were obtained by the 
" Investigator" at Station 670. All the specimens were females, which is at present the only 
:sex known. 

In the collection there is a single immature female that I believe to belong to this species. 
In ~his specimen the abdomen, the narrowly-rounded thoracic margin and the upturned 

02 
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stout lateral spines agree very closely with the description that A. Scott has given (loc. cit.,-
1909) of an immature example that he believed to belong to a new species and ~amed~

Gaetanus hamatus. The 1st swimming leg possesses, as in Scott's form, a two-jointed exopod, 
the proximal joint showing, as in the adult G. rectus, traces of the line -of separation of seg
ments 1 and 2 on its outer border. The endopod of the 2nd leg- is two-jointed. In one-' 
respect the present example differs from the description given by Scott in that the 1st rasal 
segment of the 4th pair of legs bears a row of hairs, 12 to 13 in number, whereas in Scott's .. 
examples the almature consists of seven spines. The size of the present specimen was also.· 
much smaller, measuring only 3'7 mm. in length. Scott does not describe the lamella on the 
1st basal of the 2nd maxilliped in his specimen, but he remarks that" it appears to be similar 
to that of Gaetanus latijrons, but the preparation was slightly damaged during dissection, 
and the apex of the lamella was destroyed." In spite of these differences I am inclined-
to think that Scott's example was a young form of Gaetanus rectus. 

It seems to me to be not unlikely that the species described by Esterly (loc. cit. 1906), 

under the name Gaetanus brevicornis, will eventually prove to be identical with G. rectus 
Wolfenden. Unfortunately Esterly gives only a very brief description and makes no men
tion whatsoever of the lateral thoracic spines; in both cases the 1st swimming leg is descril:ed
as having an indistinctly divided proximal segment in the exopod. A. Scott (1909, p. 48),' 

considers that Gaetanus brevicornis is identical with Gaetanus kruppi Giesbrecht; I cannot, 
however, agree with this for in my opinion" the difference in the character of the lamella on 
the 1st basal joint of the 2nd maxilliped in the two forms is sufficient to negative this sug-
gestion. Should Esterly's form prove to be identical with Gaetanus rectus his name G. brevi
cornis will, of course, take priority. 

Genus EUCHIRELLA Giesbrecht. 

The genus Euchirella is plentifully represented in Indian ·waters. In 1903 Thompson. 
and A. Scott, in their report on the Copepoda of the Ceylon Pearl Banks, recorded the occur
rence of Euchirella messinensis (Claus) from the neighbourhood of Minikoi and E. rostrata' 
(Claus) from the Laccadive Sea region of the Indian Ocean. A year later Cleve (1904 (a)) 
also recorded the former species from the Agulhas Current a~d added E. venusta Giesbrecht 
to the list of species known to occur in the same area. The greatest contribution to our 
knowledge of the distribution of this genus in Indian waters came in 1909, when A. Scott 
published his report on the collections of the " Siboga "; in this report he records the occur
rence of the following species in the Malay Archipelago :-

Euchirella amoena Giesbrecht. 
Euchirella curticauda Giesbrecht. 
Euchirella galeata Giesbrecht. 
Euchirella maxima Wolfenden. 
Euchirella messine'l1.sis (Claus). 
Euchirella pulchra (Lub'bock). 
Euchirella venusta Giesbrecht. 

linder the name Euchirella hessei he records the presence of E. bella Giesbrecht an(i he 
also added three new species, which he named Euchirella granulata, E. dentata and E. dubi(J); 
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of these last three, however, E. dubia must be transferred to the genus Pseudochirella 
Sars, and the same fate probably awaits the other two. 

The true members of the genus Euchirella are, as has been pointed out by Sars (1925" 
p. 65), characterised by the great reduction of the endopod of the 2nd antenna, this ramus 
being less than one-half the length of the exopod ; whereas in the genus Pseudochirella this 
ramus is at least half the length of the exopod. It is, however, very difficult to draw any 
hard and fast line between the two genera, for while in the majority of the true members ot 
the genus Euchirella the endopod is much reduced, as for example is the case in-

Euchirella atlantica Wolfenden, 
Euchirella bella Giesbrecht, 
Euchirella brevis G. O. Sars, 
Euchirella curticauda (Giesbrecht), 
Euchirella galeata Giesbrecht, 
Euchirella maxima Wolfenden, 
Euchirella messinensis (Claus), 
and Euchirella venusta Giesbrecht, 

in other species, that for, other reasons are included in the same genus, the reduction of 
this ramus is very much less and in Euchirella intermedia With, E. rostrata (Claus) and E. 
rostromagna With, as well as in E. orientalis, sp. nov., the endopod is much less reduced 
and attains nearly to one-half the length of the exopod. 

A second poi~t of difference between the members of these two genera would appear' 
to be the number of setae on the 2nd basal segment and the endopod of the Inaxilla. In 
members of the genus Euchirella, using the term in its restricted sense as defined by Sa,rs, 
there is a great reduction in the number of these setae, and especially of those borne on the 
endopod. In the table below I have given the number of these setae in the majority of 
specIes :-

Species. 

Euchirella rostrata (Clans) 
Eu,chirella c'l.trtica'ttda (Giesbrecht) 
Euchirella maxima Wolfenden 

Euchirella rostromagna. Wolfenden 

Euckirella simplex Esterly •• 
Euchirella bella Giesbrecht •• 
Euckirella bitumida With •• 
Euckirella galeata Giesbrecht 

Euchirella intermedia 'Vith 
Euchirella messinensis (Claus) 
Euchirella pulckra (Lubbock) 
Euch.'l~rella venusta Giesbrecht 
Euchirella truncata Esterly 
Euckirella brevis Sars 

.. 
.. 

.'. 

.'. ... 

No. of setae on 2nd 
basal segment of 1st 

maxilla. 

2 
S 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
'I 

No. of setae on 
endopod of 1st 

maxilla. 

4 

3 
3 ~ 
3 

• 3 
4 
4: 
4 

4: 
4 

4 ? 

4 

lJ 
Ij 
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On t~e other hand many species that have been referred tp the genus Euchirella show,~ 
very much greater number of these setae : 0 

Species. 

Euchirella d'Uhia A. Scott 
J J l : ~ 

Euchirella dentata~ A. Scott 
Euchirella elongata Wolfenden 

Euchirella granulata A. Scott 
Euchirella hi1'8uta W olfenrlen 

Etwhirella spinosa Wolfenden 

Euchirella wolfendeni Farran 

No. of setae' on 2nd 
pa.~a.l segment of 1st 

, ina.xilla.. 

5 
5 
5 
5 
5 

n 
5 

No. of seta.e on 
endopod of 1st 
maxil1ll. 

14 
15 
15 
15 
15 
15 
16 

Of these species Euchirella wolfendeni Farran has already been shown by Sars (1925, 
p. 85), to be synonymous with the species described by him as Undeuchaeta pustulifera, and 
was later transferred to the genus Pseudochirella, and, as I shall show later, the same fate 
must be accorded to Euchirella dubia A. Scott; and it seems probable that all the above 
species will ultimately have to be transferred and that the possession of an increased number 
of setae on the maxilla is one of the generic characters of the genus Pseudochirella. 

A p~int that seems worthy of mention is the tendency in the males of this genus for certain 
segments of the 1st 'antenna to become fused together; usually this fusion is to be fQund 
on the right side but in certain species it lies on ~ the left. In every case segments 8 and 
9 are lused ,together, .but in the different species this fusion is to be found in other segments 
as- welL In Euchirelly, rQstrata segments 12 and 13 are partially fused and segments 20 and; 
21 are separate. In E. messinensis segment 10 is p~rtially fused with segment 9, segments~ 
1-2 and 13 are fused and .. so also are segments 20 and 21. In E. intermedia the fusion appears 
td have .pr0gressed. a stage further and we nowdind· that segments 8 and 9 are completely 
and 9 and 10 partially fused, while segments 12 and 13 and 14 and 15, respectively, ~r~ 
partially fus~d ; With does not mention the condition of segments 20 and 21 but he states 
that the antenna resembles that of E. messinensis, so that presumably these segments are 
fused in this species also. In E. orientalis, sp. nov. segments 8 and 9 are conlpletely fused and 
to this segment 10 is partially fused, segments 12 and 13 are partially fused as also are seg
ments 14 and 15, and segments 20 and 21. Finally, in E. curticauda segment 7 is partially 
fused to segment 8 ; segments 8 and 9 are completely fused and segment lOis partially fused 
with 9; segmellts 11 to 14 are partially fused and segments -20 and 21 completely so. 
Wolfenden does not describe the 1st antenna of E. maxima but states that it is like that of 

t 

E. curticauda. 
In all these species the fusion is in the right antenna, but in E. pulchra and E. amoena 

it oc~urs on the left side, though the extent to which it occurs is not stated. Giesbrecht, 
however (1902, pp. 242, 243), states that.in the former species segments ~O and 21 are par
tially fused and E! amoena i~ said to resemble E. pulchra in this respect. Outside this genus 
the only case that, I know of, in which a ~imilar fusion of the antennal segments o:Ccurs, is in 
Gaidius tenuispinus Sars ; Sars does not mention this in the text but he figures it clearly in 
his illustration. 
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Euchirella. bella Giesbrecht. 
Euchirella bella, Giesbrecht, 1888, p. 336. 

Euchirella bella, Giesbrecht, 1893,' p. 233, pI. xv, fig. 26. 
Euchirella bella, Giesbrecht and Schmeil, 1898, p. 35. 
Euchirella rostrata, Thompson and Scott, 1903, p. 244. 

Euchirella bella var. indica, Wolfenden, 1905 (a), p. 1006, pI. xcvi, figs. 17·20. 
Euchirella hessei, A. Scott, 1909, p. 54. 
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A. Scott (1909, p. 54) considers that Euchirella bella Giesbrecht is a 'synonym of 
Euchirella hessei Brady. I have examined the examples of E. hessei in the British Museum 
(Natural History) and it seems to me . that Cleve (1901, p. 4) is correct in concluding 
-that E. hessei is identical with Euchirella rostrata ; and this view is also held by Sars (1925, 
p.69). The male that Cleve (loc. cit.) describ.es and figures as th~ male of this 'species appears 
to me to belong to the genus Undeuchaeta rather than to E.uchirella, the characte:cs of th~ 

5th pair of legs being quite different ftom those of this latter genus. 

Euchirella brevis Sars. 
E'ltckirella brevis, Sars, 1905 (a), p. 12. 

Euchirella brevis, Wolfenden, 1911, p. 236, text-fig. 21. 

E'ltch.irella brems, Sars, 1925, p. 71, pI. xxi, figs. 1-7. 

Euchirella brevis, ~arran, 1929, p. 234. 

'fhis species was described by Sars from specimens taken by the "Princesse Alice" 
in the North Atlantic Ocean. It has since been obtained by the" Gauss" in the South 
Atlantic and the occurrence of two examples in the" Investigator" collection at Station 670 

extends its range to the Indian Ocean. 

Eucbirella curticauda Giesbrecht. 

(Text-fig. 41, f.) 

Euckirella curticauda, A. Scott, 1909, p. 55. 
Euckirella curticauda, Wolfenden, 1911, p. 236. 
Euch.irella. curticauda, With, 1915, p.l18, text-fig. 29 a-c, pI. iv, fig. 3 a·m and pI. viii, fig. 2 a·c. 
Euchi'l'ella curticauda, Lysholm and Nordgaard, 1921, p. 15. 

Euchirella curt~cauda, Sal's, 1925, p. 72, pI. xxi, figs. 8-14. 
Euchirella curticauda, Farran, 1926, p. 25l. 

This species is widely distributed and 'has been obtained in all the great oceans. The 
normal number of spines in the row on the basal joint of the 4th leg is twelve or thirteen; 
A. Scott (1909) notes that in this respect examples from the 'Faroe Channel exhibit no 
difference from specimens .taken by the" Siboga " in the Malay Archipeiago, in bot.h local~
ties the number of spines being the same, namelY'12 to 13'; Wolfenden (1904, p. 116) has: 
however, recorded the 'occurrence of what he copsiders ttl be .a variety of this species from 
as far north as Lat. 54° 30', in which the number of spines Was· reduced to 6. 

Two. examples of this species were taken by the'" Investigator" at St.ation 670 and in 
·bo~h instances the number of spines was'12. Both specimens exhibit a dichotonlous branch· 
ing of the setae 0,£ the furcal rami. 
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Euchirella galeata Giesbrecht. 

(Text-figs. 41, a-e.) 

Etwhirella galeata, Giesbrecht, 1888; p. 336. 
Euchirella galeata, Giesbrecht, 1893, p. 233, pI. xv, fig. 18 ; pI. xxxvi, :fig8. 25, 26. 
Ettchirella galeata, Giesbrecht and Schmeil, 1898, p. 36. 
Euchirella galeata, Esterly, 1905, p. 155, :fig. 22. 
E'l.whirella galeata, A. Scott, 1909, p. 55. 
Euchirella galeata, Wolfenden, 1911, p. 24l. 
Eucki1'ella galeata, Sewell, 1913, p. 354. 
Euchirella galeata, Lysholm and Nordgaard, 1921, p. 16. 
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This species appears to have a wide range of distribution; discovered originally in the 
Pacific Ocean between Lats. 36° S. and 35° N., its known range has now been extended to 
-the Atlantic and Indian Oceans. It was taken in the South Atlantic in Lat. 32° S. by the 
" Gauss "; A Scott records its presence in the Malay Archipelago and specimens were 
-taken by the "Investigator" at Stations 393 and 670. The depth at which this species 
has been obtained ranges from 1000 to 2000 metres in the south Atlantic, and between 
400 fathoms and the surface in the Bay of Bengal. 

At Station 670 several immature examples were taken along with specimens of the adult 
~.. ~ 

The examples in the" Investigator" collection agree closely with the description given 
by Giesbrecht, with the single exception of the shape of the genital segment of the abdomen. 
Giesbrecht figures this segment as having a marked dorsal projection or swelling. In the 
" Investigator" examples there is a marked protuberance on the left side of the segment, 
extending back to the posterior margin, but I have been unable to detect any other di:fference 
of sufficient importance to warrant the separation of the Indian form from the type. 

In 1915 With, under the name Euchi'i'ella bitumida, described a form that is very closely 
related to E. galeata Giesbrecht but differs from it in certain small details, notably in the 
shape and position of the svvellings on the genital segment of the' abdomen. Prior to With's 
paper, this form had been recorded by both Sars (1905 (a), p. 4) and by Farran (1908, p. 37) 
under the name E. galeata. The distinction between E. galeata Giesbrecht anq E. bitumida 
With is based on the shape of the genital segment. In the Pacific form, E. galeata, there is, 
according to Giesbrecht's original account, a marked swelling on the left side of the genital 
segment, while the segment itself possesses a, high arched dorsal surface. The form described 
by Esterly (1905, p. 155, fig. 22) from the San Diego Region of the Pacific agrees closely 
with Giesbrecht's 11 original account. According to With (1915, p. 131) in E. bitumida "the 
genital sonlite has in dorsal view a better marked convexity on the right than on the left 
side, and possesses, slightly in front of middle on each side, a rounded protuberance, bigger 
on the right side and with a shallow depression between the two." In the present examples 
fronl Indian Seas, the mass of the swelling on the genital segment is confined to the left 
side, but With (1915, pI. v, fig. 9 (b)) figure&.in E. bitumida a well-marked projection on the left 
side that corresponds very closely with the anterior part of the swelling found iil. the Indian 
form. Farran (1926, p. 253) believes that E. bitumida With is the Atlantic representative 
of the Pacific form E. galeata Giesbrecht and" that With is right in separating the two spe
cies." I, however, very much doubt the validity of this separation and, in the absence of 
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any other more important difference, would prefer to consider all three forms G. galeata, 
Giesbrecht from the Pacific Ocean, E. bitumida With from the Atlantic, and the present 
fomt from the Indian Ocean as belonging to a single species. 

J. 
TEXT-FIG. 41.-Euchirella galeatct Giesbrecht. 

a. The posterior thoracic margin and abdomen from above. d. The I st swimming leg. 
b. The genital segment from the left side. e. The 5th pair of legs (juv.), d' 
c. The 1st maxilla. f. The 1st maxilla of EuchireUOJ. curticauda Giesbrecht, Q. 

The immature females, obtained at Station 670, all belong to the last copepodid stage 
and have an average length measurement of 3-8 mm. In this stage of development the pro
portional lengths of the cephalothorax and abdomen are as 7· 45 : 1, whereas in the adult 
it is 5' 0 : 1. The head presents the typical crest and the posterior thoracic margin is uni
formly rounded. 

The abdomen consists of four segments, having the following proportional lengths:-

Abdominal se~ment 1 2 3 4-5 Furca. 
34 17 11 17 21 ==100 

The genital segment is symmetrical and shows but little or no swelling on the vehtral 
surface. 

The 1st antenna reaches back to the middle of the abdomen and, as in the adult, con
sists of 23 free segments, segments 8 and 9 and 24 and 25, respectively, being fused. The 
proportional lengths of the va.rious segments are as follows :-

Segments 
Stage V. 
Adult 

1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
63 40 26 23 23 23 ~3 40 26 26 26 50 50 70 66 72 66 66 56 46 48 86 40 
70 42 29 25 25 25 25 42 29 29 29 42 45 62 60 68 60 64 58 47 47 39 47 =-1000 

The 2nd antenna and nlouth-parts have already assumed their adult character and in 
the maxilla the number of setae on the basal segment and on the endopod are few as in all 
the members of the genus (vide supra, p. 107). 

p 
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The 1st and 2nd swimming legs are as in the adult. The 4th swimming leg still shows 
no trace ot'the characteristic spine on the 1st' basal segment. 

In the immature male the general structure closely resembles that of the immature 
female, btlt exhibit certain small differences. The 2nd antenna shows certain differences 
fronl the female, especially as regards the endopod, which in this sex is much longer and is 
of stouter build. A rudimentary 5th pair of legs is present, having the form shown in text
fig. 41, e. Each limb consists of two basal segments, a long exopod and a short endopod; 
the limb of the right side is well developed and is nearly twice the size of that of the left 
side; both endopod and exopod are well developed, the former being crowned by a crescentic 
plate, while the latter tapers to a point. 

A conlparison of text-fig. 41, e and that given by With (1915, p. 131, text-fig. 34) 

of the corresponding appendage in Euchirella bitumida show s how close is the similarity 
between the two forms. 

EuchireDa maxima Wolfenden. 

(Text-figs. 42, a-d and 43, a-c.) 

Euchirella maxima, Wolfenden, 1905, p. 18, pI. vi, figs. 9-11. 
Euchirella maxima, ~arran, 1908, p. 38. 
Euchirella maxima, A. Scott, 1909, p. 57, pI. xii, figs. 12-20 .. 
Euchirella maxima, Wolfenden, 1911, p. 238, pI. xxviii, figs. 3-5. 
Euchirella maxima, Sewell, 1913, p. 354. 
Euchirella maxima, With, 1915, p. 127, text-fig. 33 a-i; pI. iv, fig. 5 a-k. 
Euchirella maxima, Sars, 1925, p. 75, pI. xxii, figs. 1-7. 

This species was first obtained in the Atlantic Ocean by the" Gauss "; its southern 
limit of distribution in this ocean, as at present known, is about Lat. 36° S. Farran (1908) 
has obtained specimens off the west coast of Ireland and A. Scott (1909) records its presence 
in the Malay Archipelago. Several examples, both adult andimmature, were obtained by 
the " Investigator" at Stations 393 and 670. 

Scott gives the length of his examples as 7·2 mID. ; the " Investigator" specimens are 
slightly smaller than this, measuring from 6·1 to 6'5 mm. 

Oopepodid Stage IV. (Text-fig. 42, a-d). 
Among the specimens taken at Station 670 were two examples of what I take to bo the 4th 

copepodid stij,ge: both examples were females. 
~ The total length was 4·0 mm. and the proportional lengths of the cephalothorax and abdomen 

are as 7 to 1. 
The forehead shows the triangular crest that is characteristic of the adult. The rostrum is short 

and stout and between it and the crest is a small projection that bears two short hairs. The cephalon and 
1st thoracic segment are fused but the line of fusion between them is clearly visible. Thoracic segments. 
4 and 5 are also fused together. The posterior margin is rounded, but in the lateral region, where in 
the adult stage there is a well-mark~d backwardly-directed flap, there is in this stage'only a slight irregu
larity in the uniform curve of the margin and a thickening of the chitin. 

The abdomen is short and consists of only three segments, which have, with the furcal rami, the
following proportional lengths :-

Abdominal segmeI\t 1 2 3-5 Furca. 
~l 14 29 36 ==100 
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The second segment is armed along the . dorsal part of the posterior margin with a row of fine 
:spine!. 

The 1st antenna closely resembles that of the adult, except that segments 24 and 25 have not yet 
become fused. Segments 8 and 9 are, as in the adult, also fused, so that there are 24 free joints in the 
.a ppendage. 

The proportional lengths of the segments are as follows :-
Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

--.,.J 

67 59 22 20 20 20 20 86 24 24 29 44 44 59 59 66 69 68 69 49 44 44 44 15 =1000 

The 2nd antenna and mouth-parts in their general form closely resemble those of the adult; the 
number of setae borne by the various appendages is, however, smaller. 

In the mandibie the exopod bears 6 setae as in the adult; but the endopod appears to posses! 
-only 7. 

In the 1st maxilla the 2nd inner lobe bears a single seta and the 3rd inner lobe three, of which one 
is large and the other two are small. The basal segment carries a single large seta and two small ones, a!ld 
the endopod bears three setae, as in the adult. The outer lobe appears to have only five Eetae and the 
exopod bears only 9. 

o. D. 
TEXT-FIG. 42.-Euchirella maxima Wolfenden; Copepodid Stage IV. 

a. The 1st swimming leg. c. The 3rd swimming leg. 
b. The 2n~ swimming leg. d. The 4th swimming leg. 

In the 1st swimming leg (text-fig. 42, a) both rami consist of only a single segment; the exopod, 
however, bears on its outer margin three marginal spines, the proximal two of which are situated close 
together and are smaller than the distal. 

In the 2nd swimming leg (text-fig. 42, b) the exopod consists of two segments, of which the proximal 
bears a single marginal spine and the distal bears three. The end -spine is about as long as the distal 
"segment and is coarsely serrated. The endopod consists ofa.single segment. 

In the 3rd (text-fig. 42, c) and 4th ~_swimming legs (text-fig. 42, d) the exopod also consists of two 
"segments and the endopod also possesses two. There is no trace of any spine on the 1st basal segment of 
the 4th leg. 

Oopepodid Stage V. (Text-~g. 43, a-c.) 
Both sexes are represented in the collection. The average length of the examples is 5'1 mm. 
In both sexes the general shape of the body is similar to that of the adult, but the posterior lappet 011 

the thoracic margin is still only indicated by a slight irregularity of outline. 
p2 
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The abdomen ill both sexes consists of four segments, that have the following proportional 

lengths :-
Abdominal Begment 2 3 4-5 Furca. 

28 17 13 17 
28 14 10 19 

25 =100 
29 = 100 

There would thus appear to be a slight difference in the lengths of the segments in the two sexes." 
Segments 2 and 3 are armed along the dorsal part of their posterior margins with a row of small spines. 

The 1st antenna now consists of only 23 segments, as, in addition to segments 8 and 9, segments 24 
and 25 are also fused together. The proportional lengths of the segments in this stage are as follows:-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24-25 
"'- ~ 

65 73 26 26 24 24 24 40 26 28 32 44 46 60 60 60 56 56 48 44 40 38 50 ==1000 

In the 2nd antenna bot.h inner and outer lobes of the endopod bear only 5 setae", whereas in the 
adult they bear 7 setae on the inner lobe and 5, of which two are very small, on the outer lobe. With 
(1915, p. 130) gives three as the number present on the outer lobe but he has probably overlooked the two ". 
small setae. 

The mouth-parts are very similar to those of the adult, although in certain parts they have not yet" 
,,-totained to the full number of setae. 

In the 1st maxilla the exopod now bears 9 (10 1) setae instead of 11 as in the adult. 

D. 
lX/. 

b. 
TEXT-FIG. 43.-Euchirella maxima Wolfenden; Copepodid Stage V. 

a. The 1st. swimming leg. b. The 2nd swimming leg. 
c. The 5t.h pair of legs, cS. 

In the 1st swimming leg (text-fig. '43, a) the exopod now consists of two segments as in the adult-
sta.ge, the proximal segment consisting of segments -1 and 2 fused together and bearing both marginal spines, 
while the distal segment bears a single marginal spine and the end -spine. 

In the 2nd swimming leg (text-fig. 43, b) the exopod now possesses three separate segments, but the 
endopod still consists of only a single joint. 

In the 3rd and 4th legs both exopod and eIidopod consist of three segments and their structure is" 
identical with that of the adult, with the exception of the absence, even in this stage, of any' spine on the 
1st basal joint of the 4th leg of the female. 

In the male the 5th leg (text-fig. 43, c) consists on each side of a single-jointed exopod and endopod as 
shown in the text-figure. 
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In this species we can again trace the changes that take place in the development of the 
indi"idual as regards the proportiona:"lengths of the segments of the 1st antenna. In the 
following table I have given the proportional lengths in both the 4th and 5th Copepodid 
stages and for the purpose of comparison I have given those of the adult :-

Segment 1 2 3 4 5 6 q 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'---' 

Copepodid stage 
67 59 22 20 20 20 20 36 24 24 29 IV. 44 44 59 59 66 59 68 59 49 49 44 44 15 =1000' 

~ 
Copepodid stage 

65 73 26 26 24 24 24 40 26 28 32 V. 44 46 60 60 60 56 56 48 44 40 38 50 =1000 
Adult stage 60 68 28 27 27 24 24 42 29 30 33 42 48 64 64 64 60 60 51 42 40 33 40 =1000 

In segment 1 the length of the joint appears to steadily diminish but from segments 
3 to 16 there is a steady increase in the length o{the segment at each consecutive stage of. 
development; in segments 17 and 18 there is but little change, but from segment 19 on to· 
the end of the appendage the segments steadily get shorter at each moult. 

Although the number of examples obtained is too fe"v to enable one to be certain, this' 
species appears to follow the usual life-history, the growth-factor for the last t\VO ecdyses 
of the female being the same in each moult, viz., 1-274. 

In the following table I have given the actual and calculated measurenlents and the' 
growth-factor for the last three stages of development of the female :-

Copepodid stage iv 
Copepodid stage v 
Adult female 

Actual length. 

4·0 
5·1 

6,1-6·5 

Euchirella messinensis (CIa us). 

(Text-fig. 44, f). 

Euchirella messinensis, A. Scott, 1909, p. 56. 

Euchirella messin~nsis, Wolfenden, 1911, p. 237. 

Calculated 
length. 

4·000 

5·096 
6,492 

Euchirella messinensis, With, 1915, p. 122, text-fig. 31 aj, pI. iv, fig. 2, a-c. 

Euchirella messinensis, Lysholm and Nordgaard, 1921, p. 16. 

Euchirella messinensis, Sars, 1925, p. 63, pI. xix, figs. 6-13. 

Euchirella messinensis, Farran, 1926, p. 252. 

Growth-factor. 

1·274-

1'274-

This species appears to have a wide distribution and has now been recorded frolll all 
the three great oceans. It, however, appears to be in the main more C0l111nOn in, if not 
actually restricted to, the tropical and northerly regions, for the greatest distance south that 
it has been taken is about Lat. 37° S. in the Atlantic. 

A single male example was taken by the" Investigator" at Station -393. The size of 
this specimen is 4'88 mm., which is intermediate between the size given by Giesbrecht 
namely, 3'95 rom. and that given by With, 5'46 mm. 

Euchirella orientalis, sp. nov. 
~ 

(Text-fig. 44, a-e.) 

Euchirella ,pulchra, Sewell, 1913, p. 354 [non Euchirella pulch.ra (Lubbock).] 

A number of examples of what appears to be a new species of Euchi'l'ella were taken at 
Station 393 by the" Investigator" 
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~ Total length, 4·8 mm. 
The proportional lengths of the cephalothorax and adbomen are as 3· 53 to 1. 
The head closely resembles that of Euchirella intermedia With. There is no fronta~ 

crest and the single pointed rostrum is stout and points vertically downwards. The poste
rior thoracic margin is rounded. 

The abdomen consists of the usual four segments, the 1st or genital segment is as deep 
as long and is swollen in a rounded prominence on the dorsal aspect, the whole segment is 
symmetrical or but slightly asymmetrical in some cases, the left side being a little more 
prom:nent than the right; there is, however, no trace of any sac-like or lamelliform projec
tion. 

The 1st antenna reaches back to the middle of the 2nd abdominal s~gment. 1.'he pro
portionallengths of the various segments are as follows :-

Segmen~ 1 2 8 4 5 6 7 8-9 10 11 12 18 14 15 16 17 18 19 20 21 22 28 24-25 
'-v-' ---' 

343 24 .24 24 24 24 48 28 88 28 48 48 64 62 67 60 64 56 48 48 41 62 = 1000 

Segments 3, 7, 9, 14 and 18 all bear long setae and segments 22 to 24 ~ll bear posterior 
setae that increase in length dis~ally. 

In the 2nd antenna ~h~ .two branches are very unequal, a condition that we have already 
seen to be .characteristic of the genus. In the present species the proportional length of 
the two branches are as i5 to 51. The endopod reaches only half way along the 1st joint of 
the exopod'. The terminal segment of the endopod bears 6 setae on each of its two lobes, 
as in E. galeata ; E. venusta, which the present species resembles in several features, is said to 
bear only 5 and 4 setae and Euchirella pulchra is said to have 6 and 5. All the setae on the 
lobes of the endopod are shor~ and the inner three on ·the inner lobe extremely so. The 1st 
segment of the exopod appears to be devoid of a seta, and is completely fused with the 2nd 
segment, which is also devoid of a 'setd; at the point of junction i~ a small rounded 
projection, exactly similar to that described by With (1915, p. 125, pI. viii, fig. 3) in 
E. intermedia. 

In the mandible tIle basal segment appears to have no setae; the endopod bears 9 setae, 
of which the inner two are short. In other respects this appendage resembles that of other 
mem.bers of the genus. 

In the 1st maxilla the basal ~egment bears three setae, of which the inner two are. short. 
The .endopod bears 4 setae. Thus in this respect this species resembles both Euchirella 
ven.ustar and E. pulc{t!a, both of which species it also closely resembles in other respects. ,Of 
the inner lobes the 1st bears 13 (r 14) setae,- the 2nd lobe 4 a.nd the third lobe a single seta. 
The e~opod carties 11 set1e ... 

The ,2nd max~la ~lo.sely .res~mbles that of Euchirella bitumida With. 'E.ach of the lobes 
bears 3 setae and' all have a fringe of needle-like spines distally. In the exopod the 1st 
segment bears 2 setae, the 2nd only one and the terminal segment 4. 

The maxilliped closely resembles that of other. members of the genus; in the 1st basal 
segment, lobe 1 bears 2 setae and lobe 2 cltrries 3, of which the 1st is short and plain, the 2nd 
is ot Inedium size and is finely serrated and the 3rd is also of medium length but is coarsely 
serrated in its middle third; lobe 3 bears 3 setae and is, in addition, fringed with spinules 
er stout hairs. IIi the 2nd' basal segment the posterior margin is sinuous; the anterior 
border bears 3 setae about the middle of its length and two unequal setae at its distal end; 
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the proximal half of the 'margin is armed with a row .of fine needle-like spines. On the 
five segments of the endopod the num.ber of setae are 4, 3, 3, 3, 4, respectively. 

In the 1st swimming leg (text-fig. 44, a) both basal segments are fringed on. their inner 
'borders with long 'hairs and the 2nd· segment carries the usual long seta at its inner distal 
angle. The exopod consists of two segments only, exopod 1 and 2 being fused, though 
the combined joint ·carries: two marginal spines, of which the proximal is the more delicate. 
The margin between these two spines is indented and is perforated by a pore; this part of 
the external margin, as well as the proximal half of the margin of the distal segment, ilJ 
lringed WIth hairs. The marginal spine of the distal segment is stout and is about three
fourths the length of ~he segment. The endopod reaches as far as the joint:betw~en the tw() 
segments of the exopod and the rounded swelling on the outer margin is fringed with short 
spmes. 

h. 
TEXT-FIG. 44.-Euchirella orientalis, sp. nov. 

a. The 1st swimming leg, ~. d. The 5th pair of legs, adult ~. 
b. The 2nd swimming leg, ~. . .. e. The 5th pair of legs (juv.) ~ . 

. c. The basal part of the 4th swimming leg, ~. f. The 5th pair of legs of Euchirella 'lne88inensi,Q (Cla.us). ~. 

In the 2nd swimming leg (text-fig. 44, b) the 1st basal bears'a single set~ and the inner 
margin is fringed with hairs; basal 2 has a smooth inner tnargin. The' exopod consists of 
three segments; in the 1st segment there is a marginal spine and the inner border is fringed 
with hairs and bears a small seta; the marginal spine on the 2nd segment rna y reach as far as 
the base of the proximal spine on the 3rd segment, the inner margin of this segment is smooth 
and bears a normal seta; in the 3rd segment the two proximal spines are~sub-equal, while 
the distal spine is larger, the inner border bears four setae and the end-spine possesses 21 ser
rations on its margin. The endopod consists of a single segment, bearing a small seta on the 
outer margin, two at the distal end and three on the inner margin: ; there is a Slllall spine
like projection on the outer margin near the p;roximal end. 

In the 3rd swimming leg both exopod and endopod are three-jointed. Exopod 3 bears 
three equal marginal spines and the end-spine has 20 serrations on its O,uter, border. 

The 4th swimming leg (text-fig. 44, c) closely resembles that of Euchirella lJulckl'q, land 
E. venusta, and in the great majority of cases bears two sdb-equal ;·~pines on tb~ 1st ,basal 
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segment; these spines reach as far as the level of the line of articulatiQn between the two 
basal segments. In a few cases there are three spines. 

In its general features this species very closely resembles both Euchirella pulchra and E. 
verCusta, especially as regards the spines on the 4tli feet. It, however, diflers in having no 
sac-like projection or lamella on the genital segment of the abdomen, no crest to the fore
head and a different number of set2,e on the endopod of the 2nd antenna. The three species 
clearly are closely related to each other and probably represent diverging lines of evolution 
from a common stock. 

Associated ,vith these females were a number of immature males, and a single male 
,adult was taken at Station 393. 

d' The characters of this adult individual are as follows :-

Total length' 3'7 mm. 
The cephalothorax is ovate and robust. The forehead is rounded and is devoid of any 

. crest. The rostrum is strong and of moderate length and is directed ventrally. The ce
phalon and 1st thoracic segment are fused and thoracic segments 4 and 5 also appear to be, 
partially fused. The posterior thoracic margin is rounded. 

The abdomen appears to con~ist of only four segments owing to the anal segment being 
completely telescoped into the 4th segment. The posterior margins of segments 2 and 3 

·are armed across the dorsal aspect with a row of triangular spines. The furcal rami are 
short, being about three-fourths the length of the 4th segment of the abdomen. 

The 1st antenna reaches back to about the middle of the abdomen. It consists of only 
19 free joints; segments 8 and 9 are completely fused and the combined mass is partially 
fused to segment 10, the 12th and 13th segments appear to be partially fused, as also do 
segments 14 and 15. In the right antenna segments 20 and 21 are fused and on both sides 
segments 24 and 25 form a single j oint. The proportional lengths of the various joints are 
.as follows :-

Segment 1 2 3 4 5 6 7 8-9-10 11 12-13 14-15 16 17 18 19 20-21 22 23 24-25 
~ ~ '-v-I ~ .~"'.-' 

58 ·16 23 23 23 23 26 66 31 72 110 63 66 61 63 99 49 46 52 = 1000 

The 2nd antenna possesses an endopod that is about half the length of the exopod. 
Exopod I and 2 are clearly separated off from each other, but the 1st segment bears no seta . 
. The terminal segment of the endopod bears 6 setae on each of its lobes. 

The 1st maxilla agrees closely with that of Euchirella messinensis. 
In the I'st swimmi~g leg the exopod consists of only two separate segments, exopod 1 

. and 2 being incompletely separated. The combined two proximal segments bear two 
very small marg~naI spines; the terminal segment bears a stout marginal spine that is about 
half the length of the segment. The endopod consists of a single segment that exhibits a 
·rounded swelling on its external margin, this swelling being fringed with needle-like spines. 

In the 2nd pair of legs the exopod is 3-jointed and the endopod is composed of a single 
joint. The marginal spine on the 2nd segment of the exopod does not reach as far as the base 
·of the proximal spine on the 3rd segment. 

The 5th pair of legs (text-fig. 4~, d) very closely resemble that of Euchirella messinensis. 
There are, however, distinct differences, especially in the proportionate lengths of the different 
joints and in the extent of the interval between the teeth on the terminal segment of the 
exopod of the right foot. The app~ndage also closely resembles the corresponding appendage 
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in the male of EuchireZla pulchra, described by Esterly (1905, p. 154, fig. 20), of E. intermedia 
With (1915, p. 126, fig. 32, e) and of E. propria, also described by Esterly (1911, p. 321, pl. 
XX)r, fig. 83). 

Genus CHIRUNDINA Giesbrecht. 

The genus Chirundina was created by Giesbrecht to accommodate the single species, 
Ohirundina streetsi, that he discovered in the Pacific Ocean in 1895. Wolfenden (1911) 
subsequently described two other species, that he attributed to this genus, ~der the name 
,Ohirundina magna and C. antarctica; both of these species were obtained by the" Gauss." 
It seems probable that at least the former of these two species will have to be transferred 
to Sars' new genus Pseudochirella, to which he has already transferred a number of species, 
described by himself or others, and attributed by them to the above genus. 

Chirundina streetsi Giesbrecht has been obtained in numerous areas, including the Pacific 
Ocean, the Malay Archipelago and the Atlantic Ocean as far north as the Faroe Channel. 

It was, therefore, to be expected that it would occur in the" Investigator" collection, 
but, so far, I have been unable to detect its presence. Its place, however, is taken by a 
closely-allied form to which I propose giving the name Chirundina indim. 

Chirundina indica, sp. nov. 

(Text-figs. 45 a, band 46, a-j.). 

Numerous examples of this species, that appears to be new, were obtained at " Investi-
gator" Station 670. 

~ Total length, ranging from 4·19 to 4·75 mm.; the average being 4·55 mm. 
The proportional lengths of the cephalothorax and abdomen are as 4·7 to 1. 
The forehead'is somewhat prominent, so that in side view the head has a truncated 

appearance. There is a low median crest that is very much less marked than in Chirun
dina streetsi. The rostrum is well developed and is directed downwards and forwards. The 
head and 1st thoracic . segments, as also thoracic segments 4 and 5, are fused together. The 
posterior thoracic margin is produced slightly backwards and is rounded; it shows no trace 
of!any projecting process such as is present in C. streetsi. 

The abdomen consists of four segments, that have, with the furcal rami, the following 
proportional lengths:-

Abdominal segment 1-2 3 4 5 Furea. 

48 20 13 6 13 =100. 

The genital segment is symmetrical and ventrally presents a well-marked swelling that 
appears to be identical with the similar swelling in C. streetsi, both as regards size and shape. 
The 2nd and 3.rd segments are armed along their posterior margins with fine needle-like 
spines. The 4th segment bears a tuft of hairs ventrally. The furcal rami are as broad as 
long and bear only four setae, all of nearly equal length; both inner and outer margins are 
fringed with hair and the accessory seta is small. 

Q 
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The 1st antenna reaches back as far as the ard segment of the abdomen. The 8th 
and 9th segments are completely fused and the 24th a.nd 25th segments partially so. The 
proportional lengths of the segments are as follows:-

Segments 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24-25 
'-v-I . "-v-oJ 

---~5~6 -5~3 -2~9-2~9-2""-9-""-33~33~49~29--::-::29~29~41:---!':41:---:-:49 51 65 49 64 60 41 40 63 49 -1000 

In the 2nd antenna the endopod is approximately half the length of the exopod; the 
distal segment bears 8 and 6 set'ae on its inner and outer lobes, respectively. The 1st segment 
of the exopod bears a single seta with a thickened base, and the 2nd segment bears near 

0/. 

TEXT-FIG. 45.-Chiriundina indica, sp. nov. 

a. The labrum in oral view. b. The lamina labialis. 

its proximal end two setae, of which the first possesses a swollen base and 1,he 2nd arises 
from a small swelling. The distal segment of the exopod is as long as segment 2 and bears 
at its extremity three setae, while a fourth arises half way along its length. The 1st basal 
segment bears a line of long hairs. 

The mouth-parts appear to be extremely like those of O. streetsi. The mandibular palp 
carries 9 setae on the endopod and 3 on the exopod. The 1st maxilla is as figured (text
fig. 46, f); the basal segment bears :five setae of which one is considerably thicker than the 
rest; the endopod carries 15 setae and the exopod 11. The Brd inner lobe bears 5 setae. 
The maxilliped is long and slender, the 2nd basal segment being greatly elongated and the 
terminal ramus comparatively short; the proportional lengths of the two basal segments and 
the ramus are 28 ; 50 : 15. 

The proxIDuilpart of the posterior margin of the 1st basal is armed with small spinules 
and is somewhat produced; distally there is a rounded projection with thickened chitin, as 
pointed out by With (1915, p. 142) in the case of O. streetsi. The 2nd basal segment has a 
transparent lamella along the posterior margin, the middle of its length being usually con
cave. 

The 1st pair of legs (text-fig. 46, h) have the usual two-jointed basal part and the 
exopod is two-jointed, while the endopod consists of a single segment. The 1st basal segment 
projects markedly inwards towards the median line. In the exopod the 1st and 2nd segments 
of the ramus are fused together, though traces of the original joint between them can be 
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easily detected; the marginal spine on the proximal segment has been completely suppressed, 
so that in this respect this species differs from O. streetsi. 

tX'. 

v. 

g. 

TEXT-FIG. 46.-Chinmdina iftdica, sp. nov. ~. 

a. The whole animal from abovo. e. Tho 2nd antonna. 

b. The anterior end from the right side. f. The 1st maxilla. 

c. The abdomen from above. g. The 2nd maxilla. 
d. The abdomen from the side. h. The 1st swimming kg. 

j. The 5th pair of legs, ~ (jIJv.). 

! 
/ 

h. 
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The 2nd pair of legs possess a three-jointed exopod and an endopod that consists of only a' 
single joint, though the outer margin bears a sharp spinous process that marks the (limit 
of the originally~separate proximal segment. 

The 3rd and 4th legs are similar and are each composed of a three-jointed exopod 
and endopod. There are, no spines on the posterior surface of the 1st basal segment of the 
4th leg. 

The 5th pair of legs is absent. 
One example was carrying an egg-sac, that was flattened dorso-ventrally and closely' 

resembled those of the females of the genus Euchaeta. It cont~ined 13 ova. 
Associated with these adults in the collection made at Station 670 were a number of 

immature forms of both sexes, that I take to belong to this species, though it is very difficult 
to distinguish between the immature stages of the different genera in this group owing to 
the fact that the characteristic armature of the 4,th leg of the female in certain genera is 
not developed till the adult stage is reached. 

These immature females measure 3'4= to 3'5 mm. in length. 
The proportional lengths of the cephalothorax and abdomen are as 4'6 to 1. 
The forehead is prominent but bears no crest such as is found in the adult. 
The rostrum is a single sharp spine. The cephalon and 1st thoracic segment are fused 

together. The posterior margin, instead of being rounded, is produced b~kwards in an 
angular projection, at the apex of which there is a small spine. In this respect, therefore, 
these examples re3emble Ohirundina streetsi rather than O. indica, and it is possible 
that they are young forms of the former species. 

The abdomen consists of four segments. At this stage segments 1 and 2 are still se
parate, while segments 4 and 5 have not yet become differentiated from each other. The 
proportional lengths of the different segments are as follows:-

Abdominal segment 1 2 3 4-5 Furca. 

21 21 18 24 16 =-100. 

The 1 st antenna reaches back as far as the 4th abdominal segment. I t consists of 23 
separate joints, segments 8 and 9 being completely fused, as also are segments 24 and 25. 
The proportional lengths of the segments are as follows: 

Segment 1 2 3 4 5 ts 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-. '"' . '--v-I 

55 44 28 28 28 28 28 50 28 28 28 40 41 50 50 55 50 68 61 44 50 60 58 ==1000. 

A comparison of these lengths with those in the adult shows that from segment 1 to 16 
there is throughQut an increase in the proportlonal lengths of the segments as we proceed 
from the immature to the mature stage; in segment 17 there is, no change, but in the distal 
segments, from 18 to 25, the length of the segments decreases as we pass from the young to 
the mature form. This, as we have already seen, is a characteristio of the growth of the 
Copepoda and is, therefore, an indication that we may be dealing here with growth-stages 
of the same species. 

The 2nd antenna closely resembles that of the adult in the length of the various parts; 
in. this young form I have, however, been unable to detect the swollen seta that in the adult" 
arise~ from the 1st segment of the exopod. 

The mouth-parts have already assumed the characters found in the adult female. 
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The swimmjng legs also closely resemble those of the adult. In the 1st leg the fusion 
of segments 1 and 2 is complete, whereas in the adult one can detect traces of the line of se
paration; as in the adult, that part of the proximal segment of the exopod that corresponds 
to the 1st segment is devoid of any marginal spine. 

Five examples of immature males were also obtained at Station 670. In their general 
form they agree with the immature females but they show the commencing development 
of the 5th pair of legs. A. Scott (1909, pI. xii, fig. 10) has given a description of the male of. 
Chirundina streetsi and has shown that in this genus the type of this limb is more nearly 
symmetrical than in Euchirella, both sides possessing a well developed endopod. One would,.. 
therefore, expect to find that in the immature males the legs of the two sides were also nearly 
symmetrical, and that this is the case is shown clearly in these specimens (text-fig. 46, j.). 

Wolfenden (1905, p. 19, pI. vi, figs. 1 and 2 ; and 1911, p. 235, pI. xxvii, figs. 3-7) has-
described under the name Euchirella carinata a copepod that very closely resembles Chi1'un-
dina streetsi and both Farran (1905, p. 16) and van Breemen (1908, p. 46) have concluded: 
that these two forms are synonymous. Wolfenden, unfortunately, gives but few details of this 
species and has, moreover, failed to deposit any specimens in the British Museum (Natural 
Htstory) so that a comparison is impossible. He, however, states that in his speci
mens the median cephalic crest is more developed than in Chirundina streetsi and the thoracic
margins are prMuced back in a sharp spine. The other characters that he mentions, namely,. 
the 2nd antenna, the maxilla and the m-axilliped agree closely with those of Chirundina 
streetsi, as also does the 4th swimming leg, in which there is no trace ~f any armature, either 
spines or hairs. I agree with Farran and van Breemen that this form is a Chirundina, 
and a comparison of such facts as we possess seems to me to indicate that all three of the above 
forms tend to fall into a regular series, in which the degree of development of the cephalic 
crest steadily increases from Chirundina indica, in which it is very slight, through C. streetsi 
to Chirundina carinata (Wolfenden) and it is possible that all three represent variations of 
a single species. As, however, the structure of the 1st pair of swimming legs shows definite
differences from the Atlantic form of C. streetsi, I have thought it best to give the Indian form
a separate name. 

Genus UNDEUCHAETA Giesbrecht. 

From time to time a number of species have been described and included in this genus; 
as Sars (1925, p. 79) has pointed out, the great majority of these species really belong to other' 
genera. As regards the species known to occur in the Indian Ocean, Thompson (1900, p. 278) 
reco~ded the occurrence of Undeuchaeta maior Giesbrecht from the Indian- Ocean and Bay 
of Bengal, Thompson and A. Scott (1903, p. 244) recorded U. mino?' Giesbrecht (~r'. plt~
mosa Lubbock) from the Indian Ocean and Cleve (1904 (a), p. 198) reported the occurrence 
of both these species in the Agulhas Current. Finally A. Scott (1909) records both species 
in the Malay Archipelago and describes a third, lI. intermedia, from the same locality. 

Several examples of a species of Undeuchaeta occur in the" Investigator" collection 
and a close examination shows that they are closely related to both U. plu1mosa and U. inte'l'

media but differ in certain details. They appear to agree with the form described by Esterly._ 
under the name U ndeuchaeta bispinosa, from the San Diego region of the Pacific. 
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Undeuchaeta bispinosa Esterly. 

(Text-figs. 47, a-e and 48, a-d.) 

Undeuchaeta bispinosa, Esterly, 1911, p. 318, pI. xxvi, fig. 4 ; pI. xxix, ngs. 48, 56. 

Several examples occur at "Investigator" Stations 393 and 670. 

[VOL. X, 

~ Total length ranges from 3·56 to 4·25 mm., the average being 3·88 mm., which is some
what smaller than Esterly's examples, measuring 4·5 IDm. 

The proportional lengths of the cephalothorax and abdomen are as 50 to 13, so that 
the abdomen is contained 3·85 times in the length of the anterior region of the body~ 

The forehead is rounded and is devoid of any Clest ; when viewed in profile it much more 
resembles the head of Undeuchaeta plumosa, as figured by Sars (1925, pI. xxiii, fig. ~), than 
that of U. intermedia (vide A. Scott, 1909, pI. xxiii, fig. 2). The rostrum is well developed 
and is directed downwards and forwards. The posterior thoracic margin is as a rule very 
slightly asymmetrical and is in most cases produced backwards on both sides in a sharp 
point, as in U. intermedia, but in a few instances this projection was absent on one side of 
the body (text-fig. 47, b), the margin on the right side of the body being rounded and that on 
the left pointed, so that these examples agree exactly with the condition described by With 
(1915, p. 133, text-fig. 35 b and c) in specimens of U. plumosa examined by him. A group 
of small needle-like spines is situated on the postero-Iateral margin in the dorso-Iateral region. 

The abdomen is composed of four segments, having the following proportional lengths:-

Abdominal segment 1-2 3 4 5 Furca. 

41 21 21 ;) 12 =100. 

From this it appears that the length of the genital segment in this species is exactly 
intermediate between that of U. intermedia and U. plumosa. In the latter species, accord
ing to Sars (1925, p. 80) "Le segment genital n'atteint pas la longueur des deux segments 
suivants reunis." Whereas, according to A. Scott (1909, p. 64) in U. intermedia " the genital 
segment is decidedly longer than the combined length of the next two segments." The 
genital segment is almost symmetrical but bears on its right side a short, blunt and straight 
spine or rod. The ventral genital protuberance (text-fig. 47, b.) is well marked and at the 
right side of the genital aperture is a sharp curved spine directed backwards, so that in this 
respect these examples agree with the description given of U. intermedia. On the left side 
of the genital aperture is a second and much smaller spine, also directed backwards. Scott 
makes no mention of any such spine in U. intermedia, but Esterly (1911, p. 318, pI. xxix, fig. 
56) both describei and figures it in U. bispinosa. The posterior part of the genital segment is 
armed on the left side with a band of spines running along the margin and there is a patch 
of spines in the dorso-Iateral region of the right side. A similar, though smaller, patch of 
spines is eituated on the posterior margin of the 2nd segment on the right side (text-fig. 
47, a). 

The 1st antenna reaches back to the posterior thoracic margin and consists of 23 free 
joints, segnlents 8 and 9 and 24 and 25 re.~pectiv~lv bein~ fusedw The proportional lengths 
of the segmp,nts are as fOllowR :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22' 23 24-25 
'-voJ '-v-J 

66 49 30 30 31 31 34 45 29 30 30 45 43 55 6~ 62 45 60 54 '2 40 42 48 = 1000. 
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A comparison of the porportional lengths of the segments in the three species of this 
genus indicates that there are slight differences between them. Giesbrecht has given (1902, 

TEXT-FIG. 47.-Undeuchaeta bispinosa Esterly,~. 
a. Posterior thoraoio margin and the first two abdominal segments from above. c. The 2nd antenna. 
b. The abdomen from the left side. d. The 1 st maxilla. 

e. The 2nd maxilla. 

p. 224) the lengths of all the segments except the 1st, in both Undeuchaeta plurnosa and U. 
major, and from these measurements I have calculated the proportional lengths per 1000 
·and in the table below I· give these lengths in all three species. 

Segment 1 2 3 4 

bispinosa 66 49 30 30 
plumosa. 47 28 32 
major . 43 26 26 

5 6 7 

31 31 34 
32 32 35 
30 30 30 

8-9 10 
'-vV 

45 29 
47 28 
43 28 

11 12 13 14 15 16 17 18 19 20 21 22 -23 24-25 
"-.,...J 

80 80 45 48 55 69 62 45 59 64 42 40 42 48 
32 28 44 41 50 57 60 44 57 50 41 41 44 41 
30 26 45 38 50 55 58 43 55 48 87 38 43 38 

The first segment of the antenna bears a tuft. of hairs on the posterior aspect. On the 
2nd segment there are two tufts of hair on the posterior aspect and three on t.he antelior 
aspect on th.e proximal side of the base of the proximal three setae. 

In the 2nd antenna (text-fig. 47, c) the endopod is comparatively short, being only about 
one-half the length of the exopod; eight setae arise from the outer lobe and six ITom t.he 
inner. The exopod consists of 7 segments. 
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The 111andible is of the usual type. 
In the 1st maxilla (text-fig. 47, d.) 12 setae arise from lobe 1 ; lobe 2 bears 4 long setae, 

of which t,vo are thick and closely resemble the setae arising from lobe 1, and, in addition, a 
fifth delicate seta; lobe 3 bears three setae. The basal segment bears 5 setae, endopod 1 
bears 4 and endopod 2 and 3 together bear 7. The exopod bears 11 setae, which arise in 
two groups; that at the extreme distal end is composed of 5 setae and from the outer 
margin arise 6. The outer lobe bears 5 large setae and 4 smaller ones. 

In the 2nd maxilla (text-fig. 47, e) the proximal part of the basal segment is much 
constricted. Lobe 5 bears a stout serrated spine that is comparatively short, being but 
little more than the length of the lobe itself. 

In the maxilliped the 2nd basal segment is more than twice as long as the first; the 
proportional lengths of the various parts of the appendage are as follows :-

1st Basal 
2nd Basal 
Endopod 

24 
55 
15 

The number of setae borne on basal 1 are: lobe 1,1 ; lobe 2, 2 ; lobe 3, 3 ; and lobe 4, 3. 
Basal 2 bears one seta about the middle of its length and 2 others at the junction of the third 
and fourth quarters; the proximal half of the anterior border is fringed with a row of needle
like spines. 

The 1st swimming leg consists of a two-jointed basal part in which both segments are 
fringed on their inner margins with long hairs ; basal 2 bears ,the usual inner seta. The exo-. 
pod consists of only two free segments, segments 1 and 2 being fu.sed, though a trace of the line 
of division between them can· easily be seen. The marginal spine, corresponding to the 
proximal segnlent, has been completely suppressed, so the cODlbined segment only bears a 
single spine at its distal angle. The endopod consists of a single joint with a well-marked 
·swelling on its outer margin which is fringed with a row of small needle-like spines. The 
·outer margin of the segment is fringed with long hairs; five settLe are borne on the margin. 

o Associated with these females were a certain number of adult males, one at Station 
393 ~nd four others at Station 670, as well as several immature forms. The length of these 
adult examples ,vas 3·62 to 3·69 mm. 

These males resemble extremely closely the male of Undeuchaeta plumosa as described 
by A. Scott (1909, p. 62, pI. xxii, figs. 1-8) and by Sars (1925, p. 80, pI. xxiii, figs. 5,6). 

The 1 st antenna in my specimens shows a distinct tendency towards the fusion of certain 
segD;lents. Segments 8 and 9 are completely fused and segments' 11 and 12 and 18 and 19 
are partially so ; segments 24 and 25 are separate. The proportional lengths of the various 
segments are as follows :-

Segments 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 .16 17 18 19 20 21 22 23 24 25 
~ 

66 53 22 26 26 26 26 70 31 30 40 44 48 57 66 48 66 57 57 46 48 53 44 7 == 1000. 

The mouth-parts are much reduced, as in the males of other species of this and allied 
genera. 

The 1st swimming leg (text-fig. 48, a) possesses a three-jointed exopod, the lines of 
divi~ion between the segments being clearly visible; but the proximal segment bears no 
11larginal spine. 
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The 2nd-4th swimming legs are as in the female. 
The 5th pair of legs (text-fig. 48, c) exhibit a close resemblance to the figures given by 

-A. Scott and Sars. A. Scott states that in U. plumosa " the exopodite of the right and left 

(h. 

TEXT-FIG. ~8.-Undeuchaeta bispinosa Esterly, ~ 
a. The 1st swimming leg. c. The 5th pair of legs, (adult), from the posterior a.spect. 

b. The 2nd swimming leg. d. The 5th pair of legs (juv.). 

foot is three-jointed" : in this respect his account differs both from the present specimens 
and from Sars' figure in which the exopod of the right leg is composed of only two joints~ 
In the right leg the 1st segment of the exopod bears a well-marked spine on its lateral border 
at about the junction of the proximal and middle thirds, and opposite this there is on the 
inner aspect a pair of small swellings. The inner aspect of the proximal third of the segment 
is finely etched with wavy parallel striae. 'The distal half of the segment is grooved, ap
parently for the reception of the endopod, which is curved to fit it. In the left leg the endo
pod reaches to the distal end of the 1st segment of the exopod, whereas in the males figured 
by Sars and A. Scott it is considerably shorter than this. The 2nd segment of the endopod 
bears a spinous process at its outer distal angle, and the inner proximal angle of the 3rd 
segment is produced in a retroverted process. 

Genus PSEUDOCHIRELLA Sars. 

This genus was created by Sars (1920, p. 5) to accommodate certain species that were 
intermediate in character between the genera Undeuchaeta and Euchirella, in that they 
possess a row of spines on the 1st basal segment of the 4th pair of legs in the female, thus 
-resembling examples of the genus Euchirella, but diff~ring from that genus in the luuch greater 
.development of the internal ramus of the 2nd antenna, in which character they approach 
to the genus U ndeuchaeta. The form of the 5th pair of legs in the Inale is another character 
in which they differ from Euchirella and ap.proach Undeuchaeta. 

R 
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In his original account of the new genus ,Bars included three species, but he has subse
quently (1925) transferred to it a large number of other species that had been included by 
previous authors in the genera Undeuchaeta, Ohirundina, Gaidius, Euchirella and Bradyltes. 

Pseudochirella notacantha Sars. 
Gaidius notacanthus, Sars, 1905, p. 9. 
Gaidius notacanthus, Farran, 1909, p. 33, pI. iii, fig. 7. 
Chi1'udina notacantha, With, 1915, p. 148. 
Pseudochirella notacantlw, Sars, 1925, p. 86, pI. xxiv, figs. 7-12. 
Pseudochirella notocantha, Farran, 1929, p. 232. 

A single example of this species, a fenlale in the final copepodid stage, was taken by the 
" Investigator" at Station 682. No adult females of this species have as yet been captured 
and the present immature form agrees so closely with the e~amples described by previous 
authors, that I have no hesitation in referring it to this species. 

Pseudochirella cryptospina Sars. 
Gaidius cryptospinus, Sars, 1905, p. 10. 
Gaidi'Us parmspina, Farran, 1908, p. 34, pI. ii, figs. 4-8. 
Chiruilina parvispina, With, 1915, p. 151, text-figs. 42 a-g and 43 a-A; pI. v, fig. 1a. 

Psel,tdochi'l'ella parvispina, Sars, 1925, p. 88, pI. xxiv, figs. 13, 14. 
Chirundina parvispina, Farran, 1926, p. 255. 

A single specimen of a young female, in the 4th copepodid stage of development, that 
I take to belong to this species was taken at " Investigtor" Station 670. 

~ Total length, 0·9 mm. 
The proportional lengths of the cephalothorax and abdomen are as 5 to 1. 
The rostrum consists of a single stout spine, directed vertically downwards. The 

cephalon and 1st thoracic segment are only partially fused, and segments 4 and 5 
are separate. The posterior thoracic margin is rounded and bears in the dorso-lateral region 
a sharp backwardly-directed spine. 

The abdomen consists of only three segments, having the following proportional lengths : 

Abdominal segment 1 2 3-5 Furca. 

35 22 27 16 = 100. 

The furpal rami are as broad as long and the 5th or outermost seta is short and delicate. 
The 1st antenna consists of 24 free segments, segments 8 and 9 being fused together; 

and segments 12 and 13 are also partially fused. The segments have the following pro~ 
portional lengths ; 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 •. "-r-I 

96 37 23 20 23 23 26 40 23 26 28 40 40 45 45 51 45 68 65 48 51 60 60 17 1000. 

In the 2nd antenna the endopod it about half the length bf the exopod. There is a well 
marked tuft of hairs on the 1st basal segment; basal 2 bears two set~e. The exopod consists 
of 7 segnlents; segments 1 and 2 are separate. Segment 2 bears a small seta distally and 
segments 3 to 6 each bear a long seta; exopoQ. 7 bear~ a seta ~bout the middle of its length 
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and 3 long setae distally. The 1st segment of the endopod bears a single seta and the 2nd 
se~nt bears 7 setae on its inner and 6 on its outer lobe. 

The mandible appears to' resemble closely that of Pseudochirella obtusa Sars (=Ohirun
dina abyssalis With) as figured by With (1915, pI. v, fig. 5, b), except that in the present 
specimen the exopod is slightly longer; the end of the 1st or upper tooth is in the present 
specimen broken off. 

In the 1st maxilla the 1st inner lobe bears 14 setae, the 2nd lobe 3 (~), and the 3rd 
4; the 2nd basal segment bears 3 setae; the endopod appears to consist of three segments, 
of which the 1st and 2nd segments each bear 3 setae and the 3rd bears 6; the exopod bears 
1} setae, and the outer lobe 7 large setae and 2 small ones. The general shape of the maxilla 
is similar to that in examples of the genus Ohirundina. 

In the maxilliped the 2nd basal segment is long and slender and is armed with a row 
of irregular teeth on the proximal part of the shaft. There is no lamina on the 2nd basal. 
The 2nd basal segment is nearly twice as long as the 1st, the proportional length being as 
13 to 20. Of the segments of the endopod the 2nd is much the longest. 

In the 2nd swimming leg the 2nd basal segment is fringed with hairs on its internal 
margin. The two rami each consist of a single joint; the exopod bears three marginal 
spines, each of which reaches beyond the base of the next succ~eding spine; the endopod 
presents on its outer margin the usual rounded prominence, which is beset with small spines. 

In the 2nd-4th legs the exopod is two-jointed and the endopod consists of a single 
segment. In both the 2nd and 3rd legs the 1st basal segment is fringed with hair; in the 
4th leg this segment possesses a smooth border. In all the legs the 1st segment of the exopod 
bears a single marginal spine and the 2nd carries 3 spines; in the 3rd and 4th legs the portion 
<>f the endopod corresponding to the distal segment bears 6 setae, whereas in the 2nd leg it 
bears only 5. 

Both Sars and Farran, who described this species independently, ascribed it to the 
genus Gaidius; With, however, transferred it to the genus Ohirundina and Sars finally 
~lasses it with his new genus Pseudochirella. 

PseudochirelIa magna (W ol£enden). 

(Text fig. 49, a, b). 

Ohirundina magna, Wolfenden, 1911, p. 241, text-fig. 27 and pI. xxviii, figs. 10-13. 

This species was described by W ol£enden from specimens taken by the .. " Gauss " in the 
tropical and southern parts of the Atlantic Ocean, occ~rring as far south as Lat. 35° In 
the " Investigator" collection from Station 670 are two adults and five inlmature exanlples 
that I have no hesitation in referring to the same species. I have been unable to detect any 
structural difference between these specimens and W ol£enden' s description and figures, except 
as regards the three-cornered proj ection that he figur~s on the left side of the posterior thoracic 
margin; in both of my adults as well as in all the imlnature forms the posterior thoracic 
margin is rounded and is symmetrical. These Indian specimens do not differ materially 
in size from the " Gauss" examples ; W ol£enden gives the length of his specimens as 6· 0 to 
.(l·6 mm. and the two mature examples in my collection are 6·2 mm. in length. 

R2 
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The proportional lengths of the segments of the 1st antenna in the adult and the last 
immature stage (copepodid stage V) are as follows: 

Segments 1 2 3 4- 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24: 25 

Adult 56 40 20 20 24 24 24 44 24 25 26 36 40 50 50 54 54 73 70 56 76 60 38 16 =lOOO. 

Immature 56 39 18 18 24 24 24 41 22 24 25 32 35 48 48 52 51 75 73 59 82 66 43 18 =1000. 

We thus here again have a clear illustration of the manner in which the proportional 
lengths of the segments of this appendage vary with increasing age. From segment 1 to 
segment 17 there is an increase in length; segment 18 is the same length in the two stages 
of development; and from segment 19 to 25 inclusive there is a diminution in the len~h 
of each segment as the animal passes from the immature to the adult stage. 

TEXT-FIG. 49.-Pseudochirella magna Wolfendelli ~. 

a. Th.e 1st IDu.xilla. b. The maxilliped. 

The 2nd antenna bears a row of long hairs on the 1st basal segment, as figured 
by Wolfenden (1911, text-fig. 27, a, p. 242). 

In the 1st maxilla (text-fig. 49, a) the 1st lobe bears 13 setae, the 2nd and 3rd inner 
lobes each bear 4 setae, the basal segment bears 4 and the endopod appears to carry 11 in 
my examples, 3, 3 and 5 respectively on the three segments. The exopod bears 11 setae and 
the outer lobe 9, the first two being small. 

In the maxilliped (text-fig. 49, b) the 1st basal segment shows a rounded swelling at the 
proximal end of the posterior margin, but in this species it is smooth and is devoid of spines, 
such as are present on the corresponding swelling in Ohirundina indica. The anterior margin 
is deeply concave between lobes 2 and 3 ; a single seta arises from lobe 2 and at its base and 
for a short distance on the further side of it the margin is armed with minute spinules. Lobe 
3 is somewhat produced and bears 2 s~tae; its' surface is beset with small spinules. The 
2nd basal segment bears a short row of spinules along its anterior margin near the proximal 
end; these spinules are set in two or more rows of which those of the most anterior are the 
larger. The segments of the endopod bear respectively 4, 4, 3, 3, and 4 setae, and in addition 
a small seta arises from the external aspect of segment 4. 
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The swimming legs are as described by Wolfenden with this exception, that in the 4th. 
leg in)my examples there is a transverse row of hair-like spines running across the posterior· 
aspect of the 1st basal segment; Wolfenden states that in his examples this segment was
devoid of spines. A very similar ro,," of spines has been described by Sars (1925, p. 95, pI. 
xxvi, fig. 9 and p. 96, pI. xxvi, fig. 13) in Pseudochirella fallax and P. dubia and by A. 
Scott (1909, p. 59, pI. xiii, fig. 12) in the form that he named Euchirella granulata but 
which is a.lmost certainly a Pseudochirella. 

As has been pointed out there is but little difference between the genera Pseudochi?"ella 
and Euchirella; in the latter genus there is a marked reduction in the number of setae arising· 
from the 2nd basal segment and endopod of the 1st maxilla, and the nunlber of setae in these 
situations in the present species may be taken as indicating that it belongs to the former 
rather than to the latter genus. The structure of the 5th pair of legs in the immature male 
is also quite different from that fuund in the young stages of E1.lChirella and is much more 
like that of the genus Ohirundina and Undeuchaeta. The presence of the row of spines oa 
the 4th leg of the female indicates that the species belongs to the genus Pseudochirella. 

PseudochireUa ohtusa Sars. 

(Text-fig. 50, a-d.) 

Unde?tChaeta obt'ltsa, Sars, 1905, p. 15. 
Euchirella dubia, A. Scott, 1909, p. 60, pI. xiv, figs. 1-7. 

Euchirella obtusa, Farran, 1909, p. 40. 

Okirut'fldina abyssalis, With 1915, p. 147 ; text fig. 40 a-c; pI. v, figs. a1. 
Pseudochirella obtusa, Sars, 1925, p. 83, pI. xxiv, figs. 1-4. 

This species was first obtained by the late Prince Albert of Monaco in the Atlantic Ocean 
and a short preliminary description was published by Sars in 1905. Subsequently, the 
same species was taken off the coast of Ireland and was transferred by Farran in 1909 from 
its original genus Undeuchaeta to Euchirella. With in 1915 removed it once again and in-· 
cluded it in the genus Ohirundina and, finally, Sars (1925) classes it with others In his new 
genus Pseudochirella. In 1909 A. Scott under the name Euchi'l'ella dubia described a very 
similar, if not identical, species from the Malay Archipelago, where it had been taken by the 
"Siboga." So far as I can make out, the only marked difference between Euchirella dubia 
A. Scott and Pseud~chirella obtusa Sars lies in the length of the 1st antenna. Sars describes· 
this appendage as reaching a little beyond the anterior division of the body; Farran on the 
other hand states that in his specimens this appendage agrees with Sars' dQscription but he 
figures it as being considerably shorter, while A. Scott describes it as reaching back to the 
end of the furca. In the present examples, which were taken by the" Investigator" at 
Station 682, the 1st antenna reaches back only to the middle of the abdOlllell, so that they 
are in this respect intermediate between Farran's and A. Scott's speciulens. 

The 2nd antenna bears a row of hairs on the -..lst basal segment. The elldopod bears 
7 and 8 setae respectively on the inner and outer lobes. 

In the maxilliped (text-fig. 50, a) on basal 1 there is a rOlV of slnall spines along the 
anterior margin at the point of origin of the setae arising from lobe 2. On the 2nd basal. 
segment there is a ~hort double row of spinules near the proxhnal end of the anterior Inargin 
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and a second double row along the same margin near the distal end; the characters of the 
spines and the position of the row agree exactly with the description given by With (191.5) in 
his account of Ohirundina abyssalis and there can, I think, be no doubt that he was dealing 

ct. 

c. 
TEXT-FIG. 50.-Pseudochirella ohtusa Sars, ~. 

a. The) mandible. c. The 1st swimming leg. 
b. The maxiUiped. d. The basal portion of the 4th swimming leg. 

with the same species. There are certain differences in the accounts giveu by the different 
authors regarding the number of spines on the 1st basal segment of the 4th foot in the female. 
Sars states that his examples possessed 9 strong spines in this situation, A_ Scott states that 
in his example there were 8 on one side and lOon the other; With figures 11 in his account 
of Ohirundina abyssalis and in my specimens (text-fig 50, d) there are 12, clO that this feature 
appears to be a variable one. 

Family EUCHAETIDAE. 

A. Scott (1909) in his report of the collections made in the Malay Archipelago by the 
" Siboga " separated the genus Euchaeta into two, Euchaeta (sensu stricto) and Paraeuchaeta. 
In the first genus he includes those forms that agree in structure with Euchaeta marina 
(Prestandraea) and in the second genus he groups all those forms that approximate to 
Euchaeta norvegica Boeck. In differentiating between these two genera Scott calls attention 
to the fact that" the armature of the s~es .on the apex of the first maxilliped (2nd maxilla) 
of the female, and the structure of the male fifth feet in Philippi's type, are decidedly different 
from what are found in Euchaeta norvegica Boeck." As he points out" in the females, two of 
the six apical spines on the first maxilliped (2nd maxilla), in addition to being furnished with 
rows of very short spinulen, have also a number of moderately long and conspicuous spinules." 
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In both genera the long spine-like setae that arise from the endopod of the maxilliped 
are modified at their extreme tips, where the row of minute spinules that arms the whole 
of tHe length of the seta become replaced by three or four teeth arranged in a comb, these 
teeth being much larger and more widely spaced than the spinules. The extreme tip of the 
seta is rounded and is produced in a short pointed tip. A very similar modification occurs 
in one of the setae arising from the terminal segment of the 1st antenna in the genus Pseudo
diaptomus. No other observer appears to have noticed this modification of the maxillipedal 
setae but I have found it to be present in the following species :-

Euchaeta concinna Dana. Paraeuchaeta gracillicauda (A. Scott). 
Euchaeta media Giesbrecht. Paraeuchaeta malayensis nom. nov. 
Euchaeta tenuis Esterly. (=Paraeuchaeta barbata A. Scott). 
Euchaeta wolfendeni A. Scott. Paraeuchaeta norvegica (Boeck). 
Parae~haeta barbata (Brady). Paraeuchaeta propinqua (Esterly). 
Paraeuchaeta bisinuata (Sars). Paraeuchaeta tonsa (Giesbrecht). 
Paraeuchaeta californica (Esterly). Paraeuchaeta weberi A. Scott. 

This modificat~on appears to be confined to these two genera in this family; I have failed 
to find any trace of it in any member of the genus Valdiviella, nor does it occur in the genus 
Phaena. 

Genus VALDMELLA Steuer. 

The genus Valdiviella was cre~ted by Steuer in 1904 to accommodate a new species of 
copepod that had been obtained during the voyage of the" Valdivia" and which he named 
V oligarthra. A second species of the same genus was briefly described by Sars in 1905 and 
more fully described and figured in 1925 under the name V brevicornis and Farran added 
a third, V insignis, from the west coast of Ireland. Finally a fourth species was described 
by Wolfenden (1911) from the" Gauss" collection, namely V minor. The males of this 
genus appear to be comparatively rare and up to the present time only those belonging to 
V aldiviella brevicornis and V insignis have been described. 

In his report of the" Challenger" collection Brady, under the name Euchaeta gigas, 
described an immature copepod that A. Scott has shown should rightly be referred to this 
genus, though, being immature, it cannot be referred to either of the above-mentioned species. 

In the" Siboga" collection from the Malay Archipelago there occurred examples of 
Valdiviella brevicor,nis and an immature form that A. Scott refers to as "Valdiviella gigas, 
though as With (1915, p. 154) points out the size alone of Scott's specimen is sufficient to 
show that it cannqt belong to the same species. as Brady's example. In the " Investigator" 
collections all fou.r species are represented and, in addition, there are t,vv immature speci
mens that correspond to this genus and agree closely in their structure with V gigas. Among 
this collection are ~xamples of the hitherto unknown male of Valdiviella oligartkl'a Steuer 
and I attribute the two immature examples also to this species. 

In most, if not in all, cases the males of this genus are characterised by possessing short 
spines on the posterior thoracic margin. A •. Scott (1909, p. 78) described the posterior 
thoracic margin, in the example that he believed to be the Inale of Valdiv1:ella brevicornis, as 
being" narrowly rounded" ; in the" Investigator" collection is an example of what appears 
to be the same species. but which pI;esents this difference from Scott's description, that the 
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thoracic margin is armed with a short spine. Scott has called attention to the reduction 
in the mouth-parts that occurs in the male of V. brevicornis; Sars has found the same condi
tion in the male of V. insignis Farran and it is also present in my examples of V. oligarthra 
Steuer. It seems clear that this is a generic character and is developed at the final ecdysis, 
since in the immature examples, as for instance in' V. gigas, the mouth-parts show the same 
full development as is found in the mature female. Again, in the ~ture males the segmenta
tion of the anterior swimming legs is more complete than in the female, the exopod of the 1st 
pair in all cases consisting of three separate segments in the male, though only two are present 
in the female. Another interesting feature of the malt' is the structure of the 1st antenna. 
In all cases that I have examined the 20th and 21st segments of the appendage of the right 
side are fused together. In this respect this genus thus approximates to the genus Euchirella, 
in which, as we have already seen (vide supra, p. 108), there is great tendency towards the 
fusion of certain segments, among which are the 20th and 21st, in the 1st al1tenna of the 
male and this fusion is usually found on the right side, though in two species it is on the left. 

At the present time the position of the genus is in dispute. Both Sars and A. Scott 
have classed it in the family Euchaetidae; whereas Steuer and With regard ,it as being a 
genus of the family Aetideidae. 

Valdiviella brevicornis Sars. 
Valdiviella brevicornis, Sars, 1905, p. 17. 
Valdiviella brevicornis, A. Scott, 1909, p. 78, pI. xxii, figs. 27-35. 
Valdiviella brevicorn-is, Wolfenden, 1911, p. 248. 
Valdiviella brevicornis, Sewell, 1913, p. 354. 
Valdiviella brevicornis, Sars, 1925, p.101, pI. xxviii, figs. 11-17. 

This species was first briefly described by Sars (1905) from spel~imens taken by 
the" Princesse Alice" in the north Atlantic Ocean in two hauls from 3,000 meters to the 
surface. In his first description Sars gave neither nie~surements nor figures. ~t\. Scott 
(1909) attributes to this species a. single male that was obtained by the" Siboga " in the 
Ma.la.y Archipelago, and another example'of a male that appears to belor.g to the same species 
was taken by the" Investigator" at Station 393 at the mouth of the Bay of Bengal and a 
female at Station 682. As my example of the male differs somewhat from the account giv.en 
.by A. Scott I give a few details regarding its structure. 

d' Total length, 5· 0 mm. 
The abdomen consists of five segments, having the following proportional lengths : 

Abdominal segment I 2 3 4 5 Furca. 
21 22 22 17 3 15 =100. 

The 1st ant~nna shows the usual tendency to the fusion of certain segments; segments 8 

-and 9 are conlpletely fused and 9 and 10 partially so; segments 24 and 25 are fused 'and in 
the appendage of the right side segments 20 and 21 are completely fused. The propor
tional lengths of the segments are as follows: 

Segments 123 456 7 8-9 10 11 12 13 14 15 16 17 18 19 20·21 22 23 
~~-~ ~ 

77 6 18 21 27 29 44 50 53 53 61 95 50 61 68 =1000. 60 45 28 32 40 44 44 

The 2nd antenna resembles that of V. oligarthra. 
The mouth-parts, as in all the males of this genus, are very much reduced. 

'The mandible possesses no biting edge and consists merely of the palp and a rounded basal 
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plate.. The two maxillae are also reduced. The maxilliped is not so greatly affected as the 
preceding appendages, but it is more slender than in the female and the 1st basal segment 
bears ronly a spine-like seta at its distal end, while the 2nd basal is devoid of the ro,v of spines 
on the anterior margin. 

As already pointed out, the segmentation of the swimming legs is more clearly demar
cated in the male than in the female. 

In the 1st pair of legs the exbpod is composed of three distinct segments, having the' 
proportional lengths of 9: 7: 8. The endopod consists of only a single segment and reaches 
to the level of the joint between segments 2 and 3 of the exopod. 

In the 2nd leg the- exopod is three-jointed, a clear line of division occurring bet,Yeen 
segments 1 and 2. The endopod consists of a single segment. 

In the ard and 4th legs both exopod and endopod consist of two segments, the proximal' 
joint in each lamus consisting of the fused 1 st and 2nd segments; in both limbs traces 0] 

the line of separation between these proximal segments can be detected but this pa.rtial 
separation is much more noticeable in the 4th pair. 

The 2nd lbasal segment of the 2nd, 3rd and 4th legs bears on its outer margin a minute 
denticle or spilte. 

In the 5th pair of legs the appendages of the two sides are, as in other males of this genus, 
somewhat different. In my example the limbs agree exactly with the description and figures 
given by A. Scott (1909, pI. xxii, fig. 35). 

Vaidiviella insignis Farran. 

(Text-fig. 51.) 

Valdiviella insignis, Farran, 1908, p. 45, pI. iii, figs. 1-6 ; pI. iv, fig. 5. 
Valdiviella insignis, Wolfenden, 1911, p. 247, pI. xl, figs. 6 and 7. 
Valdiviella insignis, Sewell, 1913, p. 354. 
Valdiviella insign'i:s, With, 1915, p. 154, text-fig. 44 a-d ; pI. vi, fig. 2 a-e. 
Valdiviella insignis, Lysholm and Nordgaard, 1921, p. 18. 
V(tldiviella insignis, Sars, 1925, p. 98, pI. xxvii, ·figs. 1-16; pl. xxviii, figs. 1-10. 

Up to the present time this species has only been recorded from various parts of the 
Atlantic Ocean, in which it has been taken in areas as wide apart as the west coast. of 
Ireland, where it was first obtained, and the south Atlantic between Lat. 10° and 23° S. 

Six females and two males were taken by the" Investigator" at Station 393, thus· 
extending its known range to the Indian Ocean. 

Sars has given a short account of the male and has figured it comparatively fully, hut 
as he gives but little detail of the structure of the various appendages I have thought it ,yen 
to include a full account of this sex here. 

a Total length== 8'7 mm. 
The proportional lengths of the cephalothorax and abdonlen are as 33 to 12> so that. the 

abdomen is contained 2'75 times in the length of the~anterior region of the body. 
The head and 1st thoracic segment are fused and thoracic segments 4 a.nd 5 are partially 

fused. The posterior thoracic margin is rounded and is armed with a ShOlt hackwardly 
directed spine. 
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The abdomen consists of five segments having the following proportional 'lengths: 
Abdominal segment 1 2 3 4 5 Furca. 

18 25 24 17 5 11 = 100. 

Segments 2, 3 and 4 are armed across the dorsal aspect with a row of small spines on 
the posterior margin. I could not detect any tufts of hairs on the ventral aspects of any of 
the segments. 

The 1st antenna reaches back nearly to the posterior thoracic margin. On both sides 
segments 8 and 9 are completely and 9 and 10 partially fused, and segments 24 and 25 are 
completely fused. ';rhe proportional lengths of the antennal segments are as follows: 

Segment l' 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24:-25 
'-v-J '-v-' 

44 30 22 30 38 38 38 48 14 18 20 26 30 50 65 71 63 73, 65 57 50 50 60 =1000. 

The mandible shows a complete absence of any biting jaw; the 2nd basal segment and 
the two rami appear to be identical with those of the female. 

The 1st maxilla is much reduced. The setae on the lateral lobes have been completely 
suppressed. The endopod bears 3 setae and the exopod 'carries 11, of which one is quite 
short. 

The 2nd maxilla is also much reduced. Lobes 1, 2 and 3 are small and are devoid of 
setae ;' lobe 4 bears 2 setae, one of which is very small; and lobe 5 carries one seta and 2 
spines. The endopod bears 5 setae. 

The maxilliped is not nearly so strong or well developed as in the female. The 1st
basal segment is devoid of all setae; it has at its distal extremity a short spinous process 
'and the rounded margin at the base of the spine is beset with a patch of short spinules. The 
2nd basal segment bears on its anterior margin three setae which increase in length and 

size, and at the extreme end a single seta arises. The fringe of 
hair-like spines that is present onthe proximal part of the anterior 
margin in the female is absent in this sex. The endopod consists 
of five segments bearing the following number of seta, 3, 3, 2, 2 
and 3," on the 1st'to 5th segments respectively. 

The l$t swimming leg difiers ':£r,om the correspon~g append
age in the female in that there is a clear separation of the 1st 
and 2nd segments of the exopod. In this sex also a gland opens 
on the margin of segments 2 and 3, as With (1915, p. 155, pI. vi, 
fig. 2a) has described in the female. 

In the 2nd swimming leg a trace of the line of separation 
between segments 1 and 2 of the exopod can be made out. 

The 3rd and 4th pairs of legs resemble those of the female. 
'The 5th pair of legs (text-fig. 51) shows the same general 

structure as A. Scott (1909, p. 78) 'has described in the case of 
the male of V brevicorn·is. My observations on this pair of 
legs differ somewhat from the account given by Sars (loc. cit., 
1925). In the right leg the exopod consists of two separate 

TEXT-FIG. 51.-ValdivieUa ,nsignu segments. The proximal segment is very long and tapers some-
Farran. what towards the distal end. About one-fifth of its length 'from 

The 5th pair of legs, ~ d hi . . the distal en t s segnlent bears a proJectmg triangular plate 
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that is hollowed out into. a groove. The distal segment tapers to a flexible point and 
abou~half way along it there is a projecting lamella that corresponds to the groove on the 
proximal segment. The two segments are completely separate and appear to be freely 
movable on each other, and it appears probable that, when the distal segment is fully flexed~ 
the lamella on the distal segment fits into the groove on the proximal segment and thus 
forms a very efficient grasping organ. In the left leg the e~opod consists of three segments 
of which the 1st is equal to half the length of the whole ramus and is cylindrical. The 
two distal segments are subequal in length. At the distal end of the inner margin of 
segment 2 there is a small rounded projection that is fringed with hairs. The terminal 
segment tapers to a flexible point and a short distance on the proximal side of it is la 
sharp triangular point or spine; the inner aspect of the segment is thickly fringed with 
short hairs. In this species the endopod of the right leg extends well beyond the distal end 
of the endopod of the left leg. 

Valdiviella ignota, sp. nov. 

(Text-fig. 52, a, b.) 

At Station 393, along with undoubted examples of Valdiviella insignis Farran, the 
" Investigator" obtained a single example of what appears to be either a small form of 
the above species or else a hitherto-unknown form. 

d'The total length of this specimen was only 6'5 mm., whereas the male of V insignis 
measures S'7 to 9 mm. 

The proportional lengths of the cephalothorax and abdomen are as 250 to 97, so that 
the abdomen is contained 2·6 times in the length of the anterior region, instead of 2·75 times 
as in V insignis. 

The head is very like that of Valdiviella insign1:s ; at the extreme anterior end is a small 
projection which bears a pair of minute hairs. The rostrum is, however, not so strong. The 
posterior thoracic margin is produced backwards in a flap that covers half the length of the 
1st abdominal segment, and at the postero-dorsal angle of this flap is a small spine that is 
directed backwards and upwards. The head and 1st thoracic segment are fused but traces 
of the line of fusion can be seen. Thoracic segments 4 and 5 are fused. 

The abdomen consists of five segments, having with the furca the following prop or
tionallengths :-

Abdominal segment 1 2 3 4 5 Furca. 
21 28 19 16 3 13 =100. 

Segments 2, 3 and 4 are armed across the dorsal aspect with a row of fine spines that 
runs along the posterior margin. The furcal rami are rl:ivergent and the outer seta is 
extremely small. 

The 1st antenna reaches back to the posterior thoracic margin. As in other males, 
the 8th and 9th segments are completely fused and there is a partial fusion of the loth 
segment also. The 24th and 25th segments are fused. The proportional lengths of the 
segments are as follows: 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 SO 11 22 23 1-I-2i' 
'-r-I L..y-J 

45 38 23 32 38 38 38 47 15 17 19 25 29 48 64 70 64 72 65 57 48 51 57 -1000. 

S 2 
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The 2nd antenna resembles that of Valdiviella insignis and V oli,gartllm.. The 1st 

basal segment bears a row of long hairs. 
As in other males the mouth-parts are reduced. In the mandible the biting process 

has been completely suppressed; the 2nd basal segment bears· no seta; the exopoo bears 
S setae on its terminal segment and the endopod, which is composed of,4 segments, bears 
-6, one on each of the three first segments and 3 on the distal joint. In the 1st maxjlla the 
biting lobe is reduced and bears no setae; the inner lobe is also devoid of setae; the 2nd 
hasal segment carries 2 very small setae and the endopod 3 comparatively long ones; the 
(luter lobe bears 11 setae of which the· 1st is very small. 

The 2nd maxilla and maxilliped are as in V insignis. 

(N. 

TEXT-FIG. 52.-ValdimeUa ignota, ap. no.,.. c1. 
a. The 1st swimming leg. b. The 5th pa.ir of legs. 

In the 1st swimming leg (text-fig. 52, a) both basal segments are fringed on their inner 
margins with long hairs; basal 2 bears a seta at its distal inner angle. The exopod consists 
of three segmellts but the line of separation between the 1st and 2nd seglnents is incomplete. 
The endopod consists of a single segment; on the outer margin there is a rounded swelling 
that extends across the surface of the segment and on the margin of this swelling four glands 
appear to have their orifices; there is a small patch of minute hairs on the surface. 

The other swimming legs resemble those of V insignis. 
rrhe 5th pair of legs (text-fig. 52, b) closely resembles that of V insignis. 
While agreeing very closely with V insignis this specimen appears to differ in 

certain particulars, especially as regards size. The posterior thoracic margin also seems 
to be different and there is some difference in the proportional lengths of the abdominal 
segments. 
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Valdiviella minor Wolfenden. 

(Text-fig. 53, a-c.) 

Valdiviella minor, Wolfenden, 1911, p. 24:9, pI. xxix, figs. 8-11. 

139 

This species was first described by Wolfenden from a single specimen taken by 
~he " Gauss" in the south Atlantic Ocean in about Lat. 11 0 S. at a depth of 1,200 metres. 
Two specime~s that agree closely with Wolfenden's description and figures were taken 
by the " Investigator" at Station 393, bet\veen 400 fathoms and the surface. Both these 
,examples are females. 

~ Total length, 4-0 mm. Wolfenden gives the length of the Atlantic specimens as 4-3 

mm. 
The head and the 1st thoracic segment are completely fused but traces of the line of 

..fusion of the 4th and 5th thoracic segments can be detected. The posterior thoracic margin· 
is rounded. 

rJ./. C/. 

TEXT-FIG. 53.-ValdivieUfl. minor Wolfenden, ~. 

a. The l~t antenna. b. The 1st swimming leg. 
c. The 4th swimming leg. 

The proportional lengths of the cephalothorax and abdomen are as 88 to 47, so that 
:the abdomen is rather more than half the length of the anterior region. 

The abdomen consists of 4 segments, which have the following prop0l'tionallengths: 
Abdominltl segment 1-2 3 

35 23 19 9 14 =IOf'l. 

The 1st segment is crossed on its dorsal aspect by a thickened ridge of chitin; the 1st, 
-2nd and 3rd segments are all armed across their dorsal aspect with rows of fine spines running 
;along the posterior margins. 
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The 1st antenna (text-fig. 53, a) reaches to a little beyond the posterior margin of the 
1st thoracic segment. Wolfenden is, I think, mistaken in saying that this appendag3 has 
only 20 separate segments; the 8th and 9th are fused, as in other members of the genus, 
and so also are the 24th and 25th. The 10th, 11th and 12th segments are very short but 
the lines of division between them can be clearly made out. The proportional lengths of the 
segments are, according to my observations, as follows :---

Segment 1 2 3 4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'---' '--y-J 

66 50 35 30 ~5 40 35 45 15 15 20 30 30 35 51 51 56 71 66 56 51 56 61 ==1000. 

The 2nd, 4th, 6th and 8th segments are armed with a single spine each. 
The 2nd antenna and mouth-parts closely resemble those of V. oligarthra. The 1st pair 

of swimming legs (text-fig. 53, b) show a distinct trace of division between the 1st and 2nd 
segments of the exopod and each part is armed with a marginal spine. 

The 2nd pair of legs, as noted by Wolfenden, shows also a line of demarcation between 
the 1st and 2nd segments of the exopod and similar traces of the line of separation between 
the 1st and 2nd segments of the endopod can equally be detected. The 2nd basal segment 
is armed on its outer margin with a sDlall spine. 

In the 3rd leg the proximal segments of the exopod are completely fused but the endopod 
consists of three segments, the division between the 1st and 2nd segments being quite clearly 
marked, if not actually functioning as a joint. 

In the 4th pair of legs (text-fig. 53, c) the two proximal segments of the exopod are 
incompletely fused and again the endopod consists of three segments. 

As in other members of the genus the 5th pair of legs is missing in this sex. 

Valdiviella oligarthra Steuer. 

(Text-fig. 54, a, b.) 
Valdiviella ol-iga'l'th'l'a, Steuer, 1904, p. 593. 
Valdiviella oliga'l'tn'l'a, Wolfenden, 1911, p. 247. 
Valdiviella oligartn'l'a, Sewell, 1913, p. "354. 

The adult female of this species was described by Steuer from material obtained by the 
" Valdivia " ,and subsequently Wolfenden obtained examples among the Copepoda taken 
by the" Gauss." Several examples of the female were taken by the" Investigator" at 
Stations 393 and 682; these agree closely with the description given by Steuer; it is, there
fore, unnecessary for me to discuss the structure of the adult female, suffice it to say that 
the" Investigatof" specimens were slightly smaller, as is usually the case, than those taken 
in other areas, their total length measuring only 7·2 mm. Among these females was an 
example of what I believe to be the hitherto-unknown male. 

~ Total length," 6'2 mm. 
The proportional lengths of the cephalothorax and abdomen are as 53 to 25, so that 

tlie abdomen is a little less than half the length of the anterior region of the body. 
The rostrum consists of two stout divergent points. The head and 1st thoracic segment 

are fused together but the line of fusion can be seen running across the dorsal aspect. The 
4th and 5th segments are also fused. The posterior thoracic margin is rounded and bears 
a small backwardly-directed spine. 



1929.] R. B. SEYMOUR SEWELL: Oopepoda Of Indian Seas. 141 

The abdomen consists of five segments having the following proportional lengths : 
Abdominal segment 1 2 3 4 5 Furca. 

18 28 20 16 3 15 =-100. 

Segment 5 is almost completely telescoped into segment 4. Segments 2, 3 and 4 are 
all armed with a row of small spines that runs across the posterior margin on the dorsal side. 

In the 1st antenna the length of the various segments difiers slightly on the two sides 
of the body, as also does the degree of fusion of certain of the segments. In the table below 
I -give the proportional lengths of the segments in the two appendages:-

Segment 

Right 

Left 

123 456 7 

60~23 30 38 45 45 

54 36 24 31 41 43 45 

8-9 10 11 12 13 14 15 16 17 18 19 20-21 22 23 24-25 
'-vV '-y-' ~ 

62 15 21 27 27 34 49 59 63 59 68 97 43 46 55 ==1000. 
~ 

60 18 21 24 27 33 47 58 62 62 63 59 47 44 45 56 =1000. 

In both cases the 8th and 9th segments and the 24th and 25th respectively are fused, 
and on the right side the 20th and 21st are fused in addition. 

In the 2nd antenna the general structure closely resembles that of the corresponding 
-appendage in Valdiviella insignis Farran; the endopod bears 6 setae on its inner lobe and 7 

'On its outer. 
The mandible is devoid of any biting edge. The endopod bears 6 setae and the exopod 

earries 9 setae, of which two are very short, on its second segment and none on its first. 
The 1st maxilla is much reduced. The outer lobe bears 11 setae of which the 11th is 

very short, and the endopod 3 setae; all the other parts are devoid of setae. 

o. 

TBXT-FIG. 54.-Valdiviella oligarthra Steuer. 

a. The whole animal from the left side, ~. b. The 5th pair of leg., cr. 

The 2nd maxilla is also vestigial; in the -basal segment the first three lobes are reduced" 
to mere prominences devoid of setae; the 4th and 5th lobes bear two setae each. The 
.eIlJlopod carries 5 setae. 
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The maxilliped is as in the nlale of V insignis. Basal ~ bears a short spine-like set&! 
situated on a round prominence at the distal end and the base of this prominence is beset 
with small spines. Basal 2 bears three setae on its anterior margin and one at its distal! 
end; the row of needle-like spines along the proximal part of the anterior :qlargin, that is 
seen in the female, has completely disappeared. The segments of the endopod bear the 
same number of setae as in V insignis, namely 3, 2, 2, 2 and 3 on the five segments respect
ively. 

In the 1st swimming leg there is a distinct line of demarcation between segments 1 and 
2 of the exopod, though the jointing appears to be incomplete. In the exopod there is a 
gland opening on the margin of both the 2nd and 3rd segment~, exactly corresponding to the 
condition described by With (1915, pI. vi, fig. 2a) in V. insignis. Tne endopod consists 
of a single segment and a series of glands open along the ridge of the swelling on the p08t~r 
aspect, as in V insignis and V ignota. 

In the 2nd swimming leg the 1st and 2nd segments of the exopod are fused; the endopod 
consists of a single segment and in the distal third a gland opens on the posterior aspect, 
the opening being surrounded with short hairs. With has also described a similar gland 
in V insignis (loc. cit., text-fig. 44, b). 

In both the 3rd and 4th swimming legs the 1st and 2nd segments of the exopod are 
fused; the endopod consists of two joints, the 1st and 2nd segments being fused; the 3rd 
segment bears a gland opening on its posterior aspect and the. SUrIaetl is beset with short 
hairs. 

The 5th pair of legs (text-fig. 54, b) closely resemble those of Va1iliv1~ella insiAj'nis, hut 
show certain difierences in detail. In the right leg the endopod reaches well beyond the 
triangular lamella and extends even beyond the joint between the 1st Ind 2nd segments 
of the exopod of the left leg, whereas in T' insignis it is much shorter than this. In the left 
leg the endopod is also much longer than in V insignis and instead of being only about half 
the length of the 1st segment of the exopod is nearly as long as that segment. 

" Valdiviella gigas (Brady). " 

(Text-fig. 55, a-e.). 

Valdiviella gigas, Sewell, 1913, p. 354. 

Brady, under the name Euchaeta giga.s, described a sp~cies of Copepod obtained by the 
" Challenger" in the south Atlantic Ocean, and more recently A. Scott (1909) haa ascribed 
certain examples taken by the " Siboga " to the same species, although his .examples were 
very much larger in size, measuring 8'0 mnl. in length, whereas Brady's specimen only 
measured 5·0 mm. T. Scott (1894) also attributed certain examples obtained by the 
" Buccaneer" in the Gulf of Guinea to the same species, but in this he was undoubtedly 
mistaken. I have examined T. Scott's specimen, that is preserved in the British Museum 
(Natural History), and it is undoubtedly an example of a Gaetanus. Of the speci
mens examined by him, Brady (loc. cit., p. 66) remarks, "Very few specimens were seen 
and I anl not quite certain as to the sex of SOIne of these" ; in one example a 5th pair of legs 
was present and as this individual also possessed a well developed mandible Brady admitted 
that the species would probably have to be referred to a different genus. A. Scott (1909)J 
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-pointed out that this species really belongs to the genus Valdiviella Steuer, but he has made 
the ~stake of assuming that the" Siboga " example was a female, although the presence 
·of a rudimentary pair of 5th legs should have prevented this. He remarks" The specimen. 
was evidently a female and no doubt the rudimentary :fifth pair of legs would disappear at 
-the final ecdysis." 

In the" Investigator" collection are several examples of immature stages of develop
ment of a species of V aldiviella, both sexes being present, and a comparison of these forms 
with Scott's and Brady's descriptions leaves no doubt in my mind that Scott's example is 
·an immature male and that both forms clearly belong to the genus Valdiviella, though, as 
With points out (1915, p. 154), they cannot be referred to the same species owing to the 
-great discrepancy in their size, Brady's specimen being much the smaller. 

Copepod1:d Stage IV. From Station 682. 
~ Total length, 4·5 mm. 
The proportional lengths of the cephalothorax and abdomen were as 33 to 15, so that the abdomen 

'was a little less than half the length of the anterior region of the body. 
The forehead is rounded and terminates below in a pair of short and stout rostral spines that are 

directed vertically downwards. The cephalon and 1st thoraGic segment are partially fused, though th e 
'line of separation can be clearly made out; a similar condition is present as regards the 4th and 5th 
thoracic segments. The posterior thoracic margin is rounded and bears at the middle of the curve a 
small back wardly-directed spine. 

The abdomen consists 6f only three segments that have the following proportional lengths: 

Abdominal ':legment I 2 3-5 Furca. 

21 28 32 18 = 100. 

Segment 2 is armed with a row of small spines that runs across the dorso-Iateral aspect of the 

posterior margin. 
The 1st antenna reaches back to about the posterior margin of the 3rd thoracic segment. It 

consists of 23 free joints, segments 8 and 9, and 24 and 25 respectively being fused. The proportional 
lengths of the segments are as follows: 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
Vv<J ~ 

66 34 29 29 41 41 33 41 12 15 19 27 27 37 46 55 56 71 68 56 60 62 75 = lOOO. 

Segments 5, 15, 20 and 25 bear sensory organs. 
In the 2nd antenna the endopod is about one-half the length of the exopod. The 1st basal 

segment bears a row of long hairs. Basa12 carries a single seta. In the exopod the 1st segment is 
without a seta, segment 2 is only imperfectly separated from segment 3 and segnlents 3, 4, 5 and 
{) each bear a long seta, the terminal segment bears three setae at its distal end. The endopod 
bears on its second segment 5 and 6 setae on the inner and outer lobes respectively. 

The 1st maxilla is well developed; the 1st inner lobe is armed with 11 setae; the 2nd inner lobe 
bears 2 and the 3rd also 2. The 2nd basal segment bears only 2 setae and the endopod only three. The 
exopod bears 7 setae and the outer lobe 9. 

In the 2nd maxilla there appear to be only four lobes; the 1st lobe appears t.o be missin6. T~4e 

2nd lobe (i.e., the most proximal) bears 3 setae, the 3rd and 4th each bear 2 and the 5th lobe, whieh is 
considerably the largest, bears 3 ; the endopod bears 5. There is a patch of hairs on that portion of the 
posterior margin of the segment that corresponds to lobe 5. 

In the maxilliped, in basal 1 lobe 1 bears 2 setae and the other two lobes bear 3 each. Basal 2 
bears 3 setae along its anterior margin and a row of hair-like spines runs alollp- the proximal half of the 

T 
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margin; 2 long setae arise from the extreme distal extremity of the segment. The endopod consists of 5 
segments, of which the 1st bears 2 long equal setae, the 2nd 2 unequal setae, the 3rd and 4th llons seta. 
each and the 5th 'carries 2 long and 2 short setae. 

In the 1st swimming leg the basal part consists of two segments; basal 2 bears a seta at its distal 
inner angle and is fringed with a row of hairs along its inner margin. Both rami consist of only a single 
segment; the exopod bears three serrated marginal spines, the proximal pair being stout and sub-equal 
and the distal about twice as long; a slight notch in the inner margin indicates the limits of segments 1 
and 2. The endopod shows a slight rounded projection on the outer margin and bears 5 setae. 

In the 2nd swimming leg basal 1 bears an inner seta and basal 2 exhibits a small spine-like projection. 
on its outer margin. Both rami are single-jointed. The exopod bears 4 marginal spines that are
fringed with short hairs, but are not serrated; between spines 1 and 2, and 2 and 3 the outer margin 
is hairy, but between spines 3 and 4 the margin is produced in a thin keel-like plate with a reti
cular structure. The endopod bears 6 setae. 

The 3rd swimming leg resembles the 2nd, but the endopod bears 7 setae instead of 6. 
The 4th swimming leg resembles the 3rd, but has no seta on the inner margin of the proximal part. 

of the exopod that corresponds to segment 1 of the limb; in both the 2nd and 3rd legs there is a single seta. 
of rather smaller size than the others in this situation. 

The 5th leg is entirely absent. 
The absence of any trace of a 5th pa'ir of legs would appear to indicate that this example is a 

female, but the presence of small spines on the posterior thoracic margin introduces the possibility that it· 
may be a male in which the 5th pair of legs has not yet commenced .to develop. 

Oopepodid Stage V. From Station 393. 
c3 Total length, 6·0 mIn. to 6·4 mm.. 
The proportional lengths of the cephalothorax and abdomen are as 67 to 34, so that in this case the

abdomen is slightly longer than half the length of the anterior region. 
The cephalothorax is oval in shape. The cephalon and 1st thoracic segment are fused but the

line of demarcation between them can be seen; the 4th and 5th thoracic segments are separate. The
posterior thoraoic margins are produced in a small sharp triangular spine. 

The abdomen consists of 4 segments having the following proportional lengths : 
Abdominal segment 1 2 3 4·5 Furca. 

19 25 23 20 13 = 100. 

Both the 2nd and 3rd segments are armed across the dorsal aspect of the posterio r margin with a. 
row of small spines. I was unable to detect any tufts of hairs on the ventral aspects of the segments. 

The 1st antenna reaches to the posterior margin of the 2nd thoracic segment, as in Valdiviella 
oligarthra Steuer. The proportional lengths of the various segments are as follows: 

Segment 1 2 3 4 5 6 7 8·9 

61 40 32 32 43 40 '39 40 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 !4·25 
-v--J 

11 11 14 25 29 43 51 61 65 76 68 58 50 50 58 =1000. 

The 8th and 9th segments are fused together, as also are the 24th and 25th. The proximal 5· 
segments arc fringed along their posterior margins with hair. 

The 2nd antenna agrees exactly with that of Valdiviella insignis Farran and V. oligarthra Steuer. 
The mouth-parts at this stage of development show but little trace of degeneration. The mandible is. 

apparently devoid of a biting edge, but this 'is the only portion of the mouth-parts that is absent; the 
basal sp,gment of the mandibular palp bears a curved seta and a small straight spine-like seta about the 
middle lIf its lenl1:th. The exopod is composed of 5 segments, of which the proximal four segments bear' 
one seta each and the distal segment carries a pair. The endopod is 2-jointed, the proximal segment 
bearing 2 setae and the distal 8 (1 9). 
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The 1st maxilla (text-fig. 55, a) appears to have the same structure as in the adult female of 
Valdwiella oligartkra Steuer; as in that species, the outer lobe bears 7 setae of which the third is much 
'4;hicker than the others. 

e. 

TEXT-FIG. 55.-Valdiviella gigas Brady (t =:immature stages of V. oligarthra Steuer); Copepodid Stage V. 
a. The 1st maxilla. c. The 1st swimming leg. 
b. The maxilliped. d. The 2nd swimming leg. 

e. The 5th pair of legs, c1. 

The 2nd maxilla and the maxilliped (text-fig. 55, b) closely resemble the corresponding appendages 
in the adult females of Valdiviella insignis and V. oligarthra. 

The swimming legs also are the same as in the adult females; in the 1st pair of legs (text-fig. 55, c) 
the exopod consists of only two segments and the endopod of a single segment, whereas in the adult males 
that have so far been examined the exopod invariably possesses three joints. In the 2nd pair of legs (text
fig. 55, d) the exopod also consists of only two free segments and the endopod of a single segment. 

The 5th pair of legs (text-fig. 55, e) agree closely with the figures given by Brady and A. Scott, 
and differ slightly from the figure given by With (1915, text-fig. 44 a) of this appendage in the correspond
ing stage of development of Valdiviella ins ignis Farran. 

It seems certain that this form is an immature male that has yet to undergo its final 
.ecdysis before it will attain the characters of the adult. In this final moult the nlouth-parts 
will become markedly degenerate and at the same time the swimming legs will undergo a 
progressive change; the segmentation of the 1st pair of legs ,vill be completed and the exopod 
will assume its adult form of three free segments~ instead of only t\VO; w"hile at the same 
time the 5th pair of legs will attain the adult type. 

The only question that remains for consideration is that of the specific identity of this 
form, and of the smaller form in the 4th copepodid stage of development. Valdiviella insignis 
Farran and V oligarthra Steuer are so alike in their general strncture that one has bnt little 

'1.' 2 
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evidence on which to base any conclusions. As Farran (1908, p. 45) has pointed out, there
are, however, differences between these two species in the proportional lengths of the segments. 
ot the 1st antenna. The length of these segments in the two immature specimens that we· 
have been considering approximates more nearly to those of the segments in the adults of 
Valdiviella oligarthra Steuer and for the purpose of comparison I have given below the lengths. 
in both adult and immature forms: 

Segment 

C 
T 

1 2 S 4 5 6 7 8·9 10 11 12 13 14: 15 16 17 18 19 20 21 22 23 24-25 
'-v-J '--y-J 

Stage IV 66 34 29 29 41 41 33 41 12 15 19 27 27 37 46 55 56 71 68 56 60 62 75 
Adult 64 34 33 33 38 38 33 41 12 15 18 29 31 40 59 65 63 72 68 52 50 52 59 

~ 
Stage V 61 40 32 32 43 40 39 40 11 11 14 25 29 43 54 61 65 76 68 58 50 50 58 
Adult 54 36 24 31 41 43 45 60 18 21 24 27 33 47 58 62 62 63 59 47 44 45 56 

I am of the opinion that the two stages are immature forms of Valdiviella oligarthra,. 
the smaller form being an immature female and the larger form an immature male. 

In the absence of any measurements of the antennal segments in both Brady's and! 
A. Scott's examples it is impossible to assign them definitely to any particular species, but· 
from their res~ective sizes it appears probable that Scott's form, measuring 8·0 mm. in 
length, belongs to Valdiviella insignis Farran, while Brady's specimen having a length oi" 
only 5·25 mm. may be an immature form of V oligarthra Steuer. 

Genus EUCHAETA Philippi. 

At the present time eleven species belonging to this genus have been recorded from the' 
Indian Ocean. In 1900 Thompson recorded the occurrence of Euchaeta marina Prestand. 
from the Indian Ocean and Bay of Bengal and a year later Cleve (1901) recorded E. concinnar 
Dana and E. longicornis Giesbrecht from the Malay Archipelago. Thompson and A. Scott 
(1903) added E. spinosa Giesbrecht to the list of species known to occur in these waters andl 
Cleve (1904 (a)) in his report on the Copepoda of the African coast added E. acuta Giesbrecht. 
E. affinis Cleve, E. media Giesbrecht, and E. tonsa Giesbrecht. Finally, in 1909 A. Scott, 
added E. tenuis Esterly and E. wolfendeni A. Scott. 

Euchaeta concinna Dana. 

Euchaeta concinna, A. Scott, 1909, p. 65, pI. xix, figs. 21-27. 
E~whaeta conqinna, Wolfenden, 1911, p. 299. 
Euchaeta concinna, Sewell, 1912, p. 360. 
Euchaeta concinna, Sewell, 1914, p. 216. 

Probably t:his is the most common species of the genus in Indian waters. It has 
already been recorded from the Malay Archipelago, the Burma coast and the Pearl Banks of 
Ceylon. In the "Investigator" collections it occurs at the following Stations, frequently 
in large numbers, Station 547, 555, 556, 558, 559, 561, 562, 563, 575, 578, 580, 582, 614 and 

672. 
The tow-netting from Station 555' contained numerous examples of Euchaeta concinna 

Dana and a large number of these were measured, namely 199 females and 202 males, 401 
examples in all. In this collection only the last four stages of development in the female 
and the last three in the male were represented, but in a further tow-netting taken in the 
sanle locality at Station 578 a further large collection of examples of this species were taken 
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including a still younger stage of development. In all cases the length was measured from 
the t1p of the rostral spine to the end of the furcal ramus and the results have been plotted 

Stage VI. 

Stage V. 

stage-IV. 

StageUL 

• ••• ••• • 0 

m.m 

••••••••••• 
•••••••••••••••• 3·0 

•••••••• •••••••••••••• •••••••••••••• •••••••• •••••••••••• ••••••• •••••• ••••••••• •• •• •• 
•• 2'6 

• • 

• 
• 
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TEXT-FIG. 56.-Euchaeta concinna Dana. 

StageVI~ 

Stag~v. 

Stage-IV. 

Measurements of 422 individuals of both sexes in different stages of development. 

in text-fig. 56. The stages of development fall into five groups in the feluale and these 
correspond as regards their structure with Copepodid stages II to V and the final adult 
stage; in the male the la.st two Copepodid stages and the final adult stage ttre represented. 

In the following table I have given the average length-measurements in each of the 
groups in the two sexes together with the growth-factors and the calculated sizes: 

Observed Ca.loulated Qrowthh 
size. size. factor. 
rom. mm. 

~ 
Copepodid Stage II 1·010 1·010 1·277 

Copepodid Stage III • . 1·268 1·290 1·277 

Copepodid Stage IV 1·613 1·647 1·277 

Copepodid Stage V 2·125 2·103 1·277 

Adult Stage VI 2·872 2·685 
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Observed Caloulated Growth· size, size. faotor. mm. mm. 
0 

Copepodid Stage III 1·268 1·268 1·584 or 1·277 
Copepodid Stage IV 1·613 1·619 1·584 

Copepodid Stage V 2·139 2·008 

Adult Stage VI 2·534 2·564 

From the above it appears that in the female sex the growth-factor remains unaltered 
-throughout the life-history, instead of, as is more usual, exhibiting a decrease in the last two 
ecdyses. In the male the life-history appears to follow the usual course; at stage III an 
individual may either show the nlale growth-factor, which in this species appea,rs to be 1'584, 
and so pass direct to stage V, remaining still immature, or may adopt the female groW'th
factor of 1·277 and pass to stage IV and then by a resumption of the male factor, 1'584, 
~pass to the final sexually-rna ture stage VI. 

• • • ••••• 
,0 ••••• 

••• •••• •••••• ••••• 
.15 ••••••• 

•••• •• •••• •• 
10 ••••• 

• • 
.5 

Among the females in the collection were 
a large number who had, to judge from the 
remains of cement substance still adhering to 
the genital segment, either been recently oviger
ous or who actually were bearing egg-sacs . 
Other examples were bearing spermatophores . 
It was clear that the breeding season was in 
full swing. It was noticed that there was a 
considerable degree of variation among these 
females in the size of the characteristic proj ec
tion on the right side of the genital segment; 
this projection was much more evident in 
those examples that eitl~.er were or had recently 
been carrying egg-sacs, and it seems possible 
that the act of oviposition may cause this 
prominence to become more pronounced. The 
number of ova carried by different individuals 
also showed a considerable range of variation 
and varied from as few as eight to as many as 

--------------__ - twenty-four, and in text-fig. 57 I have given 
TEXT-FIG. 57.-Sh~lwinEg the number,of ova oarried by 57 the number carried by 57 individuals. It 

examp es uchaeta conc,nna, ~. 
would, therefore, appear to be very doubtful 

·whether the number of ova carried by the female can be regarded as sufficiently constant to 
warrant it being considered a specific character. 

Euchaeta marina (Prestandrea). 
Euckaeta marina, A. Scott, 1909, p. 67, pI. xix, figs. 9-20. 
Euchaeta marina, Wolfenden, 1911, p. 299. 
Euchaeta marina, T. Scott, 1912, p. 532. 
Euchaeta marina, Pesta, 1912, p. 45. 
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Euchaeta marina, Sewell, 1912, p. 360. 
Euchaeta marina, Pesta, 1913, p. 32. 
E'l chaeta marina, Sewell, 1913, p. 354. 
Euchaeta marina, Sewell, 1914, p. 215. 
Euchaeta marina, Brady, 1915, p. 135. 
Euchaeta marina, Friichtl, 1924, p. 5. 
Euchaeta marina, Sars, 1925, p. 104. 
Euchaeta marina, Farran, 1929, p. 237. 
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Examples of this species occur in collections made by the" Investigator" at Stations 
556, 562, 614, 670 and 682. 

Euchaeta media Giesbrecht. 
Euchaeta media, A. Scott, 1909, p. 66, pI. xx, figs. 10-18. 
Euchaeta media, Farran, 1929, p. 238. 

A few examples of this species were obtained by the" Investigator" at Station 614, 
Nankauri Harbour, in the Nicobar Islands. 

Euchaeta spinosa Giesbrecht. 
Euchaeta spinosa, Giesbrecht, 1892, pp. 246, 263, pI. xvi, figs. 12, 26, 34, and pI. XXXVll,. 

figs. 31, 34, 35, 51. 
Euchaeta spinosa, Giesbrecht and Schmeil, 1898, p. 39. 
Euchaeta spinosa, Thompson and A. Scott, 1903, p. 244. 
Euchaeta spinosa, Cleve, 1904 (a), p. 190. 
Euchaeta spinosa, Esterly, 1905, p. 159, fig. 24. 
Euchaeta spinosa, van Breemen, 1908, p. 52, fig. 58 a, b. 
Euchaeta spinosa, Sars, 1925, p. 104, pI. xxx, figs. 1-6. 
Euchaeta spinosa, Farran, 1926, p. 256. 

A few examples of this species were taken at " Investigator" Station 614. 

Euchaeta tenuis Esterly. 

(Text-fig. 58, a-j.) 
Euchaeta tenuis, Esterly, 1906, p. 61, pI. ix, fig. 13, and pI. x, figs. 29, 30. 
Euchaeta tenuis, A. Scott, 1909, p. 68, pI. xix, figs. 1-8. 
Euchaeta solida, Esterly, 1911(b), p. 324, pI. xxvi, fig. 2, pI. xxviii, fig. 34, and pI. xxx, fig. 78. 

This species was briefly described and figured by Esterly from a single specimen taken 
in the north Pacific Ocean. Other examples were obtained by the " Siboga " in the Malay . . 
Archipelago and were described by Scott (1909). In the" Investigator" collection made 
at Station 393 were two examples of the female of this species and associated with them 
were several examples of the hitherto-unknown male. As these females show certain small 
differences from the previously published accounts, I have given an account of thenl in full. 

~ Total length 4·9 D1m., which iF; somewhat smaller than the specimen from the Pacific, 
which according to Esterly was 6· 0 mIn. in length, while the examples from the Malay Archi
pelago measured as much as 6·8 mnl. 

The proportional lengths of the cephalothorax and abdomen are as 54 to 25, so that. 
the abdomen is a little less than half the length of the anterior region cf the body. 
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The posterior margin of the thorax is rounded and is somewhat sparingly provided 
with hail's. 

The abdomen consists of four segments having the following proportional lengths : 

Abdominal segment 1-2 3 4 5 Furca. 

40 23 18 7 13 =100. 

The ventral region of the 1st segment is produced in a large prominence, which carries 
·.the genital opening and terminates in two unequal flaps, that on the right side being much 

d. 

6. J g. Iv. 
TEXT-FIG. 58.-Euchaeta tenuis Esterly. 

a. The whole animal from above, ~. e. The 1st swimming lag. 
b. The anterior end from the left side. /. The exopod of the 2nd swimming leg. 
c. The abdomen from the left siq,e. g. The 5th pair of legs, adult ~. 
d The 2nd maxilla. h. The left 5th leg, adult ~. 

j. The 5th pair of legs, & (juv.). 

the larger. rrhe right side of the segment is traversed by a transverse groove along which 
the chitinous exoskeleton is thickened. As A. Scott points out, there is a minute tubercle 
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on each side in the dorso-Iateral region about the middle of the length of the segments.- All 
the af>dominal segments are clad in short hairs and there is a brush of long hairs on the 
ventral aspect of the 3rd segment, while on each side of the 4th segment, close to the articula
tion with the furcal ramus, is a tuft of similar long hairs. The 1st segment bears a tuft of 
hairs on its dorsal aspect anteriorly and both the 2nd and 3rd segments are armed along 
the dorsal side of the posterior margin with minute spinules. The furcal rami terminate 
obliquely and the 2nd furcal seta is much thicker than the others; unfortunately in both 
my specimens these, as well as the accessory setae, are broken. 

The 1st antenna reaches to the furca and is composed of 23 segments; segments 8 and 9, 
and 24 and 25 being respectively fused. The proportional lengths of the segments are as 
follows: 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-v-J --.,...J 

43 35 16 20 20 20 23 31 20 23 31 39 43 47 55 59 59 74 70 62 70 62 78 = 1000 

The structure of the terminal setae on the 2nd maxilla (text-fig. 58, d) shows that 
the species is a true Euchaeta (sensu stricto). 

In the 1st pair of swimming legs (text-fig. 58, e) the exopod consists of only two joints, 
the 1st and 2nd segments being completely fused; there is no marginal spine on the part 
of the combined joint that corresponds to exopod 1. The spine on the part corresponding 
to exopod 2 reaches to beyond the distal margin of exopod 3. The endopod consists of 
a single joint that shows a swelling on the outer margin and this swelling is crowned with a 
row of short hairs or hair-like spines. 

In the 2nd pair of legs (text-fig. 58, f.) the spine on exopod 2 is large and reaches to the 
end, or very nearly to the end, of the proximal spine on exopod 3 and the middle spine on 
exopod 3 falls short of the base of the distal spine in my specimens; according to A. Scott 
in his examples" the second outer edge spine on the third joint reaches almost to the base 
of the 3rd outer edge spine." In this respect my examples agree more closely with 
Esterly's original description. 

Associated with these females in the" Investigator" collection from Station 393 were 
several males that appear to belong to the same species. 

~ Total length, 5·0 mm. 
The proportional lengths of the cephalothorax and abdomen are as 57 to 24, so that 

in this sex the abdQmen is contained 2·375 times in the length of the anterior region of the 
body. 

The forehead terminates anteriorly in a well marked rounded supra-rostral eminence 
and the rostrum, which is strong, projects downwards and slightly backwards. The posterior 
thoracic margins are rounded. 

The abdomen consists of five segments, but owing to the complete lnanner in ,vhich 
the 5th segment is telescoped into the 4th, at first sight it appears as if there were only four; 
the proportional lengths of the segments and furcal rami are as follows: 

Abdominal segm~nt 1 2 3 4 5 Furolt. 
22 29 23 13 2 11 -100. 

The 2nd, 3rd and 4th segments are armed across the posterior dorsal margin with a 
row of coarse teeth. The 2nd furcal seta is about twice as long as the others and the acces
sory setae are also long but in all cases the extreme tip had been broken off. 

u 
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The 1st antenna reaches back to the middle of the 3rd abdominal segment. The 8th,. 
9th and loth segments are completely fused together and the 12th and 13th partiafIy so. 
The proportional lengths of the segments are as follows : 

Segment 1234567 

64 36 16 16 22 22 27 

8-9-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
~ '---y-J 

55 22 27 40 40 47 54 54 58 67 67 58 67 64 77 1000 

In the 2nd antenna the endopod bears 8 setae on the inner lobe and 6 on the outer. 
In the mandible the exopod bears 6 setae and the endopod 9. 
In the 1st maxilla the 1st inner lobe bears 11 setae, the basal segment bears 

3 and the endopod carries 1 seta each on the 1st and 2nd segments and 3 on the 3rd. The 
2nd and 3rd inner lobes each bear a single seta. The exopod bears 11 setae and the outer 
lobe 8. 

In the female the 2nd basal segment of the maxilliped bears three setae on its anterior 
margin at the junction of the proximal and middle thirds of its length; in the male, however, 
these appear to be completely absent. The distal end of this segment bears 2 unequal setae. 
In the endopod the various segments bear the following setae: endopod 1, 2 large and 2 un
equal small setae; endopod 2, 1 large and 2 unequal small,; endopod 3, 1 large and 1 small ; 
endopod 4, 1 large and 1 small on the anterior aspect and 1 small externally; and endopod 
5, 2 large and 2 small. 

The 1st pair of swimming legs have a three-jointed exopod, of which the 1st segment 
bears a fine seta on its margin distally and the 2nd segment bears a spine that reaches a 
little beyond half-way to the base of the spine on exopod 3. 

The 2nd pair of swimming legs bear three spines on the 3rd segment of the exopod; 
the proximal spine is short but the second reaches about half-way.to the base of the distal 
spIne. 

The 5th pair of legs (text-fig. 58, 9 and h) are of the true Euchaeta type, that is to 
say, 'the exopods of both right and left legs terminate in a long spiniform segment. The 
2nd segment ot'the left leg bears a tooth-plate which is rounded and is armed around its 
circumference with a row of triangular teeth. This tooth-pla~e appears to be fused with the 
finger-like process at its base, the free portion of the digitiform process extending beyond 
the tooth-plate by nearly the same distance. 

Esterly (1911, b) has very briefly described and figured, under the name Euch("~ta solida, 
an adult male ~hat is probably the same form as that described above. Unfortuhately he 
does not differentiate between the genera Euchaeta and Paraeuchaeta and he gives no 
details of the structure of the 5th pair of legs, so that it is impossible to assign his form to 
either genus. The similarity between the tooth-plate of the left leg in Esterly's form and the 
above described specimens suggests that ihey are identical, in which case Euchaeta solida 
becomes a synonym of E. tenuis. 

Oopepodid Stage V. 

c! Total length, 4·4 mm. 

The proportional lengths of the cephalothorax and abdomen in this stage of development are 
as 51 to 20, so that the abdomen is contained 2·55 times in the length of the anterior region, instead of 
2·375 times as in the adult stage. 
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The rostrum. is as in the adult. The head and 1st thoracic segment are fused but the line of 
demarcation is still visible across the dorsal region. Thoracic segments 4 and 5 are also fused but here 
again the line of union can be detected in the lateral region. The posterior thoracic margin is rounded and 
there is no tuft of hairs on the margin. 

The abdomen consists of four segments, segments 4 and 5 not yet having separated. The segments 
have the following proportional lengths: 

Abdominal 8egm(~nt 1 2 3 4·5 FurC':l. 

26 21 21 18 14 = 100. 

There is no tuft of hairs on the ventral aspect of any of the segments. The 1st antenna reaches to 
the posterior margin of the 2nd abdominal segment. Segments 8 and 9 are fused but 10 is still separate. 
The proportional lengths of the segments are as follows: 

Segment 1 2 3 4: 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24.25 
'---' '-v-.I 

53 34 17 17 19 19 24 34 22 24 31 38 41 48 55 55 57 74 69 62 67 62 78 ~1000 

A comparison of these measurements and those given above in the adult (vide supra, p. 152) 
;shows that there has been but little change. Thereis no fringe of hair on the posterior margin of the proxi
mal segments. 

In the 2nd antenna the 2nd basal segment bears a tuft of long hairs. The endopod is considerably 
.shorter than the exopod, :which appears to consist of 7 segments; there is a rounded prominence on the 
-outer margin of the 2nd segment. The endopod bears 7 setae on the inner lobe and 6 on the outer. 

In the mandible the basal segment of the palp bears a stout seta and the exopod bears 6 setae and 
the endopod 8. 

In the 1st maxilla the masticatory lobe bears 11 setae; lobe 2 bears a single seta; the basal segment 
-carries 3 setae and the segments of the endopod bear 1, 1 and 3 setae respectively; the exopod bears 10 
.and the outer lobe 8 setae. 

In the 2nd maxilla the various lobes bear the following number of setae: lobe 1, 3; lobe 2, 3; 
10~e 3,2; lobe -4, 3; lobe 5, 3. The endopod bears 5 setae with only small spinules on them and a sixth 
-which shows the characteristic long spines as in the adult females. 

In the maxilliped basal 1 bears 3 setae on lobe 2, and 3 more at the distal end, i.e., on lobe 3 ; there is a 
-row of spinules near the base of lobe 2. Basal 2 is swollen in its proximal half and tapers distally; 
it bears three setae on its anterior margin at the junction of the distal and middle thirds of its length, the 
1st and 3rd setae being long and the 2nd or middle one short; there is no trace of any setae at the junction 
o~ the proximal and middle thirds of the anterior margin. From the distal end of the 2nd basal segment 
two setae of unequal length arise. The endopod bears the following setae: endopod 1, 2 large and 1 small; 
endopod 2, 1 large and i small; endopods 3 and 4 are the same as segment 2; endopod 5 bears 2 large setae 
-and 2 small. There is a small external seta on segment 4. 

The swimming legs are as in the adult. 
The 5th pair of legs (text-fig. 58,}) consist each of a two-jointed basal portion and an exopod and 

·endopod each of a single segment. The two exopods are of equal size but the endopods are markedly 
unequal. 

Euchaeta wolfendeni A. Scott. 
Euchaeta wolfendeni, A. Scott, 1909, p. 68, pI. xvii, figs. 1-12. 
Euchaeta wolfendeni; Sewell, 1914, p. 216. 

Examples of this -species have now been found in collections froln the lVlalay Archipelago 
~(A. Scott) ; the Pearl Banks of Ceylon (Sewell) ; the Andaman and Nicobar Islands, the 
Ganjam coast and from the Maldives; and it appears to be both common and widely 

u2 
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distributed throughout Indian waters. Ovigerous females carry egg-sacs that contain fromt 
5 to 7 eggs of a pale blue colour. 

( 

Sars (1925, p. 107) claims that the species recorded by him from the Atlantic' 
Ocean under the name Euchaeta pube·ra is the same species and that, therefore, his name
has priority. Although I have not seen any examples of Euchaeta pubera Sars, a comparison 
of the author's description and figures leaves no doubt in my mind that the two species are
quite distinct; in Sars' form there is no trace of the very characteristic swelling on the right 
side of the posterior region of the genital segment that is found in Euchaeta wolfendeni A. 
Scott. 

Genus PARAEUCHAETA A. Scott. 

As I have already mentioned, this genus was created by A. Scott in 1909 to accommodate
those species which had hitherto been classed in the genus Euchaeta, but in which the ter-
minal setae of the 2nd maxilla are furnished with fine short spines only in the female and. 
in the case of the male the 3rd j oint of the exopod of the 5th left leg is short and vestigial. 
The reduction of this 3rd joint gives to this terminal portion of the limb an appearance of 
a hand with three fingers; the middle process exhibits a considerable range of variation 
in the various species, in certain examples it is short, being shorter than the tooth-plate, 
and ~n others it surpasses the tooth-plate in length. We can thus group the various species-
into two groul's, as follows :-

Species in which the middle process 
is short. 

Paraeuchaeta antarctica (Giesbrecht). 
Paraeuchaeta austrina (Giesbrecht). 
Paraeuchaeta bisinuata Sars. 
Paraeuchaeta dubia (Esterly). 
Paraeuchaeta glacialis (Giesbrecht). 
Paraeuchaeta hebes (T. Scott). 
Paraeuchaeta spinifera (Scott). 
Paraeuchaeta tonsa (Giesbrecht). 

Species in which the middle process 
is long. 

Paraeuchaeta barbata (Brady). 
Paraeuchaeta dentata A. Scott. 
P araeuchaeta gracilis Sars. 
Paraeuchaeta investigatoris, sp. nov. 
Paraeuchaeta norvegica (Boeck). 
Paraeuchaeta sarsi (Farran) (=Euchaeia 

barbata With). 
Paraeuchaeta scotti Farran. 

In his aCCOllnt of the" Siboga " collections Scott (1909) records the occurrence of the
follomng species of this genus from the Malay Archipelago :-

Paraeuchaeta bisinuata (Sars), 
Paraeuchaeta californica (Esterly), 

• P araeuchaeta dentata A. Scott, 
P araeuchaeta gracilicauda A. Scott, 
Paraeuchaeta propinqua (Esterly), 
Paraeuchaeta sarsi (Farran), 

Paraeuchaeta sibogae A. Scott, 
Paraeuchaetr;t spinijera (Esterly), 
Paraeuchaeta tonsa (Giesbrecht), 
Paraeuchaeta tuberculata A. Scott, 
P araeuchaeta weberi A. Scott, 

and in addition, he described under tBe name Paraeuchaeta barbata (Brady) a further fol1Ilt 
that, while closely resembling Brady's species, differs from it in certain particulars and iTh 
my opinion is Dot the same sJ)ecies; I have therefore given it a new name, Pa'laeuchaet~ 
malayensis (nom. nov.). 
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Undoubtedly all the above species will eventually be found in Indian waters but in the 
" Investigator" collections that have been made up to the present time only eight species.-. 

are represented. 

1 Paraeucbaeta barbata (Brady). 

(Text fig. 59, a-c.) 

Paraeuchaeta barbata, Sewell, 1913, p. 354. 

The species Euchaeta barbata was described by Brady from a single specimen obtained 
by the "Challenger" in Lat. 36° S. Unfortunately Brady's description and figures ar~ 
insufficient to render the identity of this species beyond dispute and the type-specimen 
deposited in the British Museum (Natural History) is incomplete. It seems almost impos· 
sible to determine which of the many species of Paraeuchaeta, that have been identified. 
as Brady's species only to be dethroned later, really represents Brady's original form •. 
:Farran (1909) has attempted to unravel the tangle and he points out that there are several. 
distinct species that very closely resemble one another and have £rOln time to time been 
identified as Euchaeta barba:ta Brady. We can summarise the various attempts to indentify
Brady's species as follows :-

Euchaeta barbata T. Scott (1893). 
= Paraeuchaeta gracilis Sars (1905-1925). 
= Euchaeta quadrata Farran (1908). 

Euchaeta barbata Wolfen~en (1904). 
= Euchaeta sarsi Farran (1909). 

Euchaeta barbata Sars (1903). 
=Euchaetafarrani With (1915). 

Euchaeta barbata A. Scott (1909). 
=. Paraeuchaeta malayensis nom. nov. 

Euchaeta barbata Farran (1909). 
= 1 Euchaeta barbata Brady (1883). 

At the presen~ time it seems to be accepted that the form described by Farran in 1908· 
under the name Euchaeta barbata is the same species as that originally described by Brady. 
This view has been adopted by both With (1915) and Sars (1925), though the former author 
appears to have had certain qualms about so doing, but justifies his action, even if it is wrong~ 
by the plea that only thus can we avoId further confusion in the literature. Wolfenden 
(1911, p. 294), on the other hand, considers that Euchaeta barbata Brady lllUSt be regarded 
as an unknown species and under the name Euchaeta robusta (loc. cit., p. -299) describes a 
form that he claims comes nearest to Brady's example. 

In the" Investigator" collection from Station 393 there is a single exaillple of a Paraeu
chaeta that I believe to be identical with Brady's original specimen, in spite of a certain 
difference in size; but, as I have already pointed out, in a number of instances exalllpl~s 
of the same species are usually, if not invariably, slnaller in the Indian Ocean than in other 
waters, such as the Atlantic. 

~ The total length of this example is 7·25 mm., whereas Brady's specilnen meaRllred 
8-4 mm. 
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The proportional lengths of the cephalothorax and abdomen are as 79 to 34. 
The rostrum projects well forwards and immediately above it is a small supra-rostral 

eminence. The posterior thoracic margin (text-fig. 59, a) on the right side is sharply rQunded, 
exactly as Brady figures it (vide Brady, IS8-3, pI. xxi, fig. 12), but on the left s~de the margin 
in the ventro-lateral region is brought to a very small point. On both sides there is the 
usual tuft of long hair. 

The/abdominal segments have the proportional lengths as follows :-
Abdominal segment 1-2 3 4 5 Furca. 

43 22 21 4 10 =100. 

This agrees exactly with the proportions in Brady's original specimen, and is so close 
to the proportions in Farran's examples, in which the lengths of the three anterior segments 
are as 42 : 24 : 24, or W olfendens Euchaeta robusta, in which the measurements are 40 : 20: 20, 
that it is impossible to draw any distinction. The 2nd and 3rd segments are armed dorsally 
with a row of spines and on the 3rd segment a few of the central spines are enlarged to about 
twice the size of the others. The ventral aspect of the 2nd and 3rd abdominal segments 
in the present example are devoid of hair but the 4th segment carries a tuft of long hairs; 
in this respect my example agrees exactly with Brady's specimen and differs from all other 
described forms, in which all three segments are described as being provided with such 

D. c. 
TEXT-FIG. 59.-1 Paraeuchaeta barbata Brady, !fl. 

a. The posterior thoracic margin and genital segment of the abdomen from the left side. 
b. The 2nd maxilla. c. The ma.xilliped. 

tufts. The shape of the genital segment agrees very closely with both Brady's and Farran's 
-description so far as the genital swelling is concerned, but whereas in Farran's specimens 
there is a small additional swelling on the left side behind and above the main swelling, 
in my example there is no trace of such. Farran (1909, p. 41) states that" it was imp os
·sible to see whether the lateral tubercle on the genital segment was present or not." I have 
made a careful examination of Brady's type and can detect no trace of this small tubercle. 
In this respect, therefore, my example appears to resemble Brady's type and differs from 
Farran's specimens. There are considerable differences between Farran's examples and 
"Brady's type in the propor~ionallengths of the furcal setae; unfortunately in my examplf' 
:the end8 of these seta.e are broker .. 
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The 1st antenna reaches to just beyond the posterior thoracic margin. In the table 
below I give the proportional lengths of the various segments in the present example and, 
for the purpose of comparison, the proportional lengths in Brady's type and in an example· 
of Farran's form. 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-.-' '-v-I 

Present form 57 52 25 27 27 26 26 34 21 21 28 44 44 49 54 55 59 64 60 5~ 53 5U 66 =1,000 
Farran's form 52 44 22 25 27 27 27 36 25 25 30 41 41 52 55 57 57 68 65 60 55 46 63 =1,000 
Brady's type 52 43 20 20 23 26 29 33 20 23 29 39 43 46 56 56 56 69 69 62 59 52 75 =1,000 

From the above it seems that in certain segments the present form comes nearer to 
Brady's type, while in other segments Farran's form is nearer; but with regard to the great 
majority of the segments there is but little difference. With (1915, p. 175) remarks that in 
Farran's form the ,24th and 25th segments" are slightly longer than (not =) segment 19 
and the segment 21 is almost 1'1 as long as 17 (not a210ng as)." According to my measure
ments, i.n both Farran's form and the present example segments 24-25 are toget~er slightly 
shorter than segment 19, whereas in Brady's type these segments are longer. Again in 
both Farran's form and in the present example, the 21st segment is 1'053 times the length 
of the 17th, whereas in Brady's type it is 1'107. The outstanding difference between Brady's 
type and the other two' forms is to be found in the much greater length of segments 24-25 
in the former, in which it is 75, whereas in the other two it is only 63 and 66. 

There appear to be certain small differences between all three forms in the number 
of setae on the outer lobe of the 1st maxilla. In Brady's type there are 7 setae on thi8 
lobe. Accordirl:g to With (1915, p. 175) there are in Farran's form 5 long setae and 2 short~r 

ones making 7 in all. In the present example there are 6 long setae and immediately pos
terior to the last there is a small rounded swelling that looks as if it had originally sup
ported a seta, but there is no seta there now, though, as the specimen was some,vhat 
damaged, it is impossible to be certain whether or not in life a seventh small seta was present. 
In Euchaeta robusta Wolfenden states that there are 6 setae in this position. In all C:1ses 
the exopod bears 11 setae. 

The 2nd maxilla (text-fig. 59, b) and maxilliped (text-fig. 59, c) appear to be identical 
in 'all three forms and in the present specimen are as figured. 

There appe~rs to be no difference in the 1st pair of swimming legs between Brady's 
type and Farran's examples and the present example agrees exactly with both these forms, 
as well as with Euchaeta rabusta W ol£enden. The 1st and 2nd segments of the exopod 
are incompletely demarcated and there is a minute external spine, arising from the bottom 
of the concavity in the external margin; the marginal spine, arising froln that portion of 
the proximal joint that corresponds to segment 2, is long and seta-like and reaches to the 
base of the marginal spine on the distal segment. 

The 2nd leg ht the present specimen very closely resembles those of both forms of 
Paraeuchaeta barbata, as well as those of Paraeuchaeta gracilis (Sars) (=P. quadrata (Farran)) 
and P. rubic~nda (Farran). The external spine on the 2nd segment of the exopod is long 
and reaches to a point half-way along the proxhnal.spine of the 3rd segnlent. The proxhna) 
spine on the 3rd segment is also longer than in certain other forms and very nearly 
reaches to the base of the 2nd spine. The 2nd spine is also long and, though the extrenle 
tip is broken off in my specimen, it is clear that it must have reached very nearly, if not 
actually, to the extreme distal margin of the segment. The sinus at the base of the 2nrl 
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marginal spine is deep and reaches as far as a line drawn between the base of the proximal 
spine and the point of origin of the 2nd seta on the internal margin. In this latter resQect, 
therefore, this specimen agrees ·with Farran's form. In Paraeuchaeta robusta, which accord
ing to Wolfenden (1911, p. 299) comes nearest to Brady's type, the sinus divides the 3rd 
segment into proximal and distal parts in the proportion of 40 to 60 ; in my example the 
sinus is, if anything, even deeper than this, the proportional lengths of the two regions of 
the segment being 36 to 64. 

Paraeuchaeta bisinuata (Sars). 
Euckaeta bisinuata, Sars, 1907 (a), p. 12. 
Euchaeta b·isinuata, Farran, 1908, p. 45, pI. iii, figs. 17-19; pI. iv, fig. 4. 

Jf,araeuckaeta bisinuata, A. Scott, 1909, p. 70, pI. xvi, figs. 10-17. 
Pa'raeuckaeta bisinuata, Sewell, 1913, p. 354. 
Paraeuckaeta bisinuata, With, 1915, p. 183, pI. vi, figs. 11 a-c, text.fig. 54 a-j. 
Parae'ltchaeta bisinuata, Sars, 1925, p. 123, pI. xxxiii, figs. 16-22. 

This species appears to have a fairly wide distribution; it has now been taken in the 
North Atlantic Ocean, the Malay Archipelago and in the Bay of Bengal. A single specimen 
was taken by the" Investigator" at Station 393. 

Paraeuchaeta califomica (Esterly). 
Euchaeta californica, Esterly, 1906, p. 60, pI. ix, fig. 11, p1. x, figs. 26, 34. 
Pal'aeuchaeta californica, A. ,Scott, 1909, p. 71, pI. xv, figs. 1-8. 
Paraeuchaeta californica, Sewell, 1913, p. 354. 

Originally described by Esterly from a single female taken in the San Diego region 
. of the Pacific Ocean, this species has now been found in the Malay Archipelago and the 
Bay of Bengal. 

Six examples, all females, occur in the "Investigator" collection at Station 393 and 
others were taken at Station 670. 

Paraeuchaeta investigatoris, sp. nov. 

(Text-fig. 60, a-d.) 
Three examples of a male of a species of Paraeuchaeta, that appears to differ from other 

·previously, described forms, were taken by the" Investigator" at Station 393. 
d Total length, 5' 62 mm. 
The proportional length of the cephalothorax and abdomen are as 2 to 1. 
The forehead, as in most of the male forms in this genus, is rounded and the rostrum 

is directed downwards. The posterior thoracic margin is rounded and is produced back
wards in a rounded lappet that is about three times the size on the left side of the body than 
it is on the right. On the dorso-Iateral region there is a well developed spine-like projection. 
There are no hairy tufts on the posterior margins. 
- The abdomen consists of the usual ~ve segments; the 5th or a)'lal segment is extremely 

short and is telescoped into the 4th. The posterior margins of the 2nd, 3rd and 4th 
segments are armed across the dorsal part of the posterior margin with a row of coarse 
SpInes. The proportional lengths of the segments are as follows :-

A bc10minal se!!ment. 1 2 3 4 5 Furca. 
18 30 23 20 2 7 = 100 
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The furcal rami are but little longer than broad and the 2nd furcal seta is about one 
and a half times the length of the others; the accessory seta is short being only about one
half times the length of the rest. 

The 1st antenna reache,s back to the middle of the 2nd segment of the abdomen. Seg
ment 20 is devoid of an " aesthetask," though segments 19 and 21 each bear one. The 

-proportional lengths of the segments are as follows :-
Segment 1 2 3 4 5 6 7 8-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25. 

'-v-I '-v-' 
44 42 21 2l 24 29 35 72 23 30 39 40 47 53 5I 55 63 64 60 59 ,02 76 =1,000 

In the 2nd antenna the exopod is about one and a half times the length of the endopod. 
Basal 1 bears a well-marked tuft of hairs and externally is produced in a blunt rounded 
prominence, but is devoid of setae. The endopod bears 6 setae on the outer lobe and 7 on 
the inner. 

In the mandibular palp the exopod consists of five segments, of which the 3rd is produced 
in a rounded lobe. The endopod is two-jointed and bears 9 setae at its distal end. 

The 1st maxilla is much reduced. The basal segment and endopod together bear 5 
setae and the exopod carries 10. The outer lobe bears 5 setae. 

In the maxilliped the basal segment bears at its distal end a straight slender seta and 
a stout short process that is thickly haired. 

The 1st swimming leg consists of a two-jointed basal part and the exopod has three 
segments; the endopod consists as usual of a single segment. There is no spine on the 1st 
segment of the exopod, a very small hair taking its place. 

d. 
TEXT-FIG. 60.-Pat'aeuchaeta intJutigatoris, sp. nov., cr. 

a. The exopod of the 2nd swimming leg. c. The left 5th leg. 
b. The right 5th leg. d. The distal portion of the left 5th leg. 

The 2nd leg (text .. fig. 60, a) in its structure and armature olosely resembles the corres
ponding appendage in Paraeuchaeta dentata A. Scott and P. dubia A. Scott. The 2nd 
marginal spine on the 3rd segment of the exopod is comparatively short and does not 
reach the middle of the intervallbetween it and the 3rd marginal spine. 

The 5th pair of legs (text-fig. 60, b, c and d) have the form characteristic of the genus. 
The hand of the left leg is produced into a dentate lamella that is nearly as long as the palm. 

x 
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It bears a row of teeth on the outer margin and a line of five teeth on the inner border. The 
finger-like process is longer than the dentate plate and is transversely striated. 

Paraeuchaeta gracilicauda A. Scott. 

(Text-fig. 61, a-c.) 

Paraeuchaeta gracilicauda, A. Scott, 1909, p. 72, pi. xviii, figs. 9-16. 

In the " Investigator " collection from Station 393 is a single example of Paraeuchaeta 
gracilicauda A. Scott. The total length of this example is 6·0 mm. and the proportional 

b. 

TEXT-FIG. 61.-Paraeuchaeta gracilicauda A. Scott. 

a. The posterior thoracic margin and genital segment of the abdomen from the left side. 
b. The 1st swimming leg. c. The endopod of the 2nd swimming leg. 

lengths of the cephalothorax and abdomen are as 1·786 to 1. The proportional 
of the abdominal segments are as follows :-

Abdomimw segm(-nt 1-2 3 4 5 Furca. 
~ 

42 24 21 3 10 =100 

The appendicular seta is very long. 
The specimen appears to agree very well with Scott's description. 

Paraeuchaeta malayensis,nom. nov. 

(Text-fig. 62, a-j.) 

lengths 

Paraeuchaeta barbata (non Euchaeta barbata Bra,dy), A. Scott, 1909, p. 79, pI. xviii, figs. 1-8. 

A. Scott in his report on the " Siboga " collections briefly described and figured, under 
the name Paraeuchaeta barbata (Brady), a species of copepod that he believed to be identical 
with the example recorded by Brady (1.883) in the " Challenger" report and with the form 
described by Farran under this name and obtained by him off the west coast of Ireland. 
In the" Investigator" collections are several examples of a species of Paraeuchaeta that 
agree exactly with A. Scott's description and figures and I have no doubt that they are 
examples of the same species, but a conlparison of these examples with specimens from the 
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Irish coast and identified by Farran as Paraeuchaeta barbata (Brady) and with Brady's ori
ginal type in the British Museum (Natural History) has convinced me that, while these 
specimens from the Malay Archipelago and the Indian Ocean are the same species, 
they are not examples of Paraeuchaeta barbata (Brady), and I, therefore, propose the name 
Paraeuchaeta malayensis for the form described by A. Scot~ from the " Siboga " collection. 

~ Total length, 7·0 to 7·5 mm. 
The proportional lengths of the cephalothorax and abdomen are as 201 to 95, so that 

the abdomen is contained 2'115 times in the length of the anterior region of the body. 
The profile of the anterior end of the cephalothorax is curved and the rostrum is directed 

downwards and slightly forwards, but much more nearly vertically than in either Brady's 
type or in Farran's specimens. The posterior thoracic margin is rounded and is provided 
with the usual tuft of hairs. 

The abdomen is of the usual type and the first three segments exhibit the same pro
portional lengths as in the other two forms, as follows :-

Abdominal segment 1-2 3 4 5 Furca. 

41 22 22 5 10 =100 

The 2nd and ard segments are armed along the posterior margin with a ro\v of small 
'spines and in the ard segment some of these in the mid-dorsal line are considerably enlarged. 
'Segments 2, a and 4 are provided with tufts of hairs on their ventral surfaces. 

There is no extra tubercle on the left of the genital orifice in the 1st abdominal segment. 
The 2nd furcal seta and the accessory seta on both sides are considerably elongated, 

the proportional lengths of these and the oridinary setae are as follows :-

Length of ordinary seta 
Length of 2nd seta 
Length of accessory seta 

61 
135 
257 

The 1st antenna reaches back to the posterior thorac'ic margin. The segments have 
the following proportional lengths :-

Segment 1 2 3 4: 5 6 7 8-9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24-25. 
'-r-/ '-v-' 

44 89 22 22 25 23 25 31 21 21 25 37 41 48 60 60 62 74 70 62 58 52 77 =1000 

These lengths correspond very closely with the measurements of the segments in Brady's 
·type-specimen of Euchaeta barbata (vide supra, p. 157). 

In the 2nd antenna, basal 1 bears a row of long hairs and basal 2 carries a single seta. 
The exopod is longer than the endopod in the proportion of 31 to 25. Th~ exopod consists 
of seven segments; segment 1 bears no seta, segment 2 has a small seta distally, segments 
3 to 6 inclusive each bear a single long seta and the terminal segment has one seta about 
·the middle of its length and a group of three at the extreme distal end. 

The mandible is of the usual type. 
In the 1st maxilla the masticatory lobe bears 13 setae; the basal seglllent appears to 

bear 5 setae and the endopod carries 8 ; the exopod has, in all, 11 setae, of these the proxinlal 
three are comparatively short but increase in length distally, then CODle 7 long setae and 
'finally the distal seta is small; the distal portion of the inner border of the ramus is fringed 
'with short hairs. The outer lobe bears 7 long and 2 short seta,e. 

x2 
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In the 2nd maxilla there is a patch of small spinules at the proximal end of the posterior 
margin; in the basal segments all 5 lobes bear three setae and the first and second lobes
are fringed with needle-like spines on the posterior aspect. The endopod bears 5 setae. 

TEXT-FIG. 62.-Paraeuchaeta malayensi8 nom. nov. 

a. The anterior end from the right side, ~. e. The 1st swimming leg, ~ •. 
b. The posterior thoracic margin and genital segment /. The 2nd swimming leg, ~. 

of the abdomen from the right side, ~. g. The 5th pair of legs, ~. 
c. The maxilliped, ~ h. The right 5th leg, ~. 
d. The 1st swimming leg, <j!. j. The terminal part of the right 5th leg, ~~ 

In the maxilliped (text-fig. 62, c) basall has a thin fringe of short hairs on the'proximal~ 
part of the posterior margin; each of the lobes bears 3 setae ; at the base of the' 2nd lobe' 
there is a patch of needle-like spines along the anterior margin and another patch of. needle
like hairs runs along the distal part of the 3rd lobe. On the 2nd basal segment there is a· 
fringe of short needle-like spines along the proximal part of the anterior margin; three' 
setae arise from the region of the anterior border near the junction of the middle and distal 
thirds; of these setae the middle one is, as usual, short and has a swollen basal part, the distal! 
seta is somewhat longer than in the example of what I believe to be Paraeuchaeta· barbata 
(Brady) and reaches back to the joint between the basal segments (ef. text-figs- 5.9 (e). and. 
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62 (e)). A row of long hair-:like spines runs along the distal part of the anterior margin. 
Two pnequal setae arise from the extreme distal end. The end opod consists of the usuaL 
5 segments bearing the following setae :-

Endopod 1 bears 2 long and 2 shorter unequal setae. 

" 2" 1" "2,, " " 
" 3" 1 " ,,1 " seta. 
" 4" 2 " ,,1 " seta and an external seta. 
" 5 " 2 " ,,2 " setae, one very small. 

In the 1st swimming leg (text-fig 62, d) basal 2 has its inner margin somewhat produced~ 
and fringed with long hairs; it bears the usual seta at the distal inner angle. In th8 exopod 
segments 1 and 2 are fused together but the line of separation is visible across the inner 
half of the joint. A minute spinule arises from the outer margin, corresponding to the
marginal spine of segment 1. The outer border of the combined segment is moderately 
concave. Exopod 2 bears a slender marginal spine that does not quite reach to the base 
of the spine on exopod 3 ; there is a short comb of minute hair-like spines along the outer 
part of the distal border of the segment. The duct of a gland opens on the outer margin 
of exopod 3 and appears to be connected with a group of cells lying in the 2n~ segment. 
The endopod is, as usual, one-jointed and the outer margin is produced in a rounded swel
ling that is crowned with short spines. 

In the 2nd swimming leg basal 1 bears a seta on the distal part of the inner margin .. 
Basal 2 has a plain inner border. Exopod 1 bears a short marginal spine and the inner 
border has a single seta and js fringed with hairs. The marginal spine on the 2nd segment 
is long and reaches to the mp of the proximal spine on the 3rd segment. A single seta arises 
fronl. the inner margin. In the 3rd segment the proximal spine reaches half-way to the base 
of the 2nd- spine and the 2nd spine reaches to the distal margin of the segment. The sinus 
at the base of the 2nd spine is deep, so that a line drawn between the base of the proxilual 
spine and the bottom of the sinus and produced inwards cuts the inner margin well on the 
proximal sidE:l of the origin of the second seta. 

The endopod consists of a single joint and the distal one-fourth is clad in short hairs. 
The 3rd and 4th legs present no differences from other species. The terminal part of

the 3rd segment of the endopod is, like the endopod of the 2nd leg, clad in short hairs. 
In the same collection from Station 393 are several examples of a male Pa1'aeucluwta 

that appears to be slightly different from, though closely related to the forms described 
by T. Scott (1893, p. 60, pI. vi, figs. 20-23) from the Gulf of Guinea under the nanle Eueltaeta 
hebes var. valida and that described by Esterly (1906, p. 63, pI. ix, fig. 7 i pI. xi, fig. 36 ;'. 
pI. xvi, figs. 84, 85) from the San Diego region of the Pacific Ocean under the name Euchaefa 
dubia. According to van Breemen (1908, p. 54) T. Scott's example lllay be the male of 
Paraeuchaeta barbata (Brady), the occurrence of which in the same tow-netting Scott recordf:;. 
Farran has, however, pointed out that these female examples are in reality examples of 
Paraeucltaeta gracilis Sars (= Paraeuchaeta quadrata. (Farran) ) and were wrongly identified 
by Scott. It would thus appear probable that Scott's Euchaeta hebes var. valida is the 
male of Paraeuchaeta gracilis Sars and I am inclined to believe that the males taken by 
the "Investigator" at Station 393 are the males of Paraeuckaeta malayens'I:s, which was
mistaken by A.. Scott for Brady's species. 
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cs Total length, 5·6 mm. ; this agrees closely with the size of Euchaeta hebes var. valida, 

but is considerably smaller than Paraeuchaeta dubia (Esterly). 
The cephalothorax and abdo.men present the proPo.rtional lengths of 62 to. 30, so 

tha.t the abdo.men is contained 2· 066 times in the length o.f the anterio.r regio.n o.f the bo.dy. 
The anterio.r end o.f the bo.dy is ro.unded and the ro.strum pro.jects vertically do.wn

wards (text-fig. 62, a); as is also. the case in Paraeuchaeta dubia (vide Esterly, 1906, p. 63) 
there is no. eminence abo.ve the ro.stal base. The Po.sterio.r margin of the tho.rax (text-fig. 
62, b) is pro.duced backwards so.mewhat and is ro.unded and in the do.rso.-lateral regio.n bears 
a small spine-like pro.jectio.n. 

The abdo.men co.nsists' o.f five segments, of which the 5th is very sho.rt. The pro.Po.r-
tio.nallengths o.f the segments are as fo.llo.WS :-

Abdominal segment 1 2 3 4: 5 Furca. 
23 26 25 17 3 6 = 100 

The Po.sterior margins o.f segments 2, 3 and 4 are armed do.rsally with coarse teeth. 
The 1st segment (text-fig. 62, b) is crossed about the middle of its length by an overhanging 
ridge and furrow that runs transversely across the dorsal aspect and on the right side it 
bears a curved and thickened ridge of chitin that is very similar to. that found in Paraeuchaeta 
dubia (Esterly). The 2nd furcal seta is about twice as long as the o.thers, but the accesso.ry 
seta is quite short, much sho.rter than the rest. 

The 1st antenna reaches to at least the middle o.f the abdomen; it consists of only 21 
separate segments, segments 8~ 9 and 10 being fused to.gether, as also. are segments 12 and 
13, tho.ugh in the case of these latter segments traces of the line of separation between them 
can be detected. In this respect these examples appear to. di~er from Paraeuchaeta hebes 
var. valida (T. Scott), though the proportional lengths of the vario.us segments are somewhat 
similar in the two forms, as is sho.wn in the follo.wing table :-

Segment 1 2 3 -1 5 6 7 8-10 11 12 13 14 15 16 17 18 19 20 21 !2 23 !4-25 
'---' '-v-' 

P. hebes yare '/,·alida 44 44 18 22 25 29 33 69 22 29 40 36 47 51 55 68 69 69 58 58 55 69 -1,000 
P. malallensis 44 40 19 21 25 25 32 64 21!5 39 39 48 57 57 60 71 67 60 60 53 75 =1.000 

The mouth-parts, as is usual in the males o.f both E'Uchaeta and Paraeuchaeta, are so.me
what reduced. 

The 1st swimming leg (text-fig. 62, e) consists of a three-jointed exopod and a single
jointed endopod. The 2nd basal segment is somewhat produced internally and closely 
resembles the condition found in the female. Exopod 1 bears a minute external spine and 
the spine arising from exopod 2 is bent inwards across the po.sterior aspect o{ the 3rd segment. 

The 2nd swimming leg (text-fig. 62, f), as is the case with many of the males of this 
genus, exhibits certain differences fro.m the female in the development of the spines on the 
external margin of exopod 3. In the present form the middle marginal spine of exopod 
'3 is the largest, but even so it only reaches half-way to the base of the Brd marginal spine. 
The marginal spines on the 1st and 2nd segments are small. 

The 5th pair of legs (text-fig. 62, g, h and i) closely resemble those of Paraeuchaetft 
ilubia (Esterly) ; indeed the only poin~ of difference between them appears to. be in small 
details in the character of the spinose lamella at the distal end of the " hand " of the left 
foo.t . 

. In the sarrle collection were a number Ot immature forms that appear to belong to. this 
speCIes. 
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Oopepodid Stage v. 
~ Total length ranging from 4·50 to 4·-82 mm. , 

165 

The proportional lengths of the cephalothorax and abdomen are as 27 to 9, so that in this stage of 
development the abdomen is contained 3 times in the length of the anterior region of the body. 

The forehead, and rostrum are well developed, the rostrum pointing forwards and only slightly 
downwards. The head and 1st thoracic segment are completely fused, all trace of the original line of separa
tion having been obliterated. The 4th and 5th thoracic segments are fused and the posterior thoracic 
margin is produced backwards in a short plate, the apex of which is rounded. 

The abdomen consists of four segments having with the furcal rami the following proportional 
lengths :-

Abdominal segment 1 2 3 4-5 Furca. 

29 21 20 16 14 =100 

The 2nd furcal seta on each side is much thicker than the others and is almost certainly much 
longer, but is unfortunately broken off short in all my examples. The accessory seta is well developed 
and is at least as long as the other setae. The posterior abdominal segments appear to be devoid of hair 
on their ventral aspects. 

The 1st antenna reaches ba,ck to the posterior thoracic margin. Segments 8 and 9 and 24· and 25 
respectively arc fused together. The proportional lengths of the segments are as follows :-

Segment- 1 I 3 4: ·5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 11 22 23 24-25 
I...vV '-v-I 

52 88 19 19 24 24 24 33 21 21 33 38 40 49 54 56 59 71 66 64 59 56 80 = 1,000 

Segments 2 to 9 are fringed with hair on their posterior aspects. 
The 2nd antenna closely res~mbles that of the adult. The exopod bears a small seta on the 2nd 

segment; a single large one on each of segments 3 to 6, and the terminal segment bears one seta about the 
middle of its lengt.h and a group of threed istally. The endopod bears 7 set.ae on its inner lobe and 6 at its 

distal end. 
The mandible and mandibular palp have the shape and proportions of the appendage in the aduit. 

The cxopod bears one seta on each of segments 1 to 4 and 2 on the 5th. The endopod is composed of two 
rsegment s,the first bearing a single seta and the 2nd carrying 8. 

In the 1st maxilla all the various parts of the appendage are well developed. The numbers of 
setae on the various parts are as follows: on the 1st inner or masticatory lobe, 13 setae; inner lobes 2 and 
3 each bear 1 ; the basal segment bears 4 and endopod 1 and 2 together 6 setae ; endopod 3 bears 3 ; the 
exopod bears 10 setae and the outer lobe 6. 

In the 2nd maxilla the general condition is the same as in the adult form, hut the number of setae on 
the various lobes is different. The actua] numbers of setae present are as follows: on each of the frye 
lobes 3 setae and on the endopod 6. 

The maxilliped also closely resembles that of the adult but here again we find differences in the 
number of setae that arise from the segments; at the distal end of the 2nd basal segment are 2 setae of un
equal length ; endopod 1 bears 2 long and 1 short setae; endopod 2 bears 3 unequal setae and endopod 3 
has 2 ; endopod 4 bears 2 unequal setae on its anterior margin and an extra one externally; and endopod {) 
carries 3 unequal setae and 1 very short one in addition. 

In the 1st swimming leg the basal portion consists of the usual two segments; the inner border 
of both being fringed with hair; segment 2 bears the usual S-shaped seta at its inner distal angle. The 
exopod in this stage of development consists of two separate joints. The proximal joint, which consists of 
segments 1 and 2 fused together, bears 2 marginal seta-like spines and the outer border, which is concave, 
is notc.hed at the point where the 1st and 2nd segments are fused; the inner margin shows a similar indenta
tion and the whole of the border is fringed with hair; it bears a single inner seta at its distal end. Exopod 
3 bea.rtJ a long seta-like marginal spine and the end-spine is a]so seta-like, but is serrated along its middle 
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third; three inner setae arise from the segment. The endopod consists of a single joint; its outer margin 
is produced in a rounded eminence that is crowned with a row of small needle-like spines and the margin 
bears 5 setae, 2 distally and 3 on the inner side. 

In the 2nd swimming leg the basal portion is two-jointed; basal 1 bea1.:'s an inner seta and the 
inner border of b<;>th segments is fringed with hair. The exopod consists of three segments; exopod 1 bears 
a short marginal spine and a short inner seta, the inner border being fringed with hair; exopod 2 bears a 
long marginal spine that reaches to the apex of the proximal spine on exopod 3 ; the oute-r margin of the 
segment is fringed with hair and a single seta springs from the inner border distally; exopod 3 bears three 
marginal spines, of which the proximal is small and the middle one is large and reaches to the end of the 
segment, as in the adult; the sinus at the base of the 2nd spine does not in this stage of development reach 
as fa1" as the line drawn between the base of the proximal spine and the point of origin of the 2nd seta; 
four setae arise from the inner margin. The end-spine is serrated and between the individual large teeth 
there appear to be intermediate small ones. The endopod consists of a single joint, bearing 6 setae. 

In the 3ed swimming leg the basal segments appear to resemble those of the 2nd leg but the inner 
margin of basal 2 seems to be smooth instead of hairy. The exopon is three-jointed, but the endopod is 
still composed of only a single joint, though traces of separation can now easily be seen, especially between 
the 2nd and 3rd segments. 

The 4th ~wimming leg closely resembles the 3.rd; the endopod is, however, .considerably longer, 
reaching well beyond the distal margin of exopod 2, whereas in the 3rd leg it falls just short of this point. 
The intervals between the marginal spines on exopod 3 are approximately equal. 

There is no trace of any 5th pair of legs. 

d In the male sex the general features are the same as in the female with a few slight differences. 
The proportional lengths of the abdominal segments are somewhat different, being as follows :-:-

Abdominal segment 1 2 3 4-5 Furca.. 

26 23 22 17 12 = 100 

Apart from this difference the general shape and proportions of the body appear to be the same as m 
-the adult. 

The 1st antenna reaches back to the posterior thoracic margin and the proportional lengths of the 
segments are as follows :-

Segments 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-~ '-.,...J 

52 88 19 19 24 24 24 38 21 21 33 38 40 49 54 57 59 71 68 64 59 57 80 =1,000 

Segments 2 to ] 3 inclusive are fringed with hair on their postenor aspect. 
The 2nd antenna, mouth-parts and the first four pairs of legs appear to be identical with the 

couesponding appendages in the female. 

The 5th pair of legs each consist of a two-jointed basal portion and two rami, each of a singl~ joint. 
The two exopods are nearly symmetrical and each bears a minute spinule.on its outer margin at about the 
junction of the proximal and middle-thirds and a second larger one at the distal end. The endopods are 
m3trkedly unequal; that on the right leg is large, reaching about half-way along the exopod, whereas that 
on the left side is much reduced and IS only about one-third the length of the right endopod. 

A few examples of a species of Paraeuchaeta in the 4th copepodid stage were also present. 
To judge from their size these do not belong to P. malayensis, but I give an account of 

·them hf>re for the purpose of comparison. 

Copepodid Stage IV. 

Q Total length, 4·875 mm. 

'l'he proportional lengths of the cephalothorax and abdomen are as 57 to 17, so that the abdomen is, 
in this stage, contained 3·353 times in the length of the anterior region of the body. 
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The general shape of the anterior region of the body is very similar to that of Paraeuckaeta mala-
1Jensis ; the head and 1st thoracic segment are partially separated by a line that runs across the dorsal aspect; 
the 4ili .and 5th segments are fused. The posterior thoracic margin is produced slightly backwards and is 
sharply rounded when viewed from the side, but appears to be blunt.1y pointed when seen from the dorsal 
as}\)ect. 

The .abdomen consists of only three segments, having with the furcal rami the following lengths :-

Abdominal segment I 2 3-5 Furca. 

28 28 29 15 =100 

The furcal rami are fringed with hair along their inner margins. The furcal setae are very similar 
to those .of Paraeuckaeta malayensis ; the 2nd seta is much stouter and longer than the others and the acces
,sory seta is well developed. 

The 1st antenna reaches approximately to the posterior thoracic margin. Segments 8 and 9, and 
24 ,and 25 are respeotively fused. The proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 24:-2 5 
~ '-y-J 

78 38 ~O 20 20 28 28 31 18 20 25 36 41 46 48 53 56 71 66 64 64 59 85 = 1000 

S~oment.s.3, 9 and 14 all bear long setae. 
The 2nd antenna already. closely resembles that of the adult. The 1st basal bears an intern aT 

prominenoe that is fringed with a row of long hairs. The endopod is a little more than half the length of 
the exopod; it bears 6 ~etae on each of the lobes of the distal segment. The exopod consists of 7 segments; 
the 2nd bears a small seta distally, segments 3 to 6 each bear a long seta and the terminal segment has one 
seta about the middle of its length and a group of three distally. 

The mandible is already well developed. The basal portion of the palp bears a single stout seta and. 
the two rami each bear.6 setae. 

The 1st maxilla has the shape of the appendage in the adult; the number of setae, however, OD'· 

certain parts of th~ appendage differ f~om those present in' the adult stage. The distribution of the setae' 
is as follows: the extemallobe bears 8 setae; inner lobes 2 and 3 each a single seta; the basal segment 
bears 4 setae; and the endopod has 8, 5 on segments 1 and 2, and 3 on segment 3. The exopod bears 9: 
and the masticatory lobe 13 setae. 

The 2nd maxilla closely resembles that of the adult; each of the lobes bears 3 setae and the endopod 
bears 5. The proximal three lobes are armed distaJly with groups of needle-Hke spines. 

The maxilliped has the shape of the organ in the adult but the segments have not yet attained 
their full complement of setae. Endopod 1 beaTS 2 long spine-like setae; endopod-2 has 2 unequal setae 
endopod 3 and 4 eaoh have llong·seta and in addition segment 4 carries an external marginal seta; endopod 
5 bears 3 unequal setae and a single short external seta. 

In t.he 1st swimming leg both basal segments ate fringed on their inner margins with hairs and 
basal 2 carries the usual S-shaped seta at its djstal inner angle. The exopod consists of a single segment 
that carries three marginal spines; increasing in size distally. The end-spine is long and seta-like. From 
the inner margin four setae arise and the proximal half of the border is fringed with hair. The endopod 
also consists of a single segment; the outer margin is produced in a rounded lobe that is crossed by a row of 
s mall spines and three setae arise from the inner margin and two from the distal end. 

In the 2nd swiD?IDing' leg the 1st basal segment bears a single inner seta and the inner margin is 
fringed with hairs; the 2nd basal has a smooth inner margin. The exopod oonsists of two joints; t.he 
proximal is much the smaller and bears a single external spinE\ and .a single seta internally ; the dist,al seg
ment bears three marginal spines, of which the proximal reaches about half-way to the 2nd and the 2nd 
two-thirds of the way to the distal spine, which is short. The end-spine is armed witl} stout teeth betwern' 
which there appears to be interpolated a second series of smaller teeth, a condition that agrees very wdl 
with the condition desoribed by T. Scott (1904, p. 60, pI. vi, fig. 21) in Eucllaeta ltebes var. valida. Five 

y 
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inner setae arise from the inner margin of the segment. The endopod consists of a single joint, the inner 
margin bears three setae and two arise from the distal end; the outer margin exhibits a small spine-like 
projection at the junction of the 1st and 2nd quarters of its length and a small seta arises at about th~ june· 
tion of the middle and distal thirds. 

In both the 3rd and 4th swimming legs the degree of development at this stage resembles that 
of the 2nd leg, the exopod consisting of two joints and the endopod of a single one. In the 4th leg the 
proximal segment of the exopod does not carry an inner seta, whereas such a seta is present on the corres
ponding ~egment of the 3rd leg. 

There is no trace of any fifth pair of legs. 
d' Total length, 4·31 mm. 
The proportional lengths of the cephalothorax and abdomen are as 53 to ~6. 
The forehead and rostrum are as in the female. The posterior thoracic margin is rounded but at the 

apex of the curve is produced in a small spinous projection. 
The abdomen consists of only three segments that have the following proportional lengths :-

Abdominal segment 1 2 3-5 Furca. 

29 27 27 17 =100 

Unfortunately all the furcal setae are broken off short. 
The 1st antenna reaches back to the posterior thoracic margin. The 8th and 9th segments and the 

24th and 25th are respectively fused. The various segments have the following proportional lengths :-
Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 

~ ~...J 

75 36 21 21 23 23 23 30 19 21 26 33 36 41 46 52 54 75 72 67 64 57 85 =1000 

Segments 3, 9 and 14 all bear long setae. 
The mouth-parts and swimming legs are identical with those of the female. 
The 5th pair of legs consist of a two-jointed basal portion; each ramus possesses one joint only. 

The legs of the two sides are symmetrical; the exopods being about twice the length of the endopods. 

In this series of developmental forms ,ve again see that the proportional length of the 
antennal segments tends to vary in the different stages of development. In the following 
table I have given the proportional lengths of the antennal segments in the three stages of 
development of both sexes :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2-1-25 
~ ~ ~ 

Copepodid 
Stage IY 
Stage V 

Adult 

Segment 

t 
Stage IV 
Stage V 

Stage VI 

73 38 20 20 20 23 23 31 18 20 25 36 41 46 48 53 56 71 66 6-1 64 59 85 

52 38 19 19 24 2-1 24 33 21 21 33 38 40 49 54 56 59 71 66 64 59 56 80 

44 39 22 22 25 23 25 31 21 21 25 37 41 48 60 60 62 74 70 62 58 52 77 

1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 "17 18 19 20 21 22 .23 24·25 
~~ ~ 

75 36 21 21 23 23 23 30 19 21 26 33 36 41 46 52 54 75 72 67 64 57 85 

52 38 19 19 24 24 24 33 21 21 33 38 40 49 54 57 59 71 68 64 59 57 80 
'-v-' 

44 40 19 21 25 25 32 64 21 25 39 39 48 57 57 60 71 '67 60 60 53 75 

In the proximal segments 1 to 18 there is a clear tendency f~r the length of each seg
ment to become proportionally greater at each successive mo~t. This is particularly well 
seen in segmen.ts 1, 5, 7, and 13 to 18. In the distal segments 19 to 25 the proportional 
length of the segments steadily decreases at each ecdysis. 

Paraeuchaeta tuberculata A. Scott. 
Paraellchaeta tuberculata, A. Scott, 1909, p. 76, pI. xxi, figs. 1-8. 

This species was taken originally by the" Siboga" in the Malay Archipelago and was 
described by A. Scott. Three examples tha t appear to be identical with Scott's species 
occur in the" Investigator" collection at Station 393. They measure 6·5 mm. in length. 
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Paraeuchaeta weberi A. Scott. 

(Text-fig. 63, al.) 
Paraeuckaeta webe'l'i, A. Scott, 1909, p. 74, pI. xv, figs. 9-16. 
Paraeuckaeta weberi, Sewell, 1913, p. 354. 
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This species has hitherto been recorded only from the Malay Archipelago, where it 
was 'taken by the "·Siboga." Four adult females occur in the" Investigator" collection 
at Station 670 and associated with these are numerous examples of an immature Paraeuchaeta 
of both sexes that I believe to belong to this species. I have, therefore, taken the opportunity 
of giving a somewhat more detailed account of this species than that given by Scott, so 
that the growth-stages can be compared with one another. 

Adult. 
~ Total length, 7'562 mm. 
The proportional lengths of the cephalothorax. and abdomen are as 81 to 40, the 

abdomen thus being almost exactly half the length of the anterior region. 
The general shape and proportions of the body agree with Scott's description and figures. 

Scott states that the last thoracic segment has no tuft of hairs, but: in these examples there 
is on the inner side of the last thoracic segment a distinct tuft of short hairs that does not 
proj ect beyond the posterior thoracic margin. 

The abdomen consists of four seg~ents having the following proportional lengths :-
Abdominal segment 1-2 3 4 5 Furca. 

42 25 18 4 11 =100 

The length of the abdomen in these exa.m.ples appears to be rather longer in proportion 
to the cephalothorax than in Scott's examples. Scott gives the length as distinctly less 
than one-half the length of the cephalothorax, but in all my examples it is as nearly as possible 
half the length. The structure of the genital segment agrees exactly with Scott's description. 
The 2nd and 3rd joints are sparsely clad with long hairs on the ventral aspect. The 2nd 
furcal seta is two and a half times the length of the others and the accessory seta is much 
longer than the 2nd seta, but unfortunately in all my specimens the extreme tip had been 
broken off. The proportional lengths of these setae are as follows :-

Ordinary furcal seta 73 
2nd furcal seta 173 
Accessory seta 230+ 

The 1st antenna extends to about the middle of the genital segment. Segments 8 
and 9 are fused, as also are segments 24 and 25, and the joint between seglnents 12 and 13 
appears. to be incomplete. The 'proportionallengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 2·J 2l-2~ 
'--v-I '-'-

81 49 21 21 23 25 2j 33 21 2:3 30 38 39 43 54 56 56 69 66 59 :,4 4~ 6ti =1000 

Segments 3, 7, 9, and 14 ~ll bear long setae and segments 2 to 13 are fringed with hair 
on their posterior surfaces. 

The 2nd antenna bears a row of long hairs on tile posterior and inner aspect of the ] Rt 
basal segment. The endopod bears 6 and 8 (1 9) setae on the outer and inner lobes respec
tively of the distal segment. 

The mandible has a single stout seta on the basal segment of the palp. The endopod 
is two-jointed, the proximal segment bearing a single seta and the distal having a row of 

y2 
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nine on its truncated extremity. The exopod consists of five segments, of which 1 to 4 
inclusive each bear a single long seta and the 5th segment bears two smaller ones. 

In the maxilla the masticatory lobe bears 13 setae and the 2nd and 3rd inner lobes 
one each. The basal segment bears 4 setae and the endopod bears 7 setae on segments 
1 and 2, and 3 setae on segment 3. The exopod carries 11 setae and the outer lobe 10. 

In the 2nd maxilla the various lobes bear the following number of setae :-
Lobe 1 3 
Lobe 2 e. 3 
Lobe 3 
Lobe 4 

3 
3 

Lobe 5 3 
Endopod 5 inner and 1 outer 

The proximal three lobes are provided with a tuft of needle-like spinules on the distal 
part of the posterior aspect. 

The m.axilliped exhibits one of the characteristics of the genus in the absence of any 
-setae on the anterior margin of the 2nd basal segment at the junction of the proximal and 
middle-thirds of its length. The numbers of the setae on the various parts of the appendage 
are as follows :-

Distal extremity of basal 2 2 unequal setae. 
Endopod 1. 20 large and 2 smaller unequal setae. 
Endopod 2. 1 large and.2 smaller unequal setae. 
Endopod 3 . 1 large and 1 small seta. 
Endopod 4. 1 large and 1 small seta and 1 external seta. 
Endopod 5. 2 large and 2 small setae. 

The 1st swimming leg possesses a two-jointed basal portion. Basal 1 is fringed \vith 
hair on its inner margin; basal 2 is similarly fringed and carries an S-shaped seta at its 
distal inner angle. The exopod is imperfectly three-jointed; the joint between exopod 1 
and 2, though defined, is not complete. Each of the segments bears a seta-like marginal 
spine, that on the 1st segment being very small and delicate.· The inner margin of segments 
1 and 2 is fringed with hair. Exopod 2 carries a single seta and exopod 3 has three on their 
respective inner margins. The end-spine is long and seta-like and is serrated in its nllddle 
third. The endopod consists of a single segment; the outer ~argin is produced in a rounded 
lobe, across which rUllS a row of needle-like spinules, and two setae arise from the distal 
end and three from the inner margin. 

In the 2nd swimming leg (text-fig. 63, a) only the inner margin of the 1st basal segment 
is fringed with hair, that of the 2nd segment being naked. The exopod is three-jointed; 
.exopod 1 hears a short marginal spine and a single inner seta; exopod 2 bears a long 111argina I 
spine, that reaches very nearly to the tip of the proximal spine on exopod 3, and a single 
inner seta; the outer Inargin of the segment is fringed with hair; exopod 3 bears three 
marginal spines of which the first is small and reaches only about half-'way to the base of 
the second spine, which is long and re-aches to the base of the 3rd spine; the sinus at the 
base of the ·2nd spine is deep and reaches to a line drawn between the base of the 1 st marginal 
spine and the base of the 2nd inner seta; four setae arise from the inner margin of the 
segment. The end-spine is coarsely serrated, a series o.f smaller single teeth alternating with 
the larger ones. The endopod consists of only a single joint; a short sp'ine-like projection 



1929.] R. B. SEYMOUR SEWELL: Copepoda of Indian Seas. 171 

arises from the o~lter margin near the base and a small seta arises from the same margin 
distDlly. Two long setae ari~e from the distal end of the segment and three from its inner 
border. 

In the 3rd swimming leg basal 1 bears an inner seta and the inner border of basal 2 
is smooth and devoid of hairs. The exopod is three-jointed and the 1st and 2nd segment.'3 

d. 
TEXT-FIG. 63.·-Paraeuchaeta tveberi A. Soott. 

a. The 2nd swimming leg; adult ¥. d. The 1st swimming leg; Copepodid Stage IV. ~. 
h. The 2nd swimming leg ; Copepodid Stage V,~. e. The 2nd swimming leg; Copepodid Stage IV, ~. 
c. The 5th pa.ir of legs; Copepodid Stage V, ~. f. The 5th pair of legs; Copepodid Sta.g~ IV, ~ ; 

each bear a single marginal spine and a single seta on the inner margin. Exopod 3 bears 
three spines and the interval between the 2nd and 3rd spines is about one and one-quarter 
times as long as that between the 1st and 2nd. The end-spine is serrated, as in the second 
leg, ,vith a row of smaller spines between the larger ones. Four setae arise from the inner 
margin of the 3rd segment. The outer margin of the 2nd seglnent and the proximal part 
of the 3rd segment is fringed with hair. The endopod is cOlnposed of three seglnents; 
endopod 1 and4 2 each have a small spine-like projection at the distal outer angle, that on 
endopod 2 being much the smaller. Each segment bears a single seta. ~ndopod 3 bears 
a single small seta on its outer margin, two long setae distally and 2 on its inner border. 

The 4th swimming leg is like the third, but the interval between the marginal spines 
on the third segment of the exopod is subequal, and the endopod is slightly longer in pro .. 
portion to the exopod. 

There is no trace of any 5th pair of legs. 

Oopepodid Stage V. 
~ Total length, 4·938 mID. 

The proportional lengths of the cephalothorax ftnd abdomen are as 56 to 23, flO that at t·his st,age 

the ahd.omen i~ c.~ontained 2·4 times in the length of the anterior region. 
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The separatIon between the head and the 1st thoracic segment is indicated across the dorsal region; 
thoracic segments 4 and 5 are completely fused. The rostrum points downwards and forwards and the 
posterior thoracic margin is produced in a sharp spine, as in the adult. 

The abdomen consists of four segment~, having with the furcal ramus the following proportional 
lengths :-

Abdominal segment 1 2 3 4·5 Furca. 

26 20 25 16 13 =100 

The 3rd abdominal segment bears a tuft of long hairs on its ventral aspect. The 2nd furcal seta is 
over three times the length of the others and the accessory seta is at least as long as the others. The 
furcal ramus is fringed with hairs on its inner margin and there are scattered hairs on its surface. 

The 1st antenna reaches back to the posterior thoracic margin. The 3rd: 7th, 9th and 14th seg
ments each bear a long seta and segments 4 to 12 inclusive have a fringe of hairs on their posterior aspects. 

The proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 i 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
'-v-' '--v-J 

53 41 22 22 2-1 24 27 34 20 23 31 39 40 45 53 56 59 72 68 63 58 54 76 = 1000 

The 2nd antenna possesses the adult form; the endopod reaches a little beyond half the length 
of the exopod, which consists of the usual 7 segments. The inner and distal lobes of the endopod bear 7 
and 6 setae respectively. 

The mandible is fully developed. The palp consists of a pyriform basal segment, bearing one stout 
seta; the exopod bears one long seta on each of the proximal four segments and two on the 5th segment; 
the endopod consists of two segments, the pl'oximal having a single marginal seta and the distal bearing. 
a row of 8 at its extremity. 

The maxilla is fully developed except as regards the numbel' of setae on certain of its lobes and 
segments. The actual number of setae present on the various parts is as follows :-on the 2nd and 3rd 
inner lobes 1 seta each; the basal segment bears 4; the endopod bears only 5 setae on segments 1 and 2 
together and 3 setae on segment 3 ; the exopod bears 10 setae and the outer lobe only 9. 

The 2nd maxilla resembles that of the adult and already carries its full number of setae. 
The maxilliped has the general shape and proportions of the appendage in the adult, the only 

difference being that the 1st segment of the endopod carries only 2 latge setae and 1 small one, whereas 
in the adult there are two small ones, making four in all. 

In the 1st swimming leg the basal portion consists of two segments. Basal 1 is devoid of setae 
and its inner margin is fringed with hairs. Basal 2 has a hairy inner margin and bears the usual S-shaped 
seta at its distal inner angle. The exopod consists of only two joints, segments 1 and 2 not being separated. 
The combined joint has a concave outer border and bears a delicate seta-like marginal spine at the bottom 
of the concavity and a second larger one at the distal angle. The inner margin is fringed with hairs and a 
single inner seta arises at the distal angle. Exopod 2 bears a .seta-like marginal spine and the end-spine 
is long and seta-lik~ and is serrated in its distal half; three setae arise from the inner border of the segment. 
The endopod consists of a single joint; the outer border is produced in a rounded process, which bears a 
row of small needle-like spinules. Two setae arise from th~ distal end and three from the inner margin. 

In the 2nd swimming leg (text-fig. 63, b) the ist basal segment bears an inner seta and the inner 
border is fringed with hairs. Basal 2 is devoid of a seta and the inner margin appears to be smooth. The 
exopod is three-jointed, as in the adult. Exopod 1 bears a short marginal spine and a comparatively short 
inner seta, while the inner margin is fringed with hair. Exopod 2 bears a long curved marginal spine, which 
reaches about half way along the proximal spine on exopod 3, the inner margin is smooth and a single seta 
arises from. the distal inner angle. Exopod 3 bears three marginal spines, of which the proximal is short, 
whereas the 2nd is long and reaches to the base of the distal spine, which is also short; the end-spine is 
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serrated and has the appearance of coarse teeth alternating with delicate fine ones. The sinus at the base 
of ~he 2nd marginal spine is much less deep than in the adult and does not nearly reach to the line drawn 
betw~tn the base of the proximal spine and the 2nd seta. Four setae arise from the inner border. The 
endopod consists of a single joint; there is a small spine-like projection on the outer margin near the base 
and a single seta a~ises from this border distally; two setae arise from the distal end of the segment and 
three from the inner margin. The outer margin is fringed with hair. 

The 3rd and 4th swimming legs appear to be the same as in the adult and there is no trace of any 5th 
pair of legs. 

~ Total length, 4·81 mm., 

The proportional lengths of the cephalothorax and abdomen are as 56 to 21, so that the abdomen is 
contained 2·67 times in the length of the anterior region. 

The shape and general characters of the body are similar to those of the female at the same stage 
of development. The proportion(l.llengths of the abdominal segments are, however, somewhat different, 
as follows :-

Abdominal segment 1 2 3 4-5 Furca. 

22 23 23 17 15 = 100 

The 2nd furcal seta is thickened and much elongated; ill the specimen examined the extreme 
tip was broken off but even so this seta was more than two and a half times the length of the others. The 
accessory seta is also longer than the others, the actual lengths being as follows :-

Ordinary furcal seta 
2nd furcal seta 
Accessory seta . . 

The 2nd abdominal segment is provided with a tuft of hair on its ventral aspect. 

... 
•• 

51 
126+ 

58 

The 1st anteima reaches back to the posterior thoracic margin. The proportional lengths of t.he 
various segments are as follows :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
'-,...J "'-y-I 

53 41 22 22 24 24 24 34 22 24 34: 38 38 43 53 55 58 72 70 62 58 55 74 = 1000 

A comparison of these figures with those given above for the female (,vide Sup'l'a, p. 172) reveals a 
very close agreement. 

The 2nd antenna and mouth-parts a,re identical with those of the female at the corresponding 
stage of development. 

The 1st pair of swimming legs closely resemble those of the female, but the concavity in the outer 
margin of the proximal segment of the exopod is considerably deeper. 

The 2nd, 3rd and 4th pairs of legs are similar to those of the female. 
A rudimentary 5th pair of legs (text-fig. 63, c) is present; at this stage the basal part consists of 

two segments an~ the rami are single-jointed. The endopod of the left leg is very H1l1Ch Slllallel' than that 
of the right leg. Both exopods are constricted at about the junction of the third and htst quarters and the 
narrow terminal portion ends in both legs in a small sharp point. 

Oopepodid Stage IV. 

~ Total length, 3·55 mm . 
. At this stage the proportional lengths of the cephalotholax and abdomen are as 45 to 13, so that the 

abdomen is contained 3·46 times in the length of the anterior region. 
The fusion between the cephalon and the 1st thoracic segment is incomplete and t.he line of sepa-ration 

can be clearly traced across the dorgal region; segments 4 and 5 of the thorax are fused. The posterior 

thoracic margin is produced in a small pointed process. 
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The abdomen consists of only three segments, which have almost exactly the same length. The 
proportional lengths of the segments and the furcal ra,mi are as follows :-

Abdominal segment 1 2 3-5 Furca. 

28 27 27 18 =100 

Of the furcal setae the 2nd is considerably stouter than the others but in all my examples was 
broken off short. The accessory seta is at least as long as the rest. 

The 1st antenna consists of twenty-three free segments; segments 8 and 9 and 24 and 25 respectively 
being fused. The proportional lengths of the various segments are as follows :-

, Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 10 21 22 23 24-25 
~~ ~ 

53 35 18 18 24: 24 24 32 19 21 29 35 41 47 50 56 59 67 70 64 62 59 90 =1000 

Segments 3, 7, 9 and 14 all bear long setae. 
The 2nd antenna has the shape and proportions of the appendage in the adult. The terminal 

segment of the endopod bears 6 setae on its outer lobe and 5 on the inner. 
The mandible is as in the adult but the endopod bears only 7 setae. 
'fhe maxilla also possesses the general shape of the appendage in the adult but bears fewer setae; 

the numbers on the various paTts are: on the 1st inner or masticatory lobe, 12 setae; the 2nd and 3rd 
inner lobes, 1 each; the basal segment bears 4 ; endopod 1 and 2, 5 setae; endopod 3, 3 setae; the exopod 
bears 9 setae and the outer lobe 6. 

The 2nd maxilla resembles that of the adult. 
In the maxilliped the general shape is as in the adult but the number of setae on certain of the' 

segments is less; as follows:-

On the distal portion of basal 2 

Endopod 1 
Endopod 2 
Endopod 3 
Endopod 4 

Endopod 5 
. . 

2 unequal setae. 
2 long setae. 
1 long seta and 1 short one. 
1 long seta. 
1 long seta and 1 external seta • 
4 unequal setae. 

In the 1st swimming leg (text-fig. 63, d) the basal portion is two-jointed; .both bas~l segments are 
fringed on their inner margins with long hairs and the 2nd basal bears an S-shaped seta at its distal inner 
angle. Both rami consist of only a single joint. The exopod bears three marginal spines, that increase in 
size distally, the end-spine is long and seta-like and is serrated in its middle third. Four setae arise from 
the inner border. The endopo,d is produced in the usual rounded lobe on its outer margin, the distal border· 
of the l,e being armed with a row of small needle-like spines; five setae arise from the distal and inner 

margiB. . 
In the 2nd swimnling leg (text-fig. 63, ·e) the 1st basal bears a seta on its inner border and' the 

margin is fringed with hairs. The exopod consists of two joints; ex:opod 1 bears a single. marginal spine 
and one seta arises from its inner border; exopod 2 beaTS three marginal spines, of which the middle one 
reaches to the base of the distal. The endopod consists of only a single joint. 

In the 3rd and 4th swimming legs the basal segments are as in the 2nd leg. The exopod consist.s 
of two joints. In the 3rd leg exopod 1 bears a single seta on its inner margin but this is absent in the 4th 
leg. In both legs the distal segment of the exopod bears three marginal spines but their spacing on the 
margin is different in the two legs; in the 3rd leg the spines are nearly equidistant, but in the 4th leg the 
interval between the 2nd and 3rd spines is two-fifths of that between the 1st and 2nd spines or between the 
base of the segment and the proximal spine. In both limbs the endopod consists of only a single joint.. 

There is no trace of any 5th pair of legs. 
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The male of this stage corresponds closely with the female, the sole difference between them 
being the presence of a rudimentary pair of 5th legs (text-fig. 63,/), in which each ramus consists of 
a single segment, and the limbs of the two sides are symmetrical. 

In the female I have been able to examine and measure three different stages in the 
life-history and I give below the actual measurements and the calculated measurement 
and growth -factor in these stages :- , 

Actual Calculated Growth-
length. length. factor. 

mm. mm. 

CQpepodid Stage IV 3·55 3·55 1·458 

" " 
V 4·938 5·176 1·458 

'Stage VI (Adult) 7·562 7·547 

The change in the proportional lengths of the segments of the 1st antenna during suc
cessive'stages of growth can be seen in the following table in which I have given the pro.
portionallengths in Copepodid Stages IV and V and the adult of the female sex :-

Segment 1 2 3 4 5' 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-v-' '-t-' 

Stage IV 53 36 18 18 24 24 24 32 19 21 29 35 41 47 50 56 59 67 70 64 62 59 90 
"v 58 41 22 22 24 24 27 34 20 23 31 39 40 ~5 53 56 59 72 68 63 58 54 76 
" VI 81 40 21 21 28 25 25 33 21 23 30 38 39 43 54: 56 58 67 66 59 54 48 66 

In the proximal segments the tendency to an increase in the length with progressing 
developmen t of the individual is not so clearly marked as in some other species, though. 
it is clearly seen in segments 1, 6, 10, 11 and 16. The decrease in the proportional lengths. 
of the more distal fegments is c1early indicated, especially in Eegments 20 to 25 inclusive. 

Family PHAE;NNIDAE. 

Genus PHAENNA Claus. 

Phaenna spinifera Claus. 
Phaenna spinije'1a, A. Scott, 1909, p. 80. 
Phaenna spinifera, Pesta, 1909, p. 22. 
Phaenna spinije'1a, Wolfenden; 1911, p. 285. 
Phaenna spinije'l'a, Pesta, 1912, p. 24. 
Phaenna spinije'1a, With, 1915, p. 241, text-fig. 79, pI. vii, fig. 1 a-e. 
Phaenna spinij'e'1a, Sars, 1925, p. 124. 
Phaenna spinije'l'a, Farran, 1926, p. 268. 
Pkaenna spinije'l'a, Farran, 1929, p. 255. 

Pkaenna spinije'l'a has now been recorded from severa.l localities in the Indian Ocean' 
as well as from the north and south parts of the Atlantic Ocean. Two exa.mples, both fenlales, 
occur in the" Investigator" collection at Station 670. 

Genus AMALLOPHORA T. Scott. 

The genus Amallopho'l'a contains only a single species, Amallophora typ~'ca '1'. Scott, the 
type on which the genus is founded. Thj,s species has been recorded from the Malay 
Archipel;lgo, where it was taken by the" Siboga" (v~'de A. Scott, 1909, p. 83, pI. xxxvi, 
figs. 1-8), but up to the present time I have failed to nnd any specimens of it in the" In
vestiga tor " collection. 

z 
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Genus HETERAMALLA Sars. 

Like the preceding genus, the genus H eteramalla Sars is represented by a single species, 
namely H. dubia (T. Scott). This has been taken by the" Sihoga" in the Malay Archi
pelago (vide A. Scott, 1909, p. 86, pI. xxxiii, figs. 1-9) but does not occur in the" Investigator" 
collections. 

Genus ONCHOCALANUS Sars. 

A. Scott (1909) has recorded two species belonging to this genus from the Malay Archi
pelago, namely Onchocalanus oristatus (Wolfenden) and O. kirtipes Sars. Scott appears 
to have regarded Onchocalanus trigoniceps Sars as a synonym of Onckocalanus cristatus 
(Wolfenden), whereas Sars (1925, p. 145) has stated that it is synonymous with Xantkocalanus 
magnus Wolfenden. From an examination of Scott's figures there SeelT.S little doubt that 
he was dealing with examples of Onchocalanus cristatus (Wolfenden) and not with Onckocala
nus trigoniceps Sars. In the" Investigator" collection only this latter species is represented. 

Oncbocalanus trigoniceps Sars. 

Onchocalanus trigoniceps, Sars, 1905 (a), p. 20. 
Xanthocalanus magnus, Wolfenden, 1909, p. 32, pI. x. 
Onchocalanus magnus, With, 1915, p. 225. 
Onchocalanus trigoniceps, Sars, 1925, p. 144, pI. xl. 

A single specimen, female, was taken by the" Investigator" at Station 682,. 

Genus XANTHOCALANUS Giesbrecht. 

No example of this genus occurs in the" Investigator" collection, but A. Scott (1909, 
p. 80, pI. xxxii, figs. 10-18) has recorded the capture of Xanthocalanus agilis Giesbrecht 
by the "Siboga" in -the Malay Archipelago, and Cleve (1904, pp. 198 and 209) records 
X. fragilis Aurivillius ( = ~ X. borealis Sars) from south of Cape Colony. 

Genus BRACHYCALANUS Farran. 

This genus was represented in the "Siboga" collections by a single immature male 
on which A. Scott founded a new species, namely Brachycalanus gigas A. Scott (1909, p. 81, 
pI. xxxv, figs. 10-18). No examples of this genus have up to the present time been found 
in the -, Investigator" collections. 

Genus CORNUCALANUS Wolfenden. 

This genus was created by Wolfenden (1905, p. 20) to include two species, Cornu,ca-
·lanus magnus and O. simplex. In a footnote to his paper he calls attention to the form. 
described by Thompson (1903, p. 21, pI. v, figs. 1-9) from the Atlantic under the n~me 
Sr-olecithrix chelifer and he remarks that it probably belongs to the new genus Oornucalanus. 
lVlost subsequent authors, among whom may be mentioned Farran, A. Scott, van Breemen, 
With and Sars, have claimed that Cornucalanus magnus Wolfenden is identical with Scole
-cithrix cheliJer Thompson and that in consequence Thompson's name must be given priority. 
Wolfenden himself, however, (1911, p. 283, pI. xxxiii, figs. 1, and 2) appears to consider 
that Thompson's form is synonymous with Cornucalanus simplex. 
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Up to the present time, of the two known species, only,Oornucalanus simplex has been 
recorded from the Indian Ocean, having been taken by the" Siboga " in th~ Malay Archi
pelago and recorded by A. Scott (1909). In: the" Investigator" collection there is a young 
male that appears to belong to Oornucalanus chelijer (Thompson) ( =Oornucalanus magnus 
Wolfenden), a single female of O. simplex and, in addition, a single specimen that does not 
agree with either of the two previously-d'escribed forms and which I have, therefore, describ 
ed as a new species under the name O. indicus, sp. nov. 

Comucalanus chelifer (Thompson). 
(Text-fig. 64, al.) 

Scolecithrix cheZijer, Thompson, 1903, p.21, pI. v, figs. 1-9. 
Scolecithrix chelifer, Farran,_ 1905, p.36, pI. vii, figs. 18-19. 
OornucaZanus magnus, Wolfenden, 1905, p. 21, pI. vii. 
Onchocalanus chelifer, Pearson, 1906, p.19. 
Oornucalanus chelifer, Sars, 1907, p. 27. 
Oornucalanus chelifer, Farran, 1908, p. 49. 
Oncnocalanus chelifer, van Breemen, 1908, p. 65, fig. 76. 
Oornucalanus magrl'us, Wolfenden, 1911, p. 281, text-fig. 45, pI. xxxii, figs. 1·10. 
Oornucalanus chelif.er, With, 1915, p. 222, pI. vii, fig. 4a-h, pI. viii, fig. 15a-g. 
Oornucalanus chelifer, Sars, 1925, p. 151, pI. xlii, figs. 1-14. 

A single young male that appears to belong to this species was taken at Station 682 by 
the " Investigator." 

TEXT-FIG. 64.-CornucalanuB ckeUJer (Thompson). 
a. The anterior end from the left side. 
b. The posterior thoracio margin and anterior end of the abdomen from the left side. 1 

c. The rostrum. e. The 4th Bwimming log. 
d. The 2nd swimming leg. /. The 5th pair of legs. 

c!(juv.). Total length, 5·4 mm. This agrees very well with the size of Thompson's 
original example that measured 6·0 mm. ; as I have already pointed out examples of specie.s 
from the Indian Ocean are almost always smaller than specimens from the Atlantic Ocea,n. 
---------------------------- -------------------

1 This figure has, unfortunately, been inverted; the dorsal margin is below and the ventral above. 
z2 
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The proportional lengths of the cephalothorax and abdomen are as 141 to 45, the 
abdomen being thus contained 3·1 tiines in the length of the anterior region of the ( body. 

The general form of the body closely resembles the figure of Oornucalanus magnus given 
by Wolfenden (1911, pl. xxxii, fig. 1). The posterior thoracic margin (text-fig. 64, b) is 
produced back in a triangular plate that bears a short spine-like projection at the extreme 

apex. 
The abdomen consists of only four segments, segments 4 and 5 not yet having been 

.differentiated. The proportional lengths of the different segments are as follows :-
Abdomina.l segment 1 2 3 45 Furca. 

24 30 22 13 11 = 100. 

The 2nd to 4th segments bear scattered hairs. 
The 1st antenna reaches back to a point just beyond the posterior thoracic margin. 
'The proportional lengths. of the segments are as follows:-

Segment 1 2 8 -1 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-v-I "-v-' 

59 6( 24 24 24 24 24 43 18 24 27 35 58 61 61 58 56 49 43 36 46 55 81 ==1000. 

The terminal segments are thus proportionally longer than in Oornucalanus simplex.
The 2nd antenna and mouth-parts appear to agree closely with those of the adult O. 

I19'UJ,f}nus. In the 2nd maxilla of O. magnus there are, according to Farran (1905), only 5 

sensory appendages!, or at least that is all that he figures, and van Breemen (1908) states 
that there are five; Wolfenden (1911, p. 282, pI. xxxii, fig. 2), however, states that there 
·are seven clubbed sensory organs and one worm-like one, which is the case in the present 
·example. 

In the maxilliped the 2nd basal segment is armed along the proximal half of its length 
with a row of denticles that increase ip size distally; this row is followed by a short gap and 
-then comes a single large denticle, exactly as in the adult male of O. 1nagnus. 

In the swimtning feet the spination of the various segments agrees closely with the 
-figures given by Wolfenden (cf. 1911, pI. xxii, figs. 4, 5 and 6). 

Comucalanus simplex Wolfenden. 

(Text-fig. 65.) 

Oornucalanus simplex, Wolfenden, 1905, p. 22. 
Oorn'tlCOlanus simplex, Sars, 1907, p. 14. 
Oornucalanus simplex, A. Scott, 1909, p. 83, pI. x;xxv, figs. 1-9. 
Cornucalanus simplex, Sewell, 1913, p.354. 
Oornucalanus simplex, Sars, 1925, p. 153, pI. xlii, figs. 15-20. 

A single adult female was taken by the" Investigator" at Station 463. 

~ Total length, 4·0 mDl. This is rather smaller than the example recorded by A. 
:Scott, who gives 5·.0 mm. as the length, and by Sars, who states that his specimen measured 
6·30 mm. 

The proportional length of the cephalothorax and abdomen are as 161 to 51, the 
.abdomen thus being contained 3·2 times,in the length of the anterior region of the body. 

The general shape agrees with the previous descriptions; there is no spine in the frontal 
region. The posterior thoracic margin is produced backward. in a triangular plate that 
is rounded at the apex. 
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The abdomen consists of four segments, having \vith the furcal rami the following 
~rorortionallengths : -

Abdominal segment 1-2 3 .t: 5 Furca. 

45 23 20 2 10 ==100. 

The genital swelling on the ventral aspect is but slightly enlarged. There are a few 
nairs on the ventral aspect of the genital segment. The rest of the abdomen is devoid 
of hairs. 

The 1st ant~nna reaches to the posterior end of the thorax. The segments have the 
following proportional lengths :-

'" 

Segment 1 2 3 4: 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
~ . '-v--I 

60 55 26 26 26 26 26' 43 22 24 27 43 43 62 66 65 60 54 49 43 82 49 73 ==1000. 

The 2nd antenna and mouth-parts agree with the descriptions 
and figures given by A. Scott and Sars. In the maxilliped (text-fig. 
65) there is a row of spines on the 2nd basal joint, the spines increas
ing in size distally but there is no isolated large spine just beyond 
the end of the row as there is in Oornucalanus chelifer (Thompson). 
The general characters of the two claw-like spines on the 2nd and 
3rd segments of the maxilliped are similar to those of Oornuc~lan'us 
chelifer (Thompson), but the claws appear to be rather longer in the 
present species and the terminal portion, lying distal to the ro\v of 
long spines and bearing a ro\v of closely-set slnall spines, also seems 
to be longer. 

Comucalanus indicus, sp. nov. 
. TEXT-FIG. 65.--Cm'nucalanu8 

8implex ,,701fenden. 
The maxilliped. (Text-fig. 66, a-g.) 

In the collection· made by the " Investigator" at Station 393 is a single specimen that, 
while undoubtedly belonging to this genus, appears to be a new species or an intermediate 
form between Oomucalanus chelifer (Thompson) and O. simplex Wolfenden. The specnnen. 
was a female. 

~ Total length,. 8· 0 mm. 
The proportional lengths of the cephalothorax and abdonlen are as 2·8 to 1·0. 

The head is separate from the 1st thoracic segment and thoracic segments 4 and 5 are 
also separate. The forehead shows a rounded curve ,rith no trace of any mediam frontal 
spine; in this respect, therefore~ the species resembles Cornucalanus simplex Wolfenden. 
The posterior thoracic margin (text-fig. 66, a) is produced b~ckwards in a triangular plate 
that terminates in a short spine-like projection., The rostrum is strong and each spine 
terminates in a fine flagellum. 

The abdomen consists of four segments, having the following proportional lengths :-
Abdominal segment 1-2 3 4: oj Furca.. 

'-.,...J 

4ij 27 17 7 :.: ioo. 

The genital segment presents a uniformly rounded swelling ventrally; the ventral 
surface, posterior to the genital orifice, bears scattered hairs, and there is a patch of sInal 1 
scattered hairs on the lateral aspect. The furcal rami (text-fig. 66, b) are fringed ,vith hait9 
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on their inner and 'v,entral aspects, and dorsally are armed with short rows of needle .. like 
spines. Abdominal segments 1 to 3 inclusive are either fringed with very fine hairs on ~heir 
posterior aspects or else the marginal cuticle is finely striated. I am unable to determine 
which. Both dorsal and ventral aspects of these segments are covered with transverse 
ro~s of minute scale-like markings from most of which a minute hair still projects. 

g. 

TEXT-FIG. 66.--Gornucalanu8 indicus, sp. nov. 
a. The posterior thoraoic margin and abdomen from the left side. 
b. The anal segment and furcal ramus. e. The 2nd swimming leg. 
c. The 2nd maxilla. f. The 4th swimming leg. 
d. The maxilliped. g. The 5th pair of legs. 

In the 1st antenna segments 8 and 9 are fused but segments 24 and 25 are distinctly 
separate, so that in this feature this sp~cies appears to differ from both previously describ
ed forms, in which the antenna consists of only 23 free segments. The proportional lengths 
of the segments are as follows :-

Se~ent 1 2 3 4 6 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

4~ 50 26 22 24 22 22 37 24 31 37 48 46 66 70 74 66 57 53 44 29 40 63 15 ==1000. 
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In the 2nd antenna the 1st basal segment bears a row of long hairs on its base and a 
single seta distally. Basal 2 bears a single seta. The endopod consists of two segments; 
segment 1 bears a single marginal seta near its distal end and segment 2 bears 8 setae, of 
which the inner three are shorter than the rest, on its inner lobe and 6 setae on the, outer 
lobe. The exopod consists of 7 segments, of which 1 and 2 are devoid of setae, segments 
3 to 6 each carry a single seta and the terminal segment bears a single seta about the 
middle of its length and three at its apex. 

In the mandible the 1st basal bears a stout tooth-process, the distal end of which is 
beset with hairs; basal 2 bears 2 setae. The endopod arises from the extreme end of the 
2nd basal segment and consists of 2 segments, the 1st of which carries a single seta and 
the 2nd 9 setae. The exopod consists of 5 segments; segments 1 to 4 each bear a single seta 
and the 5th carries 2. 

Thompson in his account of Oornucalanus chelifer has figured the 1st Inaxilla as the 
2nd or anterior foot-jaw. In the present specimen the 2nd inner lobe bears 2 setae and 
the ard lobe 4; the basal segment possesses 5 setae and the endopod bears 3, 3 and 5 setae 
on its three segments; the external lobe is provided with 7 setae, 5 of which are long and 
the other 2 short. 

In the 2nd maxilla (text-fig. 66, c) the 1st lobe bears 5 setae; the 2nd to 4th lobes in
clusive each bear 3 setae; one of the setae arising from the 4th segment is much stouter 
than the others and is armed with. a row of triangular teeth; the 5th lobe bears a stout 
sickle-shaped claw armed with small teeth along its ard quarter; three setae arise from 
the base of this claw, of these one is angulated and the other two are normal in character 
but are of unequal size. The extremity bears a lobe fringed with 7 sensory processes 
.and a single seta. A. Scott in his account of Cornucalanus sin~plex states that this lobe 
in that species bears 6 sensory processes and two setae. 

In the maxilliped (text-fig. 66, d) the 1st basal bears on the 1st lobe 1 seta; on the 2nd 
lobe 2 setae; on the 3~d, 1 seta and a sensory organ (or it may be a broken seta) ; lobe 4 

possesses two setae and a stout spine. The distal truncated end of the 1st basal segment 
is fringed with fine, spines. The proximal part of basal 2 is beset with fine spines and the 
middle part of the anterior margin bears a row of fine spines, which increase somewhat 
in size distally, and there is a single enlarged tooth, separated by a short interval from the 
others. In this latter feature this specimen agrees exactly with the condition found in 
Oornucalanus chelijer (Thompson). Distal to this isolated tooth three setae arise from the 
anterior margin an4 two setae arise distally. The 1st seglnent of the epdopod bears four 
unequal setae; the 2D:d segment bears two short, and a long and stout spine that is beset 
with isolated teeth, usually.11 in number, along the proximal two-thirds of its length and 
just beyond the distal tooth is a row of fine teeth, and distal to this stout spine arises from 
the same segment a second somewhat shorter and much more slender spine. The terminal 
portion of the maxilliped is unfortunately missing in my specimen. 

In the 1st leg both basal segments are fringed with hairs; basal! has no seta and basal 
2 carries a single Eleta on its inner margin. The exopod consists of three se~ments. Of 
these the first carries a marginal spine that is serrated and reaches well beyond the base Of 
the second spine: the inner border of the segment is beset wiph hairs and bears no seta. 
The second segment bears a long marginal spine that is serrated, the outer 111argin of the 
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segment is beset with hairs, as also is the inner border; a single seta arises at the qistal 
internal angle and at its base on the posterior surface is a group of needle-like spinules. The
third segment bears a single serrated lllarginal spine and a long end-spine; the outer margin 
of the segment is beset with hairs; three setae arise from the inner margin and at the base 
of the distal two are a few small spinules on the posterior aspect of the segment. The en
dopod consists of a single segment and reaches to the level of the joint between segments 
2 and 3 of the exopod; the outer margin shows the usual rounded sW'elling which is beset 
with fine spines, five setae arise from the segment. 

In the 2nd leg (text-fig. 66, e) basal 2 bears a small marginal spin~ and a row of small 
teeth runs along the distal margin of the segment near the joint with the exopod. Exopod 
1 bears a marginal spine and a single inner seta, a group of four or five spines is situated on 
the posterior aspect of the segment near the base of the marginal spine. Exopod 2 bears 
a marginal spine and an inner seta and the outer margin is beset with hairs, on the posterior 
aspect is a linear group of minute spines towards the outer, margin and small spines are 
scattered over the surface. Exopod 3 bears three marginal spines and the outer border of 
the proximal part of the segment is fringed with hairs, the inner margin bears four setae 
and at the base of each is a row of spines that increase in size towards the margin, a corona 
of fine spines is situated near the insertion of the end-spine. The endopod consists of two 
joints; endopod 1 bears a single seta "and there is a group of large spines on the posterior 
surface; endopod 2 bears five setae and there are two groups of large spines on the posterior 
surface. The outer margins of both segments are fringed with hairs. 

In the 3rd leg the basal segments resemble those of the 2nd leg. The exopod is three
jointed; exopod 1 bears a marginal spine and the outer border is fringed with hairs, there 
is a row of spines near the outer border. In the second joint of the exopod on the posterior 
aspect there is a row of short lancet-shaped spines near the external margin, a linear group 
of needle-like spines internal to this, and another group at the base of the marginal spine; 
a group of spines is situated near the base of the inner seta and a row of spines runs along 
the distal border. The third segment bears three marginal spines ; the proximal part of 
the outer margin is fringed with hairs; a group of small spines lies at the base of each mar
ginal spine and a row of spines runs across the distal margin near the articulation of the end
spine; the inner margin bears four setae, at the base of each of which is a group of small 
spines. The end-spine is, unfortunately, broken ofi short but sufficient remains to snow that, 
the marginal-'teeth are fused together in the middle of their length, their bases being separate 
so that there is a ieries of minute holes left between them. The endopod consists of three 
segments; endopod 1 bears a single seta and there is the usual group of small spines near 
its base; endopod 2 also bears a single seta with a similar group of small teeth at its base, 
frOIn the posterior surface arises a row of 6 large teeth and a scattered group of curved 
needle-like teeth is situated near the base of the inner seta; both endopod 1 and 2 are 
produced in a marginal spine at the distal outer angle; endopod 3 bears 5 setae, on the 
posterior aspect:is situated a curved row of large triangular spines opposite the 2nd seta and 
a group of small spines near the base of the 1st seta. 

In the 4th leg (text-fig. 66, f), which closely resenlbles the third, the spines on the en
dopod are all of the same clJ.aracter. The' 5th pair of legs (text-fig. 66, g) are slightly 
a.symmetrical; each leg consists of three segments. The 2nd and 3rd segments are fringed 
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with scattered minute hairs. Running across the distal segment about one-third of its length 
from the dist.al end is a line of chitin that appears to indicate a fusion of t,yO segments. The 
terminal segment is pointed, as in Cornucalanus chelife1', but the length of the segment is 
greater in the present species; the segment terminates in two spines of unequal size, the 
inner being much the larger, and the outer aspect bears a group of small needle-like teeth. 

This species appears to be intermediate bet\veen C01'nucalanus chelifer;o and O. simplex. 

Family SCOLECIT·HRICIDAE. 

Genus SCOTTOCALANUS Sars. 

In this genus Cleve (1904a) recorded the occurrence of Scottocalanu8 secU'rif1'01ts ,T. 
Scott) and S. persecans- (Giesbrecht) from the Agulhas Current and A. Scott (1909) also 
records their occurrence in the collections made by the " Siboga " in the Malay Archipelago ; 
he, ho\vever, identifies the former species~ with the form previously described by Lubbock 
(1856) under the name Un~ina helenae. He also added the following species to the list of 
those known from these waters. 

Scottocalanus farrani. 
Scottocalanus setosus, 
Scottocalanus longispinus and 
Scottocalanus thomasi. 

In the" Investigator" collections from Indian waters I have been able to find examples 
of Scottocalanus farrani, S. helenae and S. thomasi, and, in addition, I have obtained 
examples of what appears to be a new species, to which I propose to give the name Scotto
calanus clauglishi, as well as an unknown male which I have called S. investigaton"s. 

Scottocalanus farrani A. Scott. 

Scottocalanusfarrani, A. Scott, 1909, p. 106, pIs. xxiv, figs. 1-9 (~) and XXL'C, figs. 11-18 (0'). 

Scottocalanusfarrani, Sewell~ 1913, p. 354. 

A single specimen that appears to agree exactly with Scott's description a.nd figures 
,,~as obtained at " Investigator" Station 682. 

Scottocalanus helenae (Lubbock). 

Un din a kelenae, Lubbock, 1856, p. 25, pI. iv, fig. 4 and pI. vii, figs. 1-5. 

Scolecitkrix securifrons, T. Scott, 1893, p. 47, pI. iv (3). 
Undina kele:nae, Giesbrecht and Schmeil, 1898, p. 52. 
Scolecithrix persecans, Farran, 1908, p. 58. 
Scottocalanus helenae, A. Scott, 1909, p. Ill, pI. xxvii, figs. 1-9. 
Scottocalanus tllOrii, With, HH5, p. 215, pI. vi, fig. 14a-c and pI. viiii, fig. 14a-b; and text-fillS. 

68a-i, 69a-d, 70a-d. 

Scottocalanus thori, Farran, 1926, p. 266. 

A. Scott, who examined specimens of this spwies taken by the" Siboga," concluded 
that it was identical with the form described by Farran (190~) under the name Scolec'tthrix 

persecans and he further regards it as identical with the forln described and figured by Lub
bock under the name Undina helenae. With (1915, P" 215) under the name Scottocalanus 

2J. 
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thorii, sp. nov. described a form that, so far as the'male is concerned, seems to be identical 
with Scottocalanus helenae (Lubbock). With agrees that his form is identical with the speci
mens recorded by Farran under the name Scottocalanus persecans and that of the male des
cribed by T. Scott under the name Scolecithrix securiJrons, but he appears to have over
looked the f~ct that A. Scott (1909), believing this male to be identical with Undina helenae 
Lubbock, has recorded its occurrence under that name in the" Siboga "collections. After 
seeing Lubbock's paper and comparing his figures and those given by A. Scott with the 
present ~xample in the" Investigator" collection I am inclined to agree with A. Scott that 
it is: ·the same species. Lubbock's name, therefore, takes priority. Sars (1925, p. 157) 
considers that Scottocalanus thorii With is a synonym of S. persecans (Giesbrecht), but in 
this I think he is wrong. 

The species is, evidently, one of wide distribution ; it was first recorded from the North 
Atlantic, and since then its distribution has been extended to the South Atlantic, the Malay 
Archipelago and the northern part of the Indian Ocean. A single example was taken at 
" Investigator" Station 670. 

Scottocalanus thomasi A. Scott. 
8cottocalanus tkornasi, A. Scott, 1909, p. 109, pI. xxvi, figs. 1-10 and pI. xxviii, figs. 10-17. 

Four examples of this species were taken at "Investigator" Station 670. 
~ The body has the shape and general appearance as figured by Scott. The genital 

segment of the abdomen bears a finger-like, backwardly directed projection near the posterior 
margin a little to t~e left of the middle line. 

The 1st antenna reaches beyond the tip of the furcal ramus by the last two segments. 
The proportional lengths of the segments are as follows :-

Segment 1 2 345 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

56 46 23 26 29 29 29 50 24 36 42 50 52 52 52 52 64 52 46 46 46 49 49 10 ==1000 

In the 2nd antenna the 1st basal segment bears a row of curved setae. The endopod 
is about one-half the length of' the exopod. The exopod consists of 6 segments; of these, 
the 1st has a rounded swelling on its inner border; the 2nd bears two unequal setae distally; 
the 3rd-5th inclusive each bear a single long seta; the 6th segment bears one seta at about 
one-fourth of its length and 3 long setae distally. 

In the mandible the palp is well developed. Basal 1 bears a stout seta proximally and 
a second about half way along its length. The endopod consists of two segments; the 1st 
bears two setae on its inner border; the 2nd has 9 setae distally and is armed with curved 
spines on its outer margin. The exopod consists of 5 segments, of which the proximal four 
bear a single long seta and the terminal segment carries two unequal setae. 

In the 1 st maxilla the 2nd inner lobe bears 2 setae and the Srd three. The 2nd basal 
segment carries 5 setae and is fringed with hair along the inner margin. The three segments 
of the endopod bear respectively 3, 4 and 4 setae and the exopod has 8. The outer lobe 
appears to have 9 se~ae. 

In the 2nd maxiila the 1st lobe bears 4 setae; the 2nd, 3rd and 4th each bear 3 setae, 
and the 5th lobe bears 3 setae, of which one is very thick and stout. The terminal portion 
of the appendage carries, as in other members of the genus, two kinds of filaments, one 
kind bejng long and simple and the other shorter and swollen at the distal end. 



1929.] R. B. SEYMOUR SEWELL: Copepoda of Indian Seas. 185 

In the maxilliped the 1st basal segment bears a sensory seta about the middle of its 
length; at its distal end it bears three setae, of which the most distal is thickened and spine .. 
like. The distal part of basal 1 and the whole length of basal 2 is armed with spinules. 
Basal 2 bears 2 setae about the middle of its length and 2 others distally. The endopod 
consists of the usual 5 segments, of which the 2nd is much the longest; segments 1 and 2 
each bear 4 setae, segments 3 and 4 bear 4 and the terminal segment bears 4 setae on its 
inner and distal aspects and a 5th on its outer aspect. 

The 1st swimming leg consists of the usual two-jointed basal portion and an inner and 
outer ramus, of which the outer consists of three segments, while the inner is unjointed. 
The 1st segment of the exopod bears no seta on its inner margin but the inner border is pro
duced in a rounded swelling which is fringed with hair; the outer border bears distally a 
single marginal spine, which reaches about two-thirds the distance to the base of the spine 
~n segment 2. In the 2nd segment the marginal spine arises from a distally-directed finger
like projection and extends nearly to the base of the marginal spine on segment 3 ; the 
inner border bears a single seta and is fringed with hair. The 3rd segment bears a marginal 
seta and a long and seta-like end -spine; three setae arise from the inner margin. The 
outer margin of the terminal segment is fringed with hair in its proximal half. The endopod 
consists of a single joint, bearing 5 setae; the outer margin is produced in a rounded lobe 
that is armed with needle-like spinules. 

In the 2nd leg the 1st basal segment bears a minute sp~e-like projection on its outer 
border; the inner margin is fringed with hair' and bears a single seta. Basal 2 is produced 
in a sharp spine at its distal outer angle. The exopod consists of three segments and the 
endopod of two. The exopod bears 1, 1 and a marginal spines on the three segments respec
tively and the terminal segment also carries an end -spine; all the marginal spines are sub
equal. In the 2nd segment of the exopod there is a horse-shoe of small spines, the two longi
tudinal rows consisting of so~ewhat larger spines than the transverse row across the distal 
part of the segment. The 3rd segment bears 4 inner setae and the surface is armed with 
two horse-shoe or U-shaped rows of spinules, those of the proximal set being much larger 
than the distal. The 1st segment of the endopod is produced in a spine-like projection at 
its distal outer. angle and bears a single seta; the 2nd segment bears 5 setae and carries on 
its surface three pairs of spines, those of the inner row decreasing in size proximally. 

In the ard leg the 1st segment of the b~sal part bears a minute marginal spine on its 
outer border and the inner margin is curved and fringed with hair; there is a single inner 
seta. The 2nd basal segment bears two unequal spines at its distal outer angle. Both the 
rami consist of three segments, bearing 1, 1 and a marginal spines respectively. Exopod 
2 bears a curved row of spines along its distal border. Exopod 3, in addition to the three 
marginal spines, carries an end-spine, in which some of the teeth near the proxilllal end 
are reduced in size; the marginal spine exhibits a corresponding swelling on its inner margin. 
The surface of the segment bears two curved rows of spinules, the dist.al row being conl
posed of small spines. In the endopod both the 1st and 2nd segmentR are produced in a 
spine-like projection at the distal outer angle; endopod 2 bears 2 pairs of spInes, the outer 
spines being much the larger and the inner spine'· of the proximal pair being reduced to a 
minute spicule. Endopod 3 bears 5 setae and carries 2 pairs of spines, the outer of the 
proximal pair being much the larger. 

2 A 2 
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In the 4th leg the 1st basal segment is not produced internally and the inner margin is 
smooth; there is no small spine on the outer margin. Basal 2 bears two unequal spjnes 
.at its distal outer angle as in the 3rd leg. The rami consist each of three segments. The 
.surface of segments 2 and 3 in the exopod are devoid of spinules. In the endopod the 2nd 
segment bears a small group of needle-like spines distally and the 3rd segment bears two 
groups of small spinules. 

The 5th leg, as in other Inembers of the genus, consists of a single segment, bearing 
a long curved spine. The distal end of the segment is produced in a finger-like process. 
Scott's description of the spine appears to be somewhat misleading; the spine is smooth and 
bare in its proximal third; then for a short distance it is armed with spinules that are arrang .. 
oed irregularly, but in the distal half of the length these spinules are arranged in two rows, 
.an inner and an outer. The inner row ceases some little way from the end but in this situa
tion those of the outer row are considerably increased in size. When viewed in profile these 
enlarged spinules give rise to the appearance of a V-shaped end to the spine, as figured by 
Scott. 

~ In the male the endopod of the 2nd antenna is a little more than one-half the length 
of the exopod; otherwise the appendage resembles that of the female. In the mouth-parts, 
the nlandible, 1st maxilla and 2nd maxilla are as in the female; in the maxilliped the outer 
:setae of the 4th and 5th segments of the endopod are much larger and are strongly plumose. 
The swimming legs a.re as in the female and the 5th pair of legs are as described by Scott. 

Oopepodid Stage V. 

Q The total length is 4·1 mm. 
The proportional lengths of the cephalothorax and abdomen are as 26 to 7, so that the abdomen 

is contained 3·7 times in the length of the anterior region of the body. 
The frontal crest is smaller than in the adult and is pointed. The posterior thoracic ma.rgin is 

produced in sharp, backwardly-directed points. The rostrum closely resembles that of Lophotktix 
frontalis (Gies brech t). 

In this stage of development the abdomen consists of only four segments, which have, together 
with the furca, the following proportional lengths :-

Abdominal segment 1 2 :~ 4-5 Furca. 

24 24 18 18 L6 =lOO 

The 1st antenna, as in the adult, possesses twenty-four free segments, segments 8 and 9 being 
fused. The proportional lengths of the various segments are as follows :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 2~ 28 2' 25 

• stage V 60 43 21 24 28 28 28 43 21 30 89 47 47 51 54 54 54 54 47 47 51 56 60 13 ==1000 

Adult 56 46 23 26 29 29 29 50 24 36 42 50 52 62 52 62 54 52 46 46 46 49 49 10 = 1000 

For the purpose of reference I have given above the measurements in the adult and it is clear that 
in this species also we find that, as development proceeds, the proportional lengths of the segments vary, 
the segments of the proximal part of the appendage becoming proportionally longel' in the more mature 
form, whereas in the distal region the exact 0P:f0site is the case. In this species the change occurs between 
the. 18th and 19th segments. There is a row of curved hairs on the posterior aspect of the 1st segtnent 
nea.r the distal margin. 

In the 2nd antenna the two rami are of nearly equal length. The 1st basal segment bears the row oi 
hairs that we have already noted in the adult. The 2nd basal bears 2 setae distally. The ~xopod consists 
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of 6 segments; exopod 1 and 2 each bear 2 unequal setae; exopod 3, 4 and 5 each bear a single seta; the 
terminal segment carries a single seta at the junction of the proximal and middle-thirds and 3 setae distally. 
The endopod has two segments; the proximal bears a single seta about one-fourth of its length from the 
distal end and the rounded projection at the inner side of the distal end is fringed with hairs. Endopod 2 
bears 7 setae on its outer lobe and 6 on the inner; the inner border is fringed with hairs. 

The mandible and 1st maxilla agree exactly with the corresponding appendage in the adult. 
The maxilliped closely resembles that of the adult but there are certain differences in the number 

of setae borne by the segments of the endopod. In the adult segments 3 and 4 each bear 4 setae, whereas 
in this stage of development these segments carry only 2 setae, one of which is much stouter than the other. 

The 1st swimming leg differs from that of the adult in that the segmentation of the exopod is 
markedly incomplete, neither of the segments being fully articulated. 

The 2nd, 3rd and 4th swimming legs resemble those of the adult. 
The 5th leg consists of a single segment articulated to a ,basal portion. Distally the segment 

appears to end in two unequal spines, the outer being short and the inner long, nearly as long as the segment 
itself, and slightly curved. This appendage in my examples agrees closely with the figure given by With 

(1911, p. 219, text-fig. 70e) in Scottocalanus tlw'l'ii. 
~ Total length, 3·3 mm. 
The proportional lengths of the cephalothorax and abdomen are as 42 to 11, so that the abdomen 

is contained 3·8 times in the anterior region of the body. 
The posterior thoracic margin is produced in a sharp spinous process. 
The abdomen, as in the female at the same stage of development, consists of only foul' segments 

-that have the following proportional lengths:-

Abdomina.l segment_ 
.,""1-

1 '. 2 3 4-5 Furca. 

23 20 ~2 20 15 =100 

The 2nd antenna clo.~e]y resembles that of the adult. The 1st basal segment bears a row of curved 
hairs. The exopod is proportionately large, the endopod being only about one-half its length. There are 

6 segments in the exopod, and the endopod bears 6 setae on its inner lobe and 7 on the outer. 
The 1st antenna, as in the female, consist of only 24 free segments, segments 8 and 9 being fused. 

The proportional lengths of the segments seem to differ slightly from those of the female; the lengths in the 

male being as follows :-
Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

68 42 26 26 29 29 29 45 24 29 36 43 43 47 50 52 63 53 46 47 52 59 60 17 --1000 

The mandible ~s also very like that of the adult, the only apparent difference being that in this 
stage of development the distal segment of the endopod bears 8 setae instead of 9. 

The maxilliped resembles ;1Sat of the female but the lobes on the 1st basal segment are more 

prominent. 
The swimming legs resemble those of the female. 
The 5th pair of legs consist of a basal portion from which arise the symmetrical legs. Each leg 

consists of two segments, of which the proximal is produced internally in a finger-like process, the rudiment 
-of the endopod. The exopod is oval in shape and terminates in a short spine. 

Scottocalanus investigatoris, sp. nov. 

(Text-fig. 67, a1.) 

A single example of a nlale Scottocalanus that appears to be ne'v ,vas taken by the 
-" Investigator" at Station 670. 
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<3 Total length, 5·5 mm. 
The proportional lengths of the cephalothorax and abdomen are as 3 to 1. 
The head and 1st thoracic segment are fused together, as also are the last two thoracic 

segments, but between these two latter segments there is in the lateral region a deep indenta
tion of the margin. There is no frontal crest. The rostrum consists of two stout spines, 
each tapering to a sharp point. 

The abdomen consists of five segments, of which the 5th is very short. The propor
tional lengths of these segments and the furcal rami are as follows :-

Abdomina1 segment 1 2~_3_~4 __ ~5 __ Fur ____ c~a.t 
20 23 17 22 8 10 =100 

The furcal rami are as broad as long. Abdominal segments 2 and 3 are armed along 
their posterior margins with rows of fine closely-set spines. 

TEXT-FIG. 67.-Scottocalanu8 investigatoris, sp. nov.,~. 

a. The whole animal from above. d. The 2nd swimming leg. 
b. The 2nd antenna. e. The 3rd swimming)eg. 
c The bt, swimming leg. J. The 5th pair of legs. 

The 1st antenna is, unfortunately, broken off on both sides, the terminal four segments 
being missing; I am therefore unable lo give the proportionallengths:of the remaining seg
ments in parts per thousand of the total appendage, as in otherlspecies; I, however, give 
below the actual lengths of those segments that remained:-

Segment 1 2 3 4 5 6 7 8-9 
'-y-J 

18 20 I} 9 9 I} 10 20 

10-12 
'-v-I 

29 

13 14 15 16 17 18 19 20 21 22 28 24 25 
~ 

12 13 16 17 17 18 17 22 ............... 
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Segments 8 to 12 inclusive are fused together, though traces of the original lines of 
separation can be detected between them; and segments 20 and 21 also appear to be fused, 
as in Scottocalanus dauglishi, sp. nov. 

The 2nd antennae (text-fig. 67, b) are extremely like those of Amallothrix emarginata 
(Farran) ; a tuft of curved setae or hairs arises from the basal segment. 

The mouth-parts appear to be identical with the corresponding appendages in Scotto
.calanus persecans (Giesbrecht). 

The 1st pair of swimming legs (text-fig. 67, c) consists each of a two-jointed basal portion, 
a three-jointed exopod and an unjointed endopod. Each segment of the exopod bears a 
single marginal spine, those on the proximal and middle segments being slender, while 
that on the distal segment is stout. The distal segment is clothed along the proximal half 
of its outer border with fine hair. 

The 2nd swimming leg (text-fig. 67, d) has a three-jointed exopod and a two-jointed 
·endopod. In its general structure it agrees closely with the corresponding appendage of 
Bcottocalanus persecans (Giesbrecht), but there are rather more spinules on the surface of 
the 2nd and 3rd segments of the exopod. 

The 3rd (text-fig. 67, e) and 4th pairs of legs each consist of a three-jointed exopod and 
-endopod and also agree closely with those of Scottocalanus persecans. 

The 5th pair of legs (text-fig. 67,j) also closely resembles those of Scottocalanus persecans. 
As Esterly first pointed out, the exopod of the right leg consists of three segments. 

This specimen is very like an example of Scottocalanus persecans (Giesbrecht) as regarda 
its general structure; it, however, differs from that species in its much larger size and in the 
.absence of any crest on the head. 

ScoHocalanus dauglishi, sp. nov. 

(Text-figs. 68, a-I, and 69, a-c.) 

A large number of examples of what appears to be a new species of Scottocalanus were 
,obtained by the " Investigator" at Station 670, and a few examples at Station 373 also. 
At first sight these females are very liable to be taken for the females of Scottocalanus perse
-cans (vide Esterly, 1905, p. 166) or of S. farrani (vide A. Scott, 1909, p. 106, pI. xxiv, 
figs. 1-9). The male also very closely resembles the form described by A. Scott (1909, p. 
111, pI. xxvii, figs. 1-9) under the name S. helenae. 

~ Total length, 5'3 mm. 
The proportional lengths of the cephalothorax and abdomen are as 69- to 16, so that 

-the abdomen is contained 4'3 times in the length of the anterior region of the body. The 
head and 1st thoracic segment are fused together and thoracic segments 4 and 5 are also 
partially fused. The head is furnished with a high, almost triangular crest and the rostrum 
·consists of two stout, sharply pointed spines. The posterior thoracic nlargin (text-fig. 
-68, b) is produced backwards in a rounded lappet oJI. each side. 

The abdomen consists of-four segments, which have with the furca the follo,ving pro
portional lengths :-

Abdomina.l segment 1-2 3 4 5 Furoo.. 

-.....----
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The 4th segment is very short. Both segments 2 and 3 are armed with a row of short 
spines across the dorsal part of the posterior margin. The genital segment exhibits a 

. g. 
~. J. 

TEXT-FIG. 68.-Scottocalanu8 daugli8hi, ~p. ~ov.? 9. 
a. The head and rostrum from the right side. 

b. The posterior thoracic margin and abdomen from the right Ride. 
f. Tlle 2nd antennl.1. 
d. The mandibular palp. 
'0 The ls~ mnxilfa. 

l. Thp, 5th leg. 

f· The 2nd maxilla. 
g. The maxilliped. 

". The I at swimming leg. 
j. The 2nd swimming leg .. 
11.". 'l'he 3rd swimming leg._ 
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prominent protuberance on the ventral aspect which slightly overlaps the following segment. 
The furcal rami are as broad as long; they bear only four normal setae, the 5th seta being 
so reduced as to be hardly noticeable. The accessory seta is also considerably reduced. 

The 1st antenna reaches back to the end of the furcal ramus and consists of 24 separate 
Begme~ts, segments 8, and 9 being fused together. The varioU$ segments have the 
following proportional lengths :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 
'-y-J 

57 50 27 27 31 31 31 55 27 31 38 46 46 48 50 52 52 52 46 46 46 52 50 11 ==1000 

The 2nd antenna (text-fig. 68, c) closely resembles that of Amallothrix emarginata 
(Farran). The endopod is about one-half the length of the exopod. The 1st basal segment 
bears a row of curved setae on its inner aspect proximally and a single seta distally. 

The mandible (text-fig. 68, d) is well-developed and the two branches of the palp are of 
approximately equal length. 

The 1st maxilla (text-fig. 68, e) closely resembles that of .A.mallothrix emarginata. 
The 2nd maxilla (text-fig. 68,j) is of the characteristic type; the 5th lobe is larger than 

the others and the terminal joint bears the usual characteristic appendages of two kinds. 
The maxilliped (text-fig. 68, g) is similar to that of other members of the genus. The 

1st basa~ joint bears a single sensory appendage about the middle of the length of the anterior 
margin. The 2nd basal segment is armed with a row of needle-like spines along the proximal 
two-thirds of the length of the anterior margin. The endopod consists of five segments, 
of which the 2nd is by far the longest. 

The 1st pair of swimming legs (text-fig. 68, h) each consist of a three-jointed exopod 
and an unjointed endopod. The 1st and 2nd segments of the exopod bear slen<;ler marginal 
spines, while the marginal spine on the terminal segment is considerably stouter and equals 
the segment in length. 

In the 2nd swimming leg (text-fig. 68,j) the exopod is three-jointed and the endopod 
consists of two segments. The distal segment of the endopod is armed with three pairs of 
spines, that are much stronger and coarser than the corresponding spines in Scottocalanus 
farrani. The 2nd segment of the exopod bears a curved row of spines ac~oss the distal part 
of its surface and, in addition, a short row of three minute spines a little beyond the middle 
of its length. 

In the ard (text-fig. 68, k) and 4th swimming legs both rami consist of three segments. 
The 5th pair of legs (text-fig. 68, l) closely resembles that of Scottocalan'Us fal'rani, but 

towards the end of the terminal spine the spinules become crowded together to form a 
definite comb. 

~ Total length, 4·6 mm. 
The proportional length of the cephalothorax and abdomen are as 27 to 10, the abdomen 

being contained 2·7 times in the length of the anterior. region of the body. 
In its gener~l shape and in the characters of the head and cre'st the male very closely 

resembles the female. The abdomen consists of fiv~ segments of which the 5th is very short, ; 
the proportional lengths of the segments are as follows :-

Abdominal segment 1 2 3 4 5 Furca. 
18 24 23 21 5 {) =100 

2B 
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The 2nd and ard segments are each fringed across the dorsal part of the posterior 
margin with a row of minute spines. 

The 1st antenna reaches beyond the posterior thoracic margin to the 3rd abdominal 
segment. The number of free joints in the antennae is considerably reduced by the fusion 
of a number of segments in the middle of its length. On the right side segments 8 and 9 
are fused completely, and so also are segments 10, 11 and 12, and each of these composite 
joints are again fused together and segment 13 is also partially fused to the 12th; segments 
14 and 15 are also fused together. On the left side the fusion of the segments is as on the 
right side with the additional fusion of segments 20 and 21. The proportional lengths of 
the segments in the two appendages are as follows :-

Segment 

Right 

Left 

1 2 8 4 5 6 7 8-13 
"'---y--' 

62 49 27 27 27 27 29 174 

62 49 27 27 27 27 29 174 

14-15 16 17 18 19 20 21 22 23 2' 25 
'-y--' 

89 58 68 68 56 40 40 53 62 51 18 3:1000 
'-v--' 

89 58 58 58 56 80 58 62 51 18 = 1000 

The 2nd antenna and mouth-parts closely resemble those of the female with the single 
-0-Eeption of the maxilliped (text-fig. 69, a), which in this sex is slightly reduced in size, the 
reduction specially affecting the- 2nd basal and the segments of the endopod. 

The swimming legs are the same as in the female. 

h. 
TEXT-FIG. 69.-Scotlocalanu8 da'U{Jliski, sp. nov., cr. 

a. The maxilliped. b. The 5th pair of legs. 
c. The distal portion of the 5th pair of legs (enlarged).-

The 5th pair of legs (text-fig. 69, b and c) in their general structure very closely resembles 
the corresponding appendage in Scottocalanus nelenae (Lubbock). The left leg is exactly 
similar, but in the right leg there are (certain points of difierence. In this latter leg the 
endopod is shorter than that in S. helenae, reaching only to ab~ut three-fourths of the length 
of the 1st segment of the exopod and it is straight instead of being sickle-shaped. The 
exopod consists of three segments, of which the 2nd and 3rd are sub-equal in length; the 
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2nd segment is curved and stout, but the terminal segment is flattened and spear-shaped 
and pears a small spine on its outer margin. 

The female of this species very closely resembles Scottocalanus farrani A. Scott (1909, 
p. 106, pI. xxiv, figs. 1-9). but differs in small details such as the following :-

(a) The frontal crest is larger 'and is continued further ventralwards than in S. far-
ran~_ 

(b) The spines on the endopods of the swimming feet are larger. 
(c) The arrangement of the spinules along the spine in the 5th foot is different. 
(d) The posteriorly directed lobe on the ventral aspect of the genital segment is want-

ing in S. farrani. 

I have much pleasure in dedicating this species to Captain E. H. Dauglish, R.I.M., 
formerly the officer-in-charge of the Marine Survey of India. 

Genus LOPHOTHRIX Giesbrecht. 

Up to the present time only a single species of this genus has been recorded from Indian 
waters. A. Scott (1909) records the occurrence of Lophothrix frontalis Giesbrecht in the 
" Siboga" collection from the Malay Archipelago. 

Lophothrix frontalis Giesbrecht. 

(Text-figs. 70, 71, a-n, 72, a-;", and 73, a-c.) 

LopkotkrixJruntalis, A. Scott, 1909, p. 99, pI. xxxvi, figs. 11-20 (female) and pI. xxix, figs. 1-10 
(male). 

LopkotkrizJrontalis, Wolfenden, 1911, p. 268. 
Lophothrixfrontalis, Sewell, 1913, p. 354. 
Lophothrixfrontalis, With, 1915, p. 211, text-figs. 66, al and 67, a-d; pI. vii, fig. 7, a-d. 
Lophothrizfrontalis, Lysholm and Nordgaard, 1921, p. 21. 
Lophothrizfrontalis, Sars, 1925, p. 162, pI. xlv, figs. 9-21 and pI. xlvi, figs. 1-7. 

LophotkrizJrontalis, Farran, 1926, p. 267 

There is considerable divergence among previous authors regarding the size of this 
species. Giesbrecht in his original description of the species states that the total length of 
his specimens was 6-6 rom., and Sars gives the measurement of specimens fronl the North 
Atlantic Ocean as 6'3 rom. Esterly (1906, p. 65), who recorded the occurrence of this form 
in the North Pacific Ocean, gives the length as 6'0 mm. A. Scott (1909), however, records 
examples from the Malay Archipelago that have a length as great as 7'4 mnl, On the other 
hand Wolfenden (1911) in his account of examples, which he identified as-belonging to this 
species, in the" Gauss" collection from the South Atlantic, remarks that these examples 
did not entirely agree with Giesbrecht's original description ; they were slnaller, Ineasuring 
only 5'5 to 6'0 mm." and differed slightly in structure, having a more pointed head and show
ing slight differences in the spination of the appendages, 

In the" Investigator" collections are numerou~ examples of what I believe to he this 
species that range in size from 4'875 mm, to 6'125 mm. These specimens fall into ~wo clear
ly defined groups, as is shown in text-fig, 70, in which I have plotted the length-measure· 
ment of a number of examples; the smaller examples, corresponding to stage V, ha ve an 

2B2 
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average measurement of 5·174 mm. and the larger, stage VI, of 5·970 mm. The exampl~ 
of the larger group seem to agree with the specimens recorded by Wolfenden from the Southt 

~ 

Stage VI. 

Stage V 

Stage/v. 

• ••• • ••• • •• 

• •••••• ••• •••••••• •••••• 

m.m. 

6·0 

5·5 

• • 5·0 •• • 

4·5 

• 
~ • 4·0 

• • 

~ 

I Stage, V. 

I' • • > StageW: 

e"") 

TEXT-FIG. 70.-Showing the length-measurement.s of 51 examples of Lophothrit: frontalis Giesbreoht, in 
different stages of development. 

Atlantic and by: A. Scott from the Malay Archipelago. They possess a more sharply round .. · 
• 

ed frontal crest than the smaller examples. There are also, as Wolfenden remarks, slight 
differences in the spination of the limbs. 

The occurrence of these two groups raises t,he question.-Are ,ve dealing with two" 
distinct but very closely related species or do the two groups represent different stages in· 
the life-history of one and the same species 1 Occurring with these adults were a few" 
imlnature forms which I believe to belong to the salne species, and from a careful study of 
bot·h adult and immature forms I am of the opinion that we have here in a deep-sea. 
~pecies another instance of dimorphism such as I have already referred to in some of the:: 
more ~ommOll littoral species in Indian ,vaters (t'ide supra, p. 5 et seq.). 
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Forma major. 
(Text-fig. 71, a-n.) 

-The total length varies from 5'812 to 6°125 mID.. ; the average being 5·97 mm. The 
proportional lengths of the cephalothorax and abdomen are as 42 to 11) so that the abdomen .. 
is contained 3"82 times in the length of the anterior region of the body. 

. 
9- J. k. 

TEXT-FIG. 71.-Loplwthrix jrontali8 Giesbreoht, forma mojor. 
a. The forehead and rostrum from the left side, ~. g. The 2nd swimmint( l(l~, ~. 
b. The posterior thoraoic margin and genital segment n. The 3rd swimming leg. ~. 

from the left side, ~. i The 3rd swi.mmi,ng leg, ~. 

n. 

~ 
I) 

c. The 1st maxilla, ~. k. The 4th sWImmmg leg, ¥. 
d. The 2nd maxilla, ~. Z. The seta on basn12 of th~ 4th swimmlllP.' leg (~nlarged). 
e. The ma.xilliped, ~. m.' 'The 5th leg, ~. 
J. The ht swimming leg. ~. n The 5t~ pa.ir of Jegs, 0'. 
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The general shape of the body agrees exactly with the descriptions given by previous 
authors. The abdomen consists of four segments and the furcal rami, and the propor-
tional lengths of the several parts are as follows :_ c 

Abdominal segment 1-2 
'---v---' 

3 4 

45 20 15 

5 Furoa.. 

7 13 =lOO 

The 1st antenna reaches back to the 3rd abdominal segment. The proportional lengths 
of the segments are as follows:-

Segment 1 2 3 4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2' 25 
'-y--J 

46 57 23 23 23 25 27 57 27 37 43 50 54 50 50 57 57 54 50 42 87 48 .a 23 ==1000 

The 1st and 2nd segments are partially fused and segments 8 and 9 completely so. 
In the 2nd antenna there is a well-marked row of hairs on basall. The terminal seg

ment of the exopod is short. The terminal segment of the endopod is fringed with a clump 
of curved hairs and there are 8 setae on the ouber lobe and 6 on the inner. 

The mandibular palp is well-developed and the exopod and endopod are sub-equal in 
length; the endopod consists of two segments, of which the proximal bears 2 setae and the 
distal 9. 

The 1 st maxilla (text-fig. 71, c) has the usual structure. The 1 st inner or masticatory 
lobe bears 13 setae in all the examples that I have examined; With (1915, p. 211) states 
that there are 14. The 2nd inner lobe has only 2 setae and the 3rd lobe 4 ; With (loc. cit.) 
states that there are 5. The basal segment bears 5 setae and the endopod 7. The exopod 
carries 9 setae and there are 9 setae on the outer lobe. 

The 2nd basal segment of the maxilliped (text-fig. 71, e) is armed along its anterior margin 
with a row of spinules; the arrangement of these spinules differs in different parts of the 
row. Extending from the proximal part of the segment to half-way between the 1st and 
2nd seta the row is a compound one and consists of several lines of spines, but from this 
point to beyond the 2nd seta and nearly to the base of the 3rd the line of spines consists of 
a single row of smaller spines. At this point there is a break in the armature of the segment, 
but just beyond the 3rd seta there is another linear row of spines extending to the distal 
end of the segment. 

The swimming legs are as figured (text-fig. 71, f-n). 

Forma minor. 

(Text-fig. 72, a-j.) 

~ Totallen~h ranging from 4"875 to 5·375 mm.; the average being 5-174 mm. 
The proportional lengths of the cephalothorax and abdomen are as 79 to 16, so that 

the abdomen is contained 4"5 times in the length of the anterior region of the body" 
Both the frontal crest and the posterior margin of the thorax are less sharply rounded 

than in Giesbrecht's original description. The posterior border of the thorax (text-fig_ 
72, b) reaches back half-way along the genital segment of the abdomen, and also appears , 
to be less sharply rounded than in forma ma}or. 

The abdomen consists of four segments that have with the furcal rami the following 
proportional lengths :--

1-2 3 
"--v-....J 

4 5 Furoa.. Abdominal segment 

42 19 15 9 15 =100 
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The genital swelling on the ventral aspect of the 1st segment seems to be slightly less 
prominent than in the larger form. The posterior margins of segments 1 to 3 inclusive are 

TEXT-FIG. 72.-Lophothri~ frontali3 Giesbrecht, forma. minor, ~. 

a. The frontal region and rostrum from the left side. e. The 1st swimming lea. 
6. The posterior thora.oio margin and genital segment from the left side. f. The 2nd swimming leg. 
c. The 1st maxilla. g. The 3rd swimming leg. 
d. The 2nd maxilla. h. The 4th swimming leg. 

j. The 5th leg. 

armed with a row of fine needle-like spines and, in addition, there is a row of tine needle-Hke 
spines across the dorsal aspect of segments 2 and 3 near the anterior border. The external 
furcal setae ale short and delicate. 
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The 1st antenna extends back nearly to the posterior margin of the Srd abdominal 
segment. Each consists of 24 free segments, segments 8 and 9 being fused. The propor-
tional lengths of the segments are as follows:- ' 

Segment 1 2 8 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'--y-J 

47 50 25 25 27 27 27 68 31 35 43 49 47 49 51 68 65 58 43 43 37 51 47 27 ==1000 

In the 2nd antenna the structure appears to be the same as in the larger form; the 
·-exopod bears 8 setae on the inner lobe and 6 on the outer. 

In the 1 st maxilla the masticatory lobe bears 13 setae, as in the forma major; the 
2nd inner lobe bears 2 and the 3rd 4 setae; the basal segment carries 5 setae and the 3 seg .. 
·ments of the endopod have 3 setae each; the outer lobe possesses 7 long setae and 2 shorter 
·ones and the exopod carries 9 setae. The distal portion of the endopod is armed with rows 
-of minute spines. 

In the mandible the basal segment bears 3 setae; the exopod has 6 and the 1st segment 
·of the endopod carries 2. Unfortunately, the 2nd segment was damaged during dissection; 
I am, therefore, unable to give the number of setae present on it. 

The maxilliped closely resembles that of the larger form but the posterior margin of 
-the ba.sal segment seems to be more produced and more sharply pointed in the smaller form. 

There are minute differences ~rom the larger form in the spination of the swimming 
legs, that can best be seen in the figures given (text-fig. 72, e-h). 

The 5th pair of legs (text-fig. 72, J') also closely resembles those of the larger form but 
~in the smaller form the terminal segment of the leg is shorter in proportion to its breadth 
and in some examples the separation from segment 2 was in()omplete. 

Associated with these two apparently sexually-mature forms were several immature 
-forms of both sexes in the 4th and 5th copepodid stages of development. 

Copepodid Stage IV. (Text-fig. 73, a-c.) 

~ The total length ranges from 3·875 to 4·25 mm. ; the average being 4·042 mm. 
The cephalothorax resembles that of the forma minor described a,bove. The abdomen consists 

in this stage of development of only four segments, segments 1 and 2 not being fused together and segments 
-4 and 5 not yet having become differentiated. The proportional lengths of the segments are as follows :.:.-

Abdominal segment I 2 3 4-5 Furca. 
'-~ 

22 24 15 24: .• ~ = 100 

The mouth-parts and swimming legs appear to have already assumed the form and structure seen 
-.m the forma minor. The 5th pair of legs (text-fig. 73, b) is also very similar but at this stage there is 
no separation, even partial, of segments 2 and 3. 

Two immature stages of the male were present corresponding apparently to copepodid' stages 

IV and V. 

~ Copepodid Stage IV. 
Average total length, 4'012 mm. 
The general condition of the body closely resembles that of the immature female. The abdomen 

·('.onsists of only four segments, segments 4 and 5 still being fused; the proportional lengths of the segments 
are a,s follows :-

A bdominal segment 2 3 4-5 Furca. 
'--y--l 

20 20 17 26 17 =: 100 
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At this stage of development the 5th pair of legs consist of a single-jointed exopod and endopod 
as figured. 

b. 
TEXT-FIG. 73.-Lophoth'1ix /'1ontali8 Giesbrecht: Copepodid Stage IV. 

a. The forehead from the right side. b. The 5th leg, ~. 
c. The 5th pa.ir of legs, c1. 

The 1st antenna consiSts of 23 free segments, segments 8 and 9 and 24 and 25 resFectively l:ejDg. 

fused. The proportional lengths of the segments are as follows :-
Segment 128 4 6 6 7 

69 51 26 26 25 25 25 

~ Oopepodid Stage V. 
Average length~ 4·782 mm. 

8-9 
'-y-J 

58 

10 11 12 18 14 15 16 17 18 19 20 21 22 23 24-25 
'--v-J 

28 32 39 48 48 48 01 68 55 61 37 37 37 65 88 =1000. 

The general condition of the structure at this stage appears to be similar to that of copepodid stage 

. IV, except as regards size and a few details, such as the degree of segmentation of the 1st antenna. 

In the 1st antenna segments 1 and 2 appear to be fused together; the proportionate lengths of the 
segments are as follows:-

Segment 3 4 6 6 7 8·9 
'--y-I 

108 27 27 27 27 27 60 

10 11 12 18 14 15 16 17 18 19 20 21 22 28 24-25 
'-v-' 

27 38 41 48 48 48 62 66 56 66 87 37 85 64 77 =1000. 

The structure of the 5th pair of legs is identical with that of copepodid stage IV (text-fig. 73, c). 

The various growth-stages that I have so far been able to trace in this species appear 
to point to there being two sexually-mature stages in the female, corresponding to copepodid 
stages V and VI. In the following tables I have given the average lengths of the various 
stages of development that occur in the" Investigator" collections and the growth-factors 
for each stage :-

Observed Caloulated Growth-

~ 
size. size. fa.ctor. 

mm. mm. 

Copepodid Stag.tJlV .. 4·042 4·120 1'203 

Copepodid Stag~ V (forma minor) 5·174 4·963 1·203 

Stage VI (forma major) 5·970 5·970 

~ 
Copepodid Stage III 3·335 1·450 or 1·203 

Copepodid Stage IV 4·012 4·012 1·450 

Copepodid Stage V 4·782 4·84 

Stage VI (adult) 5·817 

20 
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As in other species the growth-factor for the male between copepodid stages III and 
IV appears to be the same as in the two final moults of the female. 

Lophothrix quadrispinosa Wolfenden. 

(Text-fig. 74, a1.) 

Lophoth1'ix quadrispinosa, Wolfenden, 1911, p. 269, pI. xxxiv, fig. 3. 

The first record of this species was from the" Gauss" collection, specimens having 
been taken in the south Atlantic Ocean in about Lat. 33° S. In the " Investigator" collec
tions are one adult and one immature stage from Station 670 and a second immature stage 
from Station 393. 

According to Wolfenden {1911} this species differs from Lophothrix frontalis Giesbrecht 
in the shape of the head and frontal crest and in the structure of the 5th pair of feet. The, 
difference in the shape of the head is extremely slight, if we compare this form with the larger 

h. 
TEXT-FIG. 74.-Lophothrix quadrispinosa WoHenden, ~. 

a. The 2nd antenna. d. The 3rd swimming leg. 
b. The 1st swimming leg. e. The 5th leg. 
c. The 2nd swimming ieg. f. The 5th leg (immature). 

form of L. frontalis. In the immature stages the head and frontal crest are more sharply 
rounded than in the adult, so that in this species, as in L. frontalis, we get slight changes 
of shape in the different growth-stages but in the opposite direction. 

~ The total length is 5'1 mm. and the proportional lengths .of the cephalothorax and 
abdomen are as 66 to 15, so that the abdomen is contained 4·4 times in the length of the ante .. 
rior region of the body. 
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The abdomen consists of four segments that with the furca have the following pro
portionallengths :-

Abdominal segment 1-2 3 4 5 Furca. 
"-y-J 

39 19 17 11 14 =100. 

The mouth-parts and swimmjng legs agree closely with the corresponding appendages 
in L. frontalis, but there are distinct differences in the number and arrangement of the 
spines on the surfaces of the swimming legs. 

The 5th pair of legs (text-fig. 74, e) bear, as the specific name indicates, four spines 
instead of three. 

Oopepodid Stage V. 

Both examples of this immature stage measure 4·4 mm.. in length. The proportional lengths 
of the cephalothorax and abdomen are as 9 to 2, so that the abdomen is contained 4·5 times in the length 
of the anterior region of the body. 

The anterior region of the body closely resembles that of the adult, except that the frontal crest 
and head are somewhat more sharply rounded. The abdomen consists of four segments but in this case 
it is segments 4 and 5 that are fused. The proportional lengths of the segments are as follows :-

Abdominal segment 1 2 3 4-5 Furc&,. 
'--y--I 

22 20 18 25 15 = 100. 

The 1st antenna reaches to the posterior end of the abdomen. There are 24 free segments: 
segments 8 and 9 being fused together, as in the adult. The proportional lengths of the segments are as 

follows :-

Segment 1 fa 8 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
'--v-' 

66 67 28 23 28 26 26 52 28 80 40 47 47 47 47 54 64 64 42 42 38 66 62 28 '"" 1000. 

In the 5th pair of legs (text-fig. 74,/) there is a somewhat swollen basal segment and an oval free 
segment that bears on its inner border a single spine, that is slighty longer than the segment; from the 
distal end arises a shorter and stouter spine and immediately external to this is a small spinous project,ion ; 
a somewhat similar spinous proj,ection is situated on the external margin near its proximal end. 

Genus MACANDREWELLA A. Scott. 

This genus was created by A. Scott (1909, p. 100) to accommodate the species Macan
drewella :joanae, obtained by the" Siboga " in the Malay Archipelago. Scott also included 
in the genus the copepod that Giesbrecht (1896, p. 321, pI. v, figs. 16-~2) has described 
from the Red Sea under the name Scolecithrix chelipes. In the" Investigator" collection 
I have been able to identify an example of Macandrewella chelipes (Giesbrecht) as well as 
examples of what appear to be a new species. 

Macandrewella chelipes (Giesbrecht). 

(Text-fig. 75.) 

ScoZecithrix ckeZipes, Giesbrecht, 1896, p. 321, pI. v, figs. 16-22. 
Scolecithrix chelipes, Thompson and A. Scott, 1903, p. 245. 

202 
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TEXT-FIG. 75.-Ma-
'candrewella chelipes 
(Giesbrecht). 

The 5th right leg, ~. 

Memoirs oftke Indian Museum . [VOL. X~ 

Giesbrecht described this species from a single male example 
taken in the Red Sea. The species was subsequently taken, again in 

( 

the Red Sea, by Herdman and was reported on by Thompson and 
Scott (1903). In the "Investigator" ~ollection from Station 614 
(Nankauri Harbour, Nicobar Islands) is a single male example that 
agrees almost exactly with Giesbrecht's original description; there is, 
however, a slight difference in the 2nd joint of the exopod of the 
right 5th leg. In the present example (text-fig. 7~) there is at the 
proximal end of this segment a conical retroverted process, which is 
neither mentioned in Giesbrecht's description nor shown in his figure. 

The occurrence of this specimen in the Nicobar Islands very con
siderably increases its known range of distribution. 

Macandrewella scotti, sp. nov. 

(Text-fig. 76, a-j.) 

A number of examples of a species of M acandrewella, ill varIOUS 
stages of development, were taken in the surface tow-net at Station 
614. I have much pleasure in dedicating this species to Mr. Andrew 
Scott and have named it M acandrewella scotti. 

~ Total length, 3'22 mID. 

The proportional lengths of the cephalothorax and abdomen are as 61 to 13, so that 
the abdomen is contained 4'7 times in the length of the anterior region of the body. 

The head and 1st thoracic segment are fused together. The forehead is rounded and 
is provided with a weU .. developed central lens, that is present even in the nlost immature 
examples. The 4th and 5th thoracic segments are separate. The posterior thoracic m.argin 
·(text-fig. 76, b-c) is rounded and is produced slightly backwards near the dorsal side in a 
-short triangular flap; it also bears at the height of the curve a single hook-like spine, that 
is remarkably similar to that of Macandrewella joanae; indeed the whole appearance of 
this species is extremely like that of Scott's species. The rostral spines consist of a swollen 
basal part and a slender terminal portion. 

The abdomen consists of four segments, having with the furca the following propor-
tionallengths :-

Abdomina.l segment 1-2 
"---v--' 

3 4 

41 22 18 

5 Furc&.. 

6 13 = 100. 

The posterior margins of the 2nd and 3rd segments are fringed with fine spines and the 
posterior margin of the anal segment is fringed with long hairs. The furcal rami are short 
and broad and bear five setae, of which the innermost is quite short. The middle seta of 
the left furca is not elongated as in Macandrewella joanae, but is the same on both sides. 

The 1st antenna reaches back to the posterior margin of the 2nd abdominal 5egment ; 
it consists of 22 separate segments, segments 8 to 10 and 24 and 25 being respectively fused 
together. The proportional length of the various segments are as follows:-

Segment 123 4 5 6 7 

i3 58 P9 81 ~w 29 29 

8-10 11 12 13 14 15 16 17 18 19 20 21 22 23 
'-v-' 

8\ 30 84 49 48 49 49 49 51 53 51 50 50 50 

24-25 
'--v-' 

54 =1006. 



1929.] R. B. SEYMOUR SEWELL: Oopepoda of Indian Seas. 203 

In the 2nd antenna (text-fig. 76, d) the exopod'is nearly twice the length of the endopod. 
'The ,distal end of the 1st segment of the endopod is swollen and is provided with a tuft of 
rhaira, as also is the outer margin o£~he distal segment. The endopod consists of 6 

g. 

TEXT-lI1G. 76.-Macanarewdla Icotti, ap. nov. 

'(I. The whole animal from above, ~. 
·b. The posterior thoraoio margin and a.bdomen from the left side, ~. 
'c. The posterior tq.oraoio margin, right side, S? .. 

·l. The 2nd antenna, ~. 
J. The 5th pa.ir of legs, il. 

e. The maxilliped, ~. 
/. The 1st swimming leg, ¥. 
g. The 2nd swimming leg, ~. 
k. The 3rd swimming leg, ~. 
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segments. The 1st basal segment bears a stout fringed seta at its distal external angle and 
in addition there is a line of long curved hairs across the inner aspect. 

The ma.ndible and maxillae appear to have a structure si~lar to that of the correspond
ing organs in the genus Scottocalanus. 

The maxilliped (text-fig. 76, e) is of the usual type. It bears along the proximal part
of the anterior margin of the 1st basal segment a short row of curved spines. The 2nd basal 
segment is armed with a long row of fine needle-like spines along the proximal two-thirds· 
of the anterior margin and a second row of slightly larger spines runs along the anterior 
margin of the distal fourth of the segment. The endopod consists of five segments of which 
the 2nd is the longest. 

The 1st swimming leg (text-fig. 76, f) consists of a two-jointed basal part, a three-joint
ed exopod and a single-jointed endopod. In the exopod the 1st segment is considerably 
larger than either of the other two and is swollen internally, the internal margin being fring
ed with hairs; at the distal external angle it bears a delicate seta-like spine that reaches 
about half-way to the base of the spine on exopod 2, which is of about the same size and 
delicacy. The 3rd segment of the exopod has a notched outer border and appears to be bent 
outwards; the marginal spine is twice the length of the spines on the other two segments 
and the terminal spine is delicate and seta-like. 

In the 2nd swimming leg (text-fig. 76, g) the exop<?d is three-jointed and the endopod 
consists of two segments. The 1st basal segment bears an inner seta and the 2nd basal is 
produced at its outer distal angle in a spine-like process. The marginal spines on the three 
segments of the exopod are sub-equal. The 2nd segment of the endopod bears two rows of 
spines, an outer row of three spines, all of about the same size, and an inner row of two 
unequal spines, the proximal being much smaller than the distal. 

The 3rd (text-fig. 76, h) and 4th swimming legs each have a three-jointed exopod and 
endopod. The 2nd basal segment is, as in the 2nd leg, produced in a sharp spine-like pro
cess at its distal outer angle. In the exopod the 2nd segment is armed with a- row of small 
spines across the surface near the distal border. The 3rd segment bears a U-shaped row 
of small spines in the middle of its length. The end -spine is of a bout the same length as 
the 3rd segment and bears a number of separate teeth along its outer margin; at the pro
ximal end these teeth are reduced in size. 

The 5th pair of legs is completely absent. In this respect the present species differs 
from that described by Scott, in which he describes a fifth pair of legs as being present. 

d" As in the female the head and 1st thoracic segment are fused and the posterior thoracic 
margin bears a s.ahort stout spine on each side. 

The abdomen consists in this sex of five segments, of which the 3rd is much shorter 
than either the preceding or the following segnlents. Segments 2 and 3 are armed on their 
posterior margins with coarse spinules. The proportional lengths of the segments are as 
follows :-

Abdominal segment I 2 3 4 5 Fltrca. 
24 24 14 23 9 6 = 100. 

The anal segment bears a number of scattered hairs. 
The 1st antenna differs on the two sides of the body; on the right it consists of 17 

separate segments an~ on the left of 18. On both sides segments 8 to 13 and 14 and 15 
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are respectively fused together, as also are segments 24 and 25 ; and in addition on the right 
side segments 20 and 21 are fused. The proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 .. 7., 8-13 14-15 16 17 18 19 20-21 22 23 24-25 
'--v---' ~ ~ ~ 

Right 58 58 24 24 24 27 30 171 88 56 56 56 58 100 54 56 58 = 1000 

Left 58 58 24 24 24 27 30 171 88 56 56 56 58 54: 46 54 56 58 = 1000. 

The 2nd antenna and mouth-parts, with the exception of the 2nd maxilla, are similar 
to those of the female; in the case of the 2nd maxilla the sensory organs on the terminal 
segment appear all to be of one kind, and are simple and vermiform. 

The swimming legs are as in the female. 
The 5th pair of legs (text-fig. 76, j) have the same general structure as in the other two 

members of the genus. The 2nd basal of the right leg is dilated at its base and bears a long 
and curved endopod, as in M acandrewella J'oanae; the exopod possesses two free segments, 
the 1st apparentlY,being fused with the 2nd basal segment. The fused 2nd basal and exo
pod 1 is produced in a series of projections and processes on its inner aspect; there is a well
developed wing-like projection near the proximal end; about the junction of the middle 
and distal thirds is a small rounded lobe, and near the distal end there is a club-shaped pro
minence. The 1st free segment is produced at its base in a strong inwardly-directed blunt 
process that is about ~qual in length to the whole segment; the 2nd free segment is simple 
and sickle-shaped. The left leg consists of a two-jointed, elongate basal portion, from 
which arise a single-jointed endopod and a two-jointed exopod; the endopod is curved 
and bears at its distal end a row of serrations, the distal segment of the exopod terminates 
in a claw-like process and bears a tuft of hairs. 

Genus SCAPHOCALANUS Sars. 

A. Scott (1909). has recorded the occurrence of three species belonging to this genus, 
namely Scaphocalanus magnus (T. SCDtt), S. major (T. Scott) and S. elongatus A. Scott from 
the Malay Archipelago. 

Up to the present I have observed 8caphocaZanus magnus '(T. Scott) and S. elongatus 
A. Scott in the " Investigator" collections ; and in addition I have also come across examples 
·of Scaphocalanus affinis Sars and S. medius Sars, which may possibly prove to be identical 
with S. mador (T. Scott). 

Scaphocalanus affinis Sars. 
Amallophora affinis, Sars, 1905, p. 21. 
Scaphocalanus aJfinis, Sars, 1925, p. 171, pI. xlviii, figs. 15-23. 

Scaphocalanus a.ffinis, Farran, 1929, p. 248. 

A few examples, which I believe to belong to this species, were taken at " Investigator" 
Stations 670 and 682. 

Scaphocalanus elongatus A. Scott. 

(Text-fig. 77, a-k.) 

Scaphocalanus elongatus, A. Scott, 1909, p. 98, pI. xxxii, figs. 10-16. 

Two examples of this species were taken at" Investigator" Station 670, a third 
-.occurs in the collection at Station 393 and a. single exan1ple, of what I think must also be the 
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above species, was taken at Station 682, though this individual presents certain sligh~ .. 
differences from the description given by A. Scott. 

TEXT-FIG. 77.-Scaphocalaml8 elo7lgatu8 A. Scott, ~. 
a. The whole animal £lo.n the left Bide. f. The maxilliped. 
h. The !ostrum. g. The 1st swimming leg. 
c. The _nd allt~nna. h. The 2nd swimming leg. 
d. The 1st maxI.Illl.. j. The 5th pair of legs. 
e. The 2nd maxl11a. k. An abnormal 5th pair of legs. 
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~ Total length varies from 2·55 to 2·92 rom. 
il'he proportional lengths of the cephalothorax and abdomen are as 119 to 36, so that the 

abdomen is contained'3·3 times in the length of the anterior region of the body. 
The forehead bears a linear crest, as in Scaphocalanus magnu8 (T. Scottf and S. affinis 

Sars; A. Scott (1909) in his figure of this species shows no crest on the forehead, but in his 
desrription he remarks that " the forehead is faintly thickened in the middle line, which 
may indicate a very weak crest, but the material was too limited to make certain." 

The posterior thoracic margin is produced backwards and ends in a pointed process. 
The head and 1st thoracic segment are fused as also are the 4th and 5th thoracic segments .. 
The proportional lengths of the abdominal segments are as follows:-

Abdominal segment 1-2 ,.. 3 
~ 

35 23 

4 

18 

The furcal ramus is about twic~ as long as wide. 

5 Furca. 

t) 18 = 100 

In the structure of the appendages this species agrees closely with Scaphocalanu8 affinis 
Sars, but there is a clear difference in the 5th pair of legs. Sars in his description of S. aifinis 
(loc. cit. pI. xlviii, fig. 23.) figures the terminal segment as bealing four spines, one on each 
margin and two markedly unequal ones at the distal end, the spines on the inner and outer
margins arismg ~pposite each other. In S. elongatus there are only three spines on this seg
ment, viz., one on each border and a single one at the distal end. The spines on the inner 
and outer borders do not arise opposite each other, the outer marginal spine being markedly 
distal to the inner spine. 

There is a very close resemblance between Scaphocalanus elongatus A. Scott, S. ajfinis
Sars and S. gracilis Wolfenden. Sats (1925, p. 1'll~ in his description of S. a.ifinis remarks, 
" Les deux formes mentionees par A~ Scott et Wolfenden respectivement sous les noms de 
Scaphocalanu8 elongatus et Amallophora gracilis ne me semblent pas differer essentiellement 
de l'espece presente." Wolfenden s~ates that Amallophora gracilis possesses a crest, and 
such It crest appears to be present in both S. ajJinis and S. elongatus. Scaphocalanu8 
a.ffinis, in addition to the difference noted above in the 5th pair of legs, also appears to be 
somewhat larger than S. elongatus, being according to Sars 3·6 mm. in length, whereas S. 
elongatu8 is only from 2·6 to 2'9 in length. 

In the example of this species that was taken at Station 682 the characters of the 5th: 
pair of legs (text-fig. 77, k) show certain differences from the usual condition; the terminal 
segment in this case carries only two spines, one on the inner margin and a second at the distal 
extremity, and the inner border of the segment is produced in a roundeQ lobe. In them 
general characters-these legs agree exactly with the corresponding appendage in Giesbrecht's 
genus Racovitzanus (vide Giesbrecht, 1902, p. 26, pI. v, fig. 5). Farran (1909, p. 53, pI. vi, 
:fig. 4) has previously called attention to the occurrence of a similar abnormal 5th leg in au
example of his species Scolecithrix gracilipes and also in Scolecitkrix valida. 

Scaphocalanus magnus (T. Scott). 

Scapkocalanus magn'Ll,S, A. Scott, 1909, p. 97. 
AmaZZopkO'l'a magna, Wolfenden, 1911, p. 262. 
Amallopkora m.agna, Stephensen, 1913, p. 313. 
Scaphocalanus magnus, With, 1915, p. 189, pI. vii, fig. 8 a-d ; pI. viii, fig. 6 a-g, text-fig. 58 a-k. 

2n 
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Bcaphocalanus magnus, Lysholm and Nordgaard, 1921, p. 20. 

Scaphocalanus 1flagnus, Sara, 1925, p. 169. 
Scaphocalan'lts magnus, Farran, 1926, p. 257. 

[VOL. X, 

This species is widely distributed throughout the great oceans; it was first discovered 
in the Gulf of Guinea and since then it has been taken as far north as 60 degrees in the Atlantic 
and Sars records it as being of common occurrence in the Polar basin. It also occurs in the 
" Gauss" collection as far south as the ice belt and several examples, including one male, were 
taken in the "Investigator" collection at Stations 393, 670 and 682. Sars contended that 
this species was" undoubtedly of true arctic origin" but in view of its wide distribution 
this cannot be accepted. As regards its vertical distribution this species seems to have a 
very extended range; in the Polar basin it is recorded as being" rather abundant up to the 
very surface," in the" Gauss" collection it occurs at depths ranging from 1200 to 3000 
metres and Farran records it in almost every tow-netting taken off the Irish coast in 
depths between 280 and 1,150 fathoms. , 

~ The total length of the examples in the" Investigator" collection is 4·9 mm. and the 
proportional lengths of the cephalothorax and abdomen are 30: 9. 

Scaphocalanus medius Sars. 

1 Scolecithrix major, T. Scott, 1894:, p. 52, pI. iii, figs. 24-26, pI. v, figs. 44,45. 

AmallopltO'ra media, Sars, 1907, p. 16. 
~ Scaphocalanus major, A. Scott, 1909, p. 97. 

Scolecithrix gracilipes, Farran, 1909, p. 68, pi. vi, figs. 1-4. 
Scaphocalawus medius, Sara, 1925, p. 173, pI. xlix, figs. 1-8. 

Two examples, both females, were taken at Station 682. 
The various appendages agree closely with the description given by Sars, but Sars seems 

to have overlooked the fact that the 2nd, Srd and 4th legs are covered on their anterior faces 
with innumerable minute spinules. In the 2nd and 4th legs these appear to be in the main 
restricted to the 2nd basal segment and the segments of the exopod, but in the ard leg they 
are also present on the segments of the endopod. 

The form described by Farran (we. cit. 1909) under the name Scolecithrix gracilipes 
appears to me to be identical with that recorded by Sars in 1907 under the name Amallophora 
media and in consequence Sars' name takes priority. 

A comparison ·of the accounts given by T. Scott (1893) and A. Scott (1909) of Scapho
calanus major with that of Scaphocalanus medius as given by Sars (1925) seems to me to 
indicate that the two forms are identical. T. Scott gives the size of his example as 3-0 mm.., 
which is a shade larger than A. Scott's examples from the Malay Archepelago, the size of 
which is given as 2·9 mm. ; Sar's specimens measured only 2·4 mm. In both Scaphocalanus 
major and S. medius the general characters appear to be identical and in each case the 5th 
leg consisted of two segments, the terminal one having a long inner spine, a somewhat shorter 
terminal spine and a quite short external spine that arises near the face of the terminal spine 
and distal to the line of origin of the inner spine. The 5th leg figured by Van Breemen 
(1908, p. 79, fig. 92) refers not to S. major but to S. magnus and is clea~ly copied from T • 
.scott's figure of that species given in pI. iv fig. 9 of his account. 
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Should Scaphocalanu8 major (T. Scott) and S. medius· Sars prove to be identical the 
former name will have priority. 

Genus SCOLECITHRIX Brady. 

Up to the time of the publication of Sars' Monograph on the Crustacea of Norway (1902) 
the genus SiJolecithrix contained a large number of forms that showed inter se certain difier
ences of structure and were clea·rly not a homogeneous group. In this monograph Sars 
subdivided the group into two genera, viz. Scolecithrix (sensu stricto), in which a 5th pair of 
legs is completely absent in the female, and Scolecithricella, in which a 5th pair of legs is present 
in the female. He, later, in his important monograph on the Copepoda obtained by S. A. S. 
Prince Albert of Monaco (1925), still further subdivided the latter genus into Amallothrix, 
in which the segments of the 5th pair of legs in the female are all cylindrical and the 2nd 
maxilla bears certain bud-like sensory organs, and Scolecithricella (sensu stricto), in which 
the terminal segment of the 5th pair of legs in the female is broad and lamelliform, and the 
sensory organs of the 2nd maxilla are all of one unmodified type. 

In Indian waters the genus Scolecithrix (sensu stricto) is represented by three species. 
Thompson and A. Scott (1903) have recorded the presence of Scolecithrix bradyi from the 
Arabian Sea and Scolecithrix danae from the Ceylon Pearl Banks, and in the account of the 
collections made by the " Siboga " in the Malay Archipelago A. Scott (1909) also records the 
occurrence of this latter species in that area. In the" Investigator" collections I have 
been able to find examples of Scolecithrix danae and, in addition, I have discovered a new 
species that I propose to call S. nicobarica, after the region in which it was found. 

Scolecithrix danae (Lubbock). 

Soolecitk,iz danae, A. Scott, 1909, p. 88. 
SooZecitkriz danae, Wolfenden, 1911, p. 250. 
Scolecitk'1'iz danae, Sewell, 1912, p. 360. 
SooZecitk'1'w danae, T. Scott, 1912, p. 532. 
ScoZecithriz danae, Sewell, 1914, p. 217. 
ScoZecithriz danae, Brady, 1915, p. 135. 
SooZecitlt,iz danae, Sars, 1925, p. 175. 
SooZecitk,iz danae, Farran, 1929, p. 243. 

This species is widely distributed throughout Indian seas. It has now been recorded 
from the Malay Archipelago (A. Scott); the coast of southern Burma (Sewell); the Bay of 
Bengal and the central portion of the Indian Ocean (T. Scott) ; the Ceylon Pearl Banks 
(Thomson and A. Scott; Sewell) ; the Maldive and Laccadive Archipelrtgoes (Wolfenden) ; 
the Arabian Sea'(Cleve) ; south of Madagascar (Wolfenden) ; the east coast of Africa (Brady) 
and the Gulf of Aden (A. Scott). In addition to the above records, examples have been 
taken at " Investigator" Stations 470, 614, 670, 672. 

Scolecithrix nicobarica, sp. nov_ 

(Text-fig. 78, a-g.) 
Examples of both sexes of this species were taken in Nankauri Harbour in the cent-ral 

group of the Nicobar Islands. 
~ Total length, 1-08 mm. 

2n2 
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The proportional lengths of the cephalothorax and abdomen are as 46 to 11, so that the 
abdomen is contained 4-2 times in the length of the anterior region of the body_ The cephalo
thorax is moderately robust and tapers somewhat towards the anterior end, the broadest 

o. 
TEXT-FIG. 7B.-Scolecitkrix nicobarica, sp. nov. 

a. The whole animal from above, ~. d. The 2nd swimming leg. 
b. The 1st antenna, ~. e. The 3rd swimming leg. 
c. The 1st swimming leg. f. The 4th swimming leg. 

g. The 5th pair of legs, c!. 

part being in the neighbourhood of the posterior margin of the 1st thoracic segnlBnt. The 
cephalon and 1st thoracic segment are fused, as also are the 4th and 5th thoracic segments. 
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The rostrum is composed of two short stout spines, each terminating in a fine flagellum" 
The posterior thoracic margin is curved and is slightly indented. 

The abdomen.consists of four segments that have the following proportional lengths : 
Abdominal segment 1·2 3 4 5 Furca. 

37 23 18 6 16 = 100 

'The furcal rami are short and broad and bear four setae on their distal margin, of which the 
2nd is twice as long as the ard. 

The 1st antenna (text-fig. 78, b) reaches back to slightly beyond the p'osterior margin 
of the thorax and consists of only 20 free segments. Segments 1 and 2 are fused together 
and so are segments 8 to. 10 and segments 12 and 13 ; segments 24 and 25 are also fused. The 
segmentation of ~he antenna in this species thus exactly agrees ,vith that found in Scoleci
thricella vittata. The proportional lengths of the segments are as follows: 

Segment 1-2' 8 4 6 6 7 8-10 11 12-13 14 15 16 17 18 19 20 21 22 23 24-25 
'-y--I '-y-' ~ '-v-' 

104 25 21 21 21 21 54 21 51 ~46 50 50 54 58 50 50 54 62 83 104 == 1000 

Segment a bears a long and a short" aesthetask," as also does segment 7 ; segment 9 

"bears a single long sensory filament and segments 18, 19 and 21 each bear a short sensory 
filament. 

In. th~ 2nd antenna the exopod is twice the length of the endopod. 
The 1st swimming leg (text-fig. 78, c) possesses a three-jointed exopod and a single 

jointed endopod. The 1st basal segment bears a row of fine spines across its outer surface. 
The 1st segment of the exopod is devoid of a marginal spine; exopod 2 and 3 each bears a 
marginal spine, the ,two being sub equal , and the end -spine is long and slender and is more 
than the length of the two end -segments. Exopod 3 bears only three setae. The endopod 
exhibits on its outer margin a rounded swelling which is fringed with needle-like spines. 

The 2nd, 3rd and 4th swimming legs (text-fig. 78, d, e and f) are armed with numerous 
spines on the surface of the segments as shown in the text-figures. 

The 5th pair of legs is completely absent in this sex so that this species falls within the 
definition of the genus Scolecithrix. 

d' Total length, 1·08 mm., being the same as in the female. 
The proportional lengths of the cephalothorax and abdom9n are in this sex 43 to 14, 

so that the abdomen is contained only 3'1 times in the length of the anterior region of the 
body. The general form of the, body is as in the female. 

The abdomen consists of five segments that have the follo\ving proportional lengths : 
Abdominal segment I 234 5 Furca. 

19 31 19 21 2 8 = 100 

The swimmjng legs are as in the female. 
The 5th pair of legs (text-fig. 78, ,g) are similar in type to those of Scolecithri'C vittata, 

·S. dubia and S. tenuiserrata. 

Genus SCOLECITHRICELLA Sars. 

The genus Scolecithricella was created by Sars (1902-3) to include a nUlnber of species 
that had previously been included in the genus Scolecithrix. As Sars pointed out, the type 
-species of the genus Scolecithrix was S. danae (Lubbock), in which there is a complete absence 
-of a 5th pair of legs in the female; clearly then species in 'which this appendage was present 
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could not strictly be referred to the same genus. He, therefore, separated off those species 
that possessed a 5th pair of legs and included them all in the new genus Scolecithricella,. In 
1925, however, he again separated off a number of species, that had been included in this 
latter genus, in a new genus that he termed Amallothrix and he defined the distinguishing 
characters of the two groups as: (1) the presence in Amallothrix of a J:>utton-like sensory 
appen~age on the terminal segment of the 2nd maxilla, and of only worm-like appendages 
in'this segment in Scolecithricella, (2) the 5th pair of feet in the female are cylindrical in 
Amallothrix and are flattened and plate-like in Scolecithricella. 

A study of the numerous species that have up to the present time been described and 
referred to the genus Scolecithrix (sensu lato) leads one to doubt whether the distinctive 
features as given above are sufficient ground~ for the separation of the forms into two groups 
and it appears probable that, if the original genus Scolecithricella, is to be divided up, it will 
in the end be necessary to create still more genera. In a certain number of species the 5th 
legs in the female are cylindrical in shape and terminate in two, or sometimes three, spines 
and the sensory appendages at the end of the 2nd maxilla are all of the same type and are 
worm-like; these species clearly belong to the genus Scolecithricella (sens'u stricto) as defined by 
Sars. Others, however, possess one or more of these appendages modified so that the tip 
forms 'a bud-like swelling, and the 5th pair of legs are cylindrical, so that they clearly 
conform to the definition of the genus Arnallothrix. Certain other species, however, 
while exhibiting a cylindrical form in the 5th legs, do not show any modification of the 
sensory appendages of the 2nd maxilla, such species are Scolecithrix aequalis Wolfenden, 
S. polaris Wolfenden and S. magnus Wolfenden, in which the 5th leg bears two unequal 
spines, as in many examples of the genus ArnaZZothrix, and Scolecithrix acutus Wolfenden 
and S. medius Wolfenden, in which the 5th pair of legs resembles those of members of the 
genus Scaphocalanus. 

In 1883 Brady reported the occurrence of Scolecithricella minor from the Indian Ocean 
in the region to the west of Crozet Island. In 1903 Thompson and A. Scott added Scoleci
thricella auropecten (Giesprecht) and S. tenuipes (T. Scott) to the list of species known to occur 
in the Red Sea. A. Scott (1909) in his account of the Copepoda from the Malay Archipelago, 
in addition to those species R1cntioned already, added the following to the list of species known 
to inhabit Indian waters, namely :-

Scolecithricella abyssalis (Giesbrecht), 
Scolecithricella ctenopus (Gies brech t), 
ScolecithriceZZa longicornis (T. Scott), 

Scolecithricella long~furca (Gie~brecht), 
Scolecith'l"icella marginata (Giesbrecht), 
Scolecithricella profunda (Giesbrecht). 

In 1914 I described a new species, Scolecithricella pearsoni, from the Pearl Banks of 
Ceylon. 

Scolecithricella ctenopus (Giesbrecht). 

(Text-fig. 79, a-g.) 

Scolecithrix ctenopu8, Giesbrecht, 1893, p. 285, pI. xiii, figs. 36-38 and pI. xxxvii, fig. 15. 
Scolecithrix ctenopu8, T. Scott, 1894, p. 48, pI. v, figs. 2-9. 
Scolecithrix ctenopus, Giesbrecht and Schmeil, 1898, p. 46. 
Scolecithricella ctenopus, A. Scott, 1909, p. 91. 
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The occurrence of this species in the Malay Archipelago was recorded by A. Scott (1909) 
and a single example of the male was taken by the "Investigator" at Station 682. 

Associated with this male was a single female that I have no hesitation in referring to this 
specIes. 

~ Total length, l' 26 mm. 
The proportional lengths of the cephalothorax and abdomen are as 110 to 23, the abdo

men being thus contamed 4'8 times in the length of the anterior region of the body. 
The body is moderately robust and when viewed from above is oval in shape, tapering 

towards both ends. ,The head and 1st thoracic segment are fused, but a slight trace of the 
line of fusion can be detected in the mid-dorsal region. Thoracic segments 4 and 5 are also 
fused, but a well-marked notch in the ventro-Iateral margin indicates the limit of each seg
ment. The posterior thoracic margin is produced backwards and terminates on each side in 
a small curved spine. 

The abdomen is very short in the present specimen owing to the various segments being 
-considerably telescoped into each other. The proportional lengths of the segments are as 
follows :-

Abdominal segment 123 4 Furca.. 
47 16 14 5 18 = 100 

The rostral filaments are delicate and are difficult to see, owing to their being in close 
approximation to the swollen basal segments of the 1st antennae. 

The 1st antennae reach back to the tip of the furcal rami. They consist, as in Scoleci
thricella longicornis (T. Scott), of 23 segments, that have the following proportional lengths :-

Segments 

S. ct.enopus • 
S. lOllgicornis • 

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

60 53 24 24 26 27 27 tit! 24 30 41 44: 49 62 55 55 55 55 55 55 51 41 32'= 1000 
57 40 28 28 28 28 28 66 19 28 39 39 47 56 47 56 56 66 56 56 56 47 39 == 1000 

For the purpose of comparison I have given in the above table the proportional lengths 
of the segments in Scolecith1'i~ella longicornis (T. Scott) as calculated from the data given 
by T. Scott. From these figures it will be seen that there is a reasonably close agreement 
between the two series. In both species the length of the appendage and the number of 
'segments is the same and segments 8 to 10 are fused. 

In the 2nd antenna the endopod is only !ths the length of the exopod. 
In the 2nd maxilla (text-fig. 79, b) the terminal segment bears a nunlber of sausage

shaped filaments, but ~ was unable to determine the exact number. 
The maxilliped (text-fig. 79, c) is comparatively small; the 1st basal segnlent bears a 

row of setae along its anterior margin near the proximal end. From the llliddle lobe spring 
two setae, of which the proximal is dilated about half-way along its length and then appears 
to terminate in a delicate flagellum. The 2nd joint of the endopod is at least twice as long 
as the 1st segment and is equal to the length of the last three segments, as is the case, accord
ing to T. Scott, in Scolecithricella longicornis. 

The 1st swimming leg (text-fig. 79, d) possesses the usual three-jointed exopod and a 
single-jointed endopod. Both basal segments are devoid of spines. The endopod exhibits 
a rounded swelling about half-way along the length of the externallllargin and the swelling 
is crowned with a row of needle:'Iike spines; there are a number of scattered spines on the 
terminal portion of the joint. 
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In the 2nd swimming leg (text-fig. 79, e) basal segments land 2 are devoid of ~spines. 
Basall shows a well-marked notch on its outer margin. The exopod consists of three, seg--· 

o. 

d. 

TEXT-FIG. 79.-Scolecitllricella ctenopU8 (Giesbrecht), ~ 
a. The whole animal from the left side. e. The 2nd swimming leg. 
b. The 2nd maxilla. f. The 3rd swimming leg. 

c. The maxilliped. 
d. The 1st s\yimming leg. 

/.1 The terminal spine enlarged. 

g. The 5th leg. 

lllents and both the 2nu and 3rd are a.rmed with strong spines on their posterior 
aspects. The endopod consists of two segments and the distal one is armed with spines on 
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the surface and there is a comb of small spines along the external margin, a condition that 
exactly corresponds with the condition in the male. The end-spine of the exopod is also' 
sligktly distorted as in the male. 

In the 3rd swimming leg (text-fig. 79, f) basal 1 bears a number of spines on or near its· 
inner margin, while the outer margin exhibits a clearly-marked indentation. Basal 2 bears a 
group of small curved spines on the distal portion of its inner border ; this agrees exactly 
with the conpition figured by T. Scott in Scolecithricella longicornis (vide T. Scott, 1890, 
pI. v, fig. 26). The terminal' spine is distorted, exactly as in the manner described .;by T. 
Scott (loc. cit., p. 48), and is furnished with widely-spaced teeth of varying size; T. Scott 
does not mention the number of teeth on the end-spine but to judge from the figure that he· 
gives there were from 17 to 18 ; in the present example there are 14. ·Unfortunately in my 
example of the male the end-spines of the third feg are missing so that comparison is·· 
impossible. 

The surface of the segments of the rami of the swimming legs is armed with rows of' 
exceedingly minute spinules, running down the length of the segments. I have not figured 
these in my illustrations, but they are clearly shown in T. Scott's illustrations of the 
male of Scolecithricella ctenopus. 

The 5th leg (text-fig. 79, g) consists of a basal segment and two free segments of approxi
mately equal.length. The proximal segment bears a number of spines on the distal part 
of the external margin. The distal segment terminates in a sharp spine-like projection 
around the base of which are a number of sharp spines; a single spine-like seta, with a serrated 
margin, arises from the inner aspect at the junction of the middle and distal thirds. A 
comparison of text-fig. 79, 9 with the corresponding appendage in Scolecithricella longicornis' 
(vide T. Scott, 1898, pt, "Sf', fig. 27) reveals a close degree of similarity. 

Scolecithricella pearsoni Sewell. 

Scolecitllricella pearsoni, Sewell, 1914, p. 217, pI. xvii, figs. 6, 7 and pI. xviii, figs. 1-4. 

This species was originally described from the Pearl Banks of Ceylon, where it had been 
taken by Dr. T. Southwell in the surface tow-net. Several examples of the same species have
since been taken by 1jhe' Investigator" in the surface-waters of Nankauri Harbour in the 
Nicobars, Station 614. 

Genus AMALLOTHRIX Sars. 

The genus Amallothr'ix was created by Sars (1925) to accomnlodate alfluluber of species 
that had previously been included in the genera Scolecithrix and Scolecithr·icflla. Of the
species that can be attributed to this genus A. Scott (1909) in his account of the Copepoda of 
the Malay ArchipAl~go records the occurrence in' that region of the follo\ving :-

Amallothrix curticauda (A. Scott), 
.:4mallothrix gracilis Sars, 
.4mallothrix obtusifrons Sars, 
Amallothrix tydemani (A. Scott), and 
.Amallotnrix valida (Farran). 

2E 
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Unfortunately some confusion has arisen regarding the distribution of Amallotkrix obtusi-
frons Sars. Farran (1905) recorded the occurrence of a species of Scolecitkrix from the North 
Atlantic under the name S. emarginata. Shortly before the appearance of this papeIt'Sars 
had given brief descriptions of a number of new species, one of which was extremely like 
Farran's species. Farran, therefore, submitted examples of his species to Sars who pro
nounced them to be identical with the form described by him under the name Scolecithrwella 
obtusiJrons; later, in 1925, however, Sars has come to the conclusion that the two forms are 
not identical and that Farran's specie~ is a'valid one. In the meantime A. Scott has recorded 
the occurrence of Scolecithricella obtusifrons Sars from the Malay Archipelago and in the list 
of synonymy gives Farran's reference. It is, therefore, impossible without an examination 
of Scott's specimens to be absolutely certain which of these two species was present in the 
" Siboga" collection, though from the figures that he gives it would appear that he was 
dealing with Farran's species. 

Up to the present time in the" Investigator" collections I have been able to identify 
examples of Amallothrix emarginata (Farran), A. arcuata Sars and A. valida (Farran) ; and, in 
addition, there are in the collection examples of what appears to be either a new species or 
else a small form of A. emarginata, but as there are certain differences in structure and in the 
spination of the swimming feet I have thought it best to describe this form as a new species 
under the name A.. indica. 

Amallotbrix emarginata (Farran). 

Scolecithrix emarginata, Farran, 1905, p. 36, pI. vii, figs. 6-17. 
? Scolecitkrix inornata, Esterly, 1906, p. 67, pI. xi, fig. 37; pI. xiii, figs. 65, 73. 

Amallopho'ra obtusifrons, Pearson 1906, p. 17. 
Scolecitkrix obtusifrons, Farran, 1908, p. 54. 
Scollecithrix obtus~frons, van Breemen, 1908, p. 75, fig. 87. 
Scolecitkl'icella obtusijl'Qns, A. Scott, 1909, p. 92, pI. xxxi, figs. 1-9. 

1 Scolecithrix aequalis, Wolfenden, 1911, p. 255, text-fig. 33 a-c. 
Scaphocalanus obtusifrons, With, 1915, p. 194, pI. vii, fig. 9 a-d; pI. viii, fig. 8 a··c, text-figs. 

60 a-c and 61 a-d. 
Scolecithricella emarginata, Sars, 1920, p. 9. 
Scaphocalanus obtusifrons, Lysholm B,nd Nordgaard, 1921, p. 21. 
Amallothrix emarginata, Sars, 1925, p. 181, pI. 1, figs. 17-23. 

A considerable confusion has arisen regarding the nomen~lature of this species. Farran 
first described the species from examples taken in the north Atlantic in 1905 ; he later referred 
examples to Sars who informed him that they were identieal with the species that he had just 
previously described very briefly under the name Amallophora obtusifrons. In 1925, however, 
Sars reaches the conclusion that Farran's species, of which he examined examples in 1906, 
is not the same as his own species Amallophora obtusifrons. In the" Siboga " collection 
from the Malay Archipelago A. Scott records the occurrence of a number of examples of a 
species of Scolecithricella that he co~siders to be identical with Farran's species; certainly 
the two forms agree velY closely, though Farran states that in his specimens from the 
North Atlantic there is no sensory appendage on the 1st joint of the 2nd maxilla, while 
such is present in the Malay examples; and, moreover, judging from tIle figures that 
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Scott gives, the surface of the exopods of the swimming feet bear many more spines in 
the-Malay examples than in the N. Atlantic form. Examples of this·species were subsequently 
recorded under the name Scaphocalanus obtusifrons by With and by Lysholm and Nordgaard 
and it seems probable that the form described by W oUenden from the "Gauss" 
collections, under the name Scolecithrix aequalis, is also identical with Farran's species. 

A number of examples of this species were taken by the " Investigator" at Station 670. 

IAmallothrix arcuata Sars. 
Scolecithricella arcuata, Sars, 1920, p. 10. 
Amallothm a"cua.ta, Sars, 1925, p. 185, pI. Ii, figs. 14-2l. 

Four examples, that I have no hesitation in referring to this species, were taken by the 
" Investig~tor" at Station 682. Hitherto this species had only been recorded by Sars from 
the Atlantic Oce.tn ; its occurrence in the present colleption extends its known distribution 
to the Indian Ocean. 

Amallothrix valida (Farran) 

(Text-fig. 80, al.) 

Scolecitkriz valida, Farran, 1908, p. 56, pI. v, figs. 14-17, pI. vi, fig. 7. 
Scolecitkricella valida, A. Scott, 1909, p. 92, pI. xxxii, figs. 1-9. 
Amallothrix valida, Sars, 1925, p. 186~ pI. li, fig~. 22-28. 
Scolecithriz va~ida, Farran, 1929, p. 244. 

A single example of what I take to be this'species was obtained by the" Investigator" 
at Station 682. Farran (loc. cit. p. 56) remarks that it is somewhat difficult to distinguish 
between the present species and Amallothrix ,gracilis Sars (=Scolecithrix globiceps Farran). 
In the case of the present example it. is particularly difficult to decide which is the correct 
determination, since it resembles Amallothrix valida in certain respects and in others comes 
near to Amallothrix· gracilis. 

~ The total length is 2· 66 mID. The example is thus markedly smaller than examples 
of Amallothrix valida from the N. Atlantic, the length of which according to Farran ranges 
from 3·8 to 3·9 mm., and still more so than A. gracilis, the size of which is 4·3 to 4'5 mm. 
A. Scott gives the size of examples taken by the" Siboga " in the Malay Archipelago as 
3·24, which is exactly intermediate between the sizes of the Atlantic and Indian specimens. 

The proportional lengths of the cephalothorax and abdomen are as 113 to 28, the ab
domen being thus -contained 4 times in the length of the anterior region of the body, In 
Amallothrix valida it is said to be contained 3ird times and in A. gracilis 3-1 times. 

The general form of the body resembles that of Amallotht'ix valida and is less robust 
than A. gracilis. The rostrum consists of the usual two processes, each process exhibiting 
a swollen basal portion and a terminal filament that is long and delicate ; ~a.rs (1925, pI. h, 
fig. 24) figures this terminal filament as being remarkably short. 

The abdomen consists of the usual four segments, that have the following proportional 
lenaths: 

Abdomina.l segment 1-2 3 4 5 Furca. 

41 21 17 4 17 - 100 

The furcal rami are, as in A. valida, about Ii times as long as broad. 
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The 1st antenna reaches beyond the posterior thoracic margin by the last two segments, 
thus more nearly resembling Farran's account of this appendage in A. gracilis, in which 
species it is said to reach beyond the posterior margin by the last segment, whereas in 
A. valida it is stated to reach the posterior end of the 2nd abdominal segment. The 
segments have the following proportional lengths :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16' 17 18 19 20 ~l 22 23 24-25 

68 49 23 23 23 23 23 45 22 22 23 40 43 47 57 59 59 55 56 57 45 65 73== 1000 

lTnfortunately, Farran in his account does not give the proportional lengths of the 
:segments in this appendage in either Amallothrix valida or A. graciliso 

l'EXT-FIG. 80.-Amallothrix valida (Farran), ~. 

a. The whole animal from the right side. d. The 3rd swimming leg. 
b. The 1st swimming leg. e. The basal portion and endopod, of the 4th swimming leg. 
c. The 2nd swimming leg. f. The 5th leg. 

The 2nd antenna is as in A. valida, and the mouth-parts are also identical with those in 
that species. 
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The 1st swimming leg (text-fig. 80, b) closely resembles that of .A. gracilis. The margin
-al spine on the 1st segment of the exopod reaches well beyond the base of the spine on 
exopod 2. 

The 2nd swimming leg (text-fig. 80, c) appears to resemble that of A. valida, 
the curved spine on exopod 1 being nearly half as long as the 2nd segnlent of the ramus. 
The 1st segmeI}t of the exopod bears two small spines near- the distal margin.' The 2nd 
segment is armed with a curved transverse row of spines of medium size near the distal margin 
and a patch of minute spines about half-way along its length, while there are a few small 
spines near the base of the marginal spine; on the anterior aspect is a row of needle-like 
spines along the extreme distal margin. The 3rd segment bears on its posterior aspect near 
the origin of the proximal inner seta a patch of minute spines, a curved row of spines of 
medium size on a level with the base of the 1st marginal spine, a crescentic patch of small 
spines between the levels of the 1 st and 2nd marginal spines and a. third patch of small spines 
on a level with and slightly distal to the base of the 2nd margjnal spine. The endopod 
bears three rows of large spines on the 2nd segment; in the proximal row the outer two 
spines are much larger than the inner three as figured by Farran (1909, pI. v, fig. 16.) The 
terminal spine of the exopo,d agrees exactly with Farran's description of the end-spine in 
A. valida. 

In the 3rd swimming leg (text-fig. 80, d) the 2nd basal segment bears a group of curved 
spines at its distal 'external angle, as in A. gracilis. Exopod 1 bears 2 or 3 spines on its 
posterior aspect ne~r the distal external angle. Exopod 2 bears a curved row of spines of 
medium size and there is a patch of small spines at its external angle. Exopod 3 bears two 
rows of curved spines, of medium size and near the base of each of the two proximal marginal 
spines is a patch of mii;lute spines that spreads inwards over the posterior aspect of the ramus. 
The end-spine is as in the 2nd leg and resembles that of A. valida. The endopod has two rows 
of large spines on the 2nd segment and a single row on the 3rd ; in this respect this ~xample 
appears to differ from both A. valida and A. gracilis in which, according ~o Farran, "the 
first and second joints of the endopodite have each two transverse rows of large spinules" 

The 4th leg resembles that of A. gracilis. 
The 5th leg (terl..ng. 80, f) exa~tly agrees with that of A. valida and bears no spinules 

on its outer aspect. 

Amallothrix indica, sp. nov. 

(Text-fig. 81, a.-g.) 

Associated with'several examples of Amallothrix emarginata (Farran) in the" Investi
. gator" collection from Station 670 were several specimens that at first sight I took to be 
examples of that species. They are, however, considerably smaller and a careful study of the 

,appendages indicates that they may represent a species hitherto unknown. 
~ Total length, 3·06 rom. 
The proportional lengths of the cephalothorax and abdomen are as 5 to I. The head 

and 1st thoracic segment are fused and so also are thoracic segments 4 and 5. The forehead 
is uniformly rounded and terminates below in a rostrum consistjl)g of a papilliform basal 
portion and a pair of delicate rostral filaments. The posterior thoracic Inargin is sOlnewhat 
indented and closely resembles the form found in Amallothrix emarginata (Farran). 
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The abdomen is short and consists of four segments, of which the 1st is slightly longer 
than the combined lengths of the 2nd and 3rd, and the 4th is extremely short. The q>ro
portionallengths of the segments are as follows :-

Abdominal segment 1-2 3 4 5 Furca. 

43 21 19 4 13 = 100 

The 1st antenna reaches back to the posterior margin of the 2nd abdominal segment. 
It consists of 23 separate segments; segments 8 and 9 being completely fused and segments 
24 and 25 partially so. The proportional lengths of the segments are as follows:-

Segment 1 2 3 4 5 6 '1 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

66 58 26 26 26 26 26 52 26 26 34 42 45 47 50 50 50 47 47 47 52 60 58 13 == 100D 

h. D, 

ct, 
TEXT-FIG. 81.-Amallothrt'x indica, sp. nov., ~. 

a. The 2nd antenna. d. The 2nd swimming leg. 
b. The maxillary palp e. The 3rd swimming leg. 
c. The 1st basal segment of the maxilliped. f. The endopod of the 4th swimming leg. 

g. The 5th leg. 

The 2nd antenna (text-fig. 81, a) closely resembles those of other members of the genus. 
A row of long hairs is present on. the 1st basal segment on its inner and posterior aspect. 
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The endopod is more than one and a half times as long as the exopod and there is a small 
blunt knob-like projection on the outer aspect of the proximal segment; a similar knob is 
pre~ent in the same position in the corresponding appendage of ... 4mallothrix emarginata 
(Farran). 

The maxilla (text-fig. 81, b.) presents certain differences as regards the number of setae 
.arising from the different parts; the outer lobe bears 9 setae; the 2nd inner lobe bears 2 and 
the Brd, B setae; the basal segment and the 1st and 2nd segments of the endopod appear 
to be more or less fused and there is no clear line of demarcation between these different parts; 
the portion of the inner margin corresponding to the 2nd basal segment carries 4 setae, that 
·corresponding to the 1st segment of the endopod has 1 and the part corresponding to the 2nd 
'Segment 2 ; the 3rd segment, which is clearly separate, bears 3 setae. The exopod bears S 

setae. According to Farran's figure (1905, pI. vii, fig. 11) there are in Amallothrix emarginata 
only 7 setae on the outer lobe, but in my examples there are actually 9, of which the anterior 
., are stouter than the rest. 

The number of setae on the various parts of this appendage in this and certain other 
:species of the genus are shown in the following table :-

Species. 3rd inner 2nd basal Endopod Endopod Exopod Outer 
lobe. joint. 1. 2 and 3. lobe. 

A. obtusifrons Sars 4 4 2 5 9 9 

A. emarginata (Farran) 4 4 2 5 8 7(9) 

A.. indica ap. nov. 3 4 1 5 8 9 

Wolfenden (1911, p. 255), under the name Scolecithrix aequalis, has described a form 
that is closely allied to, if not identical with Amallothrix emarginata (Farran), but with the 
-exception of the remark that" the ma4 illa has a somewhat elongated inner lobe, longer than 
the hooks. The inner branch and the basal j oint bear 7 and 5 setae," he gives no details 
.and one is, therefore, unable to compare this species with the others of the series. 

The maxilliped, closely resembles that of Amallothr;:ix obtusifrons Sars but the basal 
,segment (text-fig. 81, c) seems to be considerably shorter than in that species and deeper 
in the antero-posterior direction; there is a well-developed brush-like sensory organ on the 
:anterior margin about the middle of the length of the segment. 

The swimming legs appear to be almost identical with the corresponding appendages in 
Amallothrix emarginatC!' (Farran), but there are certain small differences in the spination of 
·the segments and in the proportional lengths of the terminal segments and the end-spines. 

Amallothrix indica may be only a growth-stage of Amallothrix emarg'inata (Farran), 
;similar to the two stages that we appear to have present in Lophothrix frMtalis (vide Sltpra. 
p. 193), but more examples and especially immature forms are necessary befere we can get . 
.any definite indications as to whether this is the case or not. 

MGIPC-M-III.8·4-11.12.29-500. 
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THE COPEPODA OF INDIAN SEAS. 

CALANOIDA. 

By R. B. SEYMOUR SE~TELL, Lt.-Gol., I.M.S., Sc.D., F.Z.S., F.L.S., P.A..S.B., 
Director, Zoological Survey of India. 

Tribe HETERARTHRANDRIA. 

In the previous instalment of this work, published in 1929, I dealt with those families 
that have been grouped by Giesbrecht in the Tribe Amphaskandria, and in the present 
work I have dealt with the families of the other Tribe Heterarthrandria. Sars (1925-, p. 16) 

advocates the abolitio~ of this subdivision of the Calanoida into two Tribes, as originally 
proposed by Giesbrecht, on the ground that in the genus Bathycalanus, which has been 
classed with the rest of the Tribe Amphaskandria, the right 1st antenna is in the male trans .. 
formed into a grasping organ that is in every way exactly comparable with the grasping 
antenna of the Heterarthrandria; he remarks, " en efiet, ce cas semble annuler complete
ment la validite de la classification binaire des Calanoides proposee par Giesbrecht et 
generalement admise par les carcinologues." I have previously pointed out (vide supra, 
p. 28) that the same modification is present in yet another genus of the Amphaskandria, 
namely in the males of the genus Megacalanus. While agreeing that this modification of 
the 1st antenna in certain genera of the Tribe Amphaskandria invalidates this particular 
character as a means of differentiating between the two Tribes I would point out that I have 
previously (vide supra, pp. 9, 10) sho\vn that in a large number of species of genera that 
ha ve been hitherto included in the Tribe Amphaskandria there is a brush of long hairs on 
the inner aspect of the 1st basal segment of the 2nd antenna and up to the present tiule I 
have failed altogether to detect any such brush in any member of the Tribe Heterarthran
dria, and I, therefore, tentatively suggested that this might prove to be characteristic feature 
of the Tribe Amphaskandria. Under the circumstances I have, therefore, - thought it 
advisable to retain these tribal divisions. 

The presence of small glands opening on the surface through pores in the chitin
ous covering has been noted and recorded by several observers in the past. Ficker 1, 

Haeckel, Claus,2 Fric,3 Rehburg, Hartog,4 Richard 5 and others have frOlll tillle to time 
called attention to the unicellular glands that occur in various sp~cies. These glands occur 
partly on certain segments of the body and partly on the limbs and other appendages. 
Giesbrecht (1892) and 'Vith (1915) have both recorded their presence on the S\Villlluing legs 

1 Ficker, G., "Ueber ein bishel' unbekanntes Abscheidungsorgan bci Soppl!irilla." Zool. A lI::.ciUfr, Vol. for IS79, Pt. 39. 

p. 515 (1879). 
2 Claus, C., " Neue Beitrage zur Kenntniss der COpcI)oden."· Arb. Zool. lust. H'1°en, Vol. III, 1,.31:1 (I8S1). 
3 Fric, J. A., "Note preliminaire sur l'Ontogenie de nos Copepodes d'cau douce." Zool. AI/zeiger, p. 41JS (1882). 
4 Hartog, M. M., " The Morphology .of CyclOp8 and the Relations of the Copepoda." 'llrans. LinN. Soc. London, (2nd Series}, 

Vol. V, Pt. 1 (18BB). 
a Richard, J., " Reoherches sur Ie Systeme Glandulaire et sur Ie Systome Nerveux des Copepodes libres d'eau douce." A'm. 

Sci. N aturelles, Zoologie (Series VII), Vol. XII, p. 113 ( 1891). 
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of certain species belonging to the Calanoida and \Vith (loc. cit., p. 5) states that they are 
poorly developed in the Scolecithricidae and show their greatest development in the genus 
Euchirella, and I have also recorded their presence in this situation in certain other genera. 
With the exceptio:Q. of the authors noted above, I know of no observer who has reco~ded 
the presence of similar glands on the various segments of the body itself; Fric has shown 
tha t they are to be found on certain parts of the cephalothorax and the furcal rami of 
Oyclops and Hartog has demonstrated their presence on the segments of the abdomen and 
states that their position is constant in Oyclops viridis. Rehburg has found them to be 
present in Oyclops strenuus and Oanthocamptus staphylinus. Richard has shown that they 
are also present in Bradya edwardsi and in Eurytemora lacinulata, though very rare in this 
latter species, and are in all probability entirely absent in Diaptomus castor and D. coeruleus. 
That these glands are not confined to species that frequent fresh water is shown by th~ 
fact th~t they have been found to be present in Oentropages ,typicus Kroyer, Temora longi
cornis (Muller) and Temora stylifera (Dana) by Claus" in Sapphirina by Ficker, and in 
Sapphirina and Sapphirinella by Haeckel. During my studies of the members of the Tribe 
Heterarthrandria I have discovered the presence of similar glands scattered over both the, 
cephalothorax and abdomen in a number of species and it seems proba~le that they are 
far more common than one might think from a study of the literature, but that owing to 
their small size they have not attracted the attention that they deserve. I have been able 
to detect the presence of such pores in members of the Families Temoridae, Metridiidae, 
and Heterorhabdidae. 

SYSTEMATIC LIST OF SPECIES. 

The species malJ'ked * occur in the Indian M esuem Oollections. 
Tribe Heterarthrandria. 

Family Centropagidae. 

Genus Oentropages Herrick. 

172. *Oentropages alcocki Sewell. 

173. Oentropages calaninus (Dana). 

174. Oentropages chierchiae Giesbrecht. 

175. *(lentropages dorsispinatus Thompson and 
A. Scott. 

176. *Oentropages elongatus Giesbrecht. 

177. *Oentropages furcatus (Dana). 

178. *Oentropages gracilis (Dana). 

179. *Oentropage.s kroyeri Giesbrecht. 

180. *Oentropgges ofsinii Giesbrecht. 

181. Oentropages pontious Karawiew. 

182. Oentropages tenuiaornis Brady. 

183. *Oentropages tenuiremis Thompson and 
A. Scott. 

184. *Oentropages trispinosus Sewell. 

185. Oentropa.ges typicus Kroyer. 

186. *Oentropages violaoeus (Claus). 
Gelius 1sias Boeck. 

187. *Isias tropica Sewell. 

Family Diaptomidae. 
Genus Pseudodiaptomus Herrick. 

Group 1. 
188. *Pseudodiaptomus clevei A. Soott. 

189. * Pseudodiaptomus hickmani Sewell. 
190. * Pseudodiaptomus salinus Giesbre,cht. 

191. * Pseudodiaptomus serricaudatus (T. Scott). 
192. * Pseudodiaptomus burckhardti, sp. nov. 
193. *Pseudodiaptomus masoni, sp. nov. 

Group 2. 
194. * Pseudodiaptomu,s annandalei Sewell. 

195. * Pseudodiaptomu.s aurivillii Cleve. 

196. * Pseudodiaptomus binghami Sewell. 

197. * Pseudodiaptomus tollingeri Sewell. 

198. * Pseudodiaptomus mertoni Friichtl. 

199. *Pseudodiapfnmus daugliski, sp. nov. 
Family Temoridae. 

Genus Temora Baird. 

200. *Temora discaudata Giesbrecht. 

201. Temora longicornis Muller. 

202. *Temora stylifera (Dana). 

203. *Temora t'Urbinata (Dana). 
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Genus Ternoropia T. Scott. 
204. Temoropia mayumbaensis T. Scott. 

Family l\letridiidae. 

Genus 111etridia Boeck. 

205. * lkletridia boecki Giesbrecht. 

206. *Metridia brevicauda Giesbrecht. 

207. * JlIl etridia curticauda Giesbrecht. 

208. Metridia Zonga Lubbock. 

209. M etridia lucens Boeck. 

210. * Metridia macrUl'a Sars. 

211. *Metridia princeps Giesbrecht. 

212. * Metridia venusta Giesbrecht. 

Genus Pleuromamrna Giesbrecht. 
213. *Pleuromamma abdominalis (Lubbock). 

214. *Pleuromamma gracilis (Claus). 

215. * Pleuromamma indica Wolfenden. 

216. *Pleuromamrna quadrungulata (Dahl). 

217. * Pleuromamma xiphias Giesbrecht. 

Genus Gaussia Wolfenden. 

218. *Gaussl'1, princeps (T. Scott). 

Famil:y Lucicutiidae. 

Genus Lucicutia Giesbrecht. 

219. Lucicutia a'urita Cleve. 

220. * Lllcicutia bicornuta "\Volfenden (=L. 
aurita Sars). 

221. Lucicutia bradyana. Cleve. 

222. * Lucicutia challengeri, sp. nov. 

223. * Lucic1ttia clausi Giesbrecht. 

224. *Lucic'lttiaflavicornis (Claus). 

225. Lucicutia lucida Farran (=L. pera 
A. Scott). 

226. * Lucicutia maxima Steuer. 

227. * Lucicutia ovalis \Volfenden. 

228. Lucic1ttia philyra A. Scott. 

Family Heterorhabdidae. 

Genus H eter01'habdtts Giesbrecht. 
229. Heterorhabdus abyssalis (Giesbrecht). 

230. Heterorhabdus austrinus Giesbrecht. 

231. • Heterorhabdus clausi (Giesbrecht). 

232. *Heterorhabdus papilliger (Claus). 

233. *Heterorhabdus spinifrons (Claus). 

234. H eterorhabdus tanneri Giesbrecht. 

235. *Heterorhabdus vipera (Giesbrecht). 

Genus Heterostylites Sars. 
236. *Heterostylites longicornis (Giesbrecht). 

237. * Heterostylites major (Dall). 

Genus Hernirhabclus \Volfenden. 
238. *Hemirhabdus grinwldii (Richard). 

239. *Hemirhabdus truncatus (A. Scott). 

Genus Mesorhabdus Sars. 

240. *Mesorhabdus angustus Sars. 

Genus Disseta Giesbrecht. 

241. * Disseta palumboi Giesbrecht. 

242. Disseta scopulari8 (Brady). 

Family Augaptilidae. 

Genus Euaugaptilus Sars. 

Group 1. 

243. * Euaugaptilus indicus, sp. nov. 

244. * Euaugaptilus nodifrons Sars. 

Group 2. 

245. * Euaugaptilus jili.gerus (Claus). 

246. * Euaugaptilus laticeps Sars. 

247. *Euangaptilus mag nus (Wolfenden). 

248. * Euau,qaptilus oblongtts Sars. 

249. * Euaugaptilus tenuispinus Sa,Is. 

Group 3. 

250. * Euaugaptiltts angustus Sars. 

251. * Euaugaptilus facilis (Farran). 

Group 4:. 

252. * Euaugaptilus latifrons Sars. 

253. * Euaugaptil'us hecticus (Giesbrecht). 

Genus Augaptilus Giesbrecht (sensu stricto). 
254. Augaptilus longicaudatus (Claus). 

255. * Augaptilus megalurus Giesbrecht. 

Genus Oentrattgaptilus Sars. 

256. *Centl'altf}aptilus lwrridus (Farran). 

257. *Centraugaptilus rattrayi (T. Scott). 

Genus Haloptilus Giesbrecht. 

258. * Haloptilus cltierchiae Giesbrecht. 

259. Haloptilus longicornis (Claus). 

260. * Haloptilus o)'natus (Giesbrecht). 

261. Haloptilus plwnosus (Claus). 

262. Haloptilus spiniceps (Gipsbrecht). 

Genus Pontoptilns Sa.rs. 

263. * Pontoptilus ovalis SUI's. 

Family Arietellidae. 

Genus AJ'ietellus Giesbrecht. 

264. Arietellus aculeatlts (T. Scott). 

265. *Arietellus setosus Giesbrecht. 

266. * Arietellns s'implex Sa.rs. 

Genus Paraugaptilus 'Volfenden. 

267. Paraugaptilns similis A. Scott. 

Genus ft-letacalanus Cleve. 

268. * l11etacalanl(,s auri'villii Cleve. 

225 
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Genus Phyllopus Brady. 
269. Phyllopus bidentatus Brady. 

270. Phyllopus giesbrechti A. Scott. 

271. Phyllopus helgae Farran. 

272. Phyllopus impar Farran. 

Family Pseudocyclopidae. 

Genus Pse1.ldocyclops Brady. 

273. Pseudocyclops latens Gurney. 

274. Pseudocyclops obtusatus Brady and 
Robertson. 

275. *Pseudocydops obtusatus var. latisetosus, 
nov. 

276. * Pseudocyclops simplex, sp. nov. 
277. Pseudocyclops umbratic'lts Giesbrecht. 

Genus Suezia Gurney. 

278. Suezia canalis Gurney. 

Family Candaciidae. 

Genus Oandacia Dana. 
279. *Oandacia aethiopica (Dana). 

280. Oandacia bipinnata (Giesbrecht). 

281. *Oandacia bispinosa (Claus). 

282. *Oandacia bradyi A. Scott. 

283. *Oandacia catula (Giesbrecht). 

284. *Oandacia curta (Dana). 

285. *Oandacia discaudata A. Scott. 

286. Oa'iulacia inermis Cleve. 

287. Candacia longimana (Claus). 

288. *Candacia norvegica Boeck var. tropica, 
nov. 

289. '*Candacia pachydactyla (Dana). 

290. Oandacia simplex Giesbrecht. 

,291. O():Macia tenuimana Giesbrecht. 

292. *Oandacia truncata (Dana). 

293. Oandacia varicans (Giesbrecht). 

294. *(}andacia magna, sp. nov. 

Family Pontellidae. 

Genus Oalanopia Dana. 

295. Oalan,.pia americana Dahl. 

296. *Oalanopia aurivillii Cleve. 

297. *Calan:opia elliptica (Dana). 

298. *Oalanopia herdmani A. Scott. 

299. Oalanopia media Gurney. 

300. *Oalanopia minor 4. Scott. 

301. *Calano,pia thompsoni A. Scott. 

Genus Anomalocera Templeton. 

302. Anomalocera patersoni Templeton. 

Genus Labidocera Lubbock. 

303. Labidocera acutifrons (Dana). 

304.*Labidocera acuta (Dana). 

305. * Labidocera bataviae A. Scott. 

306. * Labidocera detruncata (Dana). 

307. * Labidocera euchaeta Giesbrecht, forma 
major. 

* Labidocera euchaeta Giesbrecht, forma 
minor. 

308. * Labidocera inermis (Brady). 

309. * Labidocera kroyeri (Brady). 

310. *Labidocera kroyeri (Brady) var. bidens 
Sewell. 

311. *Labidocera kroyeri (Brady) var. burma
nica Sewell. .. 

312. * Labidocera kroyeri (Brady) var. gallensis 
Thompson and A. Scott. 

313. *Labidocera kroyeri (Brady) var. stylifera 
Thompson and A. Scott. 

314. * Lohidocera laevidentata (Brady). 

315. * Labidocera minuta Giesbrecht. 

316. *Labidocera madurae A. Scott. 

317. * Labidocera pavo Giesbrecht. 

318. * Labidocera pectinata Thompson and 
A. Scott. 

319. Labidocera wollastoni (Lubbock). 

Genus Pontella Dana. 

320. Pontella alata A. Scott. 

321. * Pontella andersoni Sewell. 

322. Pontella atlantica Milne-Edw. ~ 

323. Pontella cerami A. Scott. 

324. * Pontella danae Giesbrecht. 

325. *Pontella danae Giesbrecht var. ceylonica 
. Thompson and A. Scott. 

326. * Pontella denticauda A. Scott. 

327. * Pontella fera Dana. 

328. Pontella forficula A. Scott. 

329. * Pontella investigatoris Sewell. 

330. Pontella rnediterranea (Claus) var. indica 
Wolfenden. 

331. Pontella natalis Brady. 

332. * Pontella princeps Dana. 

333. * Pontella securifer Brady. 

334. * Pontella spinipes Giesbrecht. 

Genus Pontellopsis Brady. 

335. * Pontellopsis armata (Giesbrecht). 

336. * Pontellopsis h,erdmani Thompson and 
A. Scott. 

337. *Pontellopsis krameri (Giesbrecht). 
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338. * Pontellopsis macronyx A. Scott. 
339. *Pontellopsis perspicax (Dana). 
340. Pontellopsis pexa A. Scott. 
34l. * Pontellopsis regaUs (Dana). 
342. Pontellopsis strenua (Dana). 
343. *Pontellopsis villosa Brady. 
344. *Pontellopsis scotti, sp. nov. 

Genus Pontellina Dana. 
345. * Pontellina plumata (Dana). 

Family Parapontellidae. 
Genus Bathypontia Sars. 

346. Bathypontia spinifera A. Scott,. 

Genus Neopontella A. Scott. 
347. N eopontella typica A. Scott. 

Family Acartiidae. 
Genus Acartia Dana. 
Group 1. Acartiae arostratae. 
Sub-genus AcarMura Steuer. 

348. Acartia (Acartiura) cla'Usi Giesbrecht. 

Sub-genus Acartiella Sewell. 
34:9. * A o(lJrtia (Acartiella) tortaniformis Sewell. 

350. * A cartia (Acartiella) kempi Sewell. 
351. * Aoart1'a (Acartiella) gTavelyi Sewell. 
352. *Aoartia (Acartiella) major Sewell. 
353. * Acartia (Acartiella) 'minor Sewell. 

Group 2. Acarliae rostratae. 
Sub-genus E'llacartia Steuer. 

354. * Acartia (Euacartia) southwelli Sewell. 

Sub~genus Paracartia Steuer. 
355. Acartia (Paracartia) dubia (T. Scott). 
356. Acartia (Paracartia) latisetora (Kricya.

gin). 

Sub-genus Acanthacartia Steuer. 
357. * AcaTtia (Acanthacartia) chilkaensis 

Sewell. 
358. Acartia (Aoanthaoartia)fo8sae Gurney. 
359. * Acartia (Acanthacartia) pietschmani 

Pesta. 
360. * Acartia (Acanthacartia) plumosa T. Scott. 

Sub-genus Odontacartia Steuer. 
361. *Acartia (OdontacaTtia) a'mboinensis Carl. 
362. * A cartia (Odontacartia) bispinosa Car 1. 
36~. * Acartia (Odontacartia) centrura Gies-

brecht. 
364. * Acartia (Odontacartia) erythraea Gies .. 

brecht. 
365. Aoartia (Odontacartia) erythraea Gies

brecht var. valdiviae Steuer. 
366. Acartia (Odontacartia) erythraea Gies

brecht var. brehmi Friichtl. 
367. * Acartia (Odontacartia) pacifica Steuer. 
368. * Acartia (OdontacaTtia pacifica var. 

mertoni Steuer. 
Sub-genus Planktacartia Steuer. 
369. * Acartia (PlanktacaTtia) danae Giesbrecht. 
370. * Acartia (Planktacartia) negligens Dana. 

Family Tortanidae. 
Genus Tortanus Giesbrecht. 

Sub-genus Tortanus, nov. 
371. *Tortan'Us (Tortanus) jorcipat'Us (Gies

brecht). 
372. *Tortan'lts (Tortan'lls) barbatus (Brady). 
373. *Tortanus (Tortanus) g'racilis (Brady). 

Sub-genus Ato'rtus, nov. 
374. Tortanus (Atortus) h-revipes A. Scott. 
375. TOl'tanus (Alort'lts) murrayi A. Scott. 
376. Tortanus (Atortus) rectica'llda (Gies

brecht). 
377. *Tortan'Us (Atortus) tropiclls, sp. nov. 

Family CENTROPAGIDAE. 

Genus CENTROPAGES Herrick. 

In 1901 Cleve recorded the occurrence in the Malay Archipelago of four. species, nalllely, 
Oentropages calan1'nus (Dana), O.furcatus (Dana), O. gracilis (Dana) and O. ots'i'nii Giesbrecht. 
A year later, in 1902, A. Scott recorded the occurrence in the Red Sea and the _t1rabian 
Sea of the first two and the last of these species and added Centropages elongatus Giesbrecht 
to the list of species of this genus that are known to inhabit Indian w~ters. Tn 1903 TholllP
son and A. Scott in their account of the Copepoda of the Pearl Banks of Ceylon also re
corded the occurrence of all the above species in that locality and added Cent1'opages violace· 
us Claus, O. kroyeri Giesbrecht and O. chierchiae Giesbrecht to the list of species previously 
known to inhabit these waters, while in addition they described two new species, nanlely, 
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Oentropages tenuiremis and C. dorsispinatus. These two last species ,vere almost simul
taneously and independently recorded and described by ClevA ,(1903) under the names 
Oentropages arabicus and C. notoceras respectively. In 1905 Cleve reported the occurrence 
of Centro pages chierchiae from S. African waters and Centropages furcatus and C. typicus 
Kroyer from the Agulhas current. In 1912 I described Centropages alcocki from the surface 
water of the coast of southern Burma and in 1914 I added Centropages trispinosus from 
the Ceylon Pearl Banks, and in the same or the following year Brady recorded from Durban 
Bay CentrojJages chierchiae Giesbrecht, C. furcatus (Dana), C. orsinii Giesbrecht and O. 
vio"laceus (Claus), giving in addition a very brief account of what he thought to be a new 
species under the name O. tenuicornis. Gurney {1927} has recorded Centropages furcatus 
(Dana), O. typicus Kroyer, and C. ponticus Karawiew trom the Suez Canal. Fifteen species 
belonging to this genus are thus known to have their habitat in Indian waters. 

Claus 1 has described the presence in Centropages typicus I(royer [Ichthyophorba 
(Centropages) denticormis Claus] of a number of small pores connected with superficial 
glands on the first two segments of the abdomen of the female, and he suggests that 
these are connected with the process of copulation and secrete a cement substance 
that assists in the fixation of the male spermatophore on the female body. He also 
describes a glandular aperture on the furcal ramus near the base of the 4th seta. I 
have been unable to convince myself of the presence of glands or pores on the anterior 
segments of the abdomen in either Centropages furcatus (Dana).or C. dorsispinatus Thomp
son and A. Scott; but on the other hand there is a well-marked pore on the furcal ramus 
near its proximal end on the ventro-lateral aspect. 

Centropages alcocki Sewell. 
Centropages alcocki, Sewell, 1912, p. 338, pI. xvii, figs. 1-7. 

This species was described by me from a single specimen taken at the mouth of the 
Rangoon river. Up to the present time no further specimens have been obtained. 

Centropages calaninus (Dana). 
Centropages calaninus, A. Scott, 1909, p. 112. 
Centropages calaninus, T. Scott, 1912, p. 533. 

Cent'l'opages calaninus, Sewell, 1913, p. 367. 

Up to the present time examples of this species have only been recognised by me in the 
" Investigator" collection at Sta. 393 and its occurrence in Indian ,vaters rests mainly 
on the identification of Cleve, who records its presence in the Malay Archipelago, and of 
A. Scott, who alcso records its presence in the same locality in his report on the "Siboga" 
collection. 

Centropages dorsispinatus Thompson and A. Scott. 

Centropages dorsispinatus, Thompson and A. Scott, 1903, p. 247, pI. i, figs. 19-25. 
Centropages notoceras, Cleve, 1903, pp. 359, 373, pI. xvii, figs. 2-10, pI. xviii, fig. 1. 
Centropages notoceras, Sewell, 1912, p. 360. 
Oentropages dorsispinatus, Sewell, 1914, p. 222. 

1 Claus, C., " Neue Beitrage zur Kenntniss der Copeden." Arb. Zool. ['Mt. Wien, Vol. III, pp. 8, 9, pl. ii, figs. -5-8 (1881). 
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I was, when I first examined examples of this species in 1912, somewhat doubtful as 
to whether the form described by Cleve from the Persian Gulf was the same as that recorded 
by Thompson and A. Scott from the Ceylon Pearl Banks. I have since then been able to 
exanine specimens from various parts of the Indian region and I have no doubt that they 
are identical. The species is widely distributed in Indian seas and has been taken on the 
coast of Burma, on the Ceylon Pearl Banks and in the Persian Gulf. 

Centropages elongatus Giesbrecht. 

Centropages elongatus, A. Scott, 1909, p. 113. 
Oentropages elongatus, Sewell, 1914, p. 222. 

This species, which was first recorded by Giesbrecht (1895) from the Red Sea, appears 
to be of wide distribution, though of rare occurrence, in Indian waters. Up to the present 
time it has been recorded fronl the Malay Archipelago (A. Scott); the Pearl Banks of Ceylon 
(Sewell); the Maldive and Laccadive Archipelago (Wolfenden); and from the Red Sea 
(Giesbrecht). 

~entropages furcatus (Dana). 

Centropages furcatus, A. Scott, 1909, p. 113. 
Centropages furcatus, Wolfenden, 1911, p. 356. 
Oentropages furcatus, Pesta, 1912, p. 46, fig. 5. 
Centropages furcatus, T. Scott, 1912, p. 532. 
Oentropages furcatus, Sewell, 1912, pp. 315, 360. 

Oentropages furcatus, Pesta, 1914, p. 32. 
Oentropages furcatus, Sewell, 1914, p. 220. 
Oentropages furcatus, Brady, 1915, pp. 314, 315. 
Centropages furcatus, Gurney, 1927, p. 150. 
Oentropages furcatus, Farran, 1929, p. 255. 
Oentropages furcatus, var., Carl, 1907, pp. 8, 16, pI. i, figs. 6, 7. 
Centropages furcatus, var., carli, Friichtl, 1923, p. 452. 
Centropages furcatus, var., carli, Friichtl, 1924, p. 45. 

This species is by far the ~ost common member of the genus in the " Investigator' , 
collections, and has a wide distribution throughout the tropical belt. In Indian waters 
it has now been recorded from the Malay Archipelago (Cleve, A. Scott, Friichtl); the Pearl 
Banks of Ceylon (Thompson and A. Scott, Sewell); the coast of Burma (Se,vell); the 
Maldive and Laccadive Archipelagoes (Wolfenden); the Arabian Sea and Persian Gulf 
(Pesta); Durban Bay (Brady); and from the Red Sea (A. Scott). I have also taken nUluer
ous examples in the Andanlans and Nicobars and from the Cocmn back-w~aters. A variety 
of the male was described by Carl (1907) from Amboina in the Malay Archipelago and has 
subsequently been recorded from the Aru Archipelago in the same region by Friichtl. The 
majority, if not all, of the males in the" Investigator" collections belong to tills variety. 

Centropages gracilis (Dana). 

Centropages gracilis, A. Scott, 1909, p. 114. 
Centropages gracilis, "\Volfenden, 1911, p. 356. 
Centropages gracilis, Sewell, 1914, p. 223. 

B 
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This species is of rare occurrence. Scott (1909) states that at the time of his writing 
his report on the Copepoda of the " Siboga " collection it had only been obtained in the 
Indian and Pacific Oceans; but since then its distribution has been extended to the south 
Atlantic Ocean for the " Gauss" obtained examples in that ocean in Lat. 28° S. In &ddi .. 
tion to the previous record of the occurrence of this species in the" Investigator" collec
tion, a single example, a female, was taken at " Investigator" Station 682, and another on 
-the Ceylon Pearl Banks. 

Centropages kroyeri Giesbrecht. 
Centropages kroyeri, Giesbrecht, 1892, p .. 303, pI. xvii, figs. 24, 25, 40, 47; pI. xviii, fig. 10 ; 

pI. xxxviii, figs. 6, 8, 11, 14. 
Centropages kroyeri, Thompson and A. Scott, 1903, p. 247. 

Centro pages kroyeri, Sars, 1925, p. 206. 

In the Indian Museum collection there is a single example from Kuala, Kuran River, 
Perak, presented by Mr. Cedric Dover. 

Centropages orsinii Giesbrecht. 
Centropages orsinii, A. Scott, 1909, p. 115. 

Centropages orsinii, Pesta, 1912, p. 46, figs. 6a-e. 

Centro pages orsinii, Sewell, 1912, pp. 315, 362. 

Centropages orsinii, Pesta, 1913, p. 32. 

Gentropages orsinii, Sewell, 1914, p. 221. 

Oentropages orsinii, Brady, 1915, pp. 314, 315. 

Oentropages orsinii, Fruchtl, 1924, p. 44 (66). 

The distribution of this species appears to be the same as that of Centropages furcatus 
(Dana). It has now.been recorded from the Malay Archipelago (Cleve, A. Scott, Friichtl) ; 
the coast of Burma (Sewell); the Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; 
the Maldive and Laccadive Archipelagoes (Wolfenden) ; the Arabian Sea and Persian Gulf 
(Pesta), and Durban Bay (Brady). 

Centropages tenuiremis Thompson and A. Scott. 

(Text-fig. 82.) 

Centropages tenuiremis, Thompson and A. Scott, 1903, p. 247, pI. i, figs. 1-18. 
Centropages arabicus, Cleve, 1903, p. 371, pI. xvi, figs. 1-9; pI. xvii, fig. l. 

Centropages tenuiremis, Sewell, 1912, p. 363, pI. xxiv, figs. 6, 7. 

Centropages tenuirernis, Sewell, 1914, p. 220. 

This species was first described by Thompson and A. Scott from examples taken at 
various stations in the Arabian Sea and around the Pearl Banks of Ceylon. I have also 
been able to examine specimens from this latter locality and, in addition, have examined 
specimens from the coast of Burma and the northern part of the Bay of Bengal. A number 
of examples in various stages of development were taken by the late Dr. N. Annandale 
off Puri on the east coast of India and I have carefully examined and measured a number 
of these specimens. I have been able to recognise five developmental stages, including 
the adult, in the female, and four in the nlale. The results of the measurement of 109 
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individuals are shown graphically in text-fig. 82. The individual of the smallest group 
corresponded in its degree of development to Copepodid Stage III. In the following table 
I have given the average observed length of the body in each of the groups and 'have shown 
the c!alculated size and the growth factor for each successive moult. 

9 
m.m 

0 
• • • • 

Stage VI. 
I "75 

• • •• •• • •• • I 

• 1'50 ••• 
ili::- Stage VI. 
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ft 
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i. • • 
"00 

s~/V. -! • • ••• • • I. .... Stage-No 
I:. • 

0'75 

Stag8m • 

TEXT·FIG. 82.-Showing the lengt.h measurements of 109 individuals of Centropages tenuiremis Thompson and A. Scott in various

stages of development, taken off Puri, Orissa. 

Observed Calculated Gr0wth 
size. size. Factor. 

~ mm. mm. 
Copepodid Stage III 0·690 0·690 1·37 

.' 

Copepodid Stage IV 0·945 0·945 1·37 

Copepodid Stage V 1·300 1·295 1·32 

Copepodid Stage VI (adult) 1·710 1·709 

0 
Copepodid Stage IV 0·857 0·857 1-66 or 1·32 

Copepodid Stage V 1-152 1·131 1-G6 

Copepodid Stage VI 1·428 1·423 

It thus appears that in the female the gro~Tth factor in the earlier stages of develop 
tnent is 1· 37 but that with the onset of sexual developlllent this factor tends to be reduced 
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and at the moult between the Copepodid Stage V and the sexually-mature form becomes 
1'32. In the case of the male it again appears probable that development can take place 
along two different lines, thus on reaching Copepodid Stage IVan individual may pass 
with the typical male growth factor of 1·66 direct to the sexually-mature form., or (filay 
adopt for a single moult the growth factor that is characteristic of the final moult of the 
female, namely 1·32, and so pass to Copepodid Stage V In both sexes it would appear 
probable from the table that the sexually-matulre forms hit~erto discovered are the low 
dimorph and that we may expect in the future to discover a high dimorph derived from 
precedjng stage V by a moult with the male growth factor 1 ·66. 

The average size of these adults from Puri is somewhat less than the measurement 
given by Thompson and A. Scott for their specimens from the Ceylon Pearl Banks, being 
only 1·710 instead of 2·00 mm. in the females and 1·428 instead of l'SO mm. in the males. 
This is probably associated with the decrease in salinity of the sea-water in the northern 
part of the Bay of Bengal as compared with the salinity of the water of the Pearl Banks. 

Centropages trispinosus Sewell. 

Centropages trispinosus, Sewell, 1914, p. 223, pI. xviii, figs. 5-8. 

Since this species was first described by llle from Kilakarai, South India, no further 
examples have been obtained. 

Centropages violaceus (Claus). 

lchthyophorba violacea, Claus, 1863, p. 199, pI. xxxi. 

Centropages violaceus, Giesbrecht, 1892, p. 304, pl. iv, fig. 5; pI. xvii, figs. 29, 30, 44; pI. xviii, 
figs. 1, 8; pI. xxxviii, figs. 16, 18. 

Centropages violaceus, Giesbrecht and Schmeil, 1898, p. 57. 
1 Centr(lpages violaceus, Wolfenden, 1911, p. 357. 

Oentropages violaceus, T. Scott, 1912, p. 533. 
Centropages violaceus, Brady, 1915, pp. 134, 135. 
Oentropages violaceus, Sars, 1925, p. 206. 
Centropages violaceus, Farran, 1929, p. 255. 

This species appears to be extremely rare in Indian waters. A single example was 
()btained in the surface tow-net by the" Investigator" at Sta. 614.. Farran (1929) has 
pointed out that in the account of Oentropages violaceus that Brady has given in the 
" Challenger" Report (Vol. VIII, p. 82, pI. XXVII, figs. 1-14) he has confused two species, 
the true Oentroppges violaceus (Claus) and Oentropages bradyi Wheeler. Since Wolfenden 
in the" Gauss" report refers to the species as Oentropages violaceus Brady it is doubtful 
to "which species his note refers. Brady (1915) records its occurrence in small numbers 

in Durban Bay. 

Genus ISlAS Boeck. 

Up to the year 1924 this genus was represented by a single species, I sias clavi pes Boeck, 
which appears to be limited in its distribution to the North Atlantic Ocean and its ofishoots. 
In that year I described a second species, [sias tropica from the Chilka Lake. 
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Isias tropica Sewell. 
1,<.ias tropica, Sewe.ll, 1924, p. 782, pI. xliv, fig. l. 
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~Since the discovery of this species in the Chilka Lake, no further exalnples have been 
. obtaIned. 

Family DIAPTOMIDAE. 

Genus PSEUDODIAPTOMUS Herrick. 

In the genus Pseudodiaptomus it is a matter of some considerable difficulty to decide 
what species can rightly be termed marine. 

The genus is one that has a wide distribution and has penetrated fronl the sea into 
brackish and even into fresh water; in consequence of this migration it is a matter of some 
difficulty to decide which species should be included in the present paper that purports 
to deal with the fauna of Indian Seas. As a result of the migration of the genus a number 
of species have been evolved and are now to be found especially in littoral and estuarine 
regions. I have therefore, in the follo,ving account included all those species that have 
been taken either in the sea or in brackish water areas that are directly connected with the 
sea, and have omitted all further reference to phe purely fresh water form, Pseudodiap .. 

t01nus lobipes Gurney. 
I have previously (Sewell, 1922, p. 784) attempted to separate the species of this genus 

into two groups according to the character of the 5th pair of legs in the female. While 
fully recognisjng that such a separation does not indicate any degree of relationship between 
the various species, yet with the steadily increasing number of species in the genus, it will, 
I think, be useful to have some such method of separating the species into groups so as to 
shuplify the process of identification. In the 1st group I include all those forms in which 
the terlninal spines of the 5th pair of legs in the female are all of approximately equal length 
and are short in comparison with the total length of the leg; in this group ,ve can place:-

Pseudodiaptomus clevei A. Scott, 
Pseudodiaptomus hickmani Sewell, 
Pseudodiaptomus salinus Giesbrecht, 
P seudodiaptomus serricaudatus (T. Scott), 
Pseudodiaptomus stuhlmanni (Poppe and Mrazek), 
Pseudodiaptomus burckhardti, sp. nov., and 
Pseudodiaptomus masoni, sp. nov. 

In the second group one of the terminal spines of the end segment in the 5th leg is 
.much longer than the others and is nearly equal in length to the whole awendage. 

The 2nd group is a composite one and can be sub-divided into several sub-groups :-

(a) In the 1st sub-group can be placed the following species :-

Pseudodiaptomus lobi pes Gurney, 
Pseudodiaptomus binghami Sewell, 
Pseudodiaptomus forbesi Poppe and Mrazek, 
Pseudodiaptomus tollingeri Sewell, 
P seudodiaptomus poppei Sti ngelin, 
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Pseudodiaptomus smithi Wright, and 
Pseudodiaptomus inopinus Burckhardt. 

Closely related to the group but separated from it by other characters is Pseudoaiap .. -
tomus annandalei Sewell. As Stillman Wright (1928, p. 594) has pointed out " Pseudo~iap .. 
tomus smif.hi shows characters which link it with P. poppei, P. forbesi, P. inopinus, P~ 
tollingeri, P. binghami and P. lobipes. These seven species have a number of peculiarities 
in common. This group may be designated the Lobipes group, since that species is probably 
the most primitive." 

(b) In the 2nd sub-group we may include the following :
Pseudodiaptomus aurivillii Cleve, 
Pseudodi~ptomus mertoni Friichtl, and 
Pseudodiaptomus dauglishi, Spa nov. 

Other species that can be included in the group are :
Pseudodiaptomus richardi (Dahl), 
Pseudodiaptomus acutus (Dahl), 
Pseudodiaptomus gracilis (Dahl), and 
Pseudodiaptomus hessei (Mrazek). 

As I pointed out in 1924 the membe~s of the 1st group are almost entirely marine in 
their habitat and the same is true of the members of sub-group '(b) of the 2nd group; on 
the other hand the members of sub-group (a) of the 2nd grQup are almost entirely fresh 
or brackish water in their habitat. 

An inter:esting feature in the structure of certain members of this genus is the presence 
on the ard last segment of the 1st antenna of a modified seta, in which there is a comb-like
formation. This modified seta was first noted by Poppe and Mrazek (1901) who recorded 
its presence in the antennae of the female and also in the unmodified antenna in the male 
in Pseudodiaptomus serricaudatus, P. stuhlmanni and P. hessei; Mrazek (1901) subsequently 
found this modified seta to be present in P. richardi. I have .also found it to be present 
in Pseudodiaptornus hickmani, P. masoni and P. salinus. It thus appears that this modi
fication is not confined to anyone group or sub-group in the genus. 

In 1901 Cleve described Pseudodiaptomus auriv'illii from the Malay Archipelago. A 
year later in 1902 A. Scott recorded the occurrence of Pseudodiaptomus serricaudatus (T. 
Scott) from the Red Sea. In 1903 Thompson and A. Scott recorded both these species 
from the Pearl Banks of Ceylon, \vhile within the next two years Cleve recorded the former 
species from the Indian Ocean and the east coast of Africa. In 1909 A. Scott confirmed 
the occurrence of Pseudodiaptomus aurivillii Cleve in the Malay Archipelago and described 
a new species P. Qlevei from the same region. Since that date the number of species known 
to inhabit Indian waters has increased very considerably; in 1912 I added Pseudodiap
tomus hickmani and P. binghami and in 1919 P. annandalei and P. tollingeri to the list of 
known species. In 1924 Friichtl described P. me'ftoni, that had in all probability been 
previously confused with P. aurivillii Cleve, from the Aru Archipelago and in 1927 
Gurney recorded Pseudodiaptomus salinu.s Giesbrecht froin the Suez Canal. This, however, 
by no means exhausts the number of species that have their habitat in the Indian region 
and in the present paper I have described three additional new species, namely Pseudodiap
tomus bU~'khardti, P. dauglishi and P. masoni. 
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GROUP 1. 

Pseudodiaptomus clevei A. Scott. 
Pseudodiaptomus clevei, A. Scott, 1909, p. 116, pI. xxxvii, figs. 1-8. 

Pseudodiaptomus clevei, Friichtl, 1924, p. 48, figs. 29, 30. 
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Examples of this species were taken in the surface tow-net at " Investigator" Sta
tion 558. 

Pseudodiaptomus bickmani Sewell. 
Pseudodiaptomus kickmani, Sewell, 1912, p. 364, pI. xxii, figs. 1-7. 

Pseudodiaptomus hickmani, Sewell, 1924, p. 786. 

This species has now been taken off the coast of Burma and in the Chilka Lake, and 
would app.ear to be a denizen of brackish water. 

Pseudodiaptomus salinus Giesbrecht. 
Pseudodiaptomus salinus, Giesbrecht, 1896, p. 322, figs. 23-28. 

Pseudodiaptomus salinus, Giesbrecht and Schmeil, 1898, p. 65. 

Pseudodiaptomus salinus, Thompson and A. Scott, 1903, p. 248, pI. ii, figs. 21-23. 

Pseudodiaptomus salinus) Gurney, 1927, p. 1f50. 

This species has previously been recorded from the Suez Canal, the Gulf of Suez and 
the Red Sea. Thompson and A. Scott (loc. cit., p. 248) in their account of the Copepoda 
of the Pearl Banks of Ceylon state that this species ,vas found at three stations in the Indian 
,Ocean; a reference to their list of stations shows, however, that all the stations at which 
this species was taken by Prof. Herdman are situ a ted either in the Gulf of Suez or in 
the Suez Canal itself. The occurrence of a specimen at "Investigator" Station 616 in 
the Nicobars thus greatly increases its known range of distribution. 

Pseudodiaptomus serricaudatus (T. Scott). 
Pseudodiaptomus serricaudatus, A. Scott, 1902, p. 404, pI. i, fig. 6. 

Pseudodiaptomus serricaudatus, Cleve, 1903, p. 368. 

Pseudodiaptomm ser'l'icaudatus, Thompson and A. Scott, 1903, p. 248. 

Pseudodiaptorrvu8 serricaudatus, Cleve, 1904, p. 196. 

Pseudodiaptomus ser'l'icaudatus, Sewell, 1914, p. 226. 

Pseudodiaptomus se'l'ricaudatus, Sewell, 1924, p. 785. 

This species appears to have a wide distribution; originally taken in the Gulf of Guinea 
'on the west coast of Africa, it has now been recorded in Indian waters from the Chilka Lake 
{Sewell) ; the Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; the Wist coast of India 
~Oleve) and the Red Sea (A. Scott). 

Ps.eudodiaptomus burckhardti, sp. nov. 

(Text-fig. 83, a-e.) 

A single example ot what appears to be a new species of Pseudodiaptomus was discovered 
in the" Investigator" collection froln the surface-waters of Nankauri Harbour, Nicobar 
Islands (Station 614): and further exanlples were subsequently obtained from Macpherson 
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Strait, Andaman Islands. At first sight this species is very likely to' be mistaken for either
Pseudodiaptomus clevei A. Scott, P. salinus Giesbrecht or P. mertoni Friichtl. 

~ Total length, 1· 07 mm. 
The lengths of the cephalothorax and abdomen are in the proportion of 53 to f5, so. 

that the posterior region of the body is contained very nearly twice in the length of the
anterior region. 

e. 
e. 

TEXT-FIG. 83.-Pse'lldodiaptom'll8 b'll'l'ckha'l'dti, sp. n·ov. 
a. The whole animal from the dorsal side. c. The 1st swimming leg. 
b. The genital segment of the abdomen from below. d. The 3rd swimming leg, exopod. 

e. The 5th leg. 

Viewed from above (text-fig. 83, a) the animal presents a close resemblance to Pseu
dodiaptomus clevei A. Scott. The head and 1st thoracic segment are separate, but segments-
4 and 5 are fused together. The posterior thoracic margin is produced backwards in a 
sharp spine and a second smaller spine is situated in the dorso-Iateral region, a little in front 

• 
of the actual margin of the segment; in addition, the posterior margin extending from the 
lateral spine towards the dorsum bears a row of minute spinules, exactly similar to those
described by Friichtl (1924, p. 48) in the case of Pseudodiaptom'Us clevei. 

The abdomen consists of the usual four free segments and the furcal rami. The pro
portional lengths of these segments are, however, somewhat di:fferent from those of the
corresponding parts in Pseudodiaptomus clevei. In the present species the proportional 
lengths are as follows :-

Abdominal segment 1-2 3 4 5 Furca 
29 B 10 24 24 = 100. 
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The genital segment in this species is thus somewhat longer than in P. clevei, for A. 
Scott (1909, p. 117) states that in the latter species it is slightly shorter than the following 
two segments. The genital segment is swollen, especially on the left side, where it is produced 
in a rounded prominence covered with a group of small spines; a row of small spines runs 
across the ventral aspect of the segment in front of the genital appertu~e, very similar to 
that present in Pseudodiaptomus salinus Giesbrecht. The posterior margins of segments 
1 and 2 are devoid of spines; the 3rd segment bears on each side a tuft of long hair-like· 
spines. The anal segment is considerably longer than either of the preceding two, being' 
almost exactly equal to their combined length. The furcal rami are as long as the anal 
segment and are symmetrical. They are three times as long as broad and are fringed with 
hair on their inner margins. The 2nd distal seta is the longest and is five times as long as 
the furcal segment; in Pseudodiaptomus clevei it is shown to be one and a half times 
as long (vide A. Scott, 1909, pI. xxxvii, fig. I); in P. aurivillii it is also on~ and a half 
times and in P. rnertoni it is twice as long (vide Frli.chtl, 1924, p. 51). 

The 1st antenna consists of 25 segments and reaches back to about the posterior border 
of the 2nd abdominal segment; the proportional lengths of the segments are as follows :-

Segment. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
• 35 23 28 26 24 21 26 34 47 53 53 49 49 49 49 49 51 55 55 46 34 35 31 39 34: =1000 • 

• 
The seta of the third last segment seems to be modified into a comb-like structure. 
The swimming legs are of the usual type. In the 1st swimming leg (text-fig. 83, e)

the 1st basal segment is produced on its outer margin in a rounded swelling; the two rami 
are of nearly equalle~gth; exopod 1 bears a delicate marginal spine; exopod 2 is devoid 
of any spine; and exopod 3 possesses two very delicate marginal spines and an end-spine 
that is also very delicate and is approximately equal in length to the combined 2nd and 
Srd segments. 

In the 2nd, 3rd 'and 4th swimming legs the proximal marginal spine on exopod 3 is 
markedly reduced jn size (vide text-fig. 83, d). 

The 5th pair of legs' (text-fig. 83, e) closely resembles the corresponding appendage in 
Pseudodiaptomus hickmani Sewell. 

While closely resemb~g several species in the genus, this form is distinguished from 
the others by the po~session of two marginal spines on each side of the 5th thoracic segment 
and by the fine spines that run along the posterior margin, as well as by the proportionate 
lengths of the abdominal segments. 

No male example has, as yet, been discovered. 
I have much pl~asure in dedicating this species to Mr. G. Burckhardt, in recognition 

of his valuable contribution to our knowledge of the Zoo-plankton of the inland waters of 
east and south -east Asia. 

Pseudodiaptomus masoni, Spa nov. 

(Text-fig. 84, a-g.) 

Several examples of a species of Pseudodiaptomus that appears to be new were obtained 
from tow-nettjngs taken at or near the surface in Port Blair Harbour and in Macpherson 
Strait in the Andaman Islands. I have much pleasure in dedicating this species to Mr. 
Mason, formerly Chief Forest Officer of the Andaman Islands, as a token of my apprecia.-

c 
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tion of his kindness and the assistance that he gave me during a tour of the Andaman Islands 
in 1928. 

~ Total length, 0·943 mm. 
The proportional lengths of the Cephalothorax and Abdomen are as 3 to 2, the abdo~ 

men being thus con,tained 1,5 times in the length of the anterior region of the body. 
When viewed from the side this species very closely resembles Pseudodiaptomus acutus 

(Dahl), the forehead being prominent and arched; but there are in the present species no 
spinous processes on the posterior thoracic margin as in P. acutus. The head and 1st tho
racic segment appear to be partially fused together, though the line of demarcation of the 
two parts can clearly be seen crossing the dorsal aspect. The rostral spines are delicate 
and are curved downwards and backwards. The posterior thoracic margin is rounded and 
bears no spines., nor are there any hairs or spinules present. 

a. 

TEXT-FIG. 84.-Pseudodiaptomus mtJ8oni, sp. nov. 
a. The whole animal from the dorsal side. d. The 1st swimming leg. 
b. The terminal segments of the 1st antenna. e. The 3rd swimming leg. 
c. The maxilliped. f. The 4th swimming leg. 

g. The 5th leg. 
Pseudodiaptomu8 ap., juv. 

h. The maxilliped. j. The 5th leg. 

The abdomen consists of four segments, that have with the furcal rami the followina 
. 0 

proportional lengths :-

Abdominal segment 1·2 3 4 5 Furca 
23 20 26 13 18 = 100. 
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The genital s~gment is symmetrical and is but little longer than the following segment; 
the fourth segment is of considerable length, being nearly half as long again as the 3rd. 
Segments 2, 3 and 4 are all fringed around their posterior margins with a row of somewhat 
coa.rse spines. The furcal rami are nearly one-and -a-half times the length of the anal seg
ment and are two-and -a-half times as long as broad; they are fringed on their inner margins 
with somewhat sparse hairs. 

The 1st antenna reaches back to about the posterior margin of the genital segment 
of the abdomen, though in some specimens it is a little shorter than this, only passing the 
posterior margin of the thorax by the last segment. It consists of twenty-one free segments 
that have the following proportional lengths :-

Segment 1·2 3·4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2-1:-25 
"--y--J 

67 40 24 27 27 33 20 20 ~~3 47 50 60 74 74 74 64 53 53 50 57 53 =1000. 

The setae arising from the segments are feebly developed, but that arising from 
the third last segment (text-fig. 84, b) is modified and exhibits the same comb-like structure 
that has been previously noted in the case of this seta in Pseudodiaptomus serricaudatus 
(T. Scott), P. stuhlmanni (Poppe and Mrazek), P. hessei (Mrazek), and others (vide supra, 
p.234). 

The 2nd antenna has the usual form, the exopod being nearly twice the length of the 
endopod. 

The mouth~parts are very similar to those of other members of the genus. 
In the 1st pair of swimming legs the rami are very nearly equal in length. The 1st 

segment of the exopod bears a needle-like marginal spine and a single inner seta. Exopod 
2 is devoid of a marginal spine; while exopod 3 bears two sub-equal needle-like marginal 
spines and a stout end-spine. 

In the 2nd, 3ld and 4th pairs of legs the 1st segment of the basal region bears scattered 
needle-like spines on its outer aspect. 

In the 5th pair of legs (text-fig. 84, g) there are the usual basal part and three free 
segments; of ·these latter the proximal segment appears to be unusually long and is nearly 
as long as the 2nd free segment. The terminal segment has the usual claw-like shape and 
the spinous processes are comparatively short, so that this species falls into the same group 
as Pseudodiaptomus salinus, P. serricaudatus, etc. 

In a tow-netting, taken in the Perak River in the Malay Archipelago by Mr. Cedric 
Dover, I found one or two examples of an immature stage of development of a Pseudodiap
tomus that ~ believe to be this species. 

Copepodid Stage V. Total length, 1·082 nun. (Text-fig. 84, h, j.) 
The proportional lengths of the cephalothorax and abdomen are as 39·5 to 20, so'that the abdomen is, 

in this stage of dev,lopment, contained 1·97 times in the length of the cephalothorax. 
As in the adult pse'Udodiaptomu.s masoni, the forehead is arched and is produced forwards in a rounded 

eminence. The head and 1st thoracic segment are separate, and the rostrum consists of two delicate spines. 
The posterior thoracic margins are rounded and are devoid of spines. 

In this.stage of development, the abdomen consists of only three segments, that have with the furcal 

rami the following proportional lengths :-

Abdominal segment 1 2 3·5 Furoa 
38 17 22 23 = 100. 

02 
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The genital segment is somewhat wider in its anterior part than at its posterior margin. Both the 
1st and 2nd segments are fringed around their posterior margins with a row of spines. The furcal rami 
are about two and a half times as long as wide. The external furcal seta is stout and spine-like. 

The 1st antenna reaches to the posterior margin of the 1st segment of the abdomen; it consists of 
-twenty-one segments, as in the adult. The proportional lengths of these segments are a~ follows :-

Segment 1·2 3·4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-..r-' 

67 41 24 29 26 38 19 19 34 48 53 57 65 65 67 60 53 53 55 60 67 =1000. 

In the 1st swimming leg the endopod and exopod are of equal length. The marginal spines on exopod 
1 and 3 are small and slender; exopod 2 possesses no marginal spine. The end-spine is nearly as long as 
-the two distal segments together and is comparatively stout. 

For the purpose of comparison I give below the proportional lengths of the segments in the 1st antenna 
of each stage-

Segment 1·2 3·4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
~ 

Stage V 67 41 24 29 26 38 19 19 34 48 53 57 65 65 67 60 58 53 55 60 

Adult 67 40 24 27 27 33 20 20 33 47 50 60 74 74 74 64 63 63 50 57 

24-25 
'-..r-' 

67 

53 

If I am right in thinking that these two stages are part of the same life-history, then during the process 
{Jf development there would appear to be but little change in the lengths of the antennal segments. Between 
segments 1 and 1~ there is practically no change; segments 15 to 19 show a certain degree of increase in 
length as we pass from the immature to the mature stage and in the more distal segments, namely segments 
-22 to 25, there is a distinct diminution in the proportional lengths of the segments with advancing develop
ment. 

GROUP 2. 

Pseudodiaptomus annandalei Sewell. 
Pseudodiaptomus annandalei, Sewell, 1919, p. 5, pI. x, fig. 9. 
Pseudodiaptomus annandalei, Sewell, 1924, p. 787, pI. xliv, fig. 2. 

This species has now been taken in the ChHka Lake and in the Salt Lakes, Calcutta, 
and would thus appear to be an inhabitant of brackish-water. 

Pseudodiaptomus aurivillii Cleve. 

(Text-fig. 85, a.) 

Pseudodiaptomus aurivillii, A. Scott, 1909, p. 116. 
Pseudodiaptomus aurivillii, Sewell, 1912,- p. 363. 
Pseudodiaptomus aurivillii, Sewell, 1914, p. 224. 
Pseudodiaptomus aurivillii~ Friichtl, 1924, pp. 51-53. 

This species has been recorded from the Malay Archipelago (Cleve, A. Scott and 
Friichtl) ; the coast of southern Burma (Sewell);" and the Pearl Banks of Ceylon (Thompson 
and A. Scot, Sewell). I have also taken examples from the Andaman an$! Nicobar regions. 
While in the main a denizen of the littoral and coastal areas, it is an inhabitant of salt
water. 

Pseudodiaptomus binghami Sewell. 
Pseudodiaptomus binghami, Sewell, 1912, p. 337, pI. xvii, figs. 8-11. 
Pseudodiaptomus binghami, Sewell, 1919, p. 7. 
Pseudodiaptomu8 binghami, Sewell, 1924, p. 786, pI. xlv, fig. 2. 
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This species appears to be confined' entirely to brackish-water; it has now been taken 
in the Rangoon River estuary and in the Chilka Lake on opposite sides of the Bay of Bengal. 

a. 
TEX'l-FIG. 85.-a. 5th pair of legs, Pseudodiaptomu8 aurivillii Cleve. 

b. 5th pair of legs, Pseudodiaptomu8 mertoni Friichtl. 

Pseudodiaptomus mertoni Friichtl. 

(Ten-fig. 85, b.) 

Pseudodiaptomus rnertoni, Friichtl, 1924, p. 49, figs. 31-36. 

This species was described by Friichtl from examples taken in the Aru Archipelago. 
"T,ll the publication of Friichtl's account this species had in all probability been confused 
-with Pseudodiaptorrvus aurivillii Cleve, which it very closely resembles. The chief difference 
between the two forms lies in the structure of the 5th pair of legs in the male ;. for the pur
-pose of reference I have given figures of .these appendages in the two species (of. text-fig. 
85, a and b). A few examples of this species were obtained in a small collection of Copepoda 
that was sent to m.e by Mr. Cedric Dover and that had been taken by him in the Karun 
lliver, Perak. 

Pseudodiaptomus tollingeri Sewell. 
PseudodiaptomUB tolZingeri, Sewell, 1919, p. 2, pl. x, fig. 8. 

Pseudodiaptomus toZZingeri, Sewell, 1924:, p.. 787, pI. xlv, fig. 3. 

Up to the present time this species, also, has only been taken. in brackish-water; it 
."has now been obtained in the Chilka Lake, at Port Canning in Lower Bengal, and in the 
-Salt Lakes, Calcutta. 

Pseudodiaptomus dauglishi, sp. nov. 

(Text-fig. 86, a-h.) 

A number of examples of a species of Pseudodiaptomus, that comes very near to P. 
-6tuhlmanni Poppe .and Mrazek, were taken in the surface tow-net in Kuala Kuran, Perakl' 
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F. M. S. by IVIr. Cedric Dover. In their general bodily structure these specimens are 
almost indistinguishable from that species; but as they differ in certain important detail.& 
I have thought it best to regard them as a new, though very closely related, species. 

~ Total length, 1· 03 mm. 

TEXT-FIG. 86.-Pseudodiaptomus daugli8ki, sp. nov. 

a. The whole animal from the dorsal side. 
b. The genital segment of the abdomen, dorsal view. 
c. The genital segment of the abdomen, lateral view. 
d. The maxilliped. 

e. The 1st swimming leg. 
f. The 5th leg female. 
g. The grasping antenna male. 
k. The 5th pair of legs male. 

The proportional lengths of the cephalothorax and abdomen are as 36 to 18· 5, so that 
the abdomen is contained almost exactly twice in the length of the anterior region of the 
body. 

The head ~text-fig. 86, a.) is somewhat sharply rounded anteriorly. The head and 
1st thoracic segment are fused, as also are segments 4 and 5, though a line of demarcation 
between these last two portions can clearly be seen crossing the dorsal aspect. On either 
side of the middle line and situated on the line of demarcation between segments 4 and 5 
is a sharp backwardly directed spine that from its situation must rightly belong to the 
4th thoracic segment; in one example that I examined this spine was doubie on the lett 
side of the body, though the corresponding spine on the right side was single, as usual. 
The posterior thoracic margi1i.s are symmetrical and are produced backwards into sharp 
points. 
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The a bdomen consists of four free segments, segments 1 and 2 being, as usual, fused 
together into the genital segment. The proportional lengths of the segments are as follows :-

Abdominal segment 1-2 3 4 5 Furca 
30 17 24 8 21 = 100. 

The genital segment when viewed from the dorsal aspect (text-fig. 86, b) is seen to be 
slightly asymmetrical. The surface of the segment is covered with an elaborate system 
of minute spinules. In front of the genital orifice on the ventral aspect (text-fig. 86, c) two 
rows of spinules, interrupted in the middle line, run across the ventral aspect. Commenc
ing on either side of the genital orifice a single row runs at first outwards and then turns 
upwards and forwards on the lateral aspect; on the left side this row ends between two 
other rows that commence in this region, the one in front and the other behind. The anterior 
row is confined entirely to the lateral aspect, but the posterior ro,v commences in the lateral 
region and is continued round to the dorsal aspect. T.here is a patch of scattered spinules 
on the anterior portion of the left side. The genital orifice is guarded on each side by a 
stout backwardly-directed spine, and laterally to these spines a fine . seta arises. Oviger
ous females bear a single egg-capsule, that contains approximately 14 ova. The posterior 
margins of segments 2 and 3 are fringed with fine spines. 

The 1st antenna reaches back almost to the posterior margin of the thorax; it con 
sists of 20 separate segments, that have the following proportional lengths :-

Segment 1 2 3 4 5 6 7 tl 9 10 11 12 13 14 15 16 17 18 19 20-21 
'-v--' 

73 46 56 40 53 3t! 30 40 46 53 53 50 56 56 56 46 40 46 53 05 = 1000. 

Segments 1, 2, 3, 4, 6, 8, 9, 10, 11, 13, 15, 18 and 21 all bear sensory filaments. This 
distribution is slightly different from the distribution of the sensory filaments in Pseudodiap
t011~US stuhlmanni, as gjven by Poppe and Mrazek. 

The 2nd antenna r~sembles that of other members of the genus. The terminal seg
ment of the endopod bears three setae at its distal extremity, one of which is thickened and 
bayonet-like. 

In the maxilliped (text-fig. 86, d) the 1st basal segment bears a single seta on lobe I; 
three setae on lobe 2 ; and the 3rd lobe bears three setae and a stiff straight spine. The 
2nd basal segment is swollen and bears three setae in the middle of its anterior margin, 
while two others arise frOlll a small papilla near the distal end. The proximal part of the 
anterior margin as far as the three middle setae is beset with small spinules and a second 
ro,v of spinules, longer and more needle-like, arises from the margin on the distal side of the 
setae. The endopod consists of five segments. Some of the setae arising frol11 segments 
1, 2 and 3 are modified; from a stout base each seta divides into two branches of which 
one js slender and tapering, while the other is blunt and rod-like. Endopt>d 1 bears t,vo 
of these modified 2etae and endopod 2 and 3 bear one each. This nlodification of the 
setae is also found in Pseudodiaptomus stuhlmanni Poppe and Mrazek. Poppe and l\Irazek 
(1894, p. 125, pI. i, figs. 1-9) in their account of the latter species state that this modi
fication occurs in the setae of the 2nd maxilla, but it is perfectly clear fr0111 the figure that 
they give that they refer to the maxilliped. 

The swimming legs are similar to those of other members of the genus. 
The 5th pair of legs possesses the usual structure. The 1st basal seg1nent bears a ro\v 

of fine spines along its distal margin. The 2nd basal seg1uent is also anned \vith a fe\v needle-
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like spines on its outer margin. Exopod 1 bears a short straight marginal spine at its distal 
o'Q,ter angle; there are small spinules along the inner margin and a row of spines runs across> 
the outer part of the distal margin, while several spines are scattered over the outer border. 
The terminal segment bears three spines and ends in a sharp process that is toothed along 
its external border. Of the spines the proximal is very small and delicate; the 2nd is 
straight and serrated on both borders and is approximately equal in length to the two distal 
segments together; the 3rd spine is stout and slightly curved and is considerably longer 
than the 2nd, being nearly equal in length to the whole appendage; it is serrated along its 
inner margin only. 

d Total length from 0·877 to 0·915 mm. 
The proportional lengths of the cephalothorax and abdomen are as 123 to 67, so that 

the abdomen is contained 1·82 times in the length of the anterior region of the body. 
The abdomen consists of five segments and the furcal rami, that have the following. 

proportional lengths :-

Abdominal segment 1 2 3 4 5 Furca 
12 21 18 20 8 21 = 100. 

The 1st segment bears a transverse row of minute spines on each side. Segments 2. 
and 3 are armed with spines along their posterior margins as in the female, but the spines 

lr are larger in the present sex. 
As in other members of the genus the 1st antenna on the left side resembles that of 

the female, while the right antenna is modified to form a grasping organ (text fig. 86, g.). 
In the modified antenna segments 10 and 12 bear a seta and a club-shaped sensory filam.ent 
(aesthetask) ; segment 11 bears a spine only; segment 13 is slightly swollen and bears a stout. 
curved spine; segments 14 to 17 are considerably swollen; segment· 14. bears 2 setae and an 
" aesthetask "; segment 15 bears two setae; segment 16 bears two setae and an "aest~e .. 
task" and segment 17 is produced along its anterior margin in a crest that terminates 
distally in a sharp spin~ ; segment 18 bears a straight tooth-plate armed along its margin 
with fine needle-like teeth. Between segments 18 and 19 lies the hinge-joint. Segments 
19 and 20 are fused; segment 19 bears a long straight spine, that reaches to the end of the 
segment; segments 21 to 25 are fused together into a single joint, that is slightly curved. 
and terminates in a bluntly rounded end bearing several setae and an " aesthetask" 

The mouth parts and swimming legs are as in the female and the 5th pair of legs are 
as figured (text-fig. 86, h.). 

Family TEMORIDAE. 

Genus TEMORA Baird. 

This genus is represented in Indian waters by four species. In 1900 Thompson in 
his report on two collections of Plankton from the Indian Ocean records the occurrence. 
of Temora stylifera (Dana), T discaudata Giesbrecht and T. longicornis Miiller. Familiar 
as Thompson was with the North Atlantic forms, it seems impossible to believe that he 
was mistaken in the identity of this last species; it occurred in the collections from three 
different stations, two off the east coast of Africa and one in the Bay of Bengal. It is, 
however, curious that no subsequent observer has recorded its presence in these waters. 
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In 1901 Cleve recorded Temora discaudata Giesbrecht and T. stylifera (Dana) from the 
Malay Archipelago, and in 1902 A. Scott recorded them from the Red Sea. A year 
later Thompson and A. Scott recorded both these, as well as Temora turbinate (Dana), from 
the fearl Banks of Ceylon. Since that date all three species have been taken in a number 
of different localities in Indian and neighbouring waters. All three species occur in. the 
" Investigator" collections. 

There has been some confusion regarding the species that occur in these waters owing 
to the work of Brady. In 1856 Lubbock under the name Diaptomus dubius described a 
species of Copepod from the Atlantic Ocean. Brady (1883) in his report of the Copepoda 
of the" Challenger" expedition r~corded examples of what he took to be the same species 
and transferred it to the genll:s Temora. Giesbrecht, however, (1894) maintains that Temora 
dubia is a synonym of Temora stylifera, and that Brady in his "Challenger" report has 
failed to discriminate between Temora stylifera and T discaudata. In 1914 Brady protests 
against Giesbrecht's views and maintains that Temora dubia.is a valid species and that he 
obtained examples from Durban Bay that show exactly the characters on which the species 
was founded and which he also found in the" Challenger" specimens. In the same paper 
Brady also describes a' further new species of Temora under the name Temora africana; 
but though his description and figures are poor, there is, I think, little doubt that these l~st 
examples· are in reality representatives of the species Temora turbinata. 

The occurrence of small glands which open through pores on the surface of the body has 
already been noted in members of this genus by Claus in Temora stylifera (Dana) and 
T longicornis (Muller). Not only are these glands present on the swimming legs and the 
furcal rami; there are others present also on the cephalon and the posterior segments of the 
thorax. On the cephalon 41 p~ir open in the lateral region near the base of the 1st 
antennae; a second"fpair opens, also in the lateral region, about the middle of the length 
of the segment and a smaller pair open on the dorsal aspect not far from the posterior 
margin and near the middle line. On the 1st thoracic segment a pair open in the lateral 
region. On the 2nd and 3rd segments a pair open in the dorsolateral region and there is 
also a pore present on the outer side of the base of the spinous projection of the 5th 
thoracic segment. I could not detect any pores on the abdominal segments but a single 
one opens on the outer margin of the furcal ramus about one third along its length and 
there appear to be :8mall pores near the extreme tip of the ramus. 

Temora discaudata Gjesbrecht. 
Temora discauilata, A. Scott, 1909, p. 118. 
Temora discauilatq" Pesta, 1912, p. 47, fig. 7. 

Temora discauilafn" Sewell, 1912, p. 365, pI. xxii, figs. 8, 9. 

Temora discaudata, Sewell, 1914, p. 227. 

Temora discauilafn" Friichtl, 1924, p. 53. 

Temora disoaudata, Gurney, 1927, p. 15l. 

This species has now been taken from the Malay Archipelago (Cleve, A. Scott, Friichtl) : 
the coast of southern Burma (Sewell); the Ceylon Pearl Banks (Thompson and A. Scott, 
Sewell) ; the Maldive and Laccadive Archipelagoes (Wolfenden); the Persian Gulf (Pesta) ; 
the Red Sea (A. Scott) ; and Suez Canal (Gurney). 

D 
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Temora stylifera (Dana). 
Temora styli/era, Thompson, 1899, p. 280. 
Temora stylifera, Cleve, 1901, p. 9. 

Temora stylifera. A. Scott, 1902, p. 404. 

Temora stylifera, Cleve, 1903, p. 369. 
'Temora stylifera, Thompson and A. Scott, 1903, p. 249. 

Ternora stylifera, Cleve, 1904, p. 198. 

Temora stylifera, Wolfenden, 1906, p. 1023. 

Temora stylifera, T. Scott, 1912, p. 533. 

Temora stylifera, Gurney, 1927, p. 151. 

remora stylifera, Sewell, 1912, p. 366. 
~ Temora dubia, Brady, 1914, p. 

Terrwra stylifera, Sewell, 1914, p. 227. 
Temora stylifera, Sars, '1925, p. 193. 

Temora stylifera, Farran, 1927, p. 257. 

[VOL. A, 

ThIs species is widely distributed throughout the whole of the Indian region. It has 
now been recorded from the Malay Archipelago (Cleve); the coast of Southern Burma 
(Sewell); the Pearl Banks of Ceylon (Thompson and A. Scott, Sewell); the Maldive and 
Laccadive Archipelagoes (Wolfenden); the Arabian Sea (Cl~ve) ; the Red Sea (A. Scott); 
the Suez Canal (Gurney) and possibly the region of Durban Bay (Brady). 

Temora turbinata (Dana). 
Temora turbinata, A. Scott, 1909, p. 118. 

Tem,ora turbinata, Pesta, 1912, p. 48, fig. 8. 

Ternora turbinata, T. Scott, 1912, p. 534. 

Ternvra turbinata, Sewell, 1912, p. 366. 

Temora turbinata, Pesta, 1913, p. 32. 

Temora turbinata, Sewell, 1914, p. 227. 

Temora turbinata, Friichtl, 1924, p. 54. 

Temora turbinata, Sars, 1925, p. 193. 
Temora turbinata, Farran, 1929, p. 258. 

1 Temora africana, Brady, 1914, p. 

Like the preceding species this is also \videly distributed'throughout the Indian Ocean. 
It has now been recorded from the Malay Archipelago (A. Scott, Friichtl); the coast of 
Southern Burma (Sewell); the Pe~rl Banks of Ceylon (Sewell); the Arabian Sea and the 
Persian Gulf (Pesta). In all probability the form described by Brady from the region of 
Durban Bay on 'bhe east coast of Africa, under the name Temora africana, is also the same . 
speCIes. 

Genus TEMOROPIA T. Scott. 

A. Scott (1909, p. 119) has recorded the occurrence in the Malay Archipelago of Temo
Topia mayuntbaensis T. Scott, and Thompson and A. Scott (1903, p. 248) had previously 
recorded the sanle species froni the Gulf of Suez. It seems certain, therefore, that it is an 
inhabitant of Indian waters, but up to the present time I have been unable to detect any 
examples in the" Investigator" collections. 
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Fanllly lVIETRIDIIDAE. 

In all three genera of the Fanuly Metridiidae, namely, J.lletridia, Gaussia and Pleu'ro
mam1na, there is an elaborate system of glands and pores scattered over the surface of the 
body, on both the cephalothorax and abdomen. A careful search has revealed in every 
species that I have examined a large number of such pores but one cannot be certain that 
others have not escaped detection. The number of pores present appears to be most nu .. 
merous in the genus Metridia and least numerous in Pleur01namma, the genus Gaussia being 
internlediate, though more nearly approaching ~letridia. The pores are connected with 
small glands, each composed of a number of pyriform cells, that open through narrow ducts 
at a conlmon pore. In the case of the heavily pigmented species Gaussia princeps the pores 
are in a number of cases surrounded by a circular clear area that considerably assists in 
their recognition. 

Genus METRIDIA Boeck. 

In 1900 T. Scott recorded the occurrence of -,-~letridia longa IJubbock fronl several stations 
between Madagascar and the African nlainland. In 1904 Cleve recorded the occurrence of 
three other species of the genus Metridia, naluely M. brevicauda Giesbrecht, lvI. princeps 
Giesbrecht and M. venusta Giesbrecht, from the Agulhas Current and in 1909 A. Sc<;>tt 
reported the presence of the same three species, as well as lvIetridia boecki Giesbrecht and 
jI. macrura Sars, in the collections made by the" Siboga " in the l\Ialay .. A.rchipelago. In 
the" Investigator" collections I have been able to identify ~letridia curticauda Giesbrecht 
and 111. Ven'llsta Giesbrecht in addition to the other species. According to Sars (1925, p. 199) 
~Ietridia lucens Boeck has been recorded from the Red Sea. It would thus appear that 
there are at least seven species of this genus in Indian waters. 

In text-fig. 87, a and b I have indicated the approximate position of the cutaneous 
glands that I have been able to locate in Aletridia princeps Giesbrecht and J.l1. boecki Gies
brecht. In addition to those on the body there are also a number on the various appendages. 
In the 1st swimming leg two pores are present on the outer margin of the 1st basal segment. 
One pore is present on the 2nd basal segment near the articulation with the exopod. There 
is a single pore on the posterior surface of the 3rd segment of the endopod. In the 2nd leg 
there is a group of two or three pores at the distal lateral angle of the 1st basal segment. 
Two pores are situated on the lateral margin of the 1st segment of the exopod ; one on the 
outer Inargin of the 2nd segment, and a single one near the base of each luarginul spine on 
the 3rd segment. The arrangement of pores on the 3rd and 4th legs appears to be similar; 
two are situated at the outer distal angle of the 1st basal segment and one near the outer 
angle of the 2nd basal; there are two pores on the outer margin of both the 1st and 2nd 
segments of ~he exopod and a single pore near the base of each luarginal spine on exopod 3. 

In the 5th leg a pore is situated on the outer margin of exopod 2 and another on the anterior 
aspect of exopod 3. 

Metridia boecki Giesbrecht. 

Metridia boecki, A. Scott, 1909, p. 120, pI. xxxvii, figs. 12~14-. 

Metridia boecki, Sars, 1925, p. 199, pI. liv, figs. 8-11. 

This species, which was first taken in the Pacific Ocean by Giesbrecht, has SInce 
been obtained from the Malay Archipelago and in the Atlantic Ocean. It thus appears 

D2 
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to have a wide distributlon. It occurred in the "Investigator" collection at Station 
682. 

TEXT FIG. 87.-Showing the cutaneous pores in 
A. Metridia princeps Giesbrecht, dorsal view. B. Metritlia boec~ Giesbrecht, lateral view. 

Metridia brevicauda Giesbrecht. 
Metridia brevicauda, A. Scott, 1909, p. 120, pI. xxxvii, figs. 9 .. 11. 
Metridia brevicauda, Farran, 1926, p. 271. 

This species {tlso occurs throughout all the three great Oceans. It occurred in the 
" Investigator" collection at Station 682. 

Metridia curticauda Giesbrecht. 
Metridia curticauda, Giesbrecht,1889, p. 24. 

Metridia curticauda, Giesbrecht, 1892, p. 340, pI. xxxiii, figs. 4, 15 and 33. 
!tletridia curticauda, Giesbrecht and Schmeil, 1898, p. 108. 
Metridia curticauda, Wolfenden, 1911, p. 286. 
Metridia curticauda, }'arran, 1929, p. 259. 
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A single specimen, that agrees exactly with the description of this species, was taken 
by the" Investigator" at Station 682. 

Metridia macrura Sars. 

Metr1aia macrura, Sars, 1905, p. 7. 

Metridia macrura, A. Scott, 1909, p. 121, pI. xxxviii, figs. 8-1l. 
Metridia princeps (in part), Wolfenden, 1911, p. 287. 
Metridia macrura, Sewell, 1913, p. 354. 
Metridia macrura, Sars, 1925, p. 197, pI. liv, figs. 1-7. 

This species was first briefly described by Sars from examples taken in the collections 
of the " Princesse Alice" in the North Atlantic Ocean; it has since been recorded from the 
Malay Archipelago by A. Scott (1909), who detected it among the collections made by the 
" Siboga", and it also occurred in the collections made by the" Gauss". Unfortunately, 
Wolfenden (1908, 1911) has fallen into the error of thinking that this species aI\d ~let'ridia 
princeps Giesbrecht are identical, and in his account of the" Gauss" collections has recorded 
both forms under the latter name; it is thus impossible to say in what areas the two forms 
occurred in the regions investigated by this expedition. Both Met1"idia macrura Sars and 
M. p'rinceps Giesbrecht are present in the" Investigator" collections and though they closely 
resemble each other in many particulars, they differ in certain details and I agree with Sars 
in regarding them as true species. Several examples of both sexes, as well as others in the 
5th Copepodid stage, occurred at " Investigator" Stations 393 and 682. 

~ Total length, 7' 78-9'11 mm. 
The proportional lengths of the cephalothorax and abdomen are as 1·17 to 1. 

The head terminates anteriorly in a bifid rostrum, bearing a pair of rostral spines that 
are slender and plumose. Thoracic segments 4 and 5 are fused and the posterior thoracic 
margin is rounded. The abdomen consists of three segments and the furcal falui. The 
proportional lengths of the abdominal segments are as follows :-

Abdominal segment 1-3 4 5 Furca 
40 24 10 26 =100. 

The gerutal segment is moderately swollen ventrally. Seglnents 4 and 5 each bear a 
tuft of long hair on the anterior part of the ventral aspect. The anal segnlent is sOluew"hat 
produced laterally in a rounded lobe. The furcal rami are slightly asynunetrical, that of 
the right side being a trifle longer than that of the left. The furcal ralni are six tiIues as 
long as broad and are 2· 6 times the length of the anal segment; in this respect this speeies 
differs markedly from Met'ridia princeps Giesbrecht, in which they are onl); twice the length. 
The rami are fringed with fine hair throughout the whole length of the inner border, a.nd there 
is a row of hairs on the proximal part of the outer border. 

The 1st antenna over-reaches the posterior end of the abdolnen by about the last three 
or four segments. Segments 7, 8 and 9 are fused together and in SOlne specilnells segluent 
10 appears to be partly fused to segment 9; segments 12 and 13 are partly fused and segulellts 
24 and 25 completely so. The proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7-8-9 10 11 .12 13 14 15 16 17 18 19 20 2l 
~ 

59 20 21 22 24 24 66 30 42 42 56 59 60 62 63 fig 64 42 40 48 5l ·!6 = 1000 
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The anterior margin of segment 1 carries three short spines; segment 2 bears a single larger 
spine; segment three is devoid of a spine and segments 4, 5 and 6 each bear a single spine. 
These spines are less marked than in Metridia princeps Giesbrecht. 

In the 2nd antenna the endopod and exopod are of equal length. The maI¥iible 
resembles that of other members of the genus. The 1st maxilla possesses the usual struc
ture. The basal segment bears 5 setae; the 2nd inner lobe possesses 5, and the 3rd lobe 4 ; 
in the endopod the 1st segnlent carries 6 setae, and the 2nd and 3rd 5 each; the outer lobe 
has 8 setae and the exopod bears 11. 

The maxilliped also resembles that of other species. On the 1st basal segment there 
is a group of fine spines at the distal anterior angle; basal 2 bears three setae on its anterior 
margin and 2 distally; a row of needle-like spines runs along the anterior margin as far as 
the 2nd lobe. The endopod consists of 5 segments, bearing respectively 4, 4, 4~ 3 and 4 setae. 

The 1st leg differs from that of Metridia princeps Giesbrecht in the relative lengths of 
the endopod and exopod. In M. princeps the endopod reaches beyond the joint between 
segments ~ and 3, whereas in the present specie~ the endopod reaches only just to the joint. 
Again, in M. macrura the proportional lengths of the terminal spine to the combined length 
of the la.st tw.o segments of the eKopod are as 48 to 36, and as 48 to 31 to the 3rd segment. 
Both the 2nd segment and the proximal part of the 3rd segment of the exopod are fringed 
with fine hairs. 

The 3rd and 4th legs appear to be the same as in M etridia princeps. 
The 5th pair of legs are composed of a basal part and three free segments; the propor

tional lengths of these segments are as 15, 11 and 5. The proxima.l segment bears a well
developed marginal seta ; the 2nd segment carries a small marginal seta distally and the 
terminal segment bears three setae of nearly equal length. The basal segment carries a tuft 
of long hairs on Its posterior aspect. 

(J Total length 8' 9 mm. 
The proportional lengths of the cephalothorax and abdomen are as 1'04 to 1. 
The 4th and 5th segments of the thorax are fused together. 
The abdomen possesses five segments that have the following proportional lengths :-

A bdominal segment 1 2 3 4 5 Furca 
10 17 17 21 9 26 =100. 

The furcal rami are thus nearly three times the length of the anal segment and are 
six times as long as wide; they bear 5 setae, 4 being at the distal end, and a single one arises 
from the external margin. The right ramus bears a fringe of hairs on the proximal part of 
its margin. 

The 1 st ant~nna is asymmetrical on the two sides; it reaches to just beyond the tip of 
the furcal ramus. On the right side the antenna resembles that of the female ; segments 7 
and 8 are completely and 8 and 9 partially fused; the 1st, 2nd, 4th 5th and 6th segments 
all bear small spines that are less developed than in Metridia princeps Giesbrecht. The 
left antenna is modified to form a grasping organ. The proportional lengths of the segments 
in the two appendages are as follows :-

Segment 1 2 3 4 5 6 7-8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Right 66 20 22 22 23 23 45 25 31 36 44 47 58 58 61 61 63 66 42 39 48 50 35 15 
~ '-v--I • I '-...,.....J 

I,eft ~8 24 24 26 26 60 23 30 30 60 62 6t 68 56 60 120 117 . 88 13· 
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In the left antenna segmen~s 1 and 2 are fused together as also are segments 7, 8 and 9 ; 
the spines on the proximal segments are weak. The knee-joint is situated between segments 
18 and 19, in the usual situation. The 17th segment bears a toothed plate, which is pro
duced distally over the 18th segment and is armed with small teeth. The 18th segment is 
also armed with a toothed plate, that bears about 5~ curved teeth; the plate is not as long 
as the segment and is not upturned at the end, as in Metridia princeps. The 19th to 21st 
segments are fused together into a single piece from which two tooth plates arise near the 
proximal end; of the two plates the proximal is armed with small teeth, while the distal is 
plain. Segments 22 and 23 are fused together and are not separate as in Metridia princeps. 

The 5th pair of -legs closely resembles that of Metridia princeps. Each leg consists of 
a basal portion and four free joints. In the left leg t1;te proportional lengths of these free 
segments are as follows: 27, 13, 19, and 41. The 1st segment bears a single seta and inter
nally is rounded at its distal end, the prominence being fringed with hair. The 2nd segment 
is fringed with hair internally. The 3rd segment bears a small spine on its external border 
and is fringed ,vith hair on its inner margin. The 4th segment is spoon-shaped. and bears 
~wo small spines distally, as well as a small spine on' its outer and posterior margin. The 
basal segment bears a scattered tuft of hairs on its posterior aspect; this tuft appears to be 
absent in Metridia princeps. On the right side the proportional lengths of the segments are 
as 32, 12, 19 and 37. The 1st segment bears a, single seta posteriorly; the 2nd segment 
carries a small external marginal spine and a long curved process internally; the' 3rd segment 
has a small spine anteriorly and the 4th segment is spoon-shaped and bears a small spIne 
on its external and anterior aspect and two small spines distally. 

Oopepodid Stage V. 

A single female w:e~. taken at " Investigator" station 393 that was appa~ently not quite sexually 
mature and was in all p~bability in the 5th Copepodid stage. 

~ Total length, 7'00 mm. 
The proportional length of the Cephalothorax and abdomen are as 102 to 81, so that the abdomen was 

contained 1·259 times in the length of the anterior region of the body. 
The forehead is somewhat flattened, as Easterly (1906, PI. IX, fig. 20) figures it in Metridia ignota, 

and terminates in a bifid· plumose rostrum, having a swollen base. The 4th and 5th thoracic segments 
are fused and the posterior thoracic margin is rounded. 

The abdomen in this example possesses only four segments, as segments 4 and 5 do not appear to have 
as yet separated. The proportional lengths of the segments and the furcal rami are as follows :-

Abdominal segment 1 2 3 4-5 Furca 
13 17 18 24 28= 100. 

The furcal rami are six times as long as broad, as in M etridia macrura. 
The 1st antennae are not quite symmetrical. On the right side this appeeage consists of 25 free 

segments, whereas on the left side segments 8 and 9 are fused together. The 1st segment bears three 
straight spines, of whioh the middle one is the shortest. The 2nd segment bears a single spine that is 
oonsiderably larger than.the others; the 3rd segment is devoid of any spines and the 4th and 5th segments 
each bear a single spine. The proportional length of the s~gments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Hi 17 18 19 20 21 22 ~3 ~4 20 
69 16 18 19 22 19 18 18 21 27 39 39 54 55· 57 61 61 62 70 45 43 55 fiR 311 If, -" 1000. 

The mouth-parts appear to resemble those of other members of the genus. 
In the 1st pair of Swimming legs, basal 1 bears a single inner seta; basal 2 carries an S-shaped inner 

seta and the inner border is devoid of hair and shows no rounded swelling. Both rami consist of three 
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segments and the endopod reaches as far as the joint between segments 2 and 3 of the exopod. Exopod 
1 bears a long and slender marginal spine that reaches well beyond the base of the spine on segment 2 t 
a single seta arises from the inner margin and a row of fine and very small spines runs across the distal 
margin. In exopod 2 the outer margin is armed with a row of very fine spinules and bears a slender mafginal 
spine that reaches beyond the base of the proximal spine on the 3rd segment, the inner margin bears 2 0) 
setae. In exopod 3 the whole outer margin is armed with fine teeth and bears two long slender spines~ 

across the distal border, where the end-spine is attached, runs a, row of small spinules ; the inner margin 
bears 4 setae. The end -spine is long and slender and its length in proportion to the last two segments 
of the exopod is as 18 ; 23 ; 57 ; which corresponds very closely with the proportional lengths in the adult, 
viz., 18; 25 ; 57. In the endopod the 1st segment bears a single seta on its inner border and the external 
margin is fringed wit,h hair; a row of needle-like spines runs across its anterior surface. Endopod 2 bears 
two inner setae and endopod 3 carries in alL five setae. 

In the 3rd Swimming leg basal 2 is devoid of setae; the inner margin is produced in a rounded swelling, 
but there is no trace of any group of spinules on the outer aspect. In: exopod 1 the oute~ margin is smooth 
and 'bears a single leaf-like spine; the inner border is fringed with hair and carries a single seta; there is 
a small group of spinules at the base of the·segment. In exopod 2 the outer margin is produced in a. 

lamellar crest and bears a single leaf-like marginal spine; the inner border is fringed with hair and carries 
a single set~. I'll exopod 3 the outer margin is produced in a crest but only the proximal part is fringed 
with hair; the three marginal spines are leaf-like; the inner border bears 5 setae. The end-spine is 
serrated externally and is 2·2 times the length of the terminal segment of the exopod. Endopod 1 bears 
the characteristi~ double hook on its inner margin and the single spine basally; the outer border is fringed 
with fine hairs throughout its length. Endopod 2 bears two inner setae and its outer m,argin is fringed,. 
as is the proximal segment; endopod 3 carries in all 8 setae. 

In the 3rd and 4th pairs of legs basal 2 bears no seta. Exopods 2 and 3 are both produced in a lamellar 
crest along their outer margins and this crest is fringed with hair along the whole length of exopod 2 and the 
proximal part of exopod 3. The end-spine bears to the distal segment in the two legs the proportional 
lengths of 3·06 and 3·71 to 1 respectively; thus the proportional lengths of the end-spine regularly increases 
as we proceed from the 2nd to the 4th leg. 

The 5th pair of legs at this stage closely resembles that of Metridia princeps, but the basal part is long 
and is without the tuft of long hairs on its posterior aspect. The three free segments and the base have 
the proportional lengths of 33, 31, 22, 14, whereas in the adult the free segments have the proportional 
lengths of 30, 22, 10. The 1st segment bears a long external seta; the 2nd segment possesses a marginal 
spine at its distal end, and the 3rd segment carries three setae, of which the inner is the longest. 

Metridia princeps Giesbrecht. 

(PIs. III and IV and Text-fig. ,88 a-d.) 

Metridia princeps, Wolfenden, 1908, p. 15, pI. iii, figs. 3-5. 
Metridia pH'nceps, A. Scott, 1909, p. 121, pI. xxxviii, figs., 1-7. 
Metridia princeps (in part), Wolfenden, 1911, p. 287, pI. xl, figs. 8-13. 
Metridia princeps, Sewell, 1913, p. 354. 
Metridia princeps, Lysholm and Nordgaard, 1921, p. 24. 
Metridia princeps, Sars, 1925, p. 194, pl. liii. 
Metridia princeps, Farran, 1926, p. 271. 
Metridia princeps, Farran, 1929, p. 258. 

Thls species is of wide distribution and has now been recorded from all the great oceans; 
its range extends from the Antarctic seas through the Tropics to as far north as the west; 
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eoast of Ireland. Examples of both sexes were taken at "Investigator" stations 393~ 
463 and 670. 

~ Average total length, 7· 75 rum. 
a'he proportional lengths of the cephalothorax and abdomen are as 24 to 19, so that the 

abdomen is contained only l' 26 times in the length of the cephalothorax in these specimens. 
Wolfenden (1908, p. 16) gives the proportions as 1·5 to 1. 

The head terminates anteriorly in a plumose bifid rostrum: Thoracic segments 4 an<w 
are fused together and the posterior thoracic margin is not produced backwards. 

The abdomen consists of three segments, that have with the furcal rami the following 
proportional lengths :-

Abdominal segment 1-3 ·4 5 Furca 
36 28 12 24 =100. 

The anal segment on each side is produced outwards and backwards in a rounded 
prominence that overlaps the base of the furcal ramus. The furcal rami are only a little 
more than twice the length of the anal segment and are 4·9 times as long as broad. Each 
ramus bears a single seta on its external border and four setae distally; there is also a fine 
delicate accessory seta on the dorsal aspect. The whole of the inner border, and the proximal 
part of the outer m.argin, as far as the point 'of origin of the external seta, is fringed with 
hairs. 

The 1st antenna consists of 25 segments, of which the 7th, 8th and 9th are fused, as well 
as the 24th and 25th. Giesbrecht (1893) in his account of this species states that segments 
1 and 2 are fused together to form a single basal segment; he however states that a trace 
of the division can pe made.out on the margin poster~orly ; according to his figure this com
bined joint bears three marginal spines and thus corresponds with what, according to my 
calculation, is segment 1. The 2nd segment bears a single spine and the 3rd is devoid of 
any such projection. Segments 4,5, and 6 each bear a small stout spine. With the excep
tion of the trace of a division that Giesbrecht figures, my examples correspond exactly with 
his figure of the basal part of the appendage. If Giesbrecht were right then there would be 
26 segments in the antenna and the three segments that are fused together would be segments. 
8, 9 and 10 in the fe:t;nale, while in the male the hinge joint of the modified antenna would be 
situated between segments 19 and 20. 

The proportional lengths of the segments are as follows:-
Segment 1 2 3 4 I) 6 7-8-9 10 11 12 18 14 15 16 17 18 H} 20 21 22 23 t-l 25 

'-r-' ---..--' 
63 19 22 22 28 24 68 31 42 43 54 55 56 59 59 59 tH 45 43 50 52 52 = 1000 

The 2nd antenna and mouth-parts are similar to those of other members of the genus. 
The 1fSt swimming leg consists of the usual basal part and thre~-jointed exopod and 

endopod. In the basatportion the 1st segment bears a single inner seta but lias no luarginal 
spine; basal 2 "Qears a delicate spine having a serrated inner border, an inner S-shaped seta 
and also a tuft of hairs distally on its curved inner margin. In the exopod the 1 st segment 
carries a long and· slender marginal spine, that is fringed with hairs on its inner side, and a 
single internal seta; the inner border of the segment is fringed with long hairs and a row of 
minute spines runs horizontally across the outer half of the distal margin. Exopod 2 bears 
a single internal seta and the proximal part of the inner margin is fringed with fine hair i 
externally it bears a delicate marginal spine and the outer border is finely serrated and is. 

E 



254 Memoirs of the Indian Museum. [VOL. X, 

fringed with hair; a row of small spines runs across the surface transversely near the distal 
border. Exopod 3 carries two slender marginal spines and the outer border is serrated; 
the terminal spine is long and slender and is fringed with hair internally; the inner margin 
bears four setae. The proportional lengths of the distal two segments of the exopod a:qd the 
terminal spine are as 19; 27; 54 ; whereas in Metridia macrura they are as 18 ; 25 ; 57, so that 
in this respect there is little or no difference between the two species. The 1st segment of 
~he endopod bears a single inner seta ; the outer margin is fringed with hair and a row of 
needle-like spines runs across the anterior aspect. Endopod 2 bears two inner setae and 
endopod 3 carries five. 

In the '2nd swimming leg basal 1 bears a single inner seta; basal 2 bears a scattered 
group of small spines on its external surface and is produced internally in a rounded pro
minence. Both exopod and endopod consist of three segments. Exopod 1 bears a marginal 
spine that is short and leaf-like; the inner margin is fringed with hairs on its distal three
fourths and carries a single seta, a group of small spines is present near the base. In exopod 
2 the outer border is produced as a thin chitinous lamella that is fringed with hair; the mar
ginal spine is leaf-like; internally there is a single seta and the proximal part of the margin 
is fringed with hair; exopod 3 hears three marginal spines and the outer margin is thin and 
lamellar; the terminal spine is broad and is finely serrated on its outer margin; there are 
five inner setae. The proximal segment of the endopod, bears the characteristic double 
recurved hook on its inner border and there is another hook-like spine, directed externally 
near the base; in this species the two distal ~ooks are of nearly equal size, whereas in 
Metridia 1nacrura one distal spine is at least twice the size of the other. Endopod 2 bears 
two inner setae and the outer ma!gin of the segment is fr~ged with hair. Endopod 3 
carries eight setae and the proximal part of the outer margin is fringed with hair. 

In the 3rd and 4th swimming legs the 1st basal segment bears a plumose seta on its 
inner margin, and basal 2 is devoid of spines and setae. Exopod 1 bears a single leaf-shaped 
marginal spine and the inner margin is fringed with hair. Exopod 2 is very similar to 
·exopod 1. Exopod 3 exhibits certain differences in the two legs ; in the 3rd swimming leg 
there are three leaf-like marginal spines the terminal spine is finely serrated and five setae 
arise from the inner margin; in the 4th leg this segment is similar but there are slight differ
ences in the relative lengths of the terminal spines and the end segment; in the 3rd leg the 
proportions of the segment and spine are as 3·74 to 1, whereas in the 4th leg they are as 4'35 
to 1. In both legs the endopod reaches as far as the level of the joint between segments 
2 and 3 of the exopod ; endopod 1 bears a single seta and endopod 2 bears a couple ; in the 
3rd leg endopod 3 bears . seven setae, whereas in leg 4 it carries eight. In both legs the 
.outer margin of the two proximal segments is fringed with hair. 

The 5th leg consists of a basal part and three free segments that have the 
proportional lengths of 13, 27, 32. The basal segment bears posteriorly a tuft of long hairs ; 
the 1st free segment carries a long seta and the 2nd· bears a small marginal spine; the distal 
segment bears three setae, of which the inner is the longest. 

Total length, 7'4 rom. 
The proportional lengths of the cephalothorax and abdomen are as 23 to 18, so that the 

abdomen is contained 1'27 times in the length of the anterior region of the body. Segments 
4 and 5 of the thorax are fused. 
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The abdomen consis ts of five segments that have with the £Urca the following prop or
tionallengths :-

Abdominal segment 1 2 3 4 5 Furca 
13 19 18 19 10 21 =100 

In this sex the furcal rami are but little more than twice as long as the anal segment. 
The 1st antennae are asymetrical ; that on the left side being modified to form a grasping 

organ. In this latter case segments 1 and 2 are fused completely; segments 7, 8 and 9 are 
partially fused and segments 19-21 are fused. The knee-joint occurs between segments 
18 and 19, as usual. The proportional lengths of the segments are as follows :-

Segment 1-2 3 4 5 6 7-8-9 10 11 12 13 14 15 16 17 18 19-21 22 23 24 25 
. ..,.,..J. ~ '---r-/ 

94 24 24 26 26 466 26 34 41 53 63 60 63 53 50 120 60 62 43 13 

The combined ~egments 1 and 2 carries a series of spinous projections on its anterior 
aspect; the spine arising from that part that corresponds to segment 2 being by far the 
largest. Segment 3 bears no spine; but segments 4, 5, and 6 each bear a spine. Segment 
17 bears a spine that extends along the anterior margin and overlaps the base of segment 18. 
Segment 18 bears a tooth-plate on its anterior border; this plate is about equal in length to 
the whole segment and is armed with about 20 claw-like teeth of unequal size, while the distal 
free end ~f the plate is bent upwards. Segment 19 bears t,vo plates on its proximal half, 
each terminating in a free, spine-like projection. 

In the 5th pair of legs each is composed of four segments; on the right side the propor
tionallengths of these segments are as 28, 11, 21, 40. The 1st segment bears a seta at its 
distal external angle; the 2nd segment carries a long curved process on its inner margin, as 
well as a small external spine; the 3rd segment has a small internal spine about the middle 
of its length; and the terminal segment is spoon-shaped, bearing one small spine on its 
anterior aspect at about the junction of the 3rd and 4th quarters of its length and t,vo others 
at its distal end. In the left leg the proportional lengths of the segments are as 30, 8, 17,45. 
The 1st segment is somewha·t produced at its inner distal angle and this rounded projection 
is fringed with hair; it bears a long seta posteriorly; the 2nd segment bears a minute spine 
externally; the 3rd segment also bears a minute spine externally and, in addition, has a small 
seta on its inner margin; both the 2nd and 3rd segments are fringed with hair on their inner 
margins; the 4th segment bears a small spine on its anterior margin and another at its 
distal end. The basal segment is quite short and is provided with a tuft of long hairs. 

A number of immature examples of Metridia princeps ,vere taken at " Investigator " 
Station 670. The smaller examples already possessed three segments in the abdolnen and 
were, therefore, in all probapility in the 4th Copepodid stage. The larger specimens appeared 
to be in Stage 5. 

Oopepod·id Stage IV. 
~ Average total length, 4·6 mm. 
The proportional lengths of the cephalothorax and abdomen are as 43 to 24, so tlmt the abdomen is 

contained 1·375 times in the length of the anterior region of the body. 
The head and 1st th9racic segment of the body are fused together, but a well-marked groove runs 

across the dorsal aspect at the point of union. The forehead slopes downwards and forwards and termi
nates in a bulbous swelling from which spring the two slender rostral spines; above this rostral swelling 
in the middle line is a small projection from which springs a single short sensory hair. The line of separa-

E2 
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tion between the 2nd and 3rd thoracic segments is visible across the dorsal aspect. The 4th and 5th 
segments are fused and the posterior thoracic margin is rounded. 

The abdomen consists of three segments, of which the third is the longest; on each side this segment 
is produced backwards in a short bluntly rounded process that overlaps the articulation of the furcal }ami. 
The furcal rami are longer than the last abdominal segment and are symmetrical. 

The 1st antenna overreaches the tip of the furcal ramus by the last five segments. The 1st segment 
is large and bears three claw-like spines, of which the distal is the largest; the 2nd, 4th and 6th segments 
each bear a single spine. The 8th and 9th segments are completely and the 9th and 10th partially fused. 

The joint between the 12th and 13th segments appears to be less perfect than those between the other 
segments. The proportional lengths of the segments are as follows :-

Sl'gmpnt. 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
67 15 17 18 19 20 19 38 21 30 38 50 52 52 55 61 61 71 55 55 61 61 46 15 ==1000 

The 2nd antenna and mandible are already very similar to those of the adult. 

The 1st maxilla is well-developed, but in certain parts of the appendage the full complement of setae 
has not yet been developed. In the table below I have given the number of setae on the various parts of 
the appendage in the different stages of development that I have been able to examine; 

4th Copepodid 5th Copepodid Adult 
Stage. Stage. Stage. 

Lobe 2 5 5 5 

Lobe 3 4 4 4 

Basal 2 3 4 5 

Endopod 1 . 4 5 6 

Endopod 2 4 5 6 

Endopod 3 5 5 5 

Exopod 9 10 11 

Thus we see that, although on the inner lobes 2 and 3 and in Endopod 3 the number of setae remain 

the same, there is a progressive increase in each succeeding stage in the other parts of the appendage, an 

additional seta being added at each moult. 
The 2nd maxilla and the maxilliped are also already well-developed and in their major features are 

identical with that of the adult; but in the maxilliped the number of setae on certain segments is less and, 
furthermore, there appears to be certain differences in this respect in the two sexes. The number of setae 

arising from the different parts is given in the table below :-

4th Copepodid 5th Copepodid Adolt Stage. 
Stage. Stage. 

,---"--, ,--"---.., 
~ ~ ~ ~ Both Sexes. 

Basal 1-
Lobe 1 . 2 1 2 2 2 

Lobe 2 4 3 4 4 4 

Lobe 3 . 4 3 4 4 4 

Basal 2-
Inner border . 3 ~ 3 3 3 

Distal end 2 2 2 2 2 

Endopod 1 2 2 3 3 4 

Endopod 2 2 2 3 3 4 

Endopod 3 1 1 2 2 3 

Endopod 4 1 1 2 2 3 

Endopod 5 4 ., 4: S 4: • .j 
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The development of the swimming legs is still incomplete. In the 1st swimming leg both rami consist 
of only two free segments. The 1st basal segment bears a single plumose seta on its inner margin and the 
2nd bears a delicate seta on its external margin and an S-shaped seta at its distal inner angle. In the 
exopod the proximal segment, which corresponds to exopod 1, bears a long and delicate marginal spine 
and a single inner seta; the distal segment, which corresponds to exopod 2 and 3 together, bears three 
delicate marginal spines, a long end spine and 4 setae on its inner margin. The endopod also consists of 
only two segments ; endopod 1 bears a single seta and near its distal margin is traversed by a row of delicate 
needle-like spines; endopod 2-3 bears seven setae, 1 on its outer border, 2 distally and 4 on its inner margin. 

In all the other ~wimming legs, the 2nd to 4th inclusive, the 1st basal segment bears a. plumose seta 
on its inner margin, while the 2nd basal segment seems to be devoid of a seta. 

In the 2nd leg the exopod consists of only two segments. The proximal segment, corresponding to 
exopod 1, bears a short marginal spine and a single seta on its inner border; the distal segment, correspond
ing to exopods 2 and 3 together, bears three marginal spines and an end-spine and carries five setae on its 
inner border. The endopod at this stage consists of only a single segment; near the proximal end it 
bears the curved hooks that are characteristic of this genus and its relative Pleurornamrna; on the distal 
two'-thirds of the segment are situated nine setae, of which 5 arise from the inner margin, 2 from the distal 
end and 2 nom the outer border. 

The 3rd and 4th legs closely resemble each other; in both cases the exopod is composed of two separate 
segments, while the endopod possesses only a single joint. The proximal segment of the exopod bears 
8 Bingle marginal spine and in the 3rd leg it also carries a seta on its inner margin, but this seta is absent 
in the 4th leg; the distal segment in both legs is armed with three marginal spines and an end-spine, and, 
carries five setae on the inner border. The endopod in the 3rd leg carries nine setae, whereas in the 4th 

.it hears only eight., 
The 5th leg alreaidy closely resembles that of the adult as regards its shape, but at this stage of develop .. 

ment each limb consists of a basal portion and only two free segments~ as shown in text-fig. 88, b. 

e. d. 
TEXT-FIG. 8S.--Met,irLia 1#im6ps Giesbrecht. 

a. 5th leg, male~ Copepodid Stage IV. c. 5th leg, ma.le. Copepodid Stage V. 
b. 5th leg,· female. Copepodid Stage IV. d. nth leg, female. Copepodid Stage V. 

& As regards their general shape and the proportions of the body the individuals of this sex closely 
resemble the females. There are, apparently, slight differences in the proportional lengths of the various 
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segments of the abdomen, the 2nd segment in this sex being slightly longer and the furcal rami somewhat 
shorter, but I had too few examples to be quite certain on this point. 

The 1st antenna already begins to exhibit differences in structure on the two sides of the body; not, 
however, as regards the actual segmentation but in the proportional lengths of certain of the segtl1.ents. 
The antenna on the right side closely resembles that of the female, bu~ that on the left side which in the
adult is modified to form a grasping organ, shows a distinct diminution in length of segments 15 to 19 and 
a lengthening of segments 22 and 23. I give below the relative lengths of the segments in the antennae 
on the two sides :-

Segment 1 ·2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Right 67 14 15 17 17 21 20 35 23 32 38 49 54 55 59 61 61 71 55 66 61 61 46 14 =1000 

Left. 67 14 15 16 17 21 19 37 21 31 38 52 55 52 57 57 52 63 55 67 70 70 49 15 =1000 

As in the female, segments 8 and 9 are completely and 9 and 10 are partially fused. 
The mouth-parts appear to be the same as those of the female in the corresponding stage of develop

ment, except as regards the number of setae on certain segments of the maxilliped, to which I have already 
referred. 

The 5th pair of legs, as in the female, consist of only a single basal segment and two free joints; 
but in this sex the distal free segment is long and narrow, and bears two spines on its outer margin and 
two setae distally. 

Oopepodid Stage V. 
A number of examples of the 5th Copepodid stage of development were also obtained. 
~ Total length, 5·6 mm. 
The proportional lengths of the cephalothorax and.".abdomen in this stage of development are as 27· 

to 18 or 1·5 to 1. The head and 1st thoracic segment are fused, though a groove running across the dorsal 
aspect indicates the line of fusion of the two areas. Thoracic segments 4 and 5 are also fused. The 

abdomen consists of four segments, of which the 4th is the longest; the propo;rtionallengths are as follows; 

Abdominal segment 1 2 3 4·5 Furca 
14 19 17 24 26 =100 

The 1st antennae are symmetrical and consist of 23 free segments. Segments 8 and 9 are completely 
a.nd 9 and 10 partially fused. The proportional lengths of the segments are as follows; 

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24 25 
63 17 17 19 21 21 19 40 28 38 40 53 57 57 58 61 60 66 62 60 55 55 40 14 =1000 

The 2nd antenna and mandible are as in the adult. 
The 1st maxilla, as shown in the table given above (vide supra, p. 256), has advanced a stage in its

development and has acquired additional setae on certain of its segments. 
The maxilliped has also developed additional setae (vide supra, p. 256). 
The swimming legs have now attained the characters that are found to be present in the adult and, 

with the increasing sub-division of the rami, additional spines have been formed and setae developed on 

the segments. 
In the 1st pair the three segments of the exopod bear 1,1, and 3 marginal spines and 1, 1, and 4 setae 

respectively, while th~ three segments of the endopod bear 1, 1, and 5 setae. 
In the 2nd leg the segments of the exopod bear, 1, 1, and 3 marginal spines and 1, 1, and 5 setae respee

ti \1ely; in the endopod the hooks on the inner margin of the proximal segment have become more strongly 
developed and the two distal segments bear 2 and 8 setae respectively. 

The 3rd and 4th legs are very similar; each exopod bears 1, 1, and 3 marginalspines respectively on 
the three segments; the endopod carries 1, 2, and 8 setae on the three segments in the 3rd leg and 1, 1, and 

7 setae in the 4th leg. 
The 5th pair of legs has now nearly acquired the adult form. Each limb consists of four segments, 

of whi.ch the basal bears a tuft of long hairs on the posterior aspect; the 1st free segment carries a long 
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-plumose seta on its external margin; the 2nd a short spine at its distal outer angle; and the 3rd segment 
carries three plumose setae, of which the inner is the longest. 

d' In the male the general shape of the body still closely agrees with that of the female, though in the 
abdomen the 2nd segment is on the avera.ge somewhat longer and the 4th somewhat shorter. 

The 1st antenna at this stage is slightly asymmetrical, though the modification of the left one is not 
yet w&1l-marked. The proportional length of the segments on the two sides are as follows :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ 

Right 67 18 18 18 21 21 18 38 26 3.4 41 52 60 60 61 61 60 67 49 48 54 54 40 14 =1000 

Left 67 18 18 21 23 21 21 39 23 33 41 57 59 59 62 57 52 55 48 48 62 62 41 14 =1000 

As in the female, segments 8 and 9 are completely fused and 9 and 10 partially so. Differences in the 
proportional lengths of certain other segments has now made its appearance, thus segments 4 and 5, 7, 
13, 22 and 23 are longer on the left side than on the right, while segments 10, 17, 18 and 19 are shorter. 

The 2nd antenna and mouth-parts are similar to those of the female in the corresponding stage of 
-development, except in the case of the maxilliped, in which there are slight differences in the number of 
setae arising from certain segments, as I have shown above in the table on page 256. 

The swimming legs resemble those of the female. 
The 5th legs are each composed of a single ramus, which is, however, nearly twice the length of that 

of the female (of. text-figs. 88, 0 and d). Each limb consists of a basal portion and three free segments, 
·of which the distal is by far the longest. The basal segment bears a tuft of long hairs on its posterior 
.aspect; the 1st free segment carries a plumose seta ; the 2nd a minute spine at its distal outer angle and the 
3rd, or distal, segment bears two small marginal spines and a single plumose seta at its extreme end. 

A study of the proportional lengths of the various parts of the body during the last two 
.ecdyses reveals certain very interesting changes. In the accompanying table I have given 
the proportional lengths in the last three stages of development of the various segments of 
.the body, the total length being taken as 1000. 

~ Cephalo- Abdomen. Abdominal segments. Furcal ramus. 
thorax. r ..A 

"' 1 2 3 4 5 

Adults-
1 541 459 47 87 82 87 52 104 

2 546 454 44 84 88 88 44 106 

3 550 450 46 83 83 91 46 101 

4 555 445 45 85 85 90 45 100 

5 556 444 48 85 77 89 44 101 

Average 549·6 450·4 46·0 84·8 83·0 89·0 46·?, 102·4 
~ 

Stage V-
I 582 418 55 88 77 93 105 

2 585 415 57 90 68 97 103 

3 586 414 53 86 75 92 109 

4 593 407 58 81 70 87 III 

5 602 398 57 79 69 91 102 

Average 589·6 410·4 55·8 84·8 71·8 92·0 106 
L.-

Y --' 
Stage IV-

1 639 361 54 77 115 115 

2 • • • 649 351 55 70 109 117 

Avera.ge 644·0 M6·0 54·5 73·5 112·0 116·0 
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¥ Cophalo- Abdomen. Abdominal segments. Furcal ramus. 
thorax. r ---A-- , 

1 2 3 4 5 

Adults-

1 545 455 174 122 53 106 

2 570 430 176 105 44 105 

3 571 429 174 103 45 107 

4 • 574 426 174 96 43 113 

5 • 579 421 175 92 44 110 

Average 567·8 432·2 174·6 103·6 45·8 108·2 
~ 

Stage V- r-~'--~ 

1 572 428 65 77 72 107 107 
2 • 592 408 54 76 70 98 110 
3 602 398 57 79 68 86 108 
4 • 602 398 54 70 70 97 107 
5 608 ,392 52 79. 68 90 103 

Average 595·2 404·8 56·4 76·2 69·6 95·6 107'0 
'--~,----' 

Stage IV-
1 • 639 361 54 69 115 123 
2 649 351 55 70 109 117 

Average 644·0 356·0 54·5 69·5 112·0 120·0 

It is interesting to note that as growth proceeds there are very distinct alterations in, 
th~ r~l~tiv~ proportions of the different parts of the animal's body. In both sexes the length 
of the cephalothorax becomes relatively shorter ;;tnd that of the abdomen longer as each 
succeeding moult takes place. I have previously pointed out that there is a certain amount 
of evidence to show that at succeeding ecdyses the total length of the animal ten<;ls to increase· 
by a definite percentage; this view was definitely fOTmulated by Fowler (1909) who defined, 
Brooks' L~w in the words" The total length of the animal increases at each moult by a 
fixed percentage of its length that is approximately constant for the species and the sex." 
While I am convinced that the Copepoda follow this law, it is clear that, since the proportional 
lengths of the different parts of the body change from moult to moult the process is by no 
means a simple one. Although the relative length of the abdQmfllll steadily increases at each 
moult it is clear from the figures given above that this increase in length is not carried out 
uniformly. At any given moult, when a segment undergoes division into two daughter
segments, the combined length of these two segments is considerably greater than the length 
of the parent segment. As we pass in the female from Stage IV to Stage V, the proportional 
length of the cephalothorax decreases from 644 to 595'2, or by 7·75 per cent; in the abdon;ten 
the 3rd or most posterior segment in Stage IV divides and gives rise to segments 3 and 4 

in Stage V ; simultaneously, the length of this region increases from 112 to 69·6 plus 95·6, 
or a total of 165' 2, an increase of 53· 2 or 47, 5 per cent. At the same time we can detect 
an increase also in the relative lengths of the two anterior segments. Segment I increasing 
by 1· 9 per cent and segment 2 by 6· 7 per cent; on the other hand the structure lying most 
posteriorly, in other words the furcal ramus, exhibits a marked decrease in length from 120 
to 107 or a diminution of 10'S per cent. At the ecdysis between Stages V and VI there is 
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a complete rearrangement of the segments of the abdomen ; Segmen~s 1, 2 and 3 now 
become completely fused together so as to form the genital segment and segments 4 and 
5, which were previously fused, have now become differentiated. During these changes 
we find that, as before, the total length of the cephalothorax has decreased from 592,5 to 

• 567· 8 or 4'17 per cent. The total length of the genital segment of the abdomen, now com-
posed of segments 1-3 fused together, is in Stage VI 174'6, whereas previously the three 
separate segments measured together 202,2; there has thus been a decrease of 27-6 

or 13,65 per cent. Segments 4 and 5 are now separate and their combined lengths come 
to 149'4, whereas in Stage V the single segment from which they are derived measured 
only 95, 6; there has, therefore, been an increase of 53· 8 or 44, 72 per cent. In the furcal 
ramus there has been but little appreciable ch:;tnge, though there seems to have been a 
slight increase. In the following table I have given the percentage increase or decrease in 
the various regions of the body in the last two ecdyses. 

Cephalothorax. Abdominal segments. Furca. 
~ A--t , 

1 2 3 4 5 

'----v ..J 

Stage IV-V -7·75 +3'49 +9'64 +47·5 -10·83 
"'Y 

Stage V-VI -4·17 -13·65 +56'3 +1·13 

In the development of the male we see that similar changes are taking place; thus as· 
we pass from Stage IV to Stage V the length of the cephalothorax decreases from 644,0 to 
589'6, a diminution of 54,4 or 8,447%. Segment 1 of the abdomen increases slightly from 
54,5 to 55'8, an increase of 1'3, or 2'385% ; segment 2 increases in length from 73'5 to 84,8 
i.e., by 11'3 or 15'374% ; and segments 3, 4 and 5, which are fused in Stage IV alter in length 
from 112·0 to 163'8, an increase of 51,8 or 46,25% ; the furca however, decreases slightly 
from 116 to 106, or by 8,621 <Yo' Between Stages V and VI we find very similar differ
ences; the cephalothorax decreases by 4° or 6'784% the 1st segment of the abdomen has 
decreased in length by 9,8 or 17·563<y0 ; in the 2nd segment there is no difference but in the 
3rd segment there is an increase in length from .71,8 to 83, i.e., 11·2 or 15'696% ; segnlents 4 
and 5 have altered in length from 92 to 135'2, i.e., by 43'2, an increase of 46·956~/~ ; and 
finally the furca has increased in length by 3,6 or 3·396%. As I have already pointed out, 
however, I am of the opiniqn that Stage VI in the male is not derived directly from Stage V. 
but from Stage IV and similarly Stage IV is derived from Stage III, so that in "this case, 
if this be so we are not dealing with the changes that actually take place in single ecdysis. 
Nevertheless, for the purpose of comparison with the changes in the female I have given. 
these differences below in . tabular form. 

Stage IV-V 

Stage V-VI 

Cephalothorax. 

f 
1 2 

-8·447 + 2·385 + 15·374 

Abdominal segments. 
..A.---____ -. 

345 
'-----.t .J 

+46·250 

-6·784 -17·563 0·0 + 15·596 +46·956 

FllfOa. • 

-8·621 

+3·396 

If in this species the male follows the same course of development as I have previously 
postulated for other species, it would appear that the proportional changes in the

F 
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various lengths of the segments of the body in the moult from Stage IV to Stage VI are as 
',follows :-

Cephalothorax. Abdominal segments. Furca. 

, ..A , 
1 2 3 4 5 

'--y--J 

Stage IV to VI -14·658% !-16·364%. +15·374% +106·20/0 -11·724% 

There thus appears to be clear evidence that there is a focus of maximum growth at or 
near the 4th abdominal segment and that as we proceed forwards or backwards from this 
segment the rate of growth steadily becomes less and less so that eventually in the region 
of the 1st abdominal segment or the junction of the cephalothorax and abdomen the rate of 
growth becomes less than the average and in consequence the anterior regions of the body 
become relatively shorter, and the same may occur in the furca rami. 

During development we can again trace the changes that take place in the proportional 
lengths of the segments of the 1st antenna. For purpose of reference I have given below 
'in tabular form the proportional lengths of the segments in the last three stages in the female ; 

~egment 

Stage IV 
Stage V 

stage VI 

1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
67 15 17 18 19 20 19 38 21 30 38 50 52 52 55 61 61 71 55 55 61 61 46 15 
62 17 17 19 21 21 19 40 28 38 40 52 57 57 57 61 60 66 52 50 55 55 40 14 

~v--I ~ 
63 19 22 22 23 24 63 31 42 43 54 55 56 59 59 59 64 45 43 50 52 52 

Here we see that between stages IV and V there is a diminution in the length of segment 
1, similar to that which we have already found in Euchaeta weberi; segment 2 increases in 
length but segment 3 shows no change; segments 4 to 15 all exhibit an increase which has 
its maximum in segment 11 ; in segment 1 7 there is again no change; but from then on to 
the end of the appendage there is a diminution in length that is at its maximum at seg
ments 22 and 23. During the moult from stage V to stage VI we appear to get no change 
in length in segment 1 ; segments 2 to 13 all show an increase that has its maximum at 
segment 3 ; segments 14 and 15 appear to show a slight diminution but segment 16 shows a 
small increase; from that point to the end of the appendage the segments all show a decrease 
in length that is greatest at segments 20 and 21. In the male we :find in the right antenna, 
that remains unmodified throughout the life history, very similar changes to those that occur 
in the female; in the following table I have given tne measurements in the last three stages of 
. developnient :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 ~1 22 23 24 25 
Stage IV 67 14 15 17 17 21 20 35 23 32 38 49 54 55 59 61 61 71 55 55 61 61 46 14 =1000 
Stage V 67 18 18 18 21 21 18 38 26 34 41 52 60 60 61 61 60 67 49 48 54 54 40 14 = 1000 

'--y-J '-r--J 
Stage VI 63 19 20 20 23 24 63 31 42 43 54 55 56 61 61 59 64 45 43 50 52 52 

Between stages IV and V we here get no change in the length of segment 1 ; segments 
'2 to 5 increase in \ength with the maximum change at segments 2 and 5 ; in segment 6 there 
is no change; segments 7 to 16 all increase in length, with the maximum change at segment 
14 ; there is no change in segment 17 ; but from segment 18 to the end of the appendage 
the segments all decrease in length with the greatest change at segment ° 21 . During the 
moult from stage V to stage VI there is a distinct shortening of segment 1 ; segments 2 to 
13 all increase in length, with the maximum increase at segment 11 ; segments 14 and 15 
decrease in length but in segments 16 and 1 7 there seems to be no change ; segments 18 to 25 
all decrease, the maximum difference being at segment 21. On the left side the antenna 
becomes modified to form a grasping organ and we should, therefore, expect to find that the 
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changes in the proportional lengths of the segments is somewhat different. I have given, 
these chanies in the Table below :-

Segment 1 2 8 4 5 6 7 8·9 10 11 12 18 14 15 16 17 18 19 20 21 22 23 24 25 
Stage IV 67 14 15 16 17 21 19 37 21 31 38 52 55 52 57 59 52 63 55 57 70 70 49 14 
Stage V 67 18 18 21 23 21 21 39 23 23 41 57 59 59 62 57 52 55 48 48 62 62 41 14 

~ '--"V"-...J \.. • J 

Stage VI 94 24 24 26 26 66 26 34 41 63 ()3 60 63 53 50 120 60 62 43 13 

In this sex the changes that occur in the proportional lengths of the segments will depend' 
on the way in which the developlnental changes take place. As I have already pointed out 
I believe that Stage IV gives rise to ~tage VI, St~ge V being derived from Stage III. If this 
be so, then we see that at the ecdysis between Stages IV and VI segments 1 and 2 become 
fused and simultaneously the total length of these two segments increase ; segments 3 to 16 
all increase, the greatest increment occurring at segments 3 and 5, and again in segnlents 
15, 16. Segments 7 and 8-9 become fused, but even so there is an inc~ease in length exactly' 
comparable to the increase in the segments on both the proximal and distal sides of the
point of fusion; segment 17 and those distal to it decrease in length, the greatest 
decrease taken place in the combined length of segments 19-21, which in the adult, 
stage become fused together. 

Metridia venusta Giesbrecht. 

Me,tridia venusta, A. Scott, 1909, p. 122, pI. xxxvii, figs. 15-20. 

Metridia venusta, Sars, 1925, p. 200, pI. liv, figs. 12-16. 

Metridia venusta, Farran, 1926, p. 271. 

This species was originally obtained by Giesbrecht in the Pacific Ocean between Lat. 5°' 
and 16°N. It has since 'been taken by the" Siboga " in the Malay Archipelago and by the 
late Prince of Monaco in the Atlantic. Farran also records its occurrence in the" Research" 
collection from the Bay of Biscay. It thus appears to be widely distributed and its occur
rence in the" Investigator" collection is not a matter for surprise; a single spec.en was 
taken at Station 682. 

Genus PLEUROMAMMA Giesbrecht. 

In 1901 Cleve recorded the occurrence of Pleuromamma abdominalis (Lubbock) and' 
P. gracilis (Claus) from the Indian Ocean and the Malay Archipelago and a year later A. 
Scott (1902) obtained both species from the Red Sea, while in 1903 Thompson and A. Scott 
recorded them from the Arabian Sea. In 1904 Cleve (1904a) recorded the occurrence of, 
Pleuromamma abdominalis (Lubbock) and P. robusta (Dahl) from the seas" east and west 
of Cape Colony", P. gracilis (Claus) from" round Cape Colony" and P .• xiphias Giesbrecht 
from the Agulhas 9urrent. In 1905 Wolfenden (1905a) recorded Pleuroma1nn~a abdominalis 
(Lubbock), P. gracilis (Claus) and P. xiphias Giesbrecht, as well as a new species that he 
named Pleuromamma indica, from the Maldive and Laccadive Archipelagoes. Since that 
date A. Scott (1909) has noted the occurrence of Pleuromamrna abd01ninalis P. gracilis 
and P. xiphias in the collections of the" Siboga " from the Malay Archipelago. In the: 
" Investigator" collections the genus is represented by all six species. 

In this genus, as in the other genera of the family Metridiidae, the cephalothorax and 
abdomen, as well as the basal segments of the 1st antenna, bear a number of minute pores, 

F2 
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through which small glands open to the surface. In text-fig. 91 I have given the arrange
ment, so far as I have been able to work it out, of these glands in Pleuromamma xiphias. 
While not so numerous in this species as jn the others of the family that I have investigated, 
yet these glands form a striking feature of the external anatomy. 

Pleuromamma ahdominalis (Lubbock). 

Pleuromamma abdominalis, A. Scott, 1909, p. 123. 
Pleuromamma abdominalis, Wolfenden, 1911, p. 289. 
Pleuromamma abdominalis, T. Scott, 1913, p. 534. 
Pleuromamma abdominalis, Sewell, 1913, p. 354. 
Pleuromamma abdominalis, Lysholm and Nordgaard, 1921, p. 24. 
Pleurornamma abdominalis, Sars, 1925, p. 201. 
Pleuromamma ahdominalis, Farran, 1926, p.' 272. 
Pleu'J'omamma abdominalis, Farran, 1929, p. 259. 

This species appears to be of almost world-wide distribution; it has now been recorded 
from the Pacific, Indian and Atlantic Oceans and its range in the latter is from 36° S. to the 
Faroe Channel. While usually living at some depth below the surface i~ is occasionally 
taken in the uppermost stratum. Several examples of this species occurred at " Investi ... 
gator" stations 393, 463, 670 and 682. As A. Scott (1909) has pointed out, Brady in his 

-description of this species (1883, p. 46) has confused both Pleuromarnma gracilis Claus and 
M etridia lucens Boeck with it. 

Pleuromamma gracilis (Claus). 

Pleuromamma gracilis, A. Scott, 1909, p. 123. 
Pleuromamma gracili~, Wolfenden, 1911, p. 289. 
Pleuromamma gracilis, Sewell, 1913, p. 354. 
pleuromamma gracilis, Sars, 1925, p. 204. 
Pleuromamma g?'acilis, Farran, 1929, p. 260, figs. 23 (a) and 24 (a). 

This species also appears to be one of wide distribution; it is, however, rare in the 
" Investigator" collections, for only a single specimen occurs in the collection at Station 393 
and another example was taken in the tow-net at a depth of only 10 fathoms at Station 614, 
Nankauri Harbour, Nicobars. Both these examples agree with Claus's original description. 
The form described by Esterly (1905) under this name and subsequently considered to be a 
variety by T. Scott (1913, p. 535, pI. xjii, figs. 8-10), who named it var. esterlyi, has been 
identified by Farran (1929, p. 262) as P. b01'ealis (Dahl). 

Pleuromamma indica Wolfenden. 

(Text-fig. 89 aj.) 

Pleurornamm~ indica, Wolfenden, 1906, p. 1011, pI. xcvi, figs. 24, 25, 26, 31, 32, 33. 
Pleuromamma indica, Pesta, 1913, p. 17, fig. 15. 

Several examples of a species of Pleu1'ornamrna that appears to correspond exactly, 
except as regards size, with the form that Wolfenden desc.ribed under the name P. indica 
from the Maldive and Laccadive Archipelagoes, were taken ~y the" Investigator" or Sta
tions 670 and 682, and one specimen also occurred in a surface tow-netting at Station 614. 

~ Total length, 1,7 to 2,0 mIn. 
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The proportional lengths of the cephalothorax and abdomen (text-fig. 89, a) are as 32 
"to 13, so that the abdomen is contained 2'46 times in the length of the anterior region of the 

TEXT-FIG. 89.-Pleuromamma indica Wolfenden. 

a. The whole animal from the left side. d. The 2nd swimming leg. 
b. The proximal segments of the 1st antenna. e. The 3rd swimming leg. 
c. The maxilliped. f. The 5th leg. 

"body. The anterior end of the cephalon slopes downwards to the base of the rostrum and 
belo,v this bears a double pronlinence, of which the lower carries t\VO slllall hairs; the rostral 
spines are directed downwards and baclnvards. The 4th and 5th thoracic segillents are 
fused together and the posterior thoraQic margin is rounded. The piglllent-knob may be 
situated on either the right side or the left. 

The abdomen consists of three free segments and the furcal rami, these have the follo\ving 
proportional lengths :-

Abdominal segment 1·:l 4 5 Furca 
42 24 17 17 = 100 

The genital segment presents a uniform rounded genital s\velling on its ventral aspect. 
The anal segment and the furcal ralllUS are of the same length. The furcal ralllUS bears fiye 
setae, of which the outennost arises frolll the lateral lllargin about half-"way along its length. 
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The 1st antenna reaches back nearly to the post'rior margin of the genital segment; 
it consists of twenty-two free joints. The proximal segment, as usual, consists of the 1st 
and part of the 2nd segment fused together; segments 7 to 11 are fused into a single 
solid piece. The proportional lengths of the segments are as follows :-

Segment 1, 2a, 2b, 2('. 3 4 5 (j 7-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 
104 23 25 21) 25 28 113 40 37 39 45 46 49 52 68 69 41 40 40 46 46 19 =1000 

The distal end of the first joint (corresponding in Giesbrecht's notation to segment 2b) 
bears a single spine that is not quite so prominent as in Pleuromamma abdominalis (Lubbock}· 
and, moreover, is not retroverted. The 2nd segment (2c) bears a single spine directed 
distally; segment 3 has no spine and segment 4 bears a single small spine. Thus, except as 
regards the direction of the proximal spine the characters of this portion of the antenna 
closely resembles that of Pleuromamma abdominalis (Lubbock). There are, however, certain 
differences in the proportional lengths of the segments of the antennae in the two species. 
For the purpose of comparison I give below the proportional lengths in the segments of 
Pleuromamma abdominalis :-

Segment 1·2b 2r 3 4- 5 6 7·10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
95 20 22 22 27 24 80 39 35 43 51 56 56 57 54 62 46 39 52 56 43 17 

Thus the basal segment and the fused segments 7-10 are considerably shorter in P. 
abdominalis, whereas segments 13 to 16 are considerably longer. In both species segments 
12 and 13 are partially fused. 

The 2nd antenna and mouth-parts appear to be similar to those in P. robusta, as 
described by Sars. 

In the 1st swimming leg the 2nd basal segment bears the usual spinous process on its 
posterior ~spect. Each ramus consists of three segments. 

The remaining appendages agree with Sars' account of the structure of Pleuromamma 
robusta. 

Pleuromamma quadrungulata (Dahl). 

(Text-fig. 90, a-e.) 

Pleuromamma quadrungulata, Dahl, 1893, p. 105. 

Pleuromamma quadrangulata (sic), Wolfenden, 1911, p. 289, text-fig. 47. 

This rare species was first described and recorded by Dahl (loc. cit.) from specimens-
taken by the" Plankton" Expedition in the Atlantic Ocean between Lats. 8° S. and 43° N. 
It has since been obtained by the" Gauss", again in the A~lantic Ocean. Its occurrence 
in the" Investigator" collections extends its known range of distribution to the Indian 
Ocean. It was taken at " Investigator" Stations 393, 463 and 670. 

~ Total length 3·0 mm. to 3·62 mm. 
The proportional lengths of the cephalothorax and abdomen are as 66 to 31 ; so that 

the abdomen is contained 2,1 times in the length of the anterior region of the body. 
The forehead terminates in a rostrum that has a swollen base and consists of a pair of 

slender spines. Thoracic segments 4 and 5 are fused together. The posterior margin of
the thorax is rounded. 
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The abdomen consists of three .free segments, that have the following proportional 
lengths :-

Abdomina.l segment 1-3 5 Furca. 
36 28 23 13 =100 

·The third free segment (anal) is produced laterally in~ short rounded processes, directed 
Qutwards and backwards. The furcal rami are symmetrical ; the inner margins are clad with 

o d. 

.b. 

TEXT-FIG. 90.-Pleuromamma quadrungulata (Da.hl). 

a~ The proximal segments of the 1st antenna.. 
b. The 1st swimming leg. -
o. The 2nd swimming leg. 

d. The exopod of the 3rd swimming leg. 
e. The 5th leg. 

thair and there are five furcal setae, of which the 5th or outer seta is inserted into the middle 
of the outer margin of the ramus, while the remainder are terminal. 
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The 1st antenna (text-fig. 90,a) reaches to the middle of the furcal ramus. Segments. 
7, 8 and 9 are fused together and segment lOis partially fused to segment 9; segments 19 
and 13 are also fused. Segment 1 bears two claw-like spines that are recurved towards the 
proximal end. Of these one is situated near the base and the other distally. Thei"e are 
three cutaneous pores near the anterior margin of the segment. One being at the base of the 
proximal spine, another at the base of the distal spine and the thir"d approximately 
mid-way between. Segments 2 and 4 each carry a single recurved spine and there is a single 
pore on segment 2 near the base of the spine. Segment 3 is devoid of a spine but segments. 
5 and 6 each have a small spinous process on their anterior margin. The proportional. 
lengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
117 26 25 24 29 26 71 28 44 39 49 53 53 56 56 55 53 35 32 35 39 43 12 =1000 

The 2nd antenna and mouth-parts are similar to those of Pleuromamma xiphias Gies
brecht. 

In the 1st swimming leg (text-fig. 90, b) basal 1 bears a single internal seta and there 
are a few hai1s on the inner margin; basal 2 bears the usual S-shaped internal seta and there 
is a tuft of hairs distally on the inner margin. Each ramus consists of three segments. 
Exopod 1 and 2 each bear a single seta and an external marginal spine. Exopod 3 bears 
two long marginal spines on its outer border and four setae on «8 inner margin. All the 
marginal spines are delicate and seta-like. The end-spine is long and does not appear to be 
serrated. Endopod 1 bears a single seta internally and is armed with a row of needle-like 
spines that runs across its anterior aspect. Endopod 2 has a fringed outer margin and 
bears two setae. Endopod 3 bears five setae, of which the outer is small. There is a pointed 
process on the posterior aspect of the 2nd basal segment similar to that present in 
Pleuromamma xiphias Giesbrecht. 

In the 2nd swimming leg (text-fig. 90, c) basal 1 bears an inner seta but no marginal 
spines; there are three cutaneous pores· on its anterior surface. Basal 2 bears a group of 
scattered, very minute spinules on its outer surface. In the 1st segment of the exopod 
there is a stout spinous projection near the base on the anterior aspect and running upwards 
from this is a row of small triangular spines; the segment bears a single marginal spine that is 
leaf-like, and a single small inner seta. Exopod 2 also bears a single leaf-like marginal spine 
and a stout inner seta and, in addition, both margins are fringed with hairs, whieh are minute 
on the outer border but long on the inner. Exopod 3 has three leaf-like marginal spines and 
the outer border is fringed with hair; the inner margin carries five setae. The end-spine is 
finely serrated. "The 1st segment of the endopod bears the hook-like recurved spines that are 
characteristic of this genus a~d its near relation Gaussia; but the distal spine in this species 
appears to be single and not bifid as' in other members of the genus; the outer margin is 
fringed with hair. T~e endopod consists of three free segments and reaches asmr as the joint 
between the 2nd and 3rd segments of the exopod. Exopod 2 possesses two setae on its inner 
margin; the outer margin bears a spinous projection at its distal inner angle and is fringed 
with hair. Exopod 3 carries eight setae. Numerous cutaneous pores are scattered over the 
whole limb. On the 1st basal segment there are three pores opening on the anterior aspect; 
in the 2nd basal segment there is a single pore near the distal external angle. Three pores. 
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open to the exterior on the outer nlargin near the base of the external spine. On exopod 2 
one pore opens on the outer margin about the middle of the length of the segment and a 
second near the base of the marginal spine. In exopod 3 two pores open near the margin 
bebveen the proximal end of the segment and the 1st marginal sp1ne, a seco:r:_d opens near the 
base of the 2nd marginal spine and a third near the outer margin about lliid-'way bet\veen 
the 2nd and 3rd marginal spInes. 

In the 3rd swimming leg (text-fig. 90, d) basal 1 bears a single inner seta and there are 
a few scattered short needle-like spines on the outer aspect of the segment. Basal 2 bears 
no spine or seta. The 1st segment of the exopod is characterised by a long extension of its 
outer distal angle at the apex of which the leaf-like marginal spine is situated; this process· 
is separated from the rest of the segment by a deep notch; a single seta arises from the inner 
border. Exopod 2 bears a single leaf-like marginal spine and a single inner seta; the outer 
margin is crest-like and has an angular outline. Exopod 3 bears three leaf-like marginal 
spines and five setae. The end-spine is comparatively short and is about equal in length to 
the interval between the 2nd and 3rd marginal spines. Endopod 1 bears a single inner seta. 
Endopod 2 bears two setae and endopod 3 has six. The outer m2Jrgins of the 1 st and 2nd 
segments are fringed with hair. Two pores open on the 1st basal segment near the distal 
outer angle; on the 2nd basal segment there is a single pore near the al Giculation of the 
exopod. In the 1st segment of the exopod five pores open on the outer margin; t,yO about 
the middle of the lengt~ of the segment; one about the middle of the length of the process 
and two near the base of the marginal spine. Two pores open near the outer Iuargin of the 
second segment and two on the proximal side of each of the three marginal spines 011 the 3rd 
segment. 

The 4th swimming leg closely resembles the 3rd but the outer part of the 1st segluent of 
the exopod is not produced. 

The 5th pair of legs (text-fig. 90, e) is symmetrical and each consists of a basal segluent 
and three free segments. The 1st free segment bears a long seta on its outer luargin and 
a single pore opens near its articulation. The 2nd free segment has a stout spine at its distal 
outer angle and the inner margin possesses a row of long hairs. The 3rd free segnlent bears 
three setae that arise from its distal aspect; of these setae the outerlllost is cOlupal'atively 
short and delicate and the inner is stout and.is equal in length to the ,vhole free pOltion of 
the limb. 

Pleuromamma xiphias (Giesbrecht). 

(Text-fig. 91.) 

Pleuromamma xiphias, A. Scott, 1909, p. 124. 

Pleuromamma xiphias, Wolfenden, 1911, p. 289. 

Pleuromamma xiphias, Sars, 1925, p. 202, pI. IV. 

Pleuromamma xiphias, Farran, 1926, p. 273. 

Pleuromamma xiphias, Farran, 1929, p. 260. 

This species is of wide distributi.on, occurring throughout the Pacific, Indian and Atlantic 
oceans. It is by far the mOl:)t CODlmon species of this genus in the " Investigator" collec-
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tiona, numerous examples of both sexes occurring at Stations 393, 463 and 670, especially 
the latter. 

TEXT-FIG. 91.-Showing the arrangement of the cutaneous pores in Pleuromamma :tiphias Giesbrecht. 

Genus GAUSSIA Wolfenden. 

Gaussia princeps (T. Scott). 

(PIs. V and VI and text-figs. 92, 93). 

Pleuromma princeps, T. Scott, 1894, p. 42, pl. iii, figs. 8 .. 12. 
M etridia scotti, Giesbrecht, 1897, p. 254. 
Gaussia melanotica, Wolfenden, 1905, p. 5, pI. ii. 
Gaussia scotti, Wolfenden, 1908, p. 290. 
Gaussia scotti, Wolfenden, 1911, p. 290, pI. xxxiii, figs. 3-12. 

? Metridia atra, Esterly, 1906, p. 70, pI. ix, figs. 15, 16; pI. xi, figs. 39, 40; pl. xiii, fig. 78; 
pI. xiv, fig. 95. 

Metrz'dia scotti, Sewell, 1913, p. 354. 
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This species was first described by T. Scott from the male only under the name Pleu-
1'omma prirweps. Giesbre cht later removed it from the genus Pleuromamma (Pleuromma) 
to the genus Metridia; owing to the fact that there was already in this genus a species, 
preYiously described by Giesbrecht himself, with the name Metridian princeps, it was 
necessary to find a new name for Scott's species and Giesbrecht proposed the name Metridia 
scotti. In 1905 Wolfenden created the genus Gaussia for a species that he termed Gaussia 
melanotica, but subsequently he found that this was identical with the species describ
ed by Scot-b; in his later papers he, therefore, refers to the species by the specific name that 
Giesbrecht had conferred upon it, namely as _ Gaussia scotti. If Wolfenden is right, as I 
think he is, in creating a new genus for this species, then clearly the proper name of the 
species must be Gaussia princeps (T. Scott). 

Esterly (1906, p. 70) under the name Metridia atra has described a species that so closely 
resembles GaUi8sia princeps that I am inclined to believe that they are identical, and Wolfen
den (1911) appears to have reached the same conclusion. Such slight differences as appear 
to exist between this form and Wolfenden's examples and those that I have examined in the 
" Investigator" collections do not warrant the creation of a new species for the Pacific form, 
and it should be regarded, at the most, as a variety. 

TEXT-fiG 92.-8howing the arrangement of the outaneous pores in Gaussia princeps (T. Soott). 

In the " Investigator" collections are numerous examples of both sexes in sever~l stages 
of development. They were taken at "Investigator" stations 393, 462, 463 and 670. 

02 
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In text-fig. 92 I have given the general arrangelnent of the cutaneous pores of the female 
of this species. Tn the various sW"imnling legs, there are, so far as I have been able to dis
cover, the fol1o\ving pores present. 

In the 1st s"\vimnling leg there is a single pore on the 2nd basal segnlent near the dt~stal 

external angle just proxinlal to the articulation 'Of the exopod; there is also a single pore 
on the distal part of exopod 3 near the base of the end-spine. In the 2nd leg, the 1st basal 
segment possesses a pore near the distal external angle; close to the articulation of the 
exopod with the 2nd basal segment there is a single pore. Both the 1st and 2nd segnlents 
of the exopod have a single pore near the base of the marginal spine. In the 3rd segment 
of the exopod there is a pair of pores, one on each aspect of the appendage near the base 
of the 1st marginal spine; a single pore is situated near the base of the 2nd and 3rd marginal 
spines. The 3rd and 4th legs are identical; in each there is a single pore on the outer mar
gin of basal 1 ; a single pore near the distal external angle of basal 2 ; t\VO pore~ close together 
on th e outer margin of exopod 1 near the base of the marginal spine ; t\VO pores on the 
margin of exopod 2, one near the nliddle of the segnlent and the other near the base of the 
marginal spine; on e~opod 3 there are t\VO pores situated close together near the base of 
each marginal spine. 

In the 5th leg in the felnale there is a single pore on the 1st segment of the exopod 
near the outer distal angle and a second on the third segment near the base of the outer 
spIne. 

The colouration of this species is particularly striking. The anterior part of the head 
is devoid of pignlent, but the rest of the cephalothorax is coloured a dense black, the degree 
of pigmentation varying, ho"\vever, in different individuals. A black pigmented mass 
is present on each si~e. of the genital segment of the female ; the a bdolllen of the nlale is, 
ho"\vever, devoid of pigment. The 1st antenna is colourless in its proximal half but the 
terminal segInents, frOln the 16th to the 25th, are all piglnented black. The 2nd antenna 
is free frolll pigment and so is the nlandibular palp, but the rest of the mouth-parts and 
the four pairs of s\vimming-legs are heavily piglnented. The 5th pair of legs are heavily 
pignlented in the fenlale, but in the nlale only traces of this pignlentation are present. The 
immature forms are not nearly so heavily pigmented as the adults. 

~ Total length from 9'0 to 9'5 mm. 
The proportional lengths of the cephalothorax and abdomen are as 36 to 15, so that 

the abdomen is contained 2·4 times in the length of the anterior region of the body. 
Anteriorly the forehead is continued for,vards in a stout spine and the rostrum consists 

of t\yO long -tapering spines, fringed ,vith short hairs. The 4th and 5th segments of the 
thorax are fused together' and the lateral angles of the latter segment are produced back
wards in stout spinous processes (vide pI. ", fig. ]). 

The abdolnen consists of three segments, having ,vith the furca the proportional lengths 
of 52; 9; 18; 21. The 1st or genital segnlent is symmetrical and in all the mature females 
obtained by llle bears a dense black mass laterally; I have not been able to determine whether 
this is an integral part of the segment itself or is lllerely a mass of adherent cement substance, 
such as is found in certain other groups of the Copepoda, as the Pontellidae; at the antero
lateral angle the segnlent is produced in a pair of snlall anteriorly-directed mammilliform 
processes. The anal segnlent bears on each side a backwardly directed process that extends 
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as far as the base of the outer furcal seta; between the furcal rami on the dorsal aspect the 
segment bears a bluntly rounded anal plate. 

The furcal rami are as broad as long, and there is a tuft of long hairs on the outer margin 
near} the base and proximal to the outermost seta. The furcal setae are as shown in pl. 
v, fig. 1 ; the inner accessory dorsal seta is very slender. 

The 1st antenna (pI. v, fig. 2) reaches well beyond the tip of the furcal ramus smd 
consists of 23 free segments. Of these the terminal segment is quite short and is articulated 
to the penultimate one by an oblique joint that is somewhat difficult to see; the 7th, 8th, 
and 9th segments are fused together into a single joint; the degree of fusion varies, how
ever, in different specimens; in some examples it is nearly complete, but in others, although 
there appears to be no actual jointing between the segments, the limits of each component 
ean clearly be made out. 

The prop~rtionallengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
65 23 22 23 22 22 22 19 21 30 39 36 48 56 57 60 62 62 70 47 42 47 52 39 13 =1000_ 

\-.-.y~ 
62 . 

A reference to the description given by Scott (1893, p. 42) shows that these measure
ments agree very closely with those given by him. Esterly in his description of Gaussia 
atra (Esterly, 1906, p. 70) states that in that species the 1st antenna consists of 23 segments 
but he makes no mention of the condition of segments 7, 8 and 9, so that one is uncertain 
whether these segments are similarly fused. The 1st, 2nd, and 4th to 6th segments all 
carry short stout spines on their anterior margins, as is the case in the genus Metridia. 

The 2nd antenna, mandible,and 1st maxilla are similar to those Or'melllbers of the 
genus Metridia. The 2nd ma1-xilla is as described by Scott (loc. cit., 1893, pI. iii, fig. 15.) 

The maxilliped (pl. vi, fig. 3) is of the usual type and is armed with a row of delicate 
spines along the margin of the 2nd basal segment. Neither Scott nor Esterly mention this 
feature in the examples described by them, possibly owing to the fact that, as a result of 
the dense pigmentation of this appendage, these spines are very difficult to see. 

In the 1st pair of swimming legs (pI. v, fig. 4), the 1st basal segment carries a stout 
inner marginal seta. The 2nd basal segment bears an S-shaped seta at its inner distal angle, 
a delicate external seta and a tuft of long hairs on the distal part of the inner margin. Both 
rami consist of three segments. Exopod 1 bears a long marginal spine that is fringed with 
hair on its inner side and reaches to the base of the spine on exopod 2; the outer margin is 
armed distally with a few small claw-like teeth; the distal margin of the anterior surface 
bears a row of lancet-like spines and the inner margin is fringed with hair and bears a single 
seta. Exopod 2 bears a single marginal spine that is finely serrated onJboth borders and 
reaches well beyond the base of the next spine ; the external nlargin is furnished 'with small 
claw-like spines and is also fringed with hair; a row of lancet-like spines runs along the 
distal margin on the anterior aspect ; the inner margin is fringed with hairs and bears a 
single seta. Exopod 3 bears two marginaf spines, that are also finely serrated on both bord
ers, and the whole of the outer border is fringed with hair; the inner luargin carries four 
plumose setae. The terminal spine is finely serrated externally and its length is equal to 
the combined lengths of the two last segments of the ramus. Endopod 1 bears a single 

.. seta ; the outer margin is fringed with hair and there is a row of hairlike spines on the 
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anterior aspect. Endopod 2 bears a single seta and is clad on its anterior aspect and outer 
border with fine hair. Endopod 3 carries five setae. 

In the 2nd swimming leg (pI. v, fig. 5), basal 1 bears an inner seta. Basal 2 bears an 
inner seta and presents a rounded projection on its inner margin that is frjnged with~long 
hair; on its external anterlor aspect It is armed .with a scattered group of small denticles. 
Both rami are three jointed. Exopod 1 carries a broad marginal spine that is leaf-shaped 
and has finely serrated edges; the inner margin is frmged with hair and bears a single seta; 
there are some small spinules on its inner anterior aspect near the base. Exopod 2 bears 
a single marginal spine similar to that on the proximal segment. The outer margin is fring
ed with a row of small hair-like spines; the inner border is fringed with hair and carries a 
single seta. Endopod 3 bears three leaf-like marginal spines and the 'outer margin is fringed 
with minute spines, which, however, do not extend along the extreme distal part of the 
margin; the inner border carries five setae. The terminal spine is short and broad, and is 
only one-third the length of the terminal segment; it is finely serrated along its outer border. 
The 1st segment of the endopod bears the characteristic double, recurved hooks on its inner 
margin and a single one near the base ; the outer margin is fringed with hair along its distal 
three-fourths. Endopod 2 bears two inner setae and the outer margin is fringed with hair. 
'Endopod 3 is also fringed with hair on its outer margin and bears eight setae. 

'The 3rd and 4th swimming legs (pI. v, figs. 6, 7) are similar; the minute spines that 
are present on the external margin of the exopod -in the more anterior legs are here replaced 
by short hairs; the end-spines .are quite short and are less than half the length of the terminal 
segment of the ex:opod. 

The 5th legs lpl. vi, fig. 5) are symmetrical and are composed of a basal part and four 
free segments that have the following proportional lengths; 33; 33; 22; 12. In this 
respect the present form differs from those of Wolfenden (1911, p. 291, pI. xxxiii, fig. 12 
and Esterly (1906, p. 70, pI. xiii, fig. 78), both of whom state that there are only three 
free segments in this appendage: the condition described and figured by them agrees exactly 
with that found by me to be present in the 5th Copepodid stage. The 3rd free segment bears 
a single long seta on its inner aspect, and the 4th or terminal segment bears two setae of 
which the inner is the longer. In the forms described by previous authors the terminal 
segment bears three setae, so that the third free segment clearly corresponds to the last two 
in the present species. 

Examples taken in the month of October, 1911, were clearly breeding; some of the 
females were carrying spermatophor~s. The spermatophore is torpedo-shaped and is about 
3 mm. in length; it is attached by a narrow pedicle to the under aspect of the genital seg
ment near the genital aperture. 

&' The total length of the male appears to exhibit a greater range of variation than 
that of the female and in examples taken at Station 393 varied from 8·0 to 9·5 mm. 
(pl. vi, fig. 1). 

The proportional lengths of the cephalothorax and al?domen are as 34 to 13, so that 
in this sex the abdomen is contained 2·6. times in the length of the anterior region of the 
body. 

The 4th and 5th thoracic segments are fused together and the posterior thoracic margin 
is produced backwards in a spinous process. 
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The abdomen .consists of five segments, having with the furcal rami proportional 
lengths as follows !-

Abdominal segment 1 2 3 4 5 Furca 
25 18 13 10 17 17 =100. 

In this sex the 1st antennae are asymmetrical ; that of the left side resembles that of 
the female and consists of 23 free segments having the following propoItionallengths :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

66 24 24 24 25 24 64 29 37 37 46 52 57 61 62 61 69 46 42 48 52 38 12 =1000. 

The right antenna (PI. vi, fig. 2) is modified to form a grasping organ, the knee-joint 
being, as usual, sItuated between segments 18 and 19. 

The proportional lengths of the segments are as follows :-
Segment 1-2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20-21 22-23 24 25 

99 28 28 28 28 32 22 20 21 25 35 35 63 59 68 65 75 20 80 103 42 14 = 1000. 
'-'r-I 

100 

Segments 1 and 2 are fused together completely. Segments 7, 8 and 9 are separate; 
·segments 19, 20 and 21 are fused but in certain specimens traces of the division between 
segments 19 and 20 can be made out; segments 22 and 23 are also fused. The 17th seg
-ment bears on its anterior aspect a lamellar crest, that IS produced distally over the follow
jng segment. The 18th segment bears a lamellar plate that is equal to the length of the 
segment itself. The fused mass of the 19th-21st segments carries two lamellar plates and 
is produced distally in a short spine ; segment 22-23 bears a short spine at its distal end. 

The' 2nd antenna, mouth-paIts and swimming legs 1 to 4 are similar to those 'of the 
female. 

In the 5th pair of legs (pI. vi, fig. 4), that on the left side consists of a basal part and 
4 free segments. Segment 1 is narrow at the base but widens out considerably at the distal 
end; it bears a single small seta near the dist~l external angle. Segment 2 is produced at 
its distal internal angle in a small rounded process. Segments 3 and 4 appear to be partially 
fused but a clear line of demarcation can be traced between them. Segment 3 bears a long 
-and narrow spine near its inner proximal angle. Segment 4 bears a long narrow spine on 
its inner aspect at the junction of the proximal and 2nd quarter of its length and a smaller, 
,but otherwise similar, spine about half-way along its inner margin; the extreme tip of the 
-segment is narrowly rounded. In the right leg the 1st free segment bears a small seta at 
its distal outer angle. Segment 2 is devoid of any setae. Segment 3 is produced on its 
inner aspect in two rugitiform processes, of these the proximal is directed towards the base 
and overlaps the 2nd segment by half to the whole of its length, the distal process is 
directed distally and extends as far as the end of the segment. The retroverted process 
and the inner margin of the segment is clad with a band of hairs, that at its'distal end curves 
round across the surface of the segment. Segment- 4 presents a low rOlmded 10 be on its 
funer surface and bears a short spine about the middle of its length. Both limbs closely 
resemble the accounts ·given by Wolfenden and T. Scott, but in the present specimens tho 
division between segments 3 and ,4 appears to be more complete in both legs. 

·Oopepodid Stage III. 
A single example of the 3rd Copepodid stage of this species was taken at Station 670. It i! juet pos

sible that a careful examination and comparison of the two sexes might reveal sufficient differences to 
-enable one to recognise them, but as I have only a single-specimen I am-unable to assign it to either sex. 
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Total length, 4·125 mm. 

The proportional lengths of the cephalothorax and abdomen in this stage of development are as 51 
to 15 ; so that the abdomen is contained 3·4 times in the length of the anterior region of the body. 

J. 

b. 
TEXT·FIG. 93.-Gau88ia princep8 (T. Scott). 

a. Abdomen of adult female from the left side. d. 5th pair of legs. Copepodid Stage IV, male. 
b. 5th pair of legs. Copepodid stage III. e. 5th pair of legs. Copepodid Stage V, female. 
c. 5th pair of legs. Copepodid Stage IV, female. f. 5th pair of legs. Copepodid Stage V. male. 

The forehead already possesses a well-developed crest'and the rostrum, as in the adult, consists of a 
pair of slender spines 3ri5ing from a swollen base. The-aephalon and 1st thoracic segment are separate 
and the 4th and 5th segments are also partially separate. The posterior thoracic margin is rounded. 

Tre abdomen is short and consists of only two segments, of very nearly equal length. The propor
tionallengths of these segments and the furcal rami are as follows :-

Abdominal segment 
35 

2·5 
35 

Furca 
30 =100. 

The posterior segment is on each side produced in a digitiform process, that in this stage of develop
ment on ly reaches half-way to the base of the external seta of the furcal ra,mus ; on the dorsal aspect is 
a crescentic anal plate. 

The 1st antenna reaches beyond the tip of the furcal ramus by the last four segments; it consists-.. 
of 23 free joints, the 1st and 2nd and again the 3rd and 4th segments, respectively, being fused together. 

The proportional lengths of the segments are as follows ;-

Segment 1·2 3·4 5 6 7 8 \} 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24 25 
80 2.!} 22 18 18 15 15 19 26 37 42 47 48 51 57 58 76 67 61 64 73 55 22 =1000. 
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The 1st joint (segments 1-2) bears on its anterior margin two spines, of which ~he distal is much the 
larger. The 2~d joint (segments 3-4) is devoid of a spine, but a well-developed one. is present on the 3rd 
(segment 5). The 6th, 7th and 8th joints are fused together but the line of demarcation between them 
can be detected. The separation between 10th and 11th joints is also incomplete. 

The 2nd antenna in its general shape and proportions closely resembles that of the adult; the basal 
portion bears flo, stout seta on its proximal segment, and two tmequal setae at the distal end of the outer 
margin of the 2nd segment. The exopod already carries its full complement of setae, but in the endopod 
these are L.ot yet developed; the numbers of setae present on the two lobes of the distal segment in the 
different stages of development are as follows :-

Outer lobe 
Inner lobe 

3rd Copepodid 4th Copepodid 5th Copepodid 
Stage. Stage. Stage. 

7 

6 
7 
7 

7 

7 

Adult Stage. 

8 
8 

The mandible is well developed, but the full number of setae on the endopod has, as yet, not beP.fl 
developed. In the Table below I have given the number of setae on the palp of this a ppenda ge ill the 
various stages of development :-

Mandibular palp. 3rd Copepodid 4th Copepodid 5th Copepodid Adult Stage. 
Stage. Stage. Stage. 

Basal 1 
} 4 4 { 1 1 

Basal 2 3 3 
Exopod 1 1 1 1 1 
Exopod 2 1 I- I 1 
Exopod 3 1 1. 1 1 
Exopod 4: 1 1 1 1 
Exopod 5 2 2 2 2 

Endopod 1 3 4 4: 4: 
Endopod 2 6 7 7 10 

The 1st maxilla,·in general, resembles that of the adult but on some of the various parts the number 
of setae is not yet complete. I have given the number of setae on all the different parts in the following 
Table :-

1st Maxilla. 3rd Copepodid 4th Cope po did 5th Copepodid Adult Stage. 
Stage. Stage. Stage. 

Lobe 2 41 5 5 ~ 

Lobe 3 4 4 4: 1 
Basal 2 4: 4 5 • 5 
Exopod 8 9 10 11 
Endopod 1 3 4: 5 6 
Endopod 2 3 4: 5 6 
Endopod 3 5 5 5 5 

The 2nd maxilla already closely resembles that of the adult in all but the number of setae arising 
from the lRt lobe. In this stage, as in the adult, there are four large setae and one very short one arising 
from the distal extremity of the lobe and two from the proximal border. At each successive moult one 
extra small seta is added to these' two, so that in the adult there are five in all. 

H 
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The maxilliped, at this stage, has only four segments in the endopod and the number of setae arising 
from some of the segments is less than in the adult or in succeeding stages. In the following table I have 

.given the number of setae in the different stages of deyelopment :-

Maxilliped. 3rd Copepodid 4th Copepodid 5th Copepodid _o\dult St-lI.ge. 
Stage. Stage. Stage. 

Basal 1, Lobe 1 • 2 2 2 2 

Basall, Lobe 2 4 4 4 4 

Basall, Lobe 3 • • 4 4 4 4 

Basal 2, inner border • 3 3 3 3 

Basal 2, distal end 2 2 2 2 

Endopod 1 1 2 3 4 

Endopod 2 1 2.' 3 4 

Endopod 3 } r 1 2 3 

Endopod 4 
l' 1. 1 2 3 

Endopod 5 3 4 4 4 

The 1st pair of legs consist of a t\\lo-jointed basal part and two rami, each of two joints. Basall bears 
:an outer seta and basal 2 carries the usual S-shaped setae at its distal inner angle. Th~ lit joint of the 
exopod, corresponding to segment 1, hears a single elongate marginal spine and the distal segment, cor
responding to segments 2 and 3 together; bears three similar marginal spines and the usual end-spine; 
the outer margin of the distal segment is cut into fine teeth. The endopod also consists of two joints; 
the proximal one, corresponding to segment 1, bears a tra~sverse row of needle-like spines and carries a 
single inner seta; the distal joint, corresponding to segments 2 and 3, bears seven setae. 

The 2nd pair of swimming legs each consist of a two-jointed basal part, but, whereas the exopod con
sists of two joints, the endopod has only one. Basal 1 bears an inner seta and the distal ,basal segment 
has a short spine-like projection on its outer margin. Exopod 1 bea~s a single l~af-like spine and an inner 
seta. Exopod 2 bears three marginal spines, which are also l~af-l~e, an end-spine and' five setae. The 
endopod consists of only a single joint, but the characteristic, hoo~ hav~ already been developed, and 
on the distal two-thirds of the joint there are eight setae. 

The 3rd swimming legs have a two-jointed basal part. The exopod consists of two joints; of which 
the proximal bears one and the distal two leaf-like marginal spines and there are four setae on the inner 
margin of the dista.l joint. The endopod consists of a single segment ana bears only six setae. 

The 4th swimming legs are even more rudimentary than the 3rd. Each ramus consists of only a single 
joint. The exopod bears three leaf-like marginal spines and three setae on its inner border, as well as the 
terminal end-spine. The endopod is undivided and bears only six setae. 

The 5th legs are represented by small single-jointed processes at the distal end of which arise two 
minute setae. 

At thid stage of development the only portions of the animal that show any blaCk pigment are the 
anterior, cardiac p6rtion of the stomach and the lips of the mouth 

Oopepodid Stage IV. 

Associated with fully adult stages there were at several stations examples of the last two stages of 
development. 

In the 4th Stage of development the two sexes can be distinguished. by the relative size of the 5th 
pair of legs. 

~ Total length, 5·75 mm. 

The proportional lengths of the cephalothorax and abdomen in this stage are as 141 to 43 ; so that 
the abdomen is contained 3·28 times in th~ length of the anterior region of the body. 
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The abdomen now consists of three segments having the following proportional lengths. 

Abdominal segment 1 2 3-5 Furca 
34 15 27 24 =100. 

The forehead is armed with a crest that terminates in a forwardly directed process, as in the adult; 
the rostral spines arise from a swollen basal mass and are long and tapering, each spine is fringed with 
sparse hair. Thoracic segments 4 and 5 are fused and the posterior thoracic margin is produced back 
in a small rounded lobe. The only trace of the black pigmentation that is so characteristic of the adult 
is at this stage a large dense black mass in the region of the gastric cavity. 

The 1st antenna reaches back to beyond the level of the tip of the furcal ramus; each consists of 24 
separate joints, segments 8 and 9 being fused together. The proportional lengths 01 the segments are as 
follows :-

Segment 1 2 S 4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
L.....r-' 

69 13 15 15 22 22 21 37 24 31 37 46 50 55 57 60 60 75 75 50 55 66 45 18 =1000. 

The 2nd antenna and mouth-parts now resemble those of the adult, except as regards the differences 
in the number of setae that I have specified above (vide Tables on p. 277). 

The maxilliped closely resembles that of the adult except as regards the differences in the number 
of setae to which I have already called attention. It is interesting to note that in this species we do not~ 

apparently, get any differences in the number of the setae arising from the various parts in the two sexes 
such as we found to be present in Met1·idia princeps (vide supra p. 256). 

The 1st swimIn:ing leg consists of a two-jointed basal part and a pair of two-jointed rami. Basal 1 
bears a plumose seta on its inner margin; basal 2 carries an S-shaped seta at its distal inner angle and 
a delicate seta on its outer margin. Exopod 1 bears a long slender marginal spine and a single seta arises 
from its inner border; a transverse row of small needle-like spines crosses the surface of the joint near 
the articulation with the distal segment. ,The distal joint of the ramus, corresponding to segments 2 and 
3, bears three slender marginal spines and a slender end-spine, while four setae arise from the inner bor
der. The outer margin of the distal segment is cut into fine claw-like teeth. The proximal segment of 
the endopod is armed with a transverse row of fine needle-like teeth and bears a single seta internally. 
The distal segment, corresponding to segments 2 and 3, bears seven setae, namely one on the outer margint 

two distally and four on the inner border. 
The 2nd swimming leg consists of a two-jointed basal pa,rt, of which only the proximal segment bears 

a seta on its inner margin. The exopod is two-jointed. Exopod 1 bears a single leaf-like spine on its 
outer margin and a ~ingle seta on its inner border. Exopod 2, corresponding to segments 2 and 3, bears 
three leaf-like marginal spines and a stout serrated end-spine; it car~ies five setae on its inner margin; 
the outer margin of the joint, proximal to the 1st marginal spine, is cut into fine spinules. The endopod 
is a single joint and bears the usual hooks at the junction of the proximal and midnle t.hirds of the seg
ment ; distally it bears:nine setae, two on its outer margin, two distally and five on the inner border. The 
3rd and 4th swiI;nming legs closely resemble each other at this stage. As in the other legs the basal part 
consists of two segments, of which the proximal bears a single seta on its inner m'\rgin. The exopod is 
in each limb two-jointed. Exopod 1 bears a single leaf-like marginal spine and an inner seta and exopod 
2, corresponding to segments 2 and 3, bears three ,marginal spines and an end-spine, as well as five setae 
on its inner border. In both limbs the endopod consists of a single joint; but in the 3rd leg this bears 
nine setae (two on its outer margin, two distally and five on the inner border), whereas in the .4th leg there 
are only eight setae, there being only four setae on the inner margin. 

The 5th pair of legs is nearly symmetrical. Each leg consists of a basal segment and t.wo free seg
ments, of which the dist~l is much the larger and bears two small plumose setae at its distal extremity. 

i1 Total length, 5·855 mm. 
112 
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The proportjonal lengths of the cephalothorax and abdomen are as 61 to 20, so that the abdomen 
is contained 3·05 times in the length of the anterior region of the body. 

The general structure of the body agrees with that of the female in the same stage of development, 
and the abdomen is composed of only three segments. Even at this stage of development differences in 
the lengths of cert,ain segments of the 1st antenna foreshadows the modification that is going to be assumed 
in the final moult, thus the appendage on the right side differs from that on the left, which resembles the 
appendage of the female, in that segments 14 and 15 are somewhat longer and segments 19 and 20 con
siderably shorter. The proportional lengths of the segments on the two sides of the body are as follow~ :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ 

Left 72 13 18 13 22 22 20 35 22 31 36 45 49 53 57 63 60 74 56 52 56 67 46 18 =1000. 

Right 70 14 18 16 23 22 21 36 20 28 35 45 52 57 59 63 65 67 50 50 57 67 48 17 =1000. 

The 2nd antenna and mouth-parts appear to be the same as in the female. As I have pointed out 
(vide supra p. 256), in the case of the closely allied species, Metridia princeps Giesbrecht there seem to be 
differences between the two sexes in regard to the number of setae on certain segments of the maxilliped 
but I have been unable to trace any corresponding differences in this species. 

The swimming legs have the same structure as in the female. 
The 5th pair of legs in this sex show slight but distinct differences from the form of the appendage 

in the female. As in that sex, each limb consists of a basal portion and two free segments. The distal 
segment is considerably larger in the male and bears a small spine on its outer border about one-third 
along the length of the segment. The proximal free segment also bears a small seta on its outer margin, 
which does not appear to be present in the female. 

All the examples of this stage of development were take» at Station 462. 

Oopepodid Stage V. 
Examples of the 5th Copepodid stage of development were taken at Stations 373 and 670. 
~ Total length 7·75 mm. 
The proportional lengths of the cephalothorax and abdomen are as 91 to 33, so that the abdomen 

is contained 2·76 times in the length of the anterior region of the body. 
The shape and structure of the cephalothorax correspond closely to that of the adult. The 5th tho

racic segment is now produced backwards on each side in a sharp spine, and the rostrum and frontal 
crest is well~developed. 

The abdomen consists of four free segments" segments 4 and 5 still being fused. The proportional 
lengths of the segments are as follows :-

Abdominal segment 1 2 3 4-5 Furca. 
29 19 11 21 20 =100. 

The length, as given above, of the posterior segment is the length between the anterior margin and 
the line of articulation of the furcal ramus; the segment is produced backwards on each side in rounded 
prominences similar to thoRe already Doted in the adult and in. the middle there is also a well developed 
anal plate that someWhat projects backwards. 

The degree of pigmentation has at this stage considerably increased, not so much in the actual body 
itself as in the appendages; the two antennae are devoid of pigment and the mandibular palp is only slight
ly tinged, but the maxilla, and especially the three inner lobes and the setae :arising from the various parts 
are heavily pigmented. The 2nd maxilla and the maxilliped are also considerably pigmented. 

The degree of pigmentation of the swimming legs gradually decreases. from before backwards; the 
1st pair of legs is heavily pigmented but the 5th pair are devoid of pigment. 

The 1st antenna, as noted in the previous stage of development, reaches back.beyond the furcal ramus; 
it consists of only twenty~one completely free segments, for segments 8 and 9 are completely fused and 
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segment 10 is partially fused with segment 9 ; segments 12 and 13 are partially fused together and the joint 
between segments 24 and 25 is incomplete. The proportional lengths of the segments are as follows :-

Segment 

• 
1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24: 25 

~--~-=~~~=-~~-=~~------------~~~~ 76 19 20 19 22 22 22 40 28 37 38 47 53 56 58 58 58 69 49 46 50 58 40 15 ==1000. 

The 2nd antenna and mandible have already assumed the adult form. 
The 1st maxilla, as I have already noted above, still differs from that of the adult in the number of 

setae rising from certain s~gments. 

The 2nd maxilla is as in the adult, but the maxilliped still lacks certain setae, as is shown above in 
the table on p. 278. 

The swimming legs have now developed their adult characters and both exopod and endopod consist 
of three segments throughout the series. The hooks on the 1st segment of the endopod of the 2nd leg 
are very like those of the adult, though the outwardly directed spine near the proximal end of the seg
ment is still comparatively feeble. 

The 5th pair of legs now consl~t of a basal portion and three free segments, t.he most distal of which 
bears three plumose setae, the innermost being the longest. This stage of development in this limb agrees 
extremely closely with the account given by Wolfenden (1911, p. 291) and by Esterly (1906, p. 70) of the 
appendage in th.xamples examined by them. 

o Total length, 6·69 mm. 
The proportional lengths of the cephalothorax and abdomen are as 78 to 29, so that the abdomen 

is contained 2·69 times in the length of the anterior region of the body. The general shape and struc
tuxe of the body agrees closely with that of the female, except that the posterior thoracic margin is only 
produced in short spines. 

The abdomen consists of four segments only, segments 4 and 5 still being fused. The segments and 
·the furcal rami possesses the following proportional lengths :-

Abdominal segment 1 2 3 4-5 Furc&. 
30 17 11 19 23 =100. 

The 1st 3,ntenna shows certain differences on the two sides of the body. While that on the left side 
agrees fairly closely with that of the female, the appendage on the right side exhibits an increase in length 
in segments 15 to 18 and a reduction in segments 19 and 20. There are also certain small differences in 
the jointing of the segments, thus on the left side segments 8 and 9 are fused and the joints between seg
ments 11 and 12, and 12 and 13 appear to be incomplete; in the right antenna segments 8 and 9 are 
fused and so also are 8egmen~s 11 and 12, while segment 1~ is partly fused with segment 12. In both an
tennae segments 24 and 25 a~e partially fused. The proportional lengths of the segments are as follows :-

Segment 

Left 

Right 

1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
~ 

66 18 18 19 19 21 23 40 28 35 39 49 57 57 60 M 65 72 49 45 45 55 40 16 =1000. 
~ 

72 19 19 19 24 25 23 40 23 29 32 44 53 61 65 69 69 59 44 44 50 5fi 59 = 1000. 

The 2nd antenna, mouth-parts and s\,Vimming legs are as in the female. 
The 5th pair of legs· is very nearly symmetrical, and in this stage each leg consists still of a basal por

tion and three free segments, of which the 1st possesses a small marginal seta; in each limb the 3rd or 
·distal segment bears a small marginal spine on its outer border and a larger spine on its inner margin. 

Although the actual number of examples in different stages of development, that I 
have been able to examine, is comparatively few, yet it is, I think, sufficient to give 
us some indication of the manner of development in this species. In the following table 
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1 have given in tabular form the average length measurements in both sexes of the last. 

four stages. 

Growth Stage. 

~ Copepodid Stage III 

Copepodid Stage IV 

Copepodid Stage V 

Adult Stage VI 

d Copepodid Stage III 

Copepodid Stage IV 

Copepodid Stage V 

Adult Stage VI 

Actual 
measurement. 

4·125 mm. 

5·750 mm. 

7·750 mm. 

9·25 mm. 

4·125 mm. 

5·355 mm. 

6·69 mID. 

9·00 mm. 

Calculated 
measurement. 

4·125 mIn. 

5·750 mIn. 

7·303 mm. 
I 

9·274 mm. 

4·216 mIn. 

5·355 mIn. 

6·978 mm. 

8·863 mIn. 

Growth·fa.ctor. 

1·394 

1·270 

1·270 

1,655 or 1·270 

1·655 

From.. the above it appears that this species, judging from the figures arrived at by 
the actual measurement of the specimens and those reached by calculation, shows a 
close degree of agreement with the other species whose developmental stages I have been. 
able to examine,. and that in the female the major line of development takes place in a 
straight line each succeeding stage being derived from that preceeding it by a moult, whose 
growth-factor in the earlier stages is 1'394 but 'which drops at the moult following Copepodid 
Stage IV to 1·270; whereas, in the male it appears from a mathematical study of the differ
ent sizes that Copepodid Stage III may give rise by a growth factor of 1'655 to Copepodid 
Stage V, or by the adoption of the female growth-factor of 1·270 may pas~ to Copepodid 
Stage IV and then by a subsequent moult, having the typical male growth-factor of 1'655, 
may attain to the fully adult condition of Stage VI. 

A study of the proportional lengths of the cephalothorax and the various abdominal 
segments at different stages of development reveals that there are some very interesting 
features in the rate of growth of the several parts. In the following Table I have given the 
proportional lengths of these parts, calculated in 1000ths of the total length, in a number' 
of examples of both sexes at different stages of growth. 

Cephalot,horax Abdominal segments Furca . 

.A-t , 
1 2 3 4 5 

6 Copepodid Stage IV- "Y 
No.1 731 91 45 79 54 

No.2 744 81 42 68 65 

. Average 737·5 86·0 43·5 73·5 59·5· 

1 2 4 5 
Copepodid Stage V- '--y-....J 

No.1 702 94 53 30 58 63 

No.2 719 91 47 31 44 68 
No.3 735 70 46 28 57 64 

A~lerage 718·6 85·0 48·6 29·6 53·0 65·2' 
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_Adult Stage VI
No.1 

~o. 2 

No.3. 
No.4. 

No.5 
No.6 

No.7 
No.8 

A.verage 

~ Copepodid Stage 111-
No.1. 

Copepodid Stage IV
No.1. 

'Copepodid Stage V
No.1 
No.2. 
No.3. 

No.4 

No.5 
No.6 

No.7 
No.8 

Average 

Adult Stage

No.1 
No.2 

No.3 
No.4· . 
No.5 

No.6 
No.7 
No.8 
No.9 

Average 

Cephalothorax. 
r-
1 

629 III 
652 100 
660 101 
671 105 
675 91 
676 106 
682 84 

692 86 
667·2 98·0 

783 

759 

681 
696 
703 
714 
724 
728 
747 
774 
720·9 

1 

76 

82 

98 
74 
91 
90 
78 
82 
64 
73 
81·2 

A hdominal segments. 

,-----~,----------~ 
2 

61 
64 
57 
53 
55 

52 
56 
46 
55·5 

3 
53 

47 
51 
42 

44 
40 
49 
46 
46·5 

4 

36 
32 
29 
29 
33 
24 

34 

28 
30-5 

5 
55 
54 
49 
47 
50 
48 
48 
47 
49·8 

2 345 
~-------)r'-"----~ 

36 

55 
60 
56 
48 
46 
52 
62 
40 
52·4 

76 
~ __ -y-__ --l 

64 

43 
34 

32 
28 
27 
32 
23 
22 
30-1 

"---y--J 

64 
76 
64 
64 

66 
52 
55 
43 
60·5 

~ ____ -y _______ -../ r--..-J~~ 

628 
655 

660 

675 
684 
685 
687 
694 
707 
675·0 

224 
209 
206 

175 
194 
200 

203 
193 
160 
207·1 

27 64 
34 53 
29 48 

46 44 

22 43 

23 46 

20 38 
24 41 
27 59 
28-0· 48·5 

283 

Furca. 

55 
51 

53 

53 

52 
54 
47 
55 

52·5 

66 

59 

59 

60 
54 
56 
59 
54 

49 
48 

54·9 

57 
49 

57 
60 
47 
46 

52 
48 

47 

51'4 

A study of the above data shows that here, as in the case of Jletrid-ia princeps 

Giesbrecht, there is between each stage of developUlent a change in the proportional lengths 
of the cephalothorax and abdomen, the former decreasing in length and the latter showing 
an inerease. Furthermore, it is clear that this increase in the relative length of the abdolllen 
does not occur uniformly, but that there are certain regions in whieh growth is lllore rapid 
than in others. I have already pointed out that in llly opinion developlnent in the lllale 
does not take place along a straight line, each stage succeeding the last in a progressive series, 
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but that at Stage III we may get 'development preceding along t,vo lines, either by passing 
from Stage III to Stage IV and thence to Stage VI, or by a direct moult passip.g from Stag~ 
III to Stage V. Following the lines of development as suggested above, as we pass from 
Stage III to S~age IV ,ve find that segment 1 of the abdomen increases in length by 13'~% ; 
the combined lengths of segments 2 to 5 increases by 54%1 while the furcal ramus decreases 
by 10%. Between Stages III and V, segment 1 increases by 11'80/0 ; the combined lengths 
of segments 2 to 5 increases by 72· 6 0/0' while the furcal ramus remains almost unchanged. 
Between stages IV and VI, segment 1 increases by 14'00/0 ; segment 2 increases by 27·60/0' 
segments 3 to 5 together increase by 72'1 % and the furcal ramus decreases by 11· 80/0. In 
the case of the female the determination of the proportional increase or decrease of the lengths 
of the segments is rendered difficult owing to the fusion of certain of the anterior segments 
in the process of development. In this sex I believe that development takes place in a 
straight line, Stages III, IV, V and VI succeeding one another. Between stages III and IV 
segment 1 increases by 8'00/0 ; segments 2 to 5 together increase by 31'60/0 while the furca 
decreases by 9'2%. :aetw:~en stages IV and V segment 1 remains' almost unchanged, seg
ment 2 increases by 11'1 % ; segments 3 to 5 together increase by 41· 6% and the furcal ramus 
decreases by 7'5%. Between stages V and VI segments 1 to 3 which now become fused 
together, increase by 26·50/0 while segments 4 and 5, which were fused in Stage V but are 
separate in Stage VI, have increased by 26'4% while the furca has decreased by 6'4%' 
It -will thus be seen that the greatest increases in length occur somewhere about the region 
of the third or fourth abdominal segment, while the £urca shows a steady decrease in length 
at almost each moult. These changes agree very well with what ,we have already seen to be
the case in Metridia princeps Giesbrecht and it is probable that the same type of change 
occurs in many other species, if not in all. Certainly, these changes are in agreement with 
the changes that Shaw * found to occur during development in the proportional lengths of 
the abdominal segments of the crab I nachus dorsettensis. 

During the process of development the same changes that we have already noted in 
other species occur here also in the proportional lengths of the segments of the 1st antenna. 
In the table below I have given these lengths, in parts of a 1,000, of the various segments. 
in the last four stages of the female. 

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ '-~ 

stage 3 79 29 22 18 19 15 15 19 26 37 42 47 48 51 57 58 76 61- 61 64 73 65 22 
,--~ ~ ~ 

Stage 4 69 13 15 15 22 22 21 37 24 31 37 46 50 55 57 60 60 75 57 50 55 66 45 18 

St.age 5 76 19 20 19 22 22 22 40 28 37 38 
,--"---.. 

47 53 56 58 58 58 69 49 46 50 58 40 15 

Adult 65 23 22 20 25 22 22 19 21 30 39 36 48 56 57 60 62 62 70 47 42 47 52 39 13 

In this series ~f developmental changes, we see that as we pass from the earliest stage 
obtained, Stage III, to the next we get a separation of the ]llJoximal segments, that is, 
as usual, accompanied by an increase, though in this case but a slight one, in length and 
this increase is continued on to Stage V and, with the exception of the first, segment, even 
to the adult stage. Segment 5 shows no change in its proportional length throughout t.he 
whole series. In the more distal segments the length tends to be proportionally greater 
at each successive moult in all segme~ts up to the 18th, and beyo~d this point there is a-

... Shaw, M. E., "A contribution to the study of relative growth of parts in lnachus dorsettensis." British Journ. Exper. Biol. 
Vol. VI, p. 145 (1929). 
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steady and progressive diminution in length throughout the whole course of development, 
the diminution in length being most marked at segment 20. Exactly similar changes are 
met with in the male in the unmodified left antenna. . In this sex the proportional lengths 
of t~e segments are as given below:-

Segment 

Stage 3 

Stage 4 

Stage 5 

Adult 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
~ '-r-' 

80 29 22 17 19 15 15 19 26 37 42 47 48 51 57 58 76 67 61 64 73 55 22 
~~ 
72 13 18 13 22 22 20 35 22 22 31 36 45 49 53 57 62 61 74 56 51 56 67 46 18 

'-y--J 
66 18 18 19 19 21 23 40 28 35 39 49 57 57 60 64 65 72 49 45 45 55 40 16 

'--y-..J 
66 24 24 24 25 24 64 29 37 37 46 52 57 61 62 61 69 46 42 48 52 38 12 

Here again there is a distinct increase in the proportional lengths of the proximal seg
ments, with the single exception of segment 1 ; In the moult between Stage III and Stage 
IV the total length of segments 1 and 2, which are fused in the earlier stage but which 
become separate at Stage IV, increases from 80 to 85, but at the next moult the 1st segment 
decreases from 72 to 66 and, thereafter, suffers no change. The greatest increase in length 
occurs at segment 10; in segment 12 there appears to be little or no change, but on the 
distal side of this segment there is again an increase in length that has a second maximum 
at segment 16. Between segments 18 and 19 there is a change, for whereas segment 18 
increases slightly, segment 19 decreases, and from this point on to the distal extremity the 
length of all segments decreases. The greatest decrease occurs at segment 22. 

Family LUCICUTIIDAE. 

Genus LUCICUTIA Giesbrecht. 

A. Scott (1902) first recorded the occurrence of any species belonging this genus from 
Indian waters; the 'species then recorded was Lucicutia jlavicornis (Claus), and he obtained 
examples from the Red Sea and the Arabian Sea. A year later Thompson and A. Scott· 
(1903) recorded the same species from the Ceylon Pearl Banks. In 1904 Cleve in his account 
of the Copepoda of the South African Seas recorded the occurrence in the Agulhas Current 
of Lucicutia flavicornis (Claus) and L. clausi Giesbrecht and in the same paper describes 
two new species under the names Lucicutia aurita and L. bradyana respectively. In 1909 
A. Scott in his account of the collections made by the " Siboga " in the Malay Archipelago 
recorded the occurrence of Lucicutia bicornuta Wolfenden (=L. aurita Sars; non L. aurita. 
Cleve.), L. clausi Giesbrecht, L. jlavicornis (Claus), L. longiserrata Giesbrecht and L .. 
maxima Steuer and, in addition, described two new species L. pera and L. philyra, the former 
of which, however, is according to Sars synonymous with L. lucida Farran. In 1912 I 
recorded the occurrence of Lucicutia jlavicornis (Claus) from the coast of southern Burma 
and in 1913 Lucicutia bicornuta Wolfenden, L. clausi (Giesbrecht) and ft. 1naxima Steuer 
in a mid-water trawl from the southern part of the Bay of Bengal (Station 393). It is 
thus clear that the genus is well represented in the Indian Ocean. 

As in the preceding genera, the species of this genus are provided with a large number 
of cutaneous glands that open through small pores to the exterior in the various regions of 
the body. In text-fig. 94 I have shown the arrangement of these pores on the dorsal asp~ct 
of a male Lucicutia maxima. These pores are not confined to the body but are also found 
to be present on certain of the oral appendages and the legs, as well as on the proximal 
segments of the 1st antenna. In the 1st maxilla I have been able to locate two such 

I 
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pores, one near the clistal end of the 1st or biting inner lobe and a second near the outer 
proximal angle of the exopod. In the maxilliped there is a single pore at the distal outer 
angle of the first four segments of the. endopod. The legs are provided with a large number 
of these pores. In the 1st Swimming leg there is on basal 1 a single pore near the puter 
distal angle. Basal 2 appears to be devoid of any pores. In the 1st and 2nd segments of 
the exopod there is a pore on the posterior aspect near the base of the marginal spine. In 
the 3rd segment of the· exopod there is a single pore on the anterior aspect near the base 
of the 1st marginal spine but sHghtly distal to it on the anterior aspect and a second near 
the base of the 2nd Imarginal spine on the posterior aspect. A single pore opens on the 

TEXT-FlG. 94.-Showing the arrangement of the cutaneous pores on the dorsal aspect of Lucicutia mazima Steuer. 

posterior aspect of the 3rd segment of the endopod. In the 2nd swimming leg basal 1 
has a pore on the posterior aspect near the outer proximal angle. In this leg, . as in the 
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1st leg, there appears to be no pore on the 2nd basal segment. In the 1st and 2nd seg
ments of the exop~d there is a pore near the base of the marginal spine on the posterior 
aspect and in addition the 2nd segment has a pore in the same position on the anterior aspect. 
In the 3rd segment a pore opens on each aspect near the base of the 1st marginal spine; 

J 

one near the base of the 2nd marginal spine on the posterior aspect; and a second one on 
the posterior surface" of the segment midway between the level of the base of the 2nd spine 
and the end of the segment. A single pore opens on the 3rd segment of the endopod. In 
the 3rd and 4th swimming legs the arrangement of the pores appears to be very similar. 
In the 1st basal segment there is a pore near the outer proximal angle on the posterior aspect 
and a second near the base of the inner seta. Basal 2 has one near the base of the outer 

seta and a second near the distal inner corner. In the 1st segment of the exopod there is a 
pore near the base of the marginal spine on each aspect. On the 2nd segment there is a 
pore in a similar situation on each aspect in the 3rd leg but I have only been able to detect 
the pore on the anterior aspect in the 4th leg. In the 3rd segment there is a pore near the 
base of the 1 st marginal spine on each aspect; one near the base of the 2nd marginal spine 
on the posterior aspect, but in the 4th leg this is some distance from the spine on a line drawn 
between the base of the spine and the base of the 1st inner seta, at about one-fourth of the 
distance from the marginal spine; and one on the posterior aspect at a point midway between 
the level of the 2nd marginal spine and the end of the segment. In the 5th leg there is a 
pore on the anterior aspect near the proximal outer angle and a second near the distal outer 
angle. In the exopod on the 1st segment there are three pores near the outer margin, the 
third being situated near the base of the marginal spine; in the 2nd segment there is a 
single pore on the posterior aspect near the base of the marginal spine; and in the 3rd 
segment one pore is situated on the posterior aspect near the base of the 1st marginal 
spine and one on each aspect near the base of the 2nd marginal spine. In every case these 
pores are connected with a small and usually pyriform group of cells that readily take a 
stain and are obviously secretory in function. 

Wolfenden (1911, p. 314) has attempted to sub-divide the various species of this genus 
into two sub-groups according to (1) the number of segments in the endopod of the 1st Swimm
ing leg, and (2) the size of the species. As regards this latter character he arbitrarily selects 
2·0 mm. as the dividing line between the groups and in the group of small species, "not 
over 2·0 mm. in length," he includes. 

Lucicutia clausi (Giesbrecht), 
Lucicutia curta Farran, 
Lucicutia frigida Wolfenden, 
liucicutia flavicornis (Claus), 
liucicutia gemina Farran, 
Lucicutia longiserrata Giesbrecht, and 
Lucicutia ovaZis Wolfenden. 

In the group of larger species, "over 3·0 mm. in length," he included ;
Lucicutia aurita Cleve, 
Lucicutia bicornuta Wolfenden, 
Lucicut·ia lYradyana Cleve, 
Lucic'U.t'6U grandis Giesbrecht, 

12 
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liucicutia intermedia Sars, 
liucicutia lucida Farran, 
liucicutia macroce-ra Sars, 

[Vo~. X, 

liucicutia magna Wolfenden (=L. atlantica Wolfenden and L. gracilis Sa~s), 
Lucicutia ma}or Wolfenden, 
Lucicutia maxima Steuer, and 
Lucicutia tenuicauda Sars. 

The species Lucicutia simulans Sars is intermediate between the above two groups, 
being 2· 40 mm. in total length. 

Such a size classification, while possibly of some assistance in the taxonomic identifica
tion of the various species, is very unsatisfactory and unscientific; the genus clearly falls 
into two natural groups, according to the structure of the endopod of the 1st Swimming 
leg, namely:-

(1) Those species in which the endopod of the 1st leg possesses a two-jointed endo-
pod; namely :--

Lucicutia atlantica W ol£enden, 
Lucicutia clausi (Giesbrecht), 
Lucicutia longiserrata Giesbrecht, 
Lucicutia macrocera Sars, 
Lucicutia magna Wolfenden, 
Lucicutia ovalis Wolfenden, 
Lucicutia simulans Sars, and 
Lucicutia tenuicauda Sars. 

(2) Those species in which the endopod of the 1st leg possesses a three-jointed endo-
pod, namely:-

liucicutia aurita Cleve, 
Lucicutia bic01'nuta Wolfenden, 
Lucicutia bradyana Cleve, 
Lucicutia challengeri, sp. nov., 
Lucicutia curta Farran, 
Lucicutia jlavicornis (Claus), 
Lucicutia frigida Wolfenden, 
Lucicutia gemina Farran, 
liucicutia grandis Giesbrecht, 
Lucicutia intermedia Sars, 
lJucicutia longicornis Giesbrecht, 
Lucicutia lucida Farran (=L. pera A. Scott), 
Lucicutia ma}or Wolfenden, and 
Lucicutia maxin~a Steuer. 

Leaving aside Group 1, which is represented in the ~'Investigator" collections solely 
by Lucicutia ovalis Farran, there are in Group 2 a number of forms that are closely related 
to each other, if not actually identical, on the one hand, and certain so-called species that 
in my opinion are identical on the other. 
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A very considerable degree of confusion appears to have arisen regarding certain species 
in this genus. Brady (1883, p. 50, pl. xv, figs. 1-9, 16), under the name Leuckartia flam
cornis Claus, described and figured a form that had been obtained by the" Challenger" in the 
Paci~c Ocean and which he attributed to this species in spite of the fact that it was very much 
larger, measuring 6,0 mm. in length, than examples of the true Leuckartiajlavicornis from the 
Atlantic Ocean, in which the total length is only 2'0 mm. As Giesbrecht (1892, p. 389) 
pointed out, Brady's form shows certain structural differences in the segments of the abdomen 
from the Atlantic examples, for in the Pacific form segments 3 and 4 of the abdomen are 
much smaller and narrower than either th.e genital segment (segments 1-2) or the anal seg ... 
ment (segment 5). Cleve (1904, p. 204, pI. vi, figs. 33, 34) under the name Lucicutia brad ... 
yana described a species of this genus that was taken in the Agulhas Current off the South 
African Coast. He remarks that" the variation in the forms of the group of L. cla~tsi is, 
according to Giesbrecht, considerable, and it therefore seems very probable that Leuckar
tia jlavicornis Brady (non Claus), Lucicutia grandis Giesbrecht and Lucicutia bradyana 
Cleve represent only variations in one and the same species." Wolfenden (1905, p. 22) 
was of the opinion that the female described by him in 1904 (loo. cit. p. 121) under the name 
Lucicutia grandis (nov. sp.)~, which he had taken in the Atlantic Ocean, was identical 
with the species Lucicutia grandis that Giesbrecht (1895, p. 258) had described from the 
male only and which had been taken in the Pacific, as well as with the form described by 
Steuer from the female only, taken in the" Valdivia" collection, under the name Lucicutia 
maxima. Farran (1908, p. 62) was also of the opinion that Lucicutia grandis (Giesbrecht) 
is synonymous With Lucicutia maxima Steuer. There seems to me to be no reason whatso .. 
ever for associating the female Lucicutia grandis Wolfenden obtained in the Atlantic Ocean, 
with the male Lucicutia grandis (Giesbrecht) taken in the Pacific. Wolfenden had no males 
in his collection and Giesbrecht had no females. Sars (1925, p. 208, pI. lvi) under the 
name Lucicutia grandis (Giesbrecht) again records Wolfenden's form from the Atlantic 
Ocean, but this time associated with the females were certain males that are clearly not 
identical with the form described by Giesbrecht from the Pacific. There is thus little doubt 
in my mind that the Atlantic and Pacific forms are not identical, and since Giesbrecht's 
name for the Pacific form has undoubted priority, the form described by Wolfenden and 
Sars from the Atlantic Ocean must be given a different name and I, therefore, propose the 
name Lucicutia wolfendeni. 

In the" Investigator" collections from Station 682 are several examples of both sexes 
of a species of Lucicutia that appears to correspond with the form described by Brady (1883) 
under the name Leucka;rtia jlavicornis. This species does not agree with either Leucicutia 
grandis Giesbrecht or Lucicutia maxima Steuer and I have, therefore, named it Lucicutia 

challengeri. 

Group 1.-
Lucicutia clausi (Giesbrecht). 

Lucicutia clausi, A. Scott, 1909, p. 126. 
Lucicutia clausi, Sars, 1925, p. 208. 
Lucicutia clausi, Sewell, 1913, p. 354. 
Lucicutia clausi, Farran, 1929, p. 263. 
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This species is widely distributed and has been recorded from the Malay Archipelago 
(A. Scott) ; the southern end of the Bay of Bengal (Sewell); and from the Agulhas Current 
(Cleve). Examples were taken by the" Investigator" at Station 393. 

Lucicutia ovalis Wolfenden. 

Lucicutia ovalis, Wolfenden, 1911, p. 319, text-fig. 61a-c, pI. xxxv, fig. 6. 

Lucicutia ovalis, Farran, 1929, p. 263, fig. 25. 

Lucicutia jlavicornis (in part), Sewell, 1912, p. 366. 

This species was:first described by Wolfenden (loc. cit. 1911) from material obtained by 
the" Gauss" in the North Atlantic. The same species has since been recorded by Farran 
from the Atlantic Ocean and off New Zealand. During the preparation of the present 
paper I have been revising my previous identifications of species from different parts of the 
Indian Ocean and I have discovered that a number of examples that I had previously re
garded as belonging to the species Lucicutia flavicornis (Claus) are in reality examples of 
Wolfenden's new species. These specimens ha ve been taken for the most part off the 
coast of Southern Burma and off the Crocodile Rocks. 

Group 2.--
Lucicutia hicornuta Wolfenden. 

Lucicutia bicornuta, A. Scott, 1909, p. 126, pI. xxxix, figs. I-II. 

Lucicutia bicornuta, Wolfenden, 1911, p. 321,. text-fig. 63a~c. 
Lucicutia bicornuta, Sewell, 1913, p. 354. 

Lucicutia bicornuta, Sars, 1925, p. 214, pI. lviii, figs. 1-3. 

This species, which was originally obtained by the" Gauss" in the South Atlantio 
Ocean in about Lat. 23°S, has since been taken in the Mediterranean Sea by the" Princesse 
Alice" and in the Malay Archipelago by the" Siboga." Numerous examples occur in the 
" Investigator" collection at Station 393. 

Lucicutia challengeri, sp. nov. 

(Text-fig. 95 ; a-j.) 

Leuokartia jlavicornis, Brady, 1883, p. 50, pI. xv, figs. 1-6, 16. 
(non Lucicutia jlavicornis Claus). 

Several examples of both sexes were taken at " Investigator" Stations 393 and 682. 
~ Total length 5·54 mm. These examples are slightly smaller than those examined 

by Brady, for h~ states that they measured 6'0 mm. 
The proportional lengths of the cephalothorax and abdomen are as 32 to 17, so that 

the abdomen is contained l' 88 times in the length of the anterior region of the body. 
The forehead is rounded and is provided with a pair of delicate rostral filaments that 

arise from a swollen base. On each side of the head there is a stout triangular spine. The 
posterior thoracic margin is bluntly rounded. 

The abdomen consists of four free segments, segments 1 and 2 being fused in the 
genital segment. The two middle segments, segments 3 and 4, are much narrower than 
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either the genital or anal segment. The proportional lengths of the segments are as 
follows :-

Abdominal segment 1-2 3 4 5 Furca 
22 12 12 24 30 = 100. 

Thus the furcal ramus is only one-and-a-quarter times as long as the anal segment, 
whereas in Lucicutia maxima Steuer, the rami are equal in length to the two last abdominal 
segments. The 2nd furcal seta is long and stout and is equal in length to the whole abdo
men, including the furcal ramus. 

TEXT-FIG. 95.-Lucicutia challengeri, sp. nov. 

a. The 2nd antenna. f. The maxilliped. 
b. The biting lobe of the mandible. g. The 1st swimming leg. 
c. The mandibular palp. h. The 5th leg, female. 
d. The 1st maxilla.. j. The 5th pair of legs, ma.le. 
e. The 2nd maxilla.. 

The 1st antenna reaches back nearly to the middle of the furcal ramus. The propor
tionallengths of the segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
73 16 21 22 22 23 22 22 21 22 28 30 44 49 57 61 61 66 60 52 47 48 51 50 23 =1000-. 



292 Memoirs oJ the Indian Museum. [VOL. X, 

In the 2nd antenna the two rami are of equal length but, owing to the different levels 
at which they are articulated with the basal segment, the endopod appears to be much the 
longer. Basal 1 bears a single long seta; basal 2 also bears a single seta. The exopod 
consists of eight segments; segments 1 to 7 each bear a single seta and segment 8 "Qears 
one seta at about one-fifth of its length from the.distal end and three setae distally. The 
endopod consists of two segments. Segment 1 bears two unequal setae about the middle 
of it~ length and has a patch of hair-like spines along its distal half. Segment 2 bears a 
corresponding patch of hairs on the distal part of its inner margin; the outer lobe bears 
eight setae and the inner seven, of which one is quite small. 

In the mandible the biting process is armed with strong teeth and agrees with the figure 
published by A. Scott (1909, pI. xli, fig. 7) of this appendage in the male that he attribute~ 
to the species Lucicutia 1naxima Steuer. 

In the 1st nlaxilla the biting lobe bears thirteen spines; lobe 2 bears three setae 
as also do lobe 3 and the 2nd basal segment; endopod 1 has four setae and the terminal 
segments bear five setae. The exopod possesses elevtD setae and the outer appears to 
have five. 

In the 2nd maxilla lobe 1 bears five spines; lobes 2 to 5 each bear three and lobe 6 

bears two. The endopod carries six setae. 
The maxilliped has the usual form. Basal 1 is shorter and much stouter than basal 2, 

which is nearly five times as long as wide. The proportional lengths of the several part.s 
are as follows :-

Basall Basal 2 Endopod 
28 36 36 =100. 

Basal 2 bears four setae on its anterior margin and two at its distal end; a line of fine 
needle-like spines runs along the greater part of the length of the segment. Endopod 1 to 
4 each bear two setae; and endopod 5 bears four. 

In the 1st swimming leg both rami are three-pointed. Basal 2 bears a cylindrical process. 
at its inner distal angle, from which springs a short seta. In the exopod the marginal spines 
are long, each reaching to a point beyond the base of the next spine. The three segments 
bear respectively 1, 1 and 2 marginal spines and 1, 1 and 4 setae. The end-spine is strong 
and is finely serrated. The endopod reaches to a point opposite the level of the joint between 
segments 2 and 3 of the exopod; the segments bear 1, 2 and 5 setae respectively. 

The 2nd to 4th swimming legs are similar to those of other members of the genus. 
In the 5th swimming leg basal 1 possesses a small pore, opening to the exterior near 

the distal outer angle; basal 2 also has a corresponding pore in nearly the same situation 
and in addition ~arries a small outer seta. In the exopod the 1st segment is considerably 
longer than the 2nd and is devoid of any inner seta; a small pore opens near the base of the· 
marginal spine; exopod bears the usual stout inner seta and there is spore near the base of 
the marginal spine; exopod 3 bears two marginal spines, at the base of each of which opens. 
a slllall pore. 

In several species of Lucicutia the structure of the appendages is so similar that it is. 
extremely difficult to detect anything that can be utilised for the purpose of taxonomic dis
crimination. A study of the proportional lengths of the various segments in the swimming 
legs seems to indicate that there are differences that can be utilised for this purpose. I 
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~heref~re give below the proportional lengths of the three segments and the end-spine in the 
five pairs of legs. 

P.l. P.2. P.3. P.4. P.5. 

Exopodfl 36 47 48 48 60 
Exopod 2 24 31 38 41 38 
Exopod 3 45 85 97 89 53 

Endspine 51 48 50 48 30 

~ Total length 3'905 mm. to 4'60 mm. 
The proportional lengths of the cephalothorax and abdomen are as 119 to 88, so that 

the abdomen is contained 1'352 times in the length of the anterior region of the hody. The 
head is produc~ on either side in a well developed spine. The posterior thoracic margin 
is rounded. Th~ rostrum. consists of a pair of tapering filaments. 

The proportional lengths of the abdominals segments are as follows :-

Abdominal segment I 2 3 4 5 Furca 
11 15 15 13 13 33 =100. 

The furcal rami are five_times as long as broad and the 2nd furcal seta is as long as the 
whole abdomen and is three times the length of the other furcal setae. The outer seta is 
sho~ and spine-like and arises from the outer margin one-seventh of the length of the whole 
ramus from the proximal end. The inner margin of the furcal rami are fringed with hairs . 

• 
The 1st antenna reaches to the posterior margin of the anal segment; that on the left 

side is modified to form the usual grasping organ. The proportional lengths of the various 
segments are as follows:-

Selnnent. 
Right 

Left 

1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2~ 25 
74 16 16 16 22 22 22 22 22 22 26 29 47 47 55 58 61 63 6755 50 55 57 50 26 =1000. 
~ '----..---J ,-__ ...--_...J '-y---' 

92 16 22 22 22 22 24 18 19 84 43 65 70 70 76 131 119 43 27 =1000. 

In the right antenna all the segments are separate but in the grasping antenna on the 
left side segments 1 and 2 are completely fused; segments 10 and 11 are partially fused; 
segments 11, 12 and 13 are fused, though in some specimens the limits of each segment 
can be detected; segments 19-21 and 22-23 respectively are completely fused. 

In the 2nd antenna the two rami are of equal length. The 1st basal bears a single 
long seta. Basal 2 bears a single seta. The exopod consists of eight segments; segments 
1 to 7 each bear a single seta and segment 8 bears a single seta at about four-fifths of its 
length and three ~setae distally. The proximal segment of the endopod bears two unequal 
setae about the middle of its length and has a patch of hair-like spines on its distal half. 
The distal segment bears a patch of hair-like spines on its distal half and the inner and outer 
lobes bear seven and eight setae respectively, one of the setae on the inner lobe being small. 

In the malldible the biting process is armed with stout teeth and agrees with the figure 
given by A. Scott (1909, pI. xli, fig. 8) of this appendage in Lucicutia 1naxil1~a. 

In the 1st maxilla the biting lobe (lobe 1) bears thirteen spines; lobe 2 and lobe 3 each 
bear three setae. The 2nd basal segment carries three· setae. Endopod 1 bears four setae 
and endopod 2-3 carries five. The exopod bears eleven setae and the outer lobe has five. 

The maxilliped has the usual form. Basal 1 is shorter and much stouter than basal 2, 
which is nearly five times as long as wide; the proportional lengths of the several parts are 
as follows; Basal 1, 28; Basal 2, 36; Endopod, 36. Basal 2 bears four setae on its 

K 
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anterior margin and two at its distal end; a line of fine needle-like spines runs along the 
greater part of the length of the segment. The endopod consists of 5 segments bearing 2, 

2, 2, 2 and 4 setae respectively. Endopod 1-3 are all armed with fine needle-like spines. 
In the 1 st swimming leg both the rami are three-jointed. Basal 2 beats a cylindr.ical 

process at its distal inner angle, from which springs a small seta. In the exopod the marginal 
spines are long, each reaching to a point beyond the base of the next spine. The segments 
bear 1, 1, and 2 marginal spines respectively and 1, 1, and 4 setae on their inner margins. 
The end-spine is strong and finely serrated. The endopod reaches to .the level of the joint 
between exopod 2 and 3. The segments bear 1,2, and 5 setae respectively. 

The 2nd-4th swimming legs are similar to those of other members of the genus. The 
proportional lengths of the various segments and the end-spine of· the exopqd of the several 
legs are as follows :-

P.l. P.2. P.3. P.4. 

Exopod 1 36 44 45 44 
Exopod 2 24 31 37 39 
Exopod 3 46' ·86 96 94 
End-spine 51 50 55 47 

The 5th pair of legs agree closely with the description and figures giv~n by Brady (loc. 
-cit). In the right leg basal 2 is swollen on its inner face and bears a few small spines; at . \ 

its outer distal angle it carries a small spine-like seta. The exopod consists of two segments. 
Exopod 1 bears a small but stout marginal spine at its distal outer angle. Exopod 2-3 bears 
a short spine on its inner margin at about one-third ,of its length; there is a single spine on 
-the outer margin about three-fourths of .the length from the proximal end, and two other 
-spines arise near the distal extremity. The endopod is two-jointed; the distal segment 
-is oval in outline and reaches nearly to the level of the j oint between the two segments 
of the exopod; the outer margin is fringed with hair and the distal and inner margins carry 
·six setae altogether. In the left leg basal 2 is swollen and on its inner face bears a row of 
-seven spines that increase in size distally. Both rami are three-jointed. Exopod 1 bears 
a stout marginal spine. Exopod 2 bears a slender marginal spine and exopod 3 bears three 
spines, one on each margin near the distal eXtremity and one distally. The third segment 
of the exopod is short and stout and measures in length only about the same as the second 
:segment. 

Lucicut;a flavicornis (Claus). 
Lucicut-ia jlavicornis, A. Scott, 1909, p. 125. 

Lucicut·ia flavicornis, Wolfenden, 1911, p. 323. 
Lucicutia flaVicornis, Sewell, 1912, p. 366. 

Lucicutia flavicornis, Sewell, 1914, p. 228. 
Lucicutia flavicornis, Sars, 1925, p. 207. 

Lucicutia jlavicornis, Farran, 1926, p. 274. 

Lucicutia flavicornis, Farran, 1927, p. 262. 

(non Leuckartia flavicornis, Brady, 1883). 

This species has a wide distribution. It has now been recorded in Indian waters from 
the Malay Archipelago (Cleve; A. Scott) the coast of Burma (Sewell) ; the Ceylon Pearl 
:Banks (Thompson and A. Scott, Sewell) ; thp, Maldive and Laccadive Archipelagoes (Wol-
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fenden); the Agulhas Current and the S. African coast (Cleve) and the Red Sea (A. Scott). 
Examples have been taken by the " Investigator" at Stations 555, 558 and 614. 

Lucicu~ia maxima Steuer. 

(Text-figs. 94, 96a-e). 

Lucicutia maxima, Steuer, 1904, p. 596, [g. 4. 

Lucicutia maxima, A. Scott, 1909, p. 127, pI. xli, figs. 1-10. 
Lucicutia maxima, Sewell, 1913, p. 354. 

(non Lucicutia maxima, Sars,.1925). 

A number of examples of a species of LuciQutia, both males and females, were taken 
by the" Investigator" at Station 393. The females agree closely with the description given-

. .,. The 1st swimming leg. 

b. The. 5th leg, female. 
1'. The 5th pair of legs, male. 

TEXT-FIO. 96.-Lucicut·ia maxima Steuer. 

",. 

\ 

d. The right 5th leg of anot.her example. male . 
e. The left 5th leg of another exltmple, male. 

K .') 
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by Steuer, and the males with the description and figures given by. Scott; there can, there
fore be little doubt that they belong to the above species. The form described by Sars under 
the same name, from the Atlantic, appears however to be different. The furcal rami of 
the female are considerably longer than in Lucicutia maxima and the general charactels of 
the 5th pair of legs in the male also differ considerably from Scott's and the present examples. 

~ Total length 7·49 mm. 
The proportional lengths of the cephalothorax and abdomen are as 90 to 71, so that the 

abdomen is contained 1·268 times in the length of the anterior region of the body. 
The head and 1st thoracic segment are separate and thoracic segments 4 and 5 are fused. 

There is a well developed triangular spine present on each side of the head. The posterior 
thoracic margin is rounded. 

The abdomen consists of four free segments, segments 1 and 2 being fused to form 
the genital segment. The furcal rami are symmetrical. The propQrtiqnal lengths of the 
abdominal segments are as follows :-

Abdominal segment 1-2 4 5 Furca 
23 13 12 15 37 =100. 

The furcal rami are thus very nearly equal, in length to the last three segments of the 
abdomen. Sars in his description of the Atlantic form, which he considered to belong to 
this species, states that the furcal rami" sont beacoup plus allongees occupant la demi
longueur de la queue." If this were so the proportional length would be in the neighbour
hood of 50 instead of only 37. 

The 1st antenna reaches back to the posterior end of the furcal ramus. Each antenna 
consists of 25 separate segments, having thefollowing proportional lengths :-

Sef,!:ment 1 2 3 -1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
13 15 19 23 2-1 23 22 22 22 23 26 29 47 53 59 63 65 65 68 53 50 50 50 44 22 =1000. 

Open pores, connected apparently with gland cells contained within the segments of 
the antenna, are to be found on the proximal segments. Two are situated on the 1st segment 
and one each on the 2nd to 13th segments inclusive; they open on the posterior aspect. 

The 2nd antenna and mouth-parts closely resemble those of the preceding species. 
The swimming legs also closely resemble those of Lucicutia maxima Steuer but there 

are certain differences in the proportional lengths of the .segments and terminal spine of the 
exopods. In the table below I have given the proportional lengths of these several parts; 

P.l. P.2. P.8. P.4. P.5. 

Exopod 1 35 49 49 48 58 
Exopod 2 25 34 42 41 39 
Exopod 3 51 87 98 94 54 
End-spine 45 42 45 41 30 

A comparison of these measurements with those. given above (vide supra, p. 293) 
shows that there is little difference in the actual proportional lengths of the segments but the 
end-spine in all the legs except the 5th is appreciably shorter in the present species. 

Associated with these females were certain males that agree closely with the descrip
tion and figures given by A. Scott (1909). There seems to be a certain degree of variation in 
the character of the 2nd basal segment of the 5th left leg. According to Scott" the 2nd joint 
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of the basipodite of the left fifth foot is produced internally. The distal end of the process 
is furnished with two very stout teeth. The inner margin of the second joint of the basi
podite of the right foot is similarly inflated, and bears four short teeth." In certain examples 
in the "Investigator" collection there is below the two stout teeth mentioned by Scott 
on tne inner margin of the 2nd basal segment of the left leg a series of small teeth that may 
vary in number from a single one to as many as seven (cf. text-figs. 94 aDd 96). In.all other 
respects the examples appear to agree, and I conclude that the species is variable in this 
character. 

Copepodid Stage V. 

Associated with the above adults were several immature examples in the 5th Copepodid stage of deve
lopment. These I believe to belong to the same species. 

Total length 6·05 mm. 

The proportionall lengths of the Cephalothorax and abdomen in this stage of development are as 71 
to 54, so that the abdomen is contained 1-315 tim(;'s in the length of the anterior region of the body. 

The abdomen consists of only four segments; segments 4 and 5 have not yet become differentiated. 
The proportional lengths of the abdominal segments 'and the furcal rami are as follows :-

AbdomiI:.8t1 segment 1 2 3 Furca 
13 14 13 23 37 = 100. 

The general characters of the thorax and anterior region are similar to those of the adult. 
The 1st antenna consists as in the adult of 25 free segments. These have the following proportional 

lengths ;-

Segment 
Stage V 
Adult 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
73 14 17 17 21 21 21 21 21 23 27 32 49 54 61 68 68 71 75 64 56 59 
63 15 19 23 24 23 22 22 22 23 26 29 47 53 59 63 65 65 68 53 50 50 50 

For the purpose of comparison I have given the proportional lengths in the corresponding segments 
of the antenna in the adult; from these· it will be seen that in the 1st segment there is a considerable de
crease in the length in all the segments, between 2 and 10 there is a slight increase in size and distal to this 
point the lengths of the segments slightly decreases, the actual amount of this decrease being greatest 
about the 20th segment. 

The 2nd antenna in its general form and proportions agrees with that of the adult, but there are difiet
ences in the number of setae that arise from the lobes of the distal segment of the endopod ; in this stage 
there are 7 setae arising from the outer lobe a~d 6 from the inner instead of 8 and 7 respectively, as in the 

adult. 
The mandible appears to have already assumed its adult form. 
In the 1st maxilla the biting lobe bears 13 setae. The 2nd inner lobe bears 3 setae and the 3rd inner 

lobe and the 2nd bas.al each bear 3 setae; endopod 1 carries 4 and the rest of the endopod 5 setae. There 
a.re 9 setae on the exopod. Unfortunately the outer lobe was damaged during the process of dissection, 
I am, therefore, unable to state the number of setae present on it. 

In the 2nd maxilla the 1st lobe bears 4 setae; the 2nd lobe bears 2 setae 3rd and 4th lobes each bear 

'3 setae. 
The maxilliped is as in the adult; the proportional lengths of the two basal segment and the endopod 

are as 90 ; 128 ; 118. Basal 2 is four times as long as broad. In the endopod the proximal four segments 
each bear 2 setae and the terminal segment carries thr~e long and a small external setae. 

The anterior four pairs of legs have already assumed their adult characters. The 5th pair of legs 
possesses both rami that are composed of two segments only, segments 2 and 3 not yet having become 
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differentiated. The proportional lengths of the segments of the exopod and the end-spine in the legs are· 

as follows:-
P.l. P.2. P.3. P.4. P~ 5. 

Exopod 1 38 50 48 47 58 
Exopod 2 24 32 39 38 

} EXODOd 3 48 86 96 92 84· 

End-spine 45 45 51 46 39 

Family HETERORHABDIDAE. 

D1l:ring recent years attempts have been made to divide this family into several genera,_ 
in order to accommodate species that showed clear evidence of affinity; originally the only
two genera in the family were H eterorhabdus Giesbrecht and Disseta Giesbrecht, but in 
1905 G. O. Sars created the genus Mesorhabdus to accommodate the form Mesorhabdus annec
tens that has been taken by the" Princesse Alice" in the Atlantic Ocean; A. Scott in 1909 
added a second species, M. truncatus from the collections of the "Siboga " in the Malay 
Archipelago. The definition of the genus, as given by Sars, is as follows. "Genus inter
mediate between Heterorhabdus and Disseta, distinguished from the former by the structure 
of the mandibles and specially by that of the anterior maxillipeds (2nd maxillae), of which 
all the lobes are well-developed and furnished with setae, of which two only are transformed 
into claw-like spines." In 1911 Wolfenden attempted to further ~ubdivide the family and 
created the genera Alloior,.habdus and Hemirhabdus. The main character on which he based 
the separation of the genera is the number of setae arising from the segments of the endopods 
of the swimming feet. These he gives in the various genera of the family as follows :-

H et erorhabdu8. Alloiorhabdu.s. H emirhabdu.s. Disseta. 

1st foot 1 2 4 1 2 5 1 2 5 1 2 5 
2nd foot 1 2 5 1 2 7 1 2 7 1 2 8 
3rd foot 1 2 6 1 '2 8 1 2 7 1 2 8 
4th foot 1 2 5 1 2 7 1 2 7 1 2 8 
5th foot 1 1 4 1 1 6 1 1 6 1 1 6 

As in preceding families, the body is provided with cutaneous glands and pores but 
the number of such gradually decreases in the various genera as we pass from Hemir-
habdus through H eterorhabdus and H ete}'ostylites to Disseta. 

Genus HETERORHABDUS Giesbrecht. 

Cleve (1901) was the first to record the occurrence of Heterorhabdus papilliger (Claus) 
in the Mala y Archipelago and in 1903 he also recorded it from the Gulf of Aden. In 
the latter year Thompson and A. Scott reported its occurrence in the Arabian Sea and added 
H. spinifrons (Chius), H. abyssalis (Giesbrecht) and H. clausi (Giesbrecht) from the same' 
locality. In 1905 Cleve recorded H etet'orhabdus abyssalis and H. papilliger from the Agulhas 
Current and also H. tanneri Giesbrecht and H. austrinus Giesbrecht from the same area. 
A. Scott in 1909 recorded the occurrence of Heterorhabdus clausi, H. spinifrons and 
H. papilliger from the " Siboga " collection in the Malay Archipelago. 

In the genus H eterorhabdus there are but few cutaneous pores in the body; in H etero
Ifhabdus papillige'J' (Claus) I have only been able to discover a single pair of pores in the 
anterior region of the body, situated near the base of the 1st antenna in the lateral 
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region; there are, however, several pores on. the anal segment of the abdomen and 011 the 
furcal ramus, as shown in text-fig. 97. In addition to those on the dorsa]. aspect of the 
furcal rami there is:a pair on the ventral aspect near the inner margin, the proximal being 

TEX~.FIG. 97.-Het61'<n'kabdus papilliger (Claus) showing the pores on the cephalon and the a.nal segment and furea. 

near the base of the ramus and the distal about half-way along its length. There are 
·two pores on the postenor aspect of the 1st segment of the 1st antenna and one each 
·on segments 3-6 ant ll, 12. 

Heterorbabdus clausi (Giesbrecht). 

(Text-fig. 98 c, d). 

Heterorhabdus clausi, A. Scott, 1909, p. 130. 
Heterorkabdu8 clausi, Wolfenden, 1911, p.303. 

Two examples of this species, both females, were taken at" Investigator" Station 393, 
The species appears to be of wide distribution and has now been recorded from aU three of 
the great oceans. 
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Heterorhabdus papilliger (Claus). 

(Text-fig. 97). 

Heterorhabdus papilliger, A. Scott, 1909, p. 13I. 
Heterorhabdus papilliger, Wolfenden, 1911, p. 302. 

Heterorhabdus papilliger, T. Scott, 1912, p. 535. 
Heterorhabdus papilliger, Sewell, 1913, p. 354. 
Heterorhabdus papilliger, Sars, 1925, p. 229, pI. lxii, figs. 13-19. 

Heterorhabdus papilliger, Farran, 1926, p. 282. 

Heterorhabdus papilliger, Farran~ 1929, p. 265. 

[VOL. X, 

This species is widely distributed throughout Indian waters. It has now been describ
ed from the Malay Archipelago (Cleve, A. Scott); the Arabian Sea (Thompson and A. Scott); 
the Gulf of Aden (Cleve) and the Agulhas Current (Cleve). Examples of this species occur 
in the" Investigator" collections from Stations 670 and 682. 

Heterorhabdus spinifrons (Claus). 

Heterorhabdus spinifrons, A. Scott, 1909, p. 130. 

Heterorhabdus spinifrons, Wolfenden, 1911, p. 302. 
Heterorhabdus spinifrons, Sars, 1925, p. 227, pI. lxii, figs. 9-12. 

Heterorhabdus spinlfrons, Farran, 1926, p. 282. 

H eterorhabdus spinifrons, Farran, 1929, p. 264. 

The range of occurrence of this species appears to be co-extensive with that of the pre
ceding species, H. papilliger. Examples have been taken by the. " Investigator" at Sta
tions 670 and 682. 

Heterorhabdus vipera (Giesbrecht). 

Heterochaeta vipera, Giesbrecht, 1889, p. 812. 

Heterochaeta vipera, Giesbrecht, 1892, p. 373, pI. xxx, figs. 5, 6, 12, 13, 18, 20, 27 ; pI. xxxix, 
fig. 41. 

Heterorhabdus vipera, Giesbrecht and Schmeil, 1898, p. 116. 
Heterorhabdus Jipera, Wolfenden, 1911, p. 303. 

Heterorhabdus vipera, Farran, 1926, p. 284. 

This species has already been recorded from the Pacific an~ Atlantic Oceans; its occur
rence in Indian waters is, therefore, not surprising. A single specimen, a female, was 
taken at " Investigator" Station 682. 

Genus Heterostylites Sars. 

This genus was created by Sars in 1920 to accommodate· two species that had hitherto
been classed with the genus Heterorhabdus, namely Heterostylites longicornis (Giesbrecht) 
and H. maJ'or (Dahl). Up to the present time only the first of these species has been record
ed from Indian waters. A. Scott (1909) recorded the occurrence of Heterostylites longicornis 
from the collections made by the" Siboga " and the same species occurs in the" Investiga
tor " collections. 
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Heterostylites Iongicornis (Giesbrecht). 

(Text-fig. 98 a-b). 

Heterorhabdus lo~icornis, A. Scott, 1909, p. 131. 
Heterorhabdus longicornis, Wolfenden, 1911, p. 302. 
Heterorhabdus longicornis, Sewell, 1913, p. 354. 
Heterostylites longicornis, Sars, 1925, p. 238, pI. lxvii, figs. 1-16. 
Heterorhabdus longicornis, Farran, 1926, p. 283. 
Heterostylites longicornis, Farran, 1929, p. 267. 

301 

This species is one of wide distribution, ha ving now been taken in the Pacific Ocean, 
the Malay Archipelago, the Indian Ocean and in the Atlantic Ocean and its off shoots. 
Examples appear to be very variable as regards size; the female is usually stated to have 
a length measurement of 3'0 mm.; Farran, however, (1929, p. 267) gives the length of a 
specimen taken by the" Terra Nova" in the South Atlantic in Lat. 22° 6' at the surface 
as only 1·32 mm. Specimens taken by the" Investigator" measure 3'19 mm.; but Sars 
gives the size of his examples from the North Atlantic as 3' 0 mm. Among the examples 
in the Norman Collection in the British Museum (Nat Rist.) are several examples of this 
species, most of which have an average length of 3·1 mm. but three other examples are con-

TEST-FIG. 98.-HeterostyUte8Umgicornis (Giesbrecht). 
a. Exopod of 2nd swimming leg. h. Exopod of 3rd swimming leg. 

HeterorhabduB clau8i (Giesbrecht). 
c. Exopod of 2nd swimming leg. d. Exopod of 3rd swimming leg. 

siderably larger and measure 4'4 mm. This agrees with the results obtained by Farran 
(1908), who has found that off the West Coast of Ireland examples of this species fall into two 

L 
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definite groups as regards size; a smaller group having a length measurement of 3,0 to 3·5 
mm. and a larger measuring about 4,5 mm. He states that he could detect no difference 
structurally between the members of these two groups. 

In this species there is a large number of pores present on certain parts of the hody 
and its appendages. In the body itself I have been able to detect two such pores on the 
anal segment of the abdomen, one situated laterally on the dorsal aspect near the articula
tion of the furcal ramus and the second in the ventro-Iateral region at about the junction of 
the proximal and 2nd quarter of its length. Two other pores are situated on the furcal 
ramus, one on the dorsal aspect at the junction of the proximal and middle thirds of the 
length and the second near the base of the external ~ta. Pores are present on the basal 
segments of the 1st antenna; on the 1st segment there are two pores on the anterior aspect 
at the junction of the proximal and middle thirds and a third pore lies on the posterior surface 
near the distal margin; there is a single pore on each of the segments 3 to 6. 

A single pore is present on basal 2 of the 2nd antenna. In the mandible there are two 
pores on the 2nd basal segment, orie lying near the level of attachment of the exopod and 
the second a little more distal. In the 1st maxilla a single pore is present on the basal seg
ment. In the 2nd maxilla basal 1 bears two pores near the posterior margin; basal 2 has a 
single pore and there is a single pore on lobe 5. The maxilliped possesses a pore on basal 2 
near the posterior margin at the junction of the proximal and middle thirds of its length. 
The number of pores on the segments of the swimming legs is also somewhat increased; in 
most of the legs there are pores at the base of each' of the marginal spines on the segments 
of the exopod and, further, in the 2nd, 3rd and 4th legs there are also pores opposite the 
origins of setae 2, 3 and 4 on the inner margin. In exopod 2 there are in the 2nd and 3rd 
legs several pores near the outer margin. 

Heterostylites major (Dahl). 
Heterochaeta major, Dahl, 1894, p. 79. 

Heterorhabdus major, Giesbrecht and Schmeil, 1898, p. 117. 

Alloiorhabdus medius, Wolfenden, 1911, p. 306, figs. 55a-i. 
Heterostylites major, Sars, 1925, p. 239, pI. lxvii, figs. 17, 18. 
Heterostylites major, Farran, 1929, p. 267. 

A single example of a male Heteros~ylites was taken by the" Investigator" at Station 
463. This specimen measured as much as 5,0 mm. in total length, which agrees with the 
recorded size of Dahl'::, species. A careful examination, however, failed to reveal any 
structural difference between this large specimen and the smaller examples of H eterostylites 
longicornis, and 1 am very doubtful as to the validity of H. major (Dahl) as a true species. 

Genus HEMIRHABDUS Wolfenden . .. 
Wolfenden (1911, p. 308) created the genus Hemirhabdus to include Hemirhabdus 

grimaldii (Richard) and a new species which had been taken by the" Gauss" and for which 
he proposed the name H. falciformis .• He based his separation of this genus upon certain 
characters of the maxilla and maxilliped and, as already mentioned, on the number of setae 
arising from the endopods of the ~wimming legs. Sars in 1920 (p. 11) created a 
genus, which he termed Macrorhabdus, to accommodate the two species, M. grimaldii and 
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M. latus, but in his Monograph, published in 1925, he acknowledges the priority ot 
Wolfenden's genus. 

According to Wolfenden, the members of this genus possess the following number of 
setae, on the segments of the swimming legs. 

Segments of endopod. 
1 2 3 

~st leg 1 2 5 

2nd leg 1 2 7 

3rd leg 1 2 7 
4th leg 1 2 7 
5th leg 1 2 6 

• 0 

0, 

TEXT-FIG. 99.-Hemi,habclus grimaldii (Richard) from the dorsal side, showing )he distribution of the cutaneous pores. 

He also states that this was the number of setae present in his examples of H emirhab
dus grimaldii and H. falciformis; Sars, however, in his figures of both H emirhabdus grimaldii 
and H. latus (we. ei,. PI. lxiii, fig. 12 and PI. lxiv, fig. 13) shows the number of setae 

L 2 
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on the segments of the 3rd swimming leg in both species as 1, 2,8 and this is also the case in 
the specimens examined by me and obtained by the" Investigator" It would appear, 
therefore, that either Wolfenden is wrong in supposing that the setal formula for this 
appendage is 1, 2, 7 or that the number of setae is liable to variation. ,. 

In 1909 A. Scott under the name Mesorkabdus truncatus described from the Malay 
Archipelago a species that clearly belongs to this genus and is either identical with or very 
closely related to H emirhabdus latus Sars. 

!,o 

· In this genus, as in the preceding ones, the body is provided with a number of cutaneous 
glands and pores that open on the various segments of the body. In the anterior region the 
number of such pores is comparatively small and for the most these are situated in the lateral 
legion of the cephalon and the thoracic segments. The abdomen and furcal rami are, how
ever, provided with numerous pores that open .on both the lateral and dorsal aspects. I 
have shown the distribution of these pores in Hemirhabdus grimaldii (Richard) in Text-fig. 99. 

Hemirhabdus grimaldii (Richard). 

(Text-figs. 99, 100 aj). 

Heterochaeta grimaldii, Richard, 1893, p. 151. 
Heterorhabdus grimaldii, Giesbrecht and Schmeil, 1898, p. 117. 
Heterorhabdus grimaldii, Wolfenden, 1905, p. 10, pI. iv, figs. 3-5. 
H eterorhabdus grimaldii, Farran, 1908, p. 66. 
Hemirhabdus grimaldii, Wolfenden, 1911, p. 309, text-iig. 56. 

Heterorhabdus grimaldii) Sewell, 1913, p. 354. 
Macrorhabdus grimaldii, Sars, 1920, p. 11. 
H emirhabdus grimaldii, Sars, 1925, p. 230, pI. lxiii. 
Hemirhabdus grirnaldii, Farran, 1926, p. 284. 

Up to the present time this rare species has only been recorded from the Atlantic Ocean. 
A single example was taken by the "Investigator" at Station 393. 

~ Total length 9·21 min. 
The proportional lengths of the cephalothorax and abdomen are as 265 to 121, so that 

the abdomen is contained 2'19 times in the length of the anterior region of the body. 
The proportions of the abdominal segments are as follows:-

Abdomina.l segment 1-2 3 4 5 Furca 
48 23 20 20 22 = 100. 

On the segments of the abdomen are several series of pores connected with gland cell~ 

lying within the segments. On the 1st segment (segment 1-2) there are a number of these 
pores arranged in a pattern as shown in Text-fig. 99. A single pore is situated in the middle 
dorsal line and ort either side are least 16 others. On the 2nd free segment (segment 3) three 
pores, two close together anteriorly and a single one more posteriorly, lie in the lateral line 
and on the dorsal-lateral aspect are three pairs arranged antero-posteriorly. On the 4th 
segment near the posterior margin is a line of six pores, three on either side of the middle 
line, and a single pore lies on each side at the junction of about the anterior and middle 
thirds of the segment, \vhile a pair open on each side laterally. In the 5th segment there 
are two pores near the anterior margin, one on either side of the middle line, and an 
antero-posteriorly arranged pair is situated on the lateral aspect. Two pores open on the 
dorsal aspect of the furcal ramus. It is possible that, in addition to those mentioned , 
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there ma~ be others; for these pores are by no means easy to detect. A number of pores 
are also sltuated on the segments of the thorax, as I have indicated in the figure. 

TEXT-Fla. lOO.-H.~mirhabdu8 grimaldii (Richard). 
a. The proximal segments of the 1st antenna. d. The 1st swimming leg. 
b. The 1st maxilI8.. e. The 4th swimming leg. 
G. The 2nd maxilla. f. The 5th leg. 

The 1st antenna reaches to beyond the posterior end of the abdomen by the last four 
segments. Each antenna. consists of 25 free segments that have the following proportional 
lengths :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
61 16 21 17 20 18 18 16 16 20 21 22 41 46 55 59 62 66 73 68 71 02 61 52 18 == 1000. 

The proximal segments bear numerous pores for small glands situated within the seg
ment; of these there are 8-10 On segment 1 ; 3 on segments 2; 1 and 3 on segment 4; 3 
on segment 5; 2 on segment 6; 2 on segment 7 and 1 on segment 8 and 1 on segluent 12. 
Their respective positions are shown in Text-fig. 99. 

The specimen from Indian waters appears to agree closely with those from the Atlantic 
Ocean. 
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Hemirbabdus truncatus (A. Scott). 

(Text-fig. 100 a-y'). 

Mesorhabdus truncatus, A. Scott, 1909, p. 132, pI. xxxix, figs. 12-21. 

? Hemirhabdus latus, Sars, 1925, p. 232, pI. lxiv. 

[VOL. X: 

A single example of this species was taken by the "Investigator" at Station 393 
and two others at Station 682. All three are females. 

~ Total length 7'44 mm. This is rather larger than the measurement given by A. Scott 
for the type specimen, which measured only 7'0 mm. The proportional lengths of the 
cephalothorax and abdomen are as 99 to 38, the abdomen being thus contained 2'6 times 
in the length of the anterior region of the body. 

TEXT-FIG. 101.-Hemirhabdu8 truncatU8 (A. Scott). 
a. The last thoracic and abdominal segments from e. The 2nd basal segment of the maxilliped. 

the dorsal aspect. f. The 1st swimming leg. 
b. The proximal segments of the 1st antenna. g. The 2nd swimDiing leg. 
c. The tooth-plate of the maD.dible. h. The 3rd swimming leg. 
d. 'rhe 2nd maxilla. j. The 5th leg. 
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The body is robust and the greatest diameter lies towards the anterior end near the 
suture between the cephalon and the 1st thoracic segment. The forehead is broadly rounded 
and is produced below in the middle line in a small papilla, from which arise the two 10ng 
and q.elicate rostral filaments. The head and 1st thoracic segment are separate, but 
the 4th and 5th thoracic segments are fused. When vi~wed from the dorsal aspect the 
posterior thoracic margin appears to be somewhat truncated, as Scott has described, but 
when viewed from the side it is broadly rounded. 

The abdomen consists of four segments, that have wjth the furcal rami the following 
proportional lengths :-

Abdominal segment 1-2 3 4 5 Furca 
------'~----~~----------~------------36 15 13 20 16 = 100. 

The genital segment is symmetrical. The furcal rami are slightly asymmetrical; they 
are of equal length ~ut the left ramus is slightly the wider. As in other me~bers of the genus 
the 2nd s.eta on the left ramus is much elongated and is stI;onger than the others, though in 
this species its diameter is not much greater. 

The various segment of the thorax and the abdominal segments bear a number of pores 
communicating with small gland-cells contained in the segments. There are at least ten 
pores on the ventro-Iateral aspect of the fused 4th and 5th thoracic segments. On the ventral 
aspect of the genital segment there is on each side of the genital aperture a close group of 
pores extending in an arc on either side of the genital opening. The 3rd segment bears a 
single pore on the lateral aspect near the posterior margin of the segment. Segment 4 ap
pears to be devoid of pores but the anal segment bears a pair in the ventro-late~,l aspect 
and a more distally situated pair on the lateral margins. Each furcal ramus has two pores) 
one near the base on the inner side of the ventral aspect and the second ne~r the extreme 
tip of the ramus. 

The 1st antenna reaches back to about the posterior end of the genital segment. Each 
consists of 25 separate segments, which have the following proportional lengths ;-

Segment 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 i2 23 24 25 
81 22 26 26 28 28 28 22 25 32 32 32 47 47 47 49 52 52 62 57 52 49 47 ,42 17 =1000. 

The antenhal setae are short and delicate. The segments of the appendage are thickly 
provided with pores, ,which are arranged in two series in the proximal segments. Segment 
1 bears 10 or 11 pores; segment 2 has 4; segment 3, 6; segment 4, 5; segment 5, 6; seg
ment 6, 4; segment 7, 5 ; segment 8, 3 ; segment 9-14 each have 3 ; segment 15, 5 ; seg
ment 16, 17 each 3; segment 18-19 each· 2; segm.ent 20, l. 

The 2nd antenna possesses unequal rami, the exopod reaching only two-thirds of the 
way along the length of the endopod. 

The mandible and 1st maxilla agrees closely with those described by' Scott. The 2nd 
maxilla closely resembles that of H emirhabdus latus Sars; lobes 1 to 4 bear respectively 
3, 2, 3 and 3 setae, as figured by Sars (1925, pI. lxiv, fig. 9) ; whereas A. Scott only shows 
two setae on each of these lobes. The third setae on lobes 1, 3 and 4 are, however, very small 
and may have been overlooked. Lobes 5 and 6 each bear a single stout claw armed with 
small spines along their margin. 

The maxilliped agrees with that of Hemirkabdus truncatus as described by Scott.. The 
2nd basal segment-of the maxilliped bears three pores on its inner aspect. 
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The 1st swimming leg closely resembles that of Scott's specimen. The 2nd basal seg
ment. bears a stout seta on its distal inner angle. Both rami are three-jointed. Exopod 1 

bears a long slender marginal spine, that reaches well beyond the base of the spine on the 
2nd segment, and a single seta arises from its inner margin •. Exopod 2 bears a moderately 
long spine, that does not reach the base of the proximal spine on the ard segment; a single 
seta arises from the inner margin. Exopod a bears two marginal spines, on the proximal 
side of each of which the outer margin is produced in a claw-like process, and a long serrated 
end-spine that is considerably longer than the ~egment; four setae arise from the inner 
border. The endopod consists of three segments of which the 1st and 2nd are produced at 
their outer distal angles in short spine-like processes; the number of setae arising from the 
segments are 1, 2, 5. 

The 2nd and ard swimming legs are very similar and closely resemble those of other 
members of the genus. They differ from each other in the num.ber of setae that arise from. 
the third segment of the endopod. In the 2nd leg the setae arising from the se~ents of 

• 
the inner ramus are 1, 2 and 7, whereas in the third leg their number is 1, 2 and 8. 

The 4th swimming leg closely resembles the third, but the number of setae arising 
from the endopod is 1, 2 and 7, as in the 2nd leg. 

The 5th legs are well developed, but are somewhat smaller than the 4th. Each leg 
consists of a 2-jointed basal part and a-jointed rami. The 1st segment of the exopod bears 
no seta. The 2nd segment bears a single seta that is, however, little, if at all, stouter than 
the setae arising from the third segment; the seta tapers to a fine point and its distal half 
is fringed with minute spinules. The distal segment of the exopod bears only two marginal 
spines. The endopod is three jointed and b"ears 1, 1 and 6 setae. The setae arising from the 
1st and 2nd segments are coarse and spine-like, and are furnished in their distal quarter 
with rows of coarse teeth, while the proximal part is plumose. 

Genus MESORHABDUS Sars. 

This genus was created by Sars (1905, p. 9) to accommodate a species which he termed 
M. annectens to indicate that the species formed a connecting link between .HeterorhabdU$ 
and Disseta. Since then the same author has described two other species, namely gracilis 
and angustus, from the North Atlantic Ocean. The original species has been shown to be 
synonymous with the species described by W oHenden under the name H eterorhabdus brevi
caudatus. In the present collections only a single species is present, namely Mesorhabdus 
angustus Sars. 

Mesorhabdus angustus Sars. 
Mesorhabdt!s angustus, Sars, 1907, p. 19. 

Mesorhabdus an gustus, Sars, 1925, p. 236, pI. lxvi, figs. 14-20. 

A single specimen that appears to agree with Sars description and figures was taken by 
the" Investigator" at Station 682. 

Genus DISSETA Giesbrecht. 

Some confusion has arisen in the nomenclature of certain forms in this genus. Gies
brecht in 1889 described Disseta palumboi from the Pacific Ocean from the female only. 
In 1904 Wolfenden under the name Heterorhabdus grandis described what he considered to 
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be a new form from the West coast of Ireland, and subse'quently in 1905 again under the 
same name described and figured both sexes, and it was not till 1909 that A. Scott recognis
ed that this species is in reality a member of the genus Disseta. In the meantime Esterly 
had in 1906 described, under the name Disseta gfandis a form that he took to be different 
frem GiEsbrecht's Disseta palumboi and which he had obtained in the San Diego region of the 
Pacific. In 1911 from the same region Esterly obtained and described examples of what 
he took to be Wolfenden's H eterorhabdus grandis under the name Disseta sp. and in the same 
paper described and figured a female Disseta that because of its large size he terms Disseta 
maxima. Finally in 1911 Wolfenden gave the name Disseta atlantica to the form that he 
had obtained in the Atlantic ocean. A. Scott (1909) and Sars (1925) are both of the opinion
that Wolfenden's form is identical with Giesbrecht's Disseta palumboi and in this I concur. 
Disseta maxima, however, appears to me to be in all probability a different species, though.. 
very closely related; in this latter species the external spine on the 2nd segment of the 
exopod of the 5th swimming leg in the female is twice the length of the corresponding spine
in Disseta palumboi. The form described by Brady in the" Challenger" Report in 1883-
under the name Leuckartia scopularis is, as A. Scott (1909) has pointed out, in reality a 
member of this genus. 

In this genus, or more properly speaking in Disseta palumboi Giesbrecht, since this is· 
the only species in the genus that I have been able to examine, there are a few pores in the 
anterior region of the body and others on the various segment of the abdomen, as shown. 
in text-fig. 102. 

Di$seta palumboi -Giesbrecht. 

(Text-figs. 102, 103 a-d). 

Disseta palumboi, Giesbrecht, 1893, p. 369, pls. xxix, xxx. 
Disseta palumboi, A. Scott, 1909, p. 133, pI. xli, figs. 11-2l. 
Disseta atlantica, Wolfenden, 1911, p. 313. 
Disseta palumboi, Sars, 1925, p. 221, pI. ix. 
Disseta palumboi, Farran, 1929, p. 279. 

This species appears to be one of wide distribution and, as is only to be expected, speci
mens taken from di~erent localities exhibit considerable range of size. A similar variation 
in the measurements occurs in certain species belonging to neighbouring genera, notably 
Heterostylites longicornis Giesbrecht and Mesorhabdus truncatus A. Scott. Several examples 
of both sexes occur at Stations 393, 463 and 682. 

~ Total length 7·0 mm. These specimens from the " Investigator" collection agree 
closely in length with examples taken by Esterly in the Pacific Oqean. The length 
measurement of examples from the Atlantic Ocean is given by various observers as raD!lillg 
from 5·7 mm. (Giesbrecht and Schmeil), 6·36-6-95 mm. (Farran) and 7·0 liUll. (Sars), 
while specimens from the Malay Archipelago measured as much as s-o lUlll. 

The proportional lengths of the ce;phalothorax and abdomen are as 201 to 116, so that 
the abdomen is contained 1·733 times in the length of the anterior region of the body. The 
forehead is somewhat truncated at the anterior end and there is a well developed medial 
swelling from which the two delicate rostral spines arise. 

The head is crossed from side to side by a well marked groove forming a neck. The 
head and 1st thoracic segment are separa.te, but. thoracic segment.s 4 and 5 are fused. The 

M 
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posterior thoracic margins are rounded and that of the left side projects very slightly further 
backwards than that on the right. 

The abdomen consists oft four £ree segments and the furcal rami. The proportional 
lengths of the abdominal segments are as follows :-

Abdominal segment 1-2 :1 4 5 Furoa 
36 18 15 11 20 =100. 

The genital segment is slightly asymmetrical. There is a swelling on each side in the 
proximal half of the segment but that on the right side is somewhat less rounded than that 
()n the left and projects slightly further backwards. The posterior borders of the anterior 
three free segments is fringed with a row of needle-like spines. 

The 1st antenna over-reaches the furca by the last three or four segments. The pro
portional lengths of the segInents are as follows :-

Segment 1 2 3 4 5 6 7 8-10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
53 14 14 14 17 17 17 48 22 22 40 46 56 67 76 82 77 66 68 48 65 68 23 = 1000. 

There are three pores on the 1st segment; one on the 6th and one each on the loth, 
11th and 12th segments. 

TEXT-FIG. I02.-Showing the arrangement of the cuta.neous pores on the dorsa.l aspect of Di88eta palumboi Giesbreoht. 
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In the 2nd antenna the exopod is somewhat shorter than the endopod. Basal 1 bears 
no seta ~ basal 2 bears two setae at its distal end. The exopod consists of 8 segments of which 
segments 1 to 7 each bear a single seta and segment 8 carries three setae at its distal end and 
a single seta at about four-fifths of its length. The endopod is slightly longer than the exo
pod; two unequal setae arise from the outer margin of exopod 1 about half way along its 
length and at their base a pore opens to the exterior. The inner aspect of both the 1st and 
2nd segments are fringed with hairs. 

The tooth-plate of the mandible (text-fig. 103 a) agrees exactly with the figure given by 
Giesbrecht (1892, pI. xxix, fig. 14). In the palp the 2nd basal segment bears 4 setae. The 
exopod is longer than the endopod and consists of five segments, of which segments 1-4 
each bear a single seta and segment 5 has 3. Endopod 1 bears 4 setae and is also armed 
with a tuft of small spines; endopod 2 bears ten setae and is similarly armed with 
delicate spines on its inner aspect, while a row of fine needle-like spines runs across the 
distal end close to the bases of the setae. 

TEXT-FIG. I03.-Dis8eta palumboi Giesbrecht. 

a. The mandible. c. The right 5th leg. 
b. The 3rd swimming leg. "d. The left 5th leg. 

The 1st maxilla has the usual characters. The 1st or biting inner lobe bears 13 spines: 
lobe 2 has only 1 and lobe 3 bears 3. The 2nd basal segment carries 4 setae; endopod 1 
has 3 and the fused segments endopod 2 and 3 bear respectively 4 and 5, thus agreeing with 
Giesbrecht's description of Disseta atlantica. The exopod carries 5 small and 6 large setae 
and between the bases of the 5th and 6th of the latter a pore opens to the exterior. The 
out.er lobe has 6 (~) setae. 

M2 
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In the 2nd maxilla the various lobes bear the following number of spines or setae; lobe 
1 bears 6, of which one is very small and spine-like; lobes 2, 3 and 4 each bear 3 ; lobe 5 
.bears 3 setae and a stout toothed spine, and the distal aspect of the lobe is fringed with 
·-delicate hairs. The endopod carries 10 setae. ( 

In the maxilliped, basal 1 bears 1 seta on lobe 1 and 3 setae on each of lobes 2 and 3 ; 
lobe 3 is covered with small spines on its distal aspect. Basal 2 bears 3 setae on its anterior 
margin and 2 distally; the proximal one-third of the anterior margin is fringed with long 
hairs and a band of spines runs along the segment as far as the base of the third seta. The 

.endopod consists of 5 segments bearing respectively 3, 3, 3, 3 and 4 setae. Endopod 1 to 
·4 are all armed with needle-like spines. 

In the 1st swimming leg the marginal spines of the exopod are all of the type figured 
:by Esterly (1911, pI. xxx, fig. 80 and pl. xxi, fig. 100). 

The 5th pair of legs agrees with Giesbrecht's figures (1892, pI. xxix, fig. 24). 
~ Total length 6·44 mID. 
The proportional lengths of the cephalothorax and abdomen are as 19 to 10, so that the 

. abdomen is contained in this sex 1·9 time~ in the length of· the anterior region of the 
body. The right posterior thoracic margin is more sharply rounded than the left and 
projects slightly further backwards. As in the female the posterior margins of the 
abdominal segments are fringed with fine spines and the furcal rami are asymmetrical, that 
on the left side being the larger. 

Of the 1st antennae that on the left side is modified to form a grasping organ, whereas 
that on the right side retains its female character. The proportional lengths of the segments 
are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 ~o 21 22 23 24 25 
~-..-J 

Right 53 14 15 16 16 16 16 49 23 26 43 49 57 64 72 77 73 59 54 55 64 61 27 =1000. 
'-v--' '-v--' '----v--.J 

Left 80 27 24 24 25 27 21 21 21 21 24 35 53 70 80 75 48 101 130 62 31 =1000. 

In the grasping antenna segments 1 and 2 are fused, but segments 8, 9 and 10 are sepa
rate. The knee joint is in the usual situation between the 18th and 19th segmep.ts and 
beyond this joint the distal part of the antenna is composed of four segments, segments 
19 and 20, and 21 to 23 respectively being fused. 

The 2nd antenna, mouth-parts and swimming legs appear to be similar to those of the 
female. 

The 5th pair of legs are as figured (text-fig. 103 c, d) and agree closely with the 
description and figures given by Sal's (1925) and A. Scott (1909). 

Family AUGAPTILIDAE. 

Farre"n, writing in 1908, drew attention to the difficulty of correct1y identifying the 
various species in this family and of forming any clear idea of their mutual relationships . 
. As he remarked, of all the fpecie~ known at that time only nine had been figured. Farran 
himself added four new species to t he already existing thirty-one, and since then A. Scott 
has added two, and 'Volfenden four additional species. In a number of instances the 
published descriptions, especially those given by Sal's in his preliminary account of thirteen 
ne\v species taken by the" Princesse Alice" in the Atlantic and Mediterranean waters, were 
80 unsatisfactory that it ,vas very difficult to be certain that the same species had not 
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been described by different authors under different names, and, owing to the extra
ordinary range of size to which individuals attain, examples of this family appear 
to be particularly liable to this. Farran has recorded that examples of Euaugaptilus nodi
frons Sars taken off the west coast of Ireland measured from 5'4 mm. to 7'1 mm.; Sars gives 
the length measurement of his original examples as 5'2 nlm., and of two males that I obtained 
in the" Investigator" collections the sizes are respectively 4'8 mm. and 5'75 mm. Again 
Euaugaptilus jiligerus (Claus) is stated to have a length measurement of 4'9 mm.; but one 
example in the" Investigator" collection measured 6'6 mm. Such an excessive range 
of length measurement is extremely likely to betray authors into the belief that they are 
dealing with new species and I am inclined to believe that this has indeed happened. 

In 1920 Sars created the genus Euaugaptilus to accommodate a number of species that 
had previously been referred to the genus Augaptilus and he also separated off a second 
genus Centraugaptilus to accommodate the anomalous species Centraugaptilus rattrayi (T. 
Scott) and two other closely-allied species. Even so, in the genus Euattgaptilus he includes 
twenty-nine species and there are several others that he does not mention that must also be 
included. The chief structural differences on which Sars bases the separation of Euaugap
tilus from Augaptilus (sensu stricto) are to be found in the very great reduction of the mandi
bular palp and the maxilla in the latter genus and their more perfect development in the 
"former. He remarks (loc. cit., 1925, p. 261). "Ces deux appendices montrent cependant 
en leurs details assez de valiation, et fournissent ainsi des characteres specifiques excellents," 
A study of the numerous members of this new genus seems to me to indicate that there should 
be still further subdivision, if not into actual new genera at least into subgenera or groups. 
The reduction of the mouth parts, to which Sars has drawn attention, is also accompanied 
by changes in the 2nd antenna and one can distinguish a progressive series of groups, com
mencing at one end of the series with forms in which all the various parts of the 1st maxilla 
are present and bear setae, the mandibular palp possesses both exopod and endopod and the 
exopod of the 2nd antenna is fully developed and consists of 8 segments; then passing through 
different stages in which, first, the endopod of the 1st maxilla is suppressed, after which 
the supression affects in turn the 3rd inner lobe and then the 2nd inner lobe; -later, the 
-endopod of the mandible disappears; and finally the exopod of the 2nd antenna is reduced 
to 4 segments. It is difficult to devise any method of separation into groups that does not, 
to some extent, appear to separate forms that in certain respects closely resemble one 
another, but for the practical purposes of taxonomy any scheme of separation of this 
unwieldy group into smaller groups must be of considerable service, even though it does 
'l'epresent the not genetic relationships. 

Group I.-Maxilla of normal type, endopod and lobes 1, 2 and 3 pr~sent. Mandibular 
palp possesses two rami. Exopod of 2nd antenna consists of 6-8 segm( nts ; 

(a) 8 segments in exopod of 2nd antenna 
Euaugaptilus nodifrons Sars. 
Euaugaptilus indicus, Bp. nov . 

.(b) 7 segments in exopod of 2nd antenna; 
E'uaugaptilus elongatus Sars. 
Euaugaptilus farrani Sars. 
Euaugaptilus maxillaris Sars. 
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(c) 6 segments in exopod of 2nd antanna ; 
Euaugaptilus simplex Wolfenden. 

[VOL. X,~ 

Euaugaptilus humilis Farran seems to be an aberrant form in which the mandible and, 
2nd antenna possess the characteristics of group 1, but in which the maxilla has begun t·o 
show signs of reduction; lobe 2 is absent and lobe 3 bears only a single seta, but the endopod 
is present. A second aberrant form, that agrees with group 1 in the possession of a two
branched mandibular palp and a well-developed exopod on the 2nd antenna, having 8 

segments; but In which lobes 2 and 3 of the maxilla have been suppressed, though the 
endopod is still present, is represented by Euaugaptilus penicellatus Sars. 

Group 2.-Maxilla shows partial suppression, the endopod is missing but lobes 2 and 3 
are present. The mandibular palp possesses two rami. The exopod of the 2nd antenna. 
consists of 3 to 8 segments; 

(a) 8 segments in exopod of 2nd antenna
Euaugaptilus laticeps Sars. 
Euaugaptilus squamatus (Giesbrecht). 
Euaugaptilus subfiligerus (Wolfenden). 

(b) 7 segments in exopod of 2nd antenna; 
Euaugaptilus antarcticus (Wolfenden). 
Euaugaptilus jiligerus (CIa us). 
Euaugaptilus magnus (Wolfenden). 
Euaugaptilus oblongus Sars. 

~ Euaugaptilus rostratus Est~rly. 
Euaugaptilus tenuispinus Sars. 

(c) 3 segments in exopod of 2nd antenna; 
Euaugaptilus fungiferus Steuer. 

Group 3.-Maxilla still further reduced; both endopod and lobe 3 absent; lobe 2 present_ 
Rami of mandibular palp equally developed. Exopod of 2nd antenna of 4 to 8 segments. 

(a) 8 segnlents in exopod of 2nd antenna. ' 
Euaugaptilus a:ffinis Sars. 
Euaugaptilus angustus Sars. 
Euaugaptilus .facilis (Farran). 
Euaugaptilus gracilis Sars. 
Euaugaptilus grandicornis Sars. 
Euaugaptilus propinquus Sars. 
EUftugaptilus palumboi (Giesbrecht). 

(b) 7 segments in exopod of 2nd antenna; 
Euatlgaptilus digitatus Sars. 

(c) 4 segments in exopod of 2nd antenna; 
Euaugaptilus clavatus Sars. 
Euaugaptilus gibbus Wolfenden. 

An aberrant form in this group, in which the mandibular palp has become reduced and' 
now only bears an exopod, is represented by Euaugaptilus longicirrhus Sal's. 
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Group 4.-In the maxilla the endopod and lobes 2 and 3 are absent and the masticatory 
~obe is also considerably reduced, bearing only 2-5 setae. 

A. The endopod of the mandibular pa]p present but may be considerably reduced. 
·Exojod of 2nd antenna consisting of 7-8 segments. 

(a) 8 segments in exopod of 2nd antenna ; 
Euaugaptilus bullifer (Gies brech t). 
Euaugaptilus truncatus Sats. 

(b) 7 segments in exopod of 2nd antenna
Euaugaptilus longimanus Sars. 
Euaugaptilus vicinus Sars. 

B. Endopod of mandibular palp absent altogether or represented only by a seta. 
~Exopod of 2nd antenna of 8 segments; 

Euaugaptilus latifrons Sars. 
Euaugaptilus hecticus (Giesbrecht). 
Euaugaptilus rigidus Sars ... 
Euaugaptilus tenuwaudis Sars. 

Group 5.-Genus Augaptilus (sensu stricto). Maxillary palp bears only a single seta on 
-the masticatory lobe; lobes 2 and 3 and endopod absent. Exopod of mandibular palp 
absent and the whole structure reduced to a triarticulate process. Exopod of 2nd antenna 

·-of 4 segments only; 

A ugaptilus anceps Farran. 
1 Augaptilus cornutus Wolfenden. 

A ugaptilus glacialis Sars. 
A ugaptilus longicaudatus (Cia us). 
A ugaptilus megalurus Sars. 
A ugaptilus spinifrons Sars. 

A. Scott unfortunately gives no details of the maxilla in either of the two species Augap
,tilus placitus and A. validus, described by him from the Malay Archipelago. In both 
the mandibular palp bears two well developed rami. He states that E. placitus comes 
near to E. squamat'tts, while E. validus would seem to come near to E. magnus (Wolfenden). 

In this family the number of cutaneous pores is still further reduced. In the genus 
Euaugaptilus and, so far as I have been able to make out, in the genus Haloptihls also, there 
is a pair of pores on the lateral aspect of the head and two on each side of the labrum. In 
the anal segment of the abdomen there is a pair of pores in the dorso-l~ teral region near 
the margin of the anal flap, and a pair of minute openings are present on the ventral 
aspect of the furcal ramus. I have been unable to detect any pores on the antennae or 
mouth-parts. In the 1st swimming leg there are two openings on the lateral nlargin of 
t.he 2nd segment of the exopod and a single aperture on the margin of the 3rd segment. 
Pores appear to be completely absent from the 2nd swimming leg. In the 31'd and 4th 
swimming legs there is a large pore near the base of the marginal spine on the 2nd segment 
of the exopod and a similar one near the distal end of the 3rd segment. I could detect 

no pores on the 5th leg. 
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Genus EUAUGAPTILUS Sars. 

Cleve (1904, a.) recorded Euaugaptilus palumboi (Giesbrecht) from the Agulhas 
Current and in 1909 A. Scott recorded seven species in the " Siboga " collections from the 
IVlalay Archipelago, namely Euaugaptilus bulbifer (Giesbrecht), E. filigerus (Claus), E. hecticus 
(Giesbrecht), E. longicaudatus (Claus), E. palumboi (Giesbrecht), E. placitus (A. Scott) and" 
E. validus (A. Scott). 

In the" Investigator" collections I have been able to recognise up to the present tjme 
eleven species, belonging to the genus Euaugaptilus, and among these are representatives .. 
of each of the four groups, into which I propose to subdivide this genus. 

GROUP I. 

Euaugaptilus nodifrons Sars. 

(Text-fig. 104, a-j). 

Augaptilus nodifrons, Sars, 1905, p. 13. 
E~laugaptilus nodifrons, Farran, 1908, p. 72. 
Euaugaptilus nodifrons, Sars, 1925, p. 267, pI. lxxxii. 

~ Augaptilus simplex, Wolfenden, 1911, text fig. 76 a-d. 

This species would appear to be one of wide distribution. Sars {1925} gave the theTI" 
known distribution as " Ocean Atlantique et Pacifique,"; but I have been unable to trace· 
any rec9rd of its occurrence in the latter region. It is to be presumed that Sars hims~lf 
has recognised this species in some collection other than those of the " Princesse Alice " from 
the Mediterranean and Atlantic regions. The form described by W oHenden (loc. cit.) from· 
the" Gauss" collection from the Southern Atlantic Ocean under the name Augaptilus simJlfx 
is clearly a member of Sars' new genus and shows a very close resemblance to Euaugaptilus 
nodif'tons. There are one or two emall differences b~tween the two accounts; as for instance 
in the number of segments in the exopod of the 2nd antenna; Sars figures 7 segments in 
E. nodiflj'ons, ,,'hereas "ToHenden states. that there are 6 in Augaptilus simplex, but the 1st 
segment of '" olfenden' s form would seem to correspond to the proximal t'\vo segments in 
Sars' species. In all important respects the two forms agree and I am inclined to regard
them as the same species, in which case Sars' name has priority. 

Exan1ples of both sexes were taken by the" Investigator" at Stations 670 and 682. 
~ Total length 4'8 mm. and 5·75 mm. respectively in the two examples. 
The proportional lengths of the cephalothorax and abdomen are as 61 to 16, so that the 

abdomen is contained 3'81 times in the length of the anterior region of the body. The 
cephalic segment is decidedly longer than the thoracic segments together. The head and 
1st thoracic segments are separate but thoracic segments 4 and 5 are fused. Th~ posterior 
thora{3ic margin is rounded. The forehead closely resembles that of Euaugaptilus latijro'i1s 
Sars it is rounded and in the middle line below bears two unequal tuberosities, the uppe~ 
of which is the smaller, while the lower, over which the chitin is thickened, corresponds to. 
the base of the rostrum. There are no rostral filaments. 
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The abdomen con~ists of five segments, which have with the furcal rami the following 
proportional lengths:-

Abdominal segment 1 2 3 4 5 Furca 
27 13 12 12 16 20= 100. 

The furcal rami are nearly twice as long a.s broad and bear five setae, of which the outer 
two arise from the external margin and are considerably shorter than the others. As Sars 
(1925, p. 268) notes these two outer setae are plumose, while the others appear to be smooth. 

J 

TEXT-FIG. 104.-Euaugaptilu8 

a. Distal segments and knee-joint of left 1st antenna. 
b. 2nd antenna. 
c. Mandibular pa.lp. 
d. 1st maxilla. 

j. Distal segments of exopod 

\~~ -r C. 

nodifrons Sars, male. 
e. 2nd maxilla. 
f. Maxilliped. 
g. 1st swimming leg. 
h. 5th pair of legs. 
of right 5th leg. 

The 1st antenna on the right side is unmodified and consists of 24 si3parate segments" 
segments 1 and 2 being partially fused. The proxin1al 'segn1ents are crowded with large 
numbers of sensory filaments and the setae arising fronl the segments are long and slender. 

N 
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The whole appendage reaches back to about the level of the tip of the furcal ramus. The 
proportional lengths of the various segments a re as follows :-

Segment 1-2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
59 15 18 18 21 21 27 32 39 44 56 58 55 53 62 64 64 59 41 43 37 44 40 30 1000. 

On the left side the antenna) is nlodified to fornl a grasping organ; the proxima] seg
ments here also are crowded with setaE and sensory filaments. The knee-joint lies between 
the 18th and 19th segments and the segments 19-21 and 22-23 are fused together. The 
proportional lengths of the terminal joints are as follows :-

Segment 17 18 19·20 22-23 24 25 
70 59 121 102 45 27 

The 2nd antenna possesses very unequal branches: the outer ramus arises from the 
proximal part of the 2nd basal segnlent and is a bout half the length of the inner ramus; 
it consists of 7 segments, of which the 1st IS by far the longest but appears to bear no setae. 
Segments 2 to 6 each bear a single long seta and the distal segment bears three setae terminally 
and a fourth on its margin. The distal segment of the inner ramus is about one-half the 
length of the proximal segment and bears five lonllsetae on its outer lobe ~and eight setae, 
of which the inner three are short, on its inner lobe. Wolfenden in his description of 
Euaugaptilus simplex state~ that there are only six segments in the inner ranlUS, but as 
the appendage appears to agree in every other respect I anl inclined to think that he must 
be in error. 

The mandible consists of a well-developed biting part, in which the teeth in the speci
men examined were, unfortunately, missing. The palp is well-developed and consists of 
a basal part and t,yO rami; the inner ranlUS is of slender build, and is somewhat reduced 
though three segments appear to be present. It bears two moderately long setae on its 
terminal segment. The outer ramus is fully developed. 

The 1st maxilla has a well-developed luasticatory lobe that bears eight setae on its distal 
extremity. Sars (1905, p. 14) in his original account of the species states that there is only 
a single" submaxillary lob~le " Farran (1909, p. 72), however, found all three lobes to be 
present in the specimens from the Irish Coast that he examined, though they were smalL 
Sars' later account (1925, p. 268, pI. lxxxii, fig. 7) agrees exactly with Farran's and the 
structure of the maxilla in my examples is also in agreement. Wolfenden describes the 
condition present in Euaugaptilus simplex as consisting of two lobes, each with 'a terminal 
seta, so that in this respect his species agrees exactly with E. nodifrons. The rest of the 
appendage in my exalliples agrees exactly with the description given by Sars. The outer 
lobe bears six setae, ,yhereas Wolfenden states that in E. simplex there are only five. 

The 2nd maxilla and the maxilliped agree with the descriptions given by Sars and 
Wolfenden. 

The 1st swimming leg consists of a two-jointed basal part and three jointed rami. The 
1st basal segment appears to have a seta on its inner margin; in my example the seta itself 
is missing but its place of attachment is clearly visible. The 2nd basal beal's a slender 
seta on its outer border and a stouter one at the distal inner angle. The 1st segment of the 
exopod carries a moderately long and stout seta-like marginal spine. Exopod 2 bears a 
single, and exopod 3 two equal marginal spines. 
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The '2nd swinlnling leg clos€ly l'esenlbles that of.Euaugaptilus filigerus (Claus) as regardE 
the manner in \vhich the nlarginal spines on the ternlinal seglnents are sunk in the outer 
borders. 

The 5th pair of legs are of the usual type and agr(\e exactly \yith Sars' figure (loc. C1't. 

1925, pI. lxxxii, fig. 14). The t\VO outer setae arising from the ternlinal segment are in 
each linlb nluch smaller than the others. 

Euaugaptilus indicus, sp. nov. 

(Text-fig. 105, a-.i.) 

Two exaluples ,,~el'e taken by the" Investigator" at Stations 670 and 682 respectively 
of \v ha t appears to be a ne\y specie5. 

~ Total length, 6'68 mIll. 
The proportional lengths of the cephalothorax and abdon1en are as 43 to 12, so that the 

a bdolnen is contained 3'6 tinles in the length of the anterior region of the body. 
The forehead is rounded and is produced belo\y in a rounded pron1inence, bearing two 

long and delicate rostral spines ~ at the base of this pronlinence is a slnall angular projection. 
The h(\ad and lEt thoracic segillent are separate; thoracic segments 4 and 5 art fused together. 
The posterior thoracic margin is slightly enlarginate. 

The abdolnen is symmetrical and consists of the usual three segnlents and the furca. 
The proportional lengths of the seglnentf are as follo\ys :-

Abdominal segment 1-3 4 5 Furca 
41 8 20 31=100. 

The above measurement does not hO\\~eVeI, represent the full extent of the nliddle seg
ment (segnlent 4) as nearly one-half of its length ",'as telescoped into the genital segnlent. 
The genital apertule exhibits a \vell-marked rounded projection on the ventral aspect of the 
segment. 

The 1st antenna reaches back to a little beyond the tip of the furcal ranU1S, overlapping 
it by about the last segment. The proportional lengths of the segments are as fol1ows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
67 19 22 22 22 22 24 26 29 31 34 45 50 53 54 56 56 56 5i 46 46 42 50 48 25 = lOOO, 

There are 25 free segments in the appendage; segments 1 and 2 being separate, 
whereas in Euaugaptilus nodifTons Sars they are partially fused. The segnlents of the antenna 
bear long and delicate setae. 

The 2nd antenna closely resembles that of Euaugaptilus tTuncatus Sal's. The endopod 
consists of the usual tw'o segments, of which the 1st is about t\yice as long as the 2nd. 
The exopod possesses eight segnlents. 

The mandible possesses a ,,~ell-developed biting edge, furnished \yith 8 teet.h, very silllilar 
to those of Euaugaptilus sirnplex (Wolfenden). In the palp, \vhich is well-developed~ the 
endopod consists of two segments only and is shorter than the exopod, \yhieh has 4 seglnents ; 
of these segnlents 1 to 3 each bear a single seta, but in the example exn Inined the seta on 
seglnent 2 arises as a ~ingle one, and after a short distance bifurcates into two. The tenninal 
segment of the exopod bears 4 setae and that. of the endopod 3. 

The 1st maxilla is fully fOl'nled. The 1st inner or masticatory lobe bears 9 serrated 
spInes. The 2nd lobe carries a long serrated spine and a shorter seta. The 3rd lobe bears 

N2 
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TEXT-FIG. l05.-Euaugaptilus indicu-s, sp. nov. 
a.' The female from the dorsal aspect. e. The mandible. 
h. The head from the right side. J. The 1st maxilla. 
c. The abdomen from the right side. g. The maxilliped. 
d. The 2nd antenna. h. The 1st swimming leg. 

j. The 5th leg. 
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a single seta. Basal 2 bears two setae and there is a very small endopod, bearing a single 
seta. The exopod is elongated and bears 5 setae; and the outer lobe carries 6 long setae 
and 3 smaller ones. 

The maxilliped resembles that of Euaugaptilus elongatus Sars, but the setae arising 
from the segments of the endopod are fringed with hairs and bear no " buttons." 

The 1st swimming legs resemble those of Euaugaptilus lat~eps Sars. The marginal 
spine of the 1st segment of the exopod is long and serrated and reaches to the level of 
the 1st marginal spine on segment 3 of the exopod. The marginal spines on the 3rd 
segment are of equal size and are slightly longer than the spine on segment 2 ; all three are 
serrated on both borders. The terminal spine on the 3rd segment is nearly as long as the 
whole ramus. 

The 2nd to 4th swimming legs present no unusual features. 
The 5th pair of legs differ from the corresponding appendage in any other member of 

the genus in that the 3rd segment of the exopod bears three marginal spines instead of the 
usual two. The distal spine is equal in length to two-thirds of the distal segment and is 
finely serrated along its outer margin, ·while the distal one-fifth of the inner margin bears 
a row of 4 or 5 somewhat stouter teeth. 

GROUP II. 

Euaugaptilus filigerus (Olaus). 
AugaptiZus filige'I'Us, A. Scott, 1909, p. 136. 

AugaptilwfiUgerus, Wolfenden, 1911, p. 341. 

Euaugaptillus flUger, Sars, 1925, p. 279, PI. XC. 
Euaugaptilus flligerus, Farran, 1929, p. 269. 

A single exam.ple, female, that appears to belong to this species, was taken by the" In. 
vestigator" at Station 670. The chief interest of this Indian example lies in its size. Gies
brecht and Schmeil (1898, p. 121) give the length of the female as 4'9 mm. Farran's exam.ple 
from the collection of the" Terra Nova," taken off New Zealand, measured 5'75 mm., while 
Sara' examples from. the North Atlantic were as large as 6· 8 mm. The exam pIe from Station 
670 measured 6'6 m.m..; and the proportional lengths of the cephalothorax. and abdomen are 
as 4·5 to 1. I have carefully examined this individual and compared the appendages with 
the descriptions and figures given by previous authors and can detect no difference; further
more, the proportional lengths of the segments in the 1st antenna agree closely with those 
given by Giesbrecht. I have, therefore, no hesitation in referring it to this species. 

Euaugaptilus laticeps Sara • 

.Augaptilus laticeps, Sars, 1905, p. 11. 

.Augaptilus laticeps, Farran, 1908, p. 72 . 

.Augaptilus laticeps, van Breemen, 1908, p. 1~3 • 

.Augaptilus antarcticus, Wolfenden, 1911, p. 269. 

Euaugaptilus laticeps, Sara, 1925, p. 264, PI. ixxx. 
Euaugaptilus laticeps, Farran, 1926, p. 289. 

Euaugaptilus laticeps, Farran, 1929, p. 269. 
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This species clearly possesses a ,vide distrlDution; Sars gives it as "The Atlantic Ocean, 
Mediterranean and Pacific Ocean." It ,vas originally taken in the North Atlantic and Medi
terranean but Farran has recorded its occurrence in the " Terra Nova" collections from the 
Antarctic. Although this species was not taken by the" Siboga " in the Mala~ Archipelago, 
its occurrence in Indian waters is not to be wondered at. Several examples of the female 

"l!, 

were taken at " Investigator" Station 682. 

Euaugaptilus magnus (Wolfenden). 

Augaptilus magnus, Wolfenden, 1904, p. 122. 

Augaptilus magnus, Farran, 1908, p. 77. 

Augaptilus magnus, van Breemen, 1908, p. 138. 
Augaptilus magnus, Wolfenden, 1911, p. 341, PI. xxxvii, figs. 4·9, text-fig. 73 a, b. 

Euaugaptilus magnus, Sars, 1925, p. 262, PI. lxxix. 

Euaugaptilus magnus, Farran, 1926, p. 289. 

Ten examples of this species ,vere taken at " Investigato~" Station 682. The present. 
record extends the distribution of this species to Indian waters. 

Euaugaptilus oblong-us Sars. 

Augaptilus oblongus, Sars, 1905, p. II. 
Euaugaptilus oblongus, Sars, 1925, p. 266, PI. lxxxi. 

Sars (loc. cit., 1925) gives the distribution of this species as being the Atlantic and Paci
fic Oceans. The occurrence of a single specimen taken by the" Investigator" at Station 682' 

extends its known range to Indian ,vaters. 

Euaugaptilus tenuispinus Sars. 
Augaptilus tenuispinus, Sars, 1920, p. 16. 
Euaugaptilus tenuispinus, Sars, 1925, p. 290, PI. xcvii". 

A single specimen of the above species was taken by the" Investigator" at Station-
682, thus extending its known range to the Indian Ocean. 

GROUP III. 

Euaugaptilus angustus Sars. 
Augaptilus angustus, Sars, 1905, p. 10. 

Euaugaptilus angustus, Sars, 1925, p. 281, PI. xci. 

A single example ,vas taken by the" Investigator" at Station 682, thus extending the 
known range of the species to Indian waters. 

Euaugaptilus facilis (Farran). 
Augaptilus facilis, Farran, 1909, p. 73, PI. iii, figs. 23, 24 ; PI. viii, figs. 1·6. 

Augaptilus facilis, Wolfenden, 1911, p. 343, PI. xxxviii, figs. 1, 2, text·fig. 75 a, b. 
Euaugaptilus facilis, Sars, 1925, p. 273, PI. lxxxvi. 

This species was first taken by Wolfenden in the North Atlantic Ocean ; Farran also 
obtained it in the same locality and, according to Sars, it has also been taken in the Pacific 
Ocean. A single example was taken by the" Investigator" at Station 682. 



1932.] R. B. SEYMOUR SEWELL: Copepoda of Indian Seas-

GROUP IV. 

Euaugaptilus hecticus (Giesbrecht). 
Augaptilus heoticus, A. Scott, 1909, p. 136. 

Augaptilus keGticus, Wolfenden, 1911, p. 339. 

Euaugaptilus hecticus, Farran, 1926, p. 288. 

Euaugaptilus heoticus, Farran, 1929, p. 269. 

A single example of this species was taken by the" Investigator" at Station 682. 

Euaugaptilus latifrons Sars. 

(Text-fig. 106, a-h.)_ 

Augaptiluslatifrons, Sars, 1907, p. 22. 

Euaugaptilus latifrons, Sars, 1925, p. 295, PI. ci. 
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This spec~es was briefly described by Sars (1907) from a single exalnple taken by the 
"Princesse Alice" in the North Atlantic Ocean and was later more fully described and 
-figured by him in his Monograph {1925}. In the" Investigator" collections from Station 
670 are three examples (two females and one male) that I have no doubt belong to this species. 
Sars' description of th~ female agrees almost exactly with the present examples, but as his 
account is very brief I take this opportunity of giving some additional details and figures_ 

~ Total length, 4-8 mm. to 5-3 nlm.; these examples are thus some-what larger than the 
North Atlantic specimens, which, according to Sars, measured 4·7 mm. 

The proportional lengths of the cephalothorax and abdomen are as 66 to 19, so that 
-the abdomen is contained 3·47 times in the length of the anterior region of the body. 

The head and 1st thoracic segment are separate and the length of the cephalon is longer 
-than that of the combined thoracic segments in the proportion of 9 to 7. Sars in his de
scription states that the anterior region of the head, when viewed in profile, is truncated; 
in my exanlples the forehead is uniformly rounded, and situated below in the middle line are 
-two rounded prominences of which the upper is small, while the lower is large and prominent 
_ and possesses thickened chitin. There is no trace of any rostral filanlents. The 4th and 
5th thoracic segments are fused together and the posterior thoracic margin is rounded. 

The abdomen consists of three segments. The genital segment is long and sYlumetrical 
and bears on its ventral aspect, about the middle of its length, a well marked genital protu
berance. The 2nd segment is short. The anal segment is nearly as long as the genital 
segment. The proportional lengths of the segments are as follo\vs :-

Abdominal segment 1-3 4 5 Furca 
38 12 33 17 = 100. 

The furcal rami are comparatively short, being about half the length of tke anal segment; 
their length is about twice their breadth. Of the five setae arising from thenl the inner one 
is shorter and more slender than the outer four, and the most external seta arises from the 
outer margin at about the junction of the proximal and middle thirds. 

The 1st antenna is sJ:ightly longer than the body and consists of twenty-five free segments, 
having the following proportional lengths :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
54 10 19 19 22 25 29 30 33 36 41 47 58 55 55 55 61 61 54 39 37 at! .. s .n 36 = 1000. 

The appendage is well provided with long and delicate setae. 
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The 2nd antenna consists of a short exopod of 7 segments, arising from the proximal 
end of the basal segment, and a somewhat longer endopod, that arises distally. The exopod 
reaches only about half way along the length of the endopod. 

TEXT-FIO. I06.-Euaugaptilu8latiJrons Sars. 

a. The female from the dorsal aspect. 
b. The abdomen from the dorsal aspect. 
o. The Mandible. 
d. The lst~maxilla. 

e. The m&xilliped. 
J. The 1st swimming leg. 
g. The 2nd swimming leg. 
k. The 5th leg. 

The mandible has a slender, curved biting lobe, and the teeth agree with the figure 
given by Ears (1925, PI. ci, fig. 6). T'he palp is short; the internal ramus is rudimentary 
and is reduced to a single seta; the external ramus is well-developed. 

The 1st nlaxilla agrees closely with the description given by Sars (1925). The masti
catory lobe is short and bears only four spines at its distal end~ a fifth, however, arises from 
the posterior border. The 2nd and Srd lobes have been completely supressed. The basal 
segment and the endopod are fused into a single elongated lobe bearing two long setae at 
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its distal end. The outer lobe bears 3 setae, one of which is much shorter and more slender-
than the other two. . 

The 2nd maxilla is well-developed. Three simple setae arise from the distal end of the 
1st "basal segment; from the 2nd basal and endopod arise a remarkable number of setae, 
some 35 in all, though they are so crowded together that I have been unable to d~termine 
the e;act number; all of these setae are crowded with " buttons" 

The maxilliped is large. The 1st basal segment bears three setae, one of which is quite 
small, at its distal end. The 2nd basal segment bears t\VO setae about the middle of its l~ngth 
and a further two near the distal end. There is a band of small spines running along the 
aspect of the segment as far as the base of the proximal pair of setae. The 1st and 2nd 
segments of the endopod each bear three large and one small setae. The 3rd and 4th segments 
each bear two large and one small setae and the terminal segment bears two smlll setae· .. 
All the large setae are crowded with " buttons" 

The 1st swimming leg consists of the usual two-jointed basal part, a three-jointed 
exopod and a two-jointed endopod. The 1st basal segment bears a seta on its inner border .. 
The 2nd segment is produced, as Sars has pointed out, in a rounded digitiform lobe on its 
outer aspect. The 1st segment of the exopod bears a long straight marginal spine, that 
equals in length the next two segments. The 2nd segment bears a single small spine and the 
Srd carr~es a pair of similar and subequal spines. The endopod possesses only two segments 
of which the 1st bears a single seta and the distal carries six. 

In the 2nd-4th swimming legs the character of the endopod is normal, consisting. of 
three segments. 

The 5th pair of legs closely resemble those of Euaugaptilus similis (Wolfenden). The 
2nd basal joint bears a long and delicate ~eta. The 1st and 2nd segments of the exopod. 
each bear a single short marginal spine and the 1st segment is devoid of any inner seta. The 
terminal segment bears two short marginal spines. The inner seta arising from the 2nd 
segment of the exopod is much smaller than the others. 

Genus AUGAPTILUS Giesbrecht (sensu stricto). 

I have already pointed out that this genus was founded by Giesbrecht (1889) to 
contain "Hemica"lanus ftligerus Claus, H. longicaudat'us Claus and certain related 
forms" Giesbrecht did not nam~ anyone species as the type of his new genus but 
by the rules of nomenclature the type of the genus is the first species 1}lentioned; both 
in 1889 and again in 1892 Giesbrecht places the species Augaptilus ftliger·us (Claus) first in 
his account of the genus. Sars is, therefore, not justified in claiming that" A. longicaudatus 
Claus doit etre considere comme Ie type du genre, cette espece etant en effect celIe qui a 
ete decrite en premier lieu" 

Up to the present time, of the various species referred by Sars to the restricted genus 
only one has been recorded from Indian waters, namely Augaptilus longicaudatus (Claus), 
examples having been obtained by the" Siboga " in the Malay Archipelago (vide A. Scott,. 
1902). I am now able to reeord a second. 

o 
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Augaptilus megalurus Giesbrecht. 

Augaptilus megalurus, Giesbrecht, 1889, p. 814. 
Augaptilus megalurus, Giesbrecht, 1892, p. 400, PI. xxvii, fig. 28 ; Pl. xxviii, fig. 7 ; PI. xxix, fig. 20 ; 

PI. xxxix, fig. 47. 
Augaptilus, megalurus, Giesbrecht and Schmeil, 1898, p. 123. 

Augaptilus megalurus, Farran, 1908, p. 80. 
Augaptilus megalurus, Wolfenden, 1911, p. 339~ 
Augaptilus megalurus, Sars, 1925, p. 257, PI. lxxvii, figs.I-9. 

This species appears to have a wide distribution. It was first taken in the Pacific 
Ocean; but has since been recorded from the Tropical and Northern regions of the Atlantic 
Ocean. The discovery of a single specimen taken by the" Investigator" at Station 682 
extends its known range to the Indian Ocean. 

Genus CENTRAUGAPTll.US Sars. 

This genus was created by Sars to accommodate the species Oentraugaptilus 'lattrayi, 
(T. Scott) and certain other closely-allied species. 

Centraugaptilus rattrayi T. Scott. 
A ugaptilus rattrayi, T. Scott, 1893, p. 36, PI. ii, figs. 25-37. 
Augaptilus Tattrayi, van Breemen, 1908, p. 134, fig. 152. 

Augaptilus Tattrayi, Farran, 1908, p. 78, PI. viii, fig. 21. 

Augaptilus Tattrayi, Wolfenden, 1911, p. 341. 
Augaptilus rattrayi, Lysholm and Nordgaard, 1921, p. 26. 

Oentraugaptilus Tattrayi, Sars, 1925, p. 304, PI. cvi. 
Oentraugaptilus rattrayi, Farran, 1926, p. 290. 

? Augaptilus rnacrodus, Esterly, 1911, p. 332, PI. xxvii, fig. 18, Pl. xxix, fig. 24 ; PI. xxx, figs. 72, 
74; PI. xxxii, fig. 112. 

This species appears to have a wide distribution; it was originally described from the 
Gulf of Guinea and has since been taken in various localities in the North Atlantic Ocean. 
It is not improbable that the form briefly described by Esterly {1911} from the San Diego 
region under the name Augaptilus macrodus is the same species. Scott's original specimen 
measured 4'9 mm. in length, while specimens from the north Atlantic Ocean appear to be 
slightly larger; Bars gives the length of his examples as 6'0 mm. Augaptilus macrodus Es
terly is said to have a length measurement of 5·3 mm. 

A single example, female, of what I take to be this species was taken by the" Investi
gator" at Station 682. The specimen is slightly smaller than the Atlantic examples and 
measured only 4'8 mm., thus closely agreeing with Scott's type. 

Centraugaptilus horridus Farran. 

(Text-fig. 107, a-g.) 

Augaptilus horridus, Farran, 1908, p. 78, PI. viii, fig. 20. 

Augaptilus pyramidalis, Esterly, 1911, p. 334, PI. xxvi, figs. 1,9; Pl. xxx, fig. 69 ; PI.. xxxii, fig. 
106. 

Augaptilus horridus, Sewell, 1913, p. 354. 

Oentraugaptilus horridus, Sars, 1925, p. 307, PI. cvii, figs. 11·18. 
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This species differs from Oentraugaptilus rattrayi (T. Scott) in the degree of prominence 
of the forehead and in small details of structure, such as the length of the two terminal 
segments of the endopod of the maxilliped. It is also a considerably larger species. 

TEXT-FIG. 107.-0entraugaptilus horridu8 (Farran), male. 

a. The 2nd antenna. d. The 2nd manIla. 
b. The. mandible. e. The maxilliped. 
c. The 1st maxilla. f. The 1st swimming leg. 

g. The 5th pair of legs. 

A single example of an adult male and a second immature specimen were taken by the 
" Investigator" at Station 393. 

~ Total length 8'4 rom. This specimen is somewhat smaller than those from the 
Atlantic, for Farran gives the length as 10'0 mm. and Sars as 9·6 mm.; but both these measure
ments refer to the female. 

The abdomen consists of five segments and the furcal rami, that have the following 
proportional lengths ;-

Abdominal segment 1 2 3 5 FuroR. 
22 1'3 12 17 22 = 100. 

The furcal rami are short and broad; their proportions of length to breadth being as 
19 to 16. 

02 
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The 1st antenna consists, as in Oentraugaptilus rattrayi, of twenty-four free segments, 
segments I and 2 being fused together. Their proportional lengths are as follows :-

Segment 1-2 8 4 6 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
84 24 26 26 26 26 34 37 40 47 65 59 62 60 58 58 61 61 31 32 26 26 82 19=1000 • 

. A comparison of the lengths of the segments in the antennae of Centraugaptilus rattrayi 
and C. horridus shows that between these two species there is the same difference in the 
lengths of the segments as we have already seen to exist between the various stages of de
velopment in a single species. For the purpose of comparison I have converted the 
measurements of the antennal segments as given by T. Scott (1894, p. 36) for Centrau
gaptilus rattrayi into 1000ths of the total length of the whole appendage and I give these 
below together with those of Centraugaptilus horridus:-

Segment 1-2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
o. rattrayi 62 26 21 21 21 21 23 36 36 33 44 52 55 51 54 56 62 58 49 61 41 43 48 37 
C.horridU8 84 24 26 26 26 26 34 37 40 47 55 59 62 60 58 58 61 61 31 32 26 26 32 19 

From the. above measurements it is clear that in the larger species the segments in the pro
ximal part of the appendage are proportionally longer than in the smaller species but that 
at about 18-19th joint there is a change and from this point to the end of the appendage 
the segments in the larger species are very considerably shorter proportionally than in the 
smaller species. 

Genus HALOPTILUS Giesbrecht. 

In 1909 A. Scott recorded the occurrence of four species of this genus in the " Siboga " 
collections from the Malay Archipelago, namely, Haloptilus longioornis (Claus), H. ornat-U8 
(Giesbrecht), H. plumosus (Giesbrecht) and H. spiniceps (Giesbrecht). 

In the" Investigator" collections from Indian waters I have, up to the present time 
.only recognised two species. 

Haloptilus chierchiae Giesbrecht. 
H emicalanu8 chierchiae, Giesbrecht, 1889, p. 813. 

H aloptilus chierchiae, Giesbrecht, 1892, p. 384, PIs. xxvii, figs. 16, 17 and xlii, fig. 2. 
Haloptilu8 chierchiae, Giesbrecht and Schmeil, 1898, p. 118. 
Haloptilus chierchiae, Wolfenden, 1911, p. 324. 
Haloptilu8 chierchiae, Sars, 1925, p. 245, PI. lxx. 

Originally described from the Pacific Ocean, this species has since been taken in the 
.Atlantic and it is, therefore, not surprising that it should also occur in the Indian Ocean; 
indeed, it would be very surprising if it did not. A single example was taken by the "In
-vestigator" at Station 682. 

Haloptilus ornatus (Giesbrecht). 

HemicalanU8 ornatu8, Giesbrecht, 1892, p. 384, PIs. xxvii, figs. 1, 6, 7, 21, 28 ; xlii, figs. 1, 9 and 
19. 

Haloptilu8 ornatu8, Giesbrecht and Schmeil, 1898, p. 120. 
Haloptilu8 ornatu8, A. Scott, 1909, p. 14l. 
Haloptil'l.ts ornatu8, Wolfenden, 1911, p. 323. 

H aloptilu8 ornatu8, Sars, 1925, p. 247, PI. lxxiii, figs. 1-5. 

Three examples of this species were taken by the" Investigator" at Station 682. 
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Genus PONTOPTILUS Sars. 

Pre vious to this paper no species belonging to this genus has heen recorded from 
Indian waters. In the collections of the "Investigator" the genus is represented by 
Pontoptilus ovalis Sars. 

Pontoptilus ovalis Sars. 
Pontoptilus ovalis, Sars, 1907, p. 25. 

Pontoptilus ovalis, Sars, 1925, p. 316, PI. CD, figs. 9-13. 

A single female exam.ple of this species was taken by the" Investigator" at Station 
682. 

Family ARIETELLIDAE. 

Genus ARIETELLUS Giesbrecht. 

A. Scott (1909) in his account of the" Siboga " collections from the Malay' Archipelago 
records the occurrence of Arietellus aculeatus (T. Scott), A. setosus Giesbrecht and A. simplex 
Sars. Up to the present time only the latter two species have been found among the" In
vestigator" collections. 

Arietellus setosus Giesbrecht. 
Arietellus setosus, A. Scott, 1909, p. 142, Pl. xliv, figs. 8-13. 

Arietellus setosus, Wolfenden, 1911, p. 329, PI. xxxvi, fig. 3. 

ArieteZlu8 setosus, Esterly, 1911, p. 335, PI. xxvii, figs. 22, 23 ; PI. xxx, figs. 81, 82. 
Arietellus setosus, Sars, 1925, p. 328, PI. cxviii. 

Arietellus setosus, Farran, 1929, p. 269. 

A single example of the male of this species was taken by the" Investigator" at Station 
670. The species has a wide distribution and has now been recorded from all the three 
great Oceans. 

Arietellus simplex Sars. 
Arietellus simplex, A. Scott, 1909, p. 143, Pl. xliv, figs. 14-18. 

Arietellus simplex, Wolfenden, 1911, p .. 331, PI. xxxvi, fig. 5 ; text-fig. 68. 

ArieteZlus simplex. Sars, 1925, p. 334, PI. cxx, figs. 7-12. 

A single specimen, female, was taken by the" Investigator" at Station 670. The 
distribution of this species appears to be the'same as that of the preceding species. 

Genus PARAUGAPTn.US Wolfenden. 

This genus was created by Wolfenden to accommodate a species that. had been taken in 
the Atlantic Ocean. A. Scott (1909, p. 144, PI. XLIII, figs. 11-19) subsequently described 
a further species, POIraugaptilus similis, from. the collections of the" Siboga " in the Malay 
Archipelago. So far no examples of any species of this genus have been detected among 
the collections of the "Investigator." 

GenusMETACALANUS Cleve. 

At the present time this genus is represented by a single species lJfetacalanus aurlvillii 
Cleve. 
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Metacalanus aurivillii Cleve. 
Metacalanus aurivillii, Cleve, 1901, p. 43, PI. iv, figs. 16-25 ; PI. v, figs. 1-6. 
Metacalanus aurivillii, Thompson and A. Scott, 1903, p. 243. PI. ii, figs. 18-20. 
Metacalanus aurivillii, A. Scott, 1909, p. 146. 
JJletacalanus aurivillii, Sewell, 1914, p. 228. 

[VOL. X, 

This species is widely distributed throughout Indian waters. It has now been re .. 
corded from the Malay Archipelago (Cleve, A. Scott) ; the Ceylon Pearl Banks (Thompson 
and A. Scott, Sewell) ; and I have also taken examples of it in the surface tow-net in Nan
kauri Harbour in the Nicobar Islands (Station 614), as well as from stations 541, 558, 583, 
587, 590 and 591. 

Genus PHYLLOPUS Brady. 

This genus is represented in Indian waters by four species, namely, Phyllopus bidentatus, 
Brady, P. helgae Farran, P. impar Farran and P. giesbrechti A. Scott, all of which were taken 
by the" Siboga " in the Malay Archipelago. So far no examples have been detected in the 
" Investigator" collectfons. 

Family PSEUDOCYCLOPIDAE. 

Genus PSEUDO CYCLOPS Brady. 

Thompson and A. Scott (1903) have recorded the occurrence of PseudocycZops obtusatus 
Brady from the Arabian Sea and Ceylon Pearl Banks. Gurney (1927) records Pseudo cyclops 
umbraticus from Port Said and the Suez Canal and he also describes a new species P. latus 
from the canal waters. 

Pseudo cyclops obtusatus Brady and Robertson. 

Pseudocyclops obtusatus, Brady and Robertson, 1873, p. 128, pl. viii, figs. 4-7. 
Pseudo cyclops. obtusatus, Brady, 1878, p. 84, pI. xii, figs. 1-13. 
Pseudocyclops obtusatus, Giesbrecht and Schmeil, 1898, p. 126. 

Pseudocyclops, obtusatus, Sars, 1903, p. 131, PI. lxxxviii. 

Pseudocyclops obtusatus, van Breemen, 1908, p. 144, fig. 162. 
Pseudocyclops obtusatus, Norman and T. Scott, 1906, p. 131. 

var. latisetosus, nov. 

(Text-fig. 108, a1) .. 

~ Total length, 0·78 mm. 
'l'ne proportional lengths of the cephalothorax and abdomen are as 41 to 16, so that the 

abdomen is contained 2·56 times in the length of the anterior region of the body. 
The cephalon and 1st thoracic segment are fused; thoracic segments 4 and 5 are separate. 

The forehead is rounded and terminates below in a single stout spine. There is a well-marked 
median eye-spot. The posterior thoracic margin is rounded and is produced somewhat 
posteriorly. 

The abdomen . consists of five segments and the furcal ramI; the various segments 
have the following proportional lengths :--

Abdominal segment 1 3 4 5 Furca. 
22 22 19 19 7 11 -100. 
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In the type form the furcal setae are of the usual type, the 2nd and Srd setaa being longer 
than the others but not appreciably stouter. In the present variety these two setae are 

TEXT-FIG. l08.-Pseudocyclop8 obtusatus Bra.dy and Robertson var. latiseto8u8, nov. 
I 

a. The male.from the right side. d. The 2nd antenna. 
b. The furoal ramus and furcal setae. e. The 1st swimming leg. 
c. The 1st right antenna. j. The 5th pair of legs. 

'Very considerably thickened and flattened; about half way along their length their width 
is suddenly diminished. The lateral margins of the proximal portions of the setae are armed 
with .numerous small spines, while the distal part is plumose. 

The 1st antenna is short and reaches back to a little beyond the posterior margin of 
the cephalon. Each appendage consists of 18 segments and that on the right side is modi
-fled to form grasping organ. Segments S to 8 are very short. 

In their general structure the appendages agree with those of the normal individual. 
The 5th pair of legs shows certain small differences of structure from that of the typica.l 

,.form; but in the main character they agree with sufficient closeness to render it undesirable 
to create a new species for this form. 
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Pseudo cyclops simplex, sp. nov. 

(Text-fig. 109, a-l.) 

[VOL. X,..' 

~ Total length, 0'5 mm. 
The proportional lengths of the cephalothorax and abdomen are as 32 to 13, so that the-

abdomen is contained 2·46 times in the length of the anterior region of the body. 

TEXT-FIG. 109.-Pseudocyclops simplex, sp. nov. 
a. The female from the dorsa.l side. J. The 1st maxilla. 
b. The l'ostrnm and . 1st antenna, iemale. g. The 1st swimming leg. 
c. The _ght 1st antenna, male. k. The 2nd swimming leg. 
d. The 2nd antenna.. j. The 3rd swimzning leg. 
e. The mandible. k. The 5th leg, female. 

I. The 5th pair of legs, male. 

The forehead IS rounded and terminates anteriorly and below in a stout ventrally
directed rostrum that is triangular in shape with a single point. The head and 1st thoracic
segment are fused together ; in this respect this species differs from all the others in the
genus. The 4th and 5th thoracic segments are separate in the lateral region and the poste
rior thoracic margin ifl produced back in a pointed wing. 
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The abdomen appears at fust sight to consist of only three segments and the furcal 
rami; the 4th segment is completely telescoped into the 3rd. The lengths of the segments 
are as follows:-

Abdominal segment 1-2 3 4 5 Furca 
39 18 18 5 20 =100. 

The furcal rami are one-and-a-half times as long as broad. The furcal setae resemble those 
of Pseudocyclops obtusatus Brady and Robertson. 

The 1st antenna reaches back to about two-thirds the length of the cephalic segment; 
it appears to consist of only 17 segments, instead of the usual 18. 

The mouth-parts and swimming legs closely resemble those of Pseudocyclops obtusatus. 
The 5th pair of legs differs fronl that of Pseudocyclops obtusatus in certain detaile of struc

ture. The 2nd basal segment is produced at its inner distal angl~ in a well-developed pointed 
process. The exopod resemble~ that of Pseudocyclop8 obtusatus but the endopod is clearly. 
different. In this ramus both the 1st and 2nd segments are produced at their distal outeI 
angles in a sharp process and the terminal segment bears six normal setae. 

cr Total length, 0·72 mm. 
The proportional lengths of the cephalothorax and abdomen are as 11 to 5, so that 

the abdomen is contained 2·20 times in the length of the anterior region of the body. 
As in the female the cephalon and the 1st thoracic segment are fused and the 4th and 

5th thoracic segments are separate in the lateral region. 
The abdomen here also appears to consist of only four segments owing to the manner 

in which the anal segment is telescoped into the 4th. The proportional lengths of the seg
ments and the furcal rami are as follows :-

Abdominal segment I 2 3 4 5 Furca 
22 22 18 13 7 18 =100. 

The 2nd segment of the abdomen is swollen on the left side. The posterior margins of the 
furcalranli are oblique and bear five setae, of which the 2nd and 3rd are considerably 
thickened. 

The 1 st antenna is short and barely reaches l>ack one-half of the length of the cephalic 
segment. The right antenna is modified to form a grasping organ. Each antenna con
sists of 18 segments. Of these segments 1 and 2 are partially fused. Seglnents 3 to 8 are 
very short and are considerably narrower than those on either side. The 9th to 13th free 
segments are considerably swollen and the 13th segment bears at its distal end a well 
developed spinous process. The knee-joint occurs between the 14th and 15th segnlents. 
The 15th segment bears a spinous process and also appears to be produced in a flask
shapes projection that reaches as far as the middle of the terminal segment. 

The mouth-parts an~ swimming legs appear to resemble those of the female. 
The 5th pair of legs possesses the same general type as those of Pseudocyclops obtusatus, 

but differ in small details. 

Genus SUEZIA Gurney. 

Under the above name Gurney (1927, p. 457) has described a new genus, that is cloHely 
related to Pseudocyclops, to accommodate a single species, Suezia canalis, that had been 
taken in the Suez Oanal. No further examples have up to the present time been taken In 
Indian waters. 

p 
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Family CANDACIIDAE. 

Genus CANDACIA Dana. 

The genus Oandacia is ,veIl represented in Indian waters, no less than s~teen speples 
ha ving now been obtained in one area or another. 

In 1896 Giesbrecht recorded the presence of Oandacia catula (Giesbrecht) and O. curta 
(Dana) from the Red Sea, and in 1900 Thompson added Oandacia aethiopica (Dana) to the 
list of Indian species. A year later Cleve obtained examples of Oandacia catula (Giesbrecht) 
from the Malay Archipelago. In 1902 A. Scott added Oandacia bispinosa (Claus), O. trurlCata 
(Dana) and O. bradyi A. Scott to the list of species from the region of the Arabian Sea and 
Red Sea and in 1903 Thompson and A. Scott obtained examples of Oandacia longimana 
(Claus), O. pachydactyla (Dana), O. simplex (Giesbrecht) and O. truncat.a (Dana) from the 
Arabian Sea and the Pearl Banks of Ceylon. Cleve in 1904 recorded the occurrence of 
'Oandacia bipinnata (Giesbrecht) from the west coast of Australia and the south of Cape 
Colony, and Oandacia inermis Cleve, O. tenuimana (Giesbrecht) and O. varwans (Giesbrecht) 
fronl the Agulhas Current. In 1906 W oHenden, in his report of the collections made by 
Stanley Gardiner in the Maldive and Laccadive Archipelagoes, :r;ecords the presence of 
Candacia catula (Giesbrecht), C. curta (Dana), C. truncata (Dana), C. pachydac t~la (Dana) 
and 'what he took to be a new species, O. tuberculata; this latter is, however, a synonym of 
C. bradyi A. Scott. In 1909 A. Scott in his report of the" Sibo.ga" collections recorded 
the occurrence of t,velve out of the above thirteen species and in the" Investigator" collec
tions from various regions of the Indian Waters I have obtained the majority of these 
species and have also added Candacia norvegica Boeck and a new species, o. magna to the 
Indian fa una. 

Candacia aethiopica (Dana). 

Canilacia aethiopica" A. Scott, 1909, p. 15l. 
Oandacia aethiopica, T. Scott, 1912, p.r537. 
Oandacia aethiopica, Sewell, 1912, p. 366. 
Oandacia aethiopica, Sewell, 1914, p. 228. 
Oandacia aethiopica, Sars, 1925, p. 350. 
Oandacia aethiopica, Farran, 1929, p. 537. 

This species is of 'world-wide distribution. It has now been recorded in Indian waters 
from the Malay Archipelago (A. Scott) ; the coast of southern Burma (Sewell) ; the Indian 
Ocean and Bay of Bengal (Cleve) ; the Pearl Banks of Ceylon (Thompson and A. Scott, 
Sewell) and the Arabian Sea (A. Scott). 

Candacia bispinosa ( Claus). 
Oandacia bispinosa, A. Scott, 1909, p. 15l. 

Oandacia bispinosa, Wolfenden, 1911" p. 357. 
Oandacia bispinosa, T. Scott, 1912, p. 537. 

Oandacia bispinosa, Sars, 1925, p. 352.' 
Oandacia bispinosa, Farran, 1929, p. 272. 

This species has now been recorded from all three great Oceans; it does not, ho'wever, 
appear to be of conlmon occurrence in Indian waters. 
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Candacia bradyi A. Scott. 
Oandacia bradyi, A. Scott, 1909, p. 156, pI. xlvii, figs. 1-9. 
Oandacia bradyi, Pesta, 1912, p. 49, fig. 9. 
Oandacia bradyi, Sewell, 1912, p. 366, pI. xxiii, figs. 6, 7. 
OandaCia bradyi, Sewell, 1914, p. 229. 
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This species has now been recorded from Amboina and the Phillipines (Carl); the 
Malay Archipelago (A. Scott) ; the coast of southern Burma (Sewell); the Ceylon Pearl 
Banks (Thompson and A. Scott, Sewell) ; the Persian Gulf (Pesta) ; the Gulf of Aden (A. 
Scott) and, under the name Candacia tuberculata, the Maldive and Laccadive Archipelagoes 
(Wolfenden) . 

Examples were taken at "Investigator" Stations 556, 562, 583, 584, 587, 588, 590 
and 591. 

Candacia catula (Giesbrecht). 

Oandacia catula,l !'-. Scott, 1909, p. 152. 
Oandacia catuw. Sewell, 1912, p. 367. 
Oandacia catula, Sewell, 1914, p. 229. 

This species is of wide distribution and has now been recorded from the Malay Archi
pelago (Cleve, A. Scott) ; the coast of southern Burma (Sewell); the Ceylon Pearl Banks 
(Thompson and A. Scott, Se,vell) ; the Arabian Sea and Red Sea (A. Scott) ; the Maldive 
and Laccadive Archipelagoes (Wolfenden) and the east coast of Africa (Cleve). 

Wolfen~en (1906, p. 1012) has recorded the occurrence in the Maldive and Laccadive 
Archipelagoes of a variety of this species, for which he proposes the name var. similis. No 
examples 9f this variety have up till now come under my notice. 

Candacia curta (Dana). 

Oandacia Cwrta, A. Scott, 1909, p. 152. 
Oandacia curta, Wolfenden, 1911, p. 357. 
Oandacia curta, T. Scott, 1912, p. 536. 
Oandacia curta, Sars, 1925, p. 35l. 
Oandacia curta, Farran, 1929, p. 272. 

Candacia c'U/rta, Brady, 1915, p. 135. 

A single specimen was taken at " Investigator" Station 473. 

Candacia discaudata A. Scott. 

Oandacia bradyi (~ only), Carl, 1907, p. 9, pI. i, figs. 8-10, 12-13. 
Oandacia discaudata, A. Scott, 1909, p. 157, pl. xlvii, figs. 10-20. 
Oandacia discaudata, Sewell, 1912, p. 367. 
Oandacia discaudata, Sewell, 1914, p. 230. 

As I have already pointed out (Sewell, 1914) the female of the species was first described 
by Carl (1907) ; who attributed it to Candacia bradyi, the female of which was at that time 
still unknown. The female of Candacia bradyi A. Scott was described by me in 1912. In 
1909 A. Scott redescribed the female and gave the first account of the nlale, giving the name 
o. di.~caudata to the species. 

p2 
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This species has now been recorded from Amboina (Carl) ; the Malay Archipelago (A. 
Scott) ; the coast of southern Burma (Sewell) and the Ceylon Pearl Banks (Sewell.) 

Exa,mples have been taken at " Investigator" Stations 540, 541, 543, 555, 556, 582 

and 583. 
Candacia norvegica Boeck. 

(Text-fig. 110, a-d.) 
Oandacia norvegica, Boeck, 1864, p. II. 
Oandacia norvegica, Giesbrecht and Schmeil, 1898, p. 131. 

Oandacia norvegica, Sars, 1903, p. 134, pIs. lxxxix and xc. 

Oandacia norvegica, Farran, 1905, p. 46. 
Oandacia norvegica, van Breemen, 1908, p. 147, fig. 165. 

Oandacia norvegica, Farran, 1908, p. 85. 
Oandacia norvegica, Sewell, 1913, p. 354. 
Oandacia norvegica, Lysholm and Nordgaard, 1921, p. 27. 

Up to the present time this species has only been recorded from the Atlantic Ocean 
and the Norwegian Sea. 

Lysholm and Nordgaard {1921} give the distribution of the species in the North Atlantic 
as lying between 600 and 1000 metres depth. They regard it as a North Atlantic species 
that is carried into the Nor,vegian Fjords by currents, and hence its occurrence in this latter 
locality as being only te mporary. 

Var. tropica, nov. 

In the collection from" Investigator" Station 682 are two examples of a Oandacia that 
I believe to be a variety of this species. Both examples were females. 

~ Total length, 2'28 mm. 
The proportional lengths of the cephalothorax and abdomen~ are as 73 to 25, so that the 

abdomen is contained 2'92 times in the length of the anterior ·region. 
The head and 1st thoracic segment are separate but ~s is usual in this genus thoracic 

segments 4 and 5 are fused. The head terminates anteriorly in a rostrum that consists of 
two rounde d bosses. The posterior thoracic margins are produced backwarde into sharp 
processes that reach back to about the middle of the length of the genital segment of the 
abdomen. The cephalic segment is considerably longer than the rest of the thorax; the 
proportion5 being as 43 to 30. 

The abdomen consists of three segments and the furcal rami. These have the following 
proportional lengthfl :-

Abdominal segment 1-3 4 5 Furca. 
43 25 13 19 = 100. 

Ttle genital segment is slightly assymetrical. On each side there is a projection bearing a 
bifid spine; the spine and the prominence on the left side is considerably longer and stouter 
than that on the right side. 

The 1st antenna reaches back to beyond the tip of the furcal rami. Each consists of 
a stout basal portion consisting of 7 segments and a more slender distal portion of 14 free 
segments. 

The proportional lengths of the segments are as follows : -
~e~ment 1 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 

71 47 23 23 31 33 37 23 23 23 25 36 44 45 60 52 57 57 61 57 89 35 47 61 -1(100. 
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The mouth-parts appear to be identical with those of Oandacia norvegica. 

c. 

d. 

TEXT-FIG. IlO.-Oandacia norvegica Boeck va.r. tropica nov. 
a. The abdomen from the dorsal aspect, female. c. The 2nd maxilla. 
b. The proximal segments of the 1st antenna. d. The 5th leg. 

In the swimming feet the spine on the terminal segment of the exopod of the 3rd leg 
is modified as in Oandacia norvegica. 

The 5th pair of legs exhibits certain slight differences from those of the typ~ form. 
The 2nd basal segment bears a delicate seta on its outer margin and a sonlewhat stouter 
spine at the distal inner angle. The terminal seglnent bears only t\VO small spines on its 
(luter margin, whereas in the type form there are three, one about the middle of the length 
of the segment and two close together near the djstal end; in the present form this pair 
is represented by ~ single spine. From the distal end arise two large spines of approxi
mately equal size, whereas in the type form the outer one is nearly t\vice as long as the 
lnner. Three setae arise from the inner margin. 

Candacia pachydactyla (Dana). 

Oarulacia pachydactyla, A .. Scott, 1909, p. 153. 
Oarulacia pachydactyla, Wolfenden, 1911, p. 358. 
Oandacia pachydactyla, T. Scott, 1912, p.536. 
Oandacia pachydactyla, Sewell, 1912, p. 368. 
Oandacia pachydactyla, Sewell, 1914, p: 230. 
Oandacia pachydactyla, Sars, 1925, p. 351.1 
Oarulacia packydactyla, Farran, 1929, p. 272. 
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This species is of world wide distribution. It has now been recorded in Indian waters 
from the l\{alay Archipelago (Cleve, A. Scott); the coast of southern Burma (Sewell) ; the 
Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; the Arabian Sea (Thompson and A. 
Scott) ; the l\{aldive and Laccadive Archipelagoes (Wolfenden) and from the east of Cape 
Colony (Cleve). 

Candacia simplex (Giesbrecht). 

Candacia simplex, A. Scott, 1909,' p. 154. 

Candacia simplex, Wolfenden, 1911, p. 357. 

Candacia simplex, Sars, 1925, p. 35l. 

Candacia simplex, Farran, 1929, p. 273. 

This species appears to be somewhat rare in Indian waters. A single example was 
taken by the" Investigator" at Station 682. 

Candacia truDcata (Dana). 

Candacia truncata, A. Scott, 1909, p. 155. 

Candacia truncata, Sewell, 1912, p. 368. 

Candacia truncata, Sewell, 1914, p. 23l. 

This sp"ecie's is widely distributed throughout Indian waters. It has been recorded from 
the Malay Archipelago (Cleve, A. Scott) ; the coast of southern Burma (Sewell) ; the Indian 
Ocean and Bay of Bengal (Thompson) ; the Pearl Banks of Ceylon (Thompson..and A. Scott, 
Sewell) ; the Maldive and Laccadive Archipelagoes (W oHenden) and fronl the east coast of 
Africa (Cleve). 

Candacia varicans (Giesbrecht). 

Oandace varwans, Giesbrecht, 1892, p. 424, pI. xxi, figs. 3, 4, 11 ; pI. xxii, figs. 10, 25 ; pI. xxxix, 
figs. 2, 23. 

Oandacia varicans, Giesbrecht and Schmeil, 1898, p. 129. 

Oandacia varicans, 1Volfenden, 1911, p. 357. 

Candac:ia vaTicans, Farran, 1929, p. 273. 

This species was originally recorded from the North Atlantic Ocean and the western 
part of the Mediterranean Sea. Farran has reported its presence off New Zealand. A single 
specimen, female, was taken by the" Investigator" at Station 682. 

Candacia magna, sp. nov. 

(Text-fig. Ill, a-h.) 

~ Total length, 4'16 mm. 
The proportional lengths of the cephalothorax and abdomen are as 138 to 41, so that 

the abdomen is contained 3'366 times in the length of the anterior region of the body. 
The cephalon and 1st thoracic segment are separate but thoracic segments 4 and 5 

are fused. The cephal on is long and exceeds the length of the combined thoracic segments 
in the proportions of 80 to 58. ~here is a well-marked rounded swelling on the posterior 
margin of the cephalon in the mid-dorsal line. The forehead is truncated and terminates 
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below in a pair of bluntly rounded bosses, repre~enting the rostral projections. The posterior 
thoracic margins are produced backwards in spine-like prominences. 

TEXT-FIG. lll.-Oandacia magna, sp. nov. 
a. The fema.le from the right side. e. The 2nd maxilla. 
b. The last thoracio segment and abdomen, female. f. The terminal segment of the endopod 
c. The proximal segments of the 1st antenna. of the 3rd leg. 

d. The distal segments of the grasping antenna, male. g. The 5th leg, female. 
h. The 5th pair of legs, male. 

The abdomen consists of three segments and the furcal rami. The genital segment 
is symmetrical and is slightly longer than the next two segments combined. The propor
tional lengths of the segments are as follows :-

Abdominal segment 1-3 4 5 Furca 
44 24 17 15 =100. 

The 1st antenna reaches back to about the end of the furcal ramus. The most charac
teristic feature of this appendage is the great length of the 2nd segment, which is nearly 
twice as long as the 1st and more than three ~imes as"Iong as the third segnleut. The propor
tional lengths of the segments are as follows :-

Segtnent 1 2 8 4 6 6 1 8 9 . 10 11 12 18 14 15 16 17 18 19 20 21 22 23 24--25 
46 82 25 19 24 27 21 28 26 25 27 42 50 52 58 68 63 63 68 61 29 28 35 53 -It\(}O. 

The 2nd antenna and mouth-parts' closely resemble those of Candacia longimana 
Claus. 
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The swimming legs have the usual characters. Unfortunately all the end spines on 
the terminal segment of the exopods are lllissing. 

The 5th pair of legs (text-fig. Ill, g) appears to be characteristic. The 2nd basal 
segment bears a short lllarginal seta. The terminal segment bears a small spine on (the 
outer margin about one-third of its length; in the distal quarter are three small spines 
at equal distances from each other and terminally there is a single long and stout spine. 
There are no setae on the inner margin. 

6 Total length, 3·70 mm. 
The proportional lengths of the cephalothorax and abdomen are as 121 to 38, so that 

the abdomen is contained 3·184 times in the length of the anterior region of the body. 
The general characters of the cephalothorax are the same as in the female. 
The abdomen consists of five segments and the furcal rami. The 1st segment is pro

duced on its right side in a rounded prominence: The proportional lengths of the segments 
are as follows :--

Abdominal segment 1 2 3 4 5 Furca 
21 21 21 13 8 16 =100. 

The 1st antennae reach back -to about the posterior end of the furcal rami. That of 
the left side resembles that of the female; the right antenna is, as usual, modified to form 
a grasping organ. As in the female, the 2nd segment is of considerably greater length than 
those on either side of i~. The middle segments are not markedly thickened. Segment 
18 bears a row of smaH teeth. Segments 19 and 20 are separate and segment 19 bears 
a short tooth-plate armed with needle-like teeth. 

The 2nd antennae and mouth-parts resemble those of the female. 
In the swimming legs the general structure resembles that of Candacia longimana; 

the end-spine of the 3rd swimming leg is also modified as in that species. 
The 5th pair of legs closely rese~bles that of Candacia norvegica Boeck. 
rrhis species is, I think, undoubtedly new and clearly belongs to the group of the genus 

that is represented by Candacia norvegica, C. longimana, C. tenuicauda and C. gracillima. 
A single example of the male was taken at Station 393 and of the female at Station 

670. As no further specimens have been obtained I have given in the above account 
only such characters as could be made out without actually dissecting the specimens. 

Family PONTELLIDAE. 

Genus CALANOPIA Dana. 

This genus is extremely well represented in Indian waters, no less than seven species 
being present. Of these the first to be recorded from this region was Calanopia elliptica 
(Dana), which was recorded by Giesbrecht (1896) from the Red Sea. The same species 
was recorded by Thompson in 1900 from. the Red Sea, the east coast of Africa and the Bay 
of Bengal. In 1901 Cleve reported the finding .of Calanopia elliptica (Dana) and C. auri
villii'Cleve in the Malay Archipelago and a year later A. Scott obtained examples of Galanopia 
minor A. Scott from the Red Sea and the Arabian Sea. In 1903 Thompson and A. Scott 
recorded the presence of Calanopia elliptica (Dana), C. minor A. Scott and C. aurivillii 
Cleve from the Pearl Banks of Ceylon and in the following year Cleve again recurded the 
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occurrence of the t'wo fOln:er srecies from the Red Sea, the Gulf of Aden and the Arabian 
Eea. In 1906 Wolfenden recorded Calanc'}1'a ell1i,t1'(a (Dana) aLd C. m1'1iCf A. Ecett henl 
the Maldivt and laccadive Archirelagces. In 1909 A. Scott described two ne,,1 species, 
Calan0'P~'a thcmpsoni and C. herdmani, as "reU as recording the occurrence of Calanop'ia 
elliptica (Dana), C. miner A. Ecott and C. aU1'ircillii Cleve hem the "Siboga" collections 
from the Malay Archipelago. In 1912 I reported the occurrence of Cala'YIcp~'a d11·pt1'ca 
(Dana), C. minor A. Scott and C. thcmpsoni A. Scott from the coast of southern Burma 
and in 1914 I confirmed the presence of Calanopia elliptica (Dana), C. aurivillii Cleve and 
C. minor A. Scott on the Ceylon Pearl Banks and added C. thompsoni to the list of species
known to occur in that locality. In 1927 Gurney recorded a new srecies, C. med1'a, from 
the Suez Canal. 

Of the seven species so far recorded from the Indian Ocean and its offshoots, five
occur in the H Investigator" collections. 

Calanopia auri villii Cleve. 

Oalanopia aurivillii, A. Scott, 1909, p. 181, pl. xlviii, figs. 16-20. 

Oalanopia minor (in part), Sewell, 1912, p. 36K 

Oalanopia a'UA'ivillii, Sewell, 1914, p. 232. 

Calanopia aurivillii, Farran, 1929, p. 273. 

This species is widely distributed throughout Indian waters and has now been record~d: 
from the Malay Archipelago (Cleve, A. Scott) ; the co~st of southern Burma (eeweIl) and tre· 
Pearl Banks of Ceylon (Thompson and A. Scott, Sewell). 

It occur~. in the " Investigator" collections at Stations 555, 556, 558, 583, 587, 588~ 
590 and 591. 

Cal anopia elliptica (Dana). 

Calanopia elliptica, A. Scott, 1909, p. 176. 

Calanopia elliptica, Pesta, 1912, p. 50, fig. 12. 

Calanopia elliptica, Sewell, 1912, p. 368. 

Calanopia elliptica, Pesta, 1913, p. 32. 

Calanopia elliptica, Sewell, 1914, p. 23l. 

CalarlOpia elliptioa, Gurney, 1927, p. 154. 

This species app~ars to be confined for the most part t.o the region of t.hE vVestern Pacific 
Ocean and the Indian Ocean. It has now been shown to be widely distributed throughout 
the whole of the Indian region and has been recorded fronl the ~Jalay Archipelago (Cley€~ 
A. Scott) ; the co~st of southern Burma (Sewell) ; the Bay of Bengal ~ the Ceylon Pearl Banks 
(Thompson and A. Scott~ Se'well); the lVlaldiye and Laccadiye Arel1ipelagoes ('YoHenden): 
the Arabian Sea (A. Scott, Cleve) ; the Persian Gulf (Pesta) ; the Euez Cnl. a1 (GuIney) and 
the east coast of Africa. (Thompson). 

In the" Investigator " collections examples of this species oecnr at Stations 540,541:-

542,544,547,555,556,558,561,574,575,578,582,583, 584, 587, 588~ 590ano 614. 

Calanopia berdmani' A. Scott. 

Calanopia ke'ldmar;i, A. Scott, 1909: p. 197, pI. xiix, figs. 9·16. 
Q 



342 Memoirs of the Indian Museum. [VOL. X, 

This species has hitherto only been recorded by A. Scott from the Malay Archipelago 
where it was taken by the "Siboga." 

A few specimens were obtained by the" Investigator" at Station 614. 

Calanopia minor A. Scott. 

Oalanopia minor, A. Scott, 1909, p. 177, pl. x1vfu~ figs. 6-10. 
Calanopia minor, Pesta, 1912, p. 5l. 
Oalanopia minor (in part), Sewell, 1912, p. 51. 
Oalanopia minor, Sewell, 1914, p. 232. 

This species is widely distributed throughout Indian' wateIs, but appears on the whole 
to be rare. It has now been recorded from the Malay Archipelago (A. Scott); the coast 
()f southern Burma (Sewell); the Tearl Bank~ of Ceylon (Thompson and A. ~ott, Sewell) ; 
the Arabian Sea (Thompson and A. Scott) ; the Persian Gulf (Pesta) and the Red Sea (Cleve, 
A.. Scott). It occurs in the "Investigator" collections at Station 614. 

Calanopia thompsoni A. Scott. 

(Text-fig. 112, a-f.) 

Oalanopia thompsoni, A. Scott, 1909, p. 178, PI. XLIX, figs. 1-8. 
Oalanopia thompsoni, Sewell, 1912, p. 368. 
OaldJfwpia thompsoni, Sewell, 1914, p. 232. 

This species was first describe~ by A. Scott (1909) from the Malay Archipelago, and 
it has since been taken off the coast of Southern Burma and on .the Pearl Banks of Ceylon. 
A large number of examples were taken by the" Investigator " at Stations 587 and 614; 
it is interesting to nwte that these examples exhibit inter se certain differences: especially 
in the structure of the 5th pair of legs in the female, but in spite of this I have no hesita
tion in referring all the forms to the same species. 

~ Total length, 2'303 mm. At first sight the examples from the two stations 
mentioned above appeared to fall into two groups, a large form from Station 614 and a 
smaller form from Station 587. Subsequent measurement of a number of examples from 
each sta tion, however, showed that no distinction could be made between them on this 
_ground. 

The proportional lengths of the cephalothorax and abdom~n are as 37 to 15, so 
that the abdomen is contained 2'47 times in the length of the anterior region of the body. 
The side of the head bears, as described by Scott, a sharp spinous process and the posterior 
thoracic margins are produced into sharp points. 

The abdomen consists of only two segments, that have with the furcal rami the 
following proportional lengths:-

Abdominal segment 1-3 4-5 Furo&' 
46 31 23=100. 

Specimens from Stations 614 and 587 exhibit an interesting difference in the structure of 
the genital segme1~t; in-the examples from the former station there is a well marked hemis
pherical swelling, measuring 0'07 mm. in diameter, on the right side of the segment about 
three-fifths of its length from the anterior end. A. Scott makes no mention of any such 
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swelling in this pos~tion in his examples but he states that" the ventral surface is produced 
posteriorly at the distal end in a rounded knob (PI. xlix, fig. 2)" This ventral prominence 
is present in the examples from Station 614 but is situated close to the posterior margin of 
the· segment and, therefore, somewhat further back than as figured by Scott. In examples 
from. Station 587 the abdom.en was slightly asymmetrical, the right side being rather more 
full than the left but the re was no rounded prominence either on the ventral aspect 
or the right side. 

The 1st antenna consists of 19 free segments and reaches to the middle of th, genital 
segment. The proximal 8 free segments considerably stouter than the distal segments. 
The propo~ionallengths of the segments are as follows :-

Segment 1 2·5 6 7 8·9 10 11·12 13 14 15 16 17 18 19 20 21 22 23 24-25 
54 85 8 26 43 28 34 27 29 44 83 93 96 97 59 49 68 67 71 .. 1000.~ 

In one in&tance segments 16 and 17 of the right antenna were fused, the combined length 
of the joint being 142, whereas the length of the separate segments in the normal individual 
are together ·equal to 176. 

T.n:T.!'l~. 112.--0QUmogJia tk0'l1'1,fJ8Ofti A. Scott (adult). 
a. The segments of the knee-joint in the 1st right a.ntenna., d. The 4th leg, forma typica, female. 

male. 
6. The 2nd aBtenna. 

~. The maxilliped. 
6. The 5th leg, va.riety from Station 587, female. 
f. The 5th pair of legs, male. 

The 2nd antenna, mouth-parts and the first four pairs of swimming legs appear to bp 
similar to those oj Oalanopia ell~ptica (Dana). 

The 5th pair 'Of tegs exhibit an interesting difierence in examples from Station .58'7. In 
specimens fr.om Sta:tions 590, tl14 and from the Pearl Banks of Ceylon the structure of this 

Q2 
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. appendage agrees exactly ,vith the description and figures given by A. Scott (1909, PI. xlix, 
fig. 5). In the exalnples from Station 587, this leg appears to be considerably more slender 
·than usual and the terminal spine is nearly twice the length that it is in the normal form. 

~ Total length, 2-226. 
• The proportional lengths of the cephalothorax and abdomen are as 73 to 33, so that 

the abdomen is contained 2'212 times in the length of the anterior region. The general 
characters of the body are as in the female. The abdomen consists of five segments that have 
-the following proportional lengths :-

Abdominal segment 1 2 3 4 5 Furca 
20 20 18 12 6 24= 100. 

The left resembles that of the female; the proportional lengths of the several segments 
being as follows :-

Segment 1 2-5 6 7 8-9 10 11-12 13 14 15 16 17 18 19 20 21 22 23 24-25 
61 36 9 28 43 29 87 32 32 42 80 91 92 95 52 45 61 65 75 = 1000. 

In this sex the jointing of the antenna is sligptly different from that in the female .since 
segments 7 to 9 are fused together, but traces of the division of segments '7 and 8 can be 
detected. The right antenna is modified into a grasping organ and agrees with A. Scott's 
-description. -

In all other .respects these examples agree with those taken by A. Scott in the Malay 
Archipelago and I have been unable to trace any differences in the males from Station 587 

-from those taken in any other locality. 

·Copepodid Stage III. (Text-fig. 113, d.) 
In this stage of development I have only been fortunate enough to obtain examples of the male sex. 
d' Total length, 0·942 mm. 
The proportional lengths of the cephalothorax and abdomen are as 59 to 23,. so that the abdomen 

is contained 2·565 times in the length of the anterior region of the body. 
The general structure of the cephalothorax already closely resembles that of the adult. The cephaloD 

and 1st thoracic segment are separate and thoracic segments 4 and 5 are fused. The lateral hooks on 
the cephal on are present but are more slender than in the full-grown individual. The posterior thoracic 
margins are produced backwards in small pointed spinous processes. 

The abdomen consists of only three segments, that have, with the furcal rami, the following prop or
-tional lengths ; 

Abdominal segment 1 2 3-5 Ful'ca. 
26 22 28 24=100. 

The 1st antenna consists of only sixteen free segments, that have the following proportionalleilgths; 
Segment 1 2-5 6 7-9 10 11-13 14 15-16 17 18 19 20 21 22 28 24-25 

56 34 10 56 22 61 22 84 72 78 100 72 67 88 88 100 -1000. 

The 2nd antenna and mouth-parts appear already to have assumed the adult characters. 
The swimmirig legs in each case consist of a two jointed basal portion, an exopod of two segments 

.. and a single-jointed endopod. 
The 5th pair of legs (Text-fig. 113, d) consist of a basal segment and on each side a ramus of a single 

segment. 

·Oopepodid Stage IV. (Text-fig. 113, a-c, e, f.) 
~ Total length, 1·281 mm. 
The proportional lengths of the cephalothorax and abdomen are in the proportion of 5 to 2, so that 

the abdomen is contained 2·5 times in the length of the anterior regi~)D of the body •. 
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The cephalothorax closely resembles that of the adult but the posterior thoracic margins are not s) 
markedly produced as in the final stage of development. 

The abd.omen consists of only two segments and the furcal ra.mi, ablominal segments 1 and 2, a'ld 
3 to 5 respectively being fused. together. The proportional lengths of the various segments are as follows:-

Abdominal segment 1-2 3-5 Furca. 
44: 31 25=100. 

The 1st antenna reaches back to about the p03terior ma.rgin of the anterior abd.ominal segment. It still 
-consists of only sixteen free segments, which have the following proportional lengths :-

Segm9nt 1 2-5 6 7-10 11-13 14: 15 16 17 18 19 20 21 22 23 24-25 
61 36 8 89 61 24 34: 53 79 85 101 67 59 77 81 85 -1000. 

~h.~ 2nd antenna 'tnJ 'uluth-parts (text-figs. 113, a-c) closely resemble those of the adult. 

d. 

TEXT-J10. 113.-0al(Jrwp;'~ th~mp~Qlli A. Soott (illl!1la.ture). 

:l. The 1st maxilla. Copepodid Stage IV. d. The 5th leg. Oopepodid Stage III, male. 
b. The 2nd maxilla. Copepodid Stage IV. e. The 5th leg. Copepodid Stage IV, tem:l.le. 
G. The maxilliped. Copepodid Sta.ge IV. i· The 5th leg. Copepodid Sta.ge IV, male. 



84:6 Memoirs of the Indian Museum. [VOL. X,. 

In the swimming legs the rami have already assumed the adult oharacters; in the 1st to the 4th legs 
the exopod consists of a two-jointed basal portion, an exopod of three segments and an endopod of two 
segments. 

The 5th pair of legs (ten-fig. 113, e) are still immature and consist of a basal portion bearing the two 
legs, each of which possesses only two free segments. The rami are symmetrical and the distal joint tears· 
a stout spine on its outer margin about half-way along its length and a group of three at the distal end 
of the outer margin. 

e Total length, 1·241 mm. 
The proportional lengths of the cephalothorax and abdomen are as 41 to 15, so that the abdomen. 

is contained 2·40 times in the length of the anterior region of the body. 
The cephalon exhibits the same characters as in the preceding stage. 
The abdomen consists of three free segments, having, with the furc.a~ rami the following proportional; 

lengths :-
Abdominal segment 1 4·5 Furca. 

23 23 30 24=100· 

The ] st antenna consists of eighteen free joints, their proportional lengths being as follows :-
Segment 1 2·6 6 7·9 10 11·12 13 14 16 16 17 18 19 20 21 22 28 24·25 

60 37 0 66 19 29 24 27 40 70 80 87 94 59 51 75 8' 90 = 1000. 

The 2nd antenna and mouth-parts are as in the adult. 
The swimming legs in this sex differ from those of the female in the corresponding stage of develop

ment; in each case in the 1st to the 4th pair the exopod consists of only two free segments, segments 2" 
and 3 not yet having become differentiated, and the endopod consists of a single joint. The condition
thus agrees with the state of develQpment in the male of the 3rd Copepodid stage. 

The 5th pair of legs (text-fig. 113,f) are very similar to those of the female in the same stage of develop
ment, but with this difference, that in the present sex the legs of the two sides are not quite symmetrical .. 

Oopepodid Stage V. (Text-fig. 114, a-c.) 
~ Total length 1·681 mm. 
The proportional lengths of the cephalothorax and abdomen are as 63 to 20, so that the abdomen 

is contained 2·65 times in the length of the anterior region of the body. 

c. b. 
TEXT-FIG. 114.-0alanopia thomp8oni A. Scott (immature). 

a. The 2nd ma.xilla.. Copepodid Stage V. b. The 5th leg, female. Copepodid Stage V. 
c. The 5th pair of legs, ma.le. Copepodid Sta.ge V. 
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The cephalothorax closely resembles that of the adult. 

The abdomen consists of two free segments only, having the following proportional lengths :-

Abdominal segment 1·2 3·5 Furca 
45 32 23= 100. 

IA this stage the proportional lengths of the abdominal segments are almost exactly the same as in 
·the preceding stage; it is probable that there has been no rearrangement (,f the segments and that, as 
before, it is segments 1-2 and 3-5 respectively that are fused. . 

The 1st antenna consists of seventeen free segments, that have the following lengths :-
Segment 1 2-5 6 7-10 11-12 13 14 15 16 17 18 19 20 21 22 23 24-25 

61 35 8 77 29 24 30 39 70 83 89 98 63 54 75 80 84 = 1000. 

The 2nd antenna, mout~-parts and swimming legs resemble those of the adult. 
In the 5th pair of legs (Text-fig. 114, b) each appendage consists of a basal segment and two free seg

ments that are symmetrical. The distal segment now bears three small spines on the outer margin and 
two at the distal extremity. 

rJ Total length, 1·668 mm. 
The proportional lengths of the cephalothorax and abdomen are as 51 to 21, so that the abdomen 

is contained 2·429 times in the length of the anterior region of the body. 
The general character of the cephalothorax is as in the adult. 
The abdomen consists of four free segments that have the following proportional lengths :-

Abdominal segment I 2 3 4-5 Furca 
22 22 17 16 23= 100. 

The 1st antenna already exhibits a commencement of the differentiation that will in the next moult 
give rise to the grasping antenna on the right side. The right appendage consists of 19 free segments 
whereas that on the left side possesses only 18. The proportional lengths of the segments are also different 
on the two sides as is shown below :-

Segment 1 2-5 6 7-8 9 10 11-12 18 14 15 16 17 18 19 20 21 22 28 24-25 
Left 62 39 8 68 21 30 28 ~1 39 70 81 89 96 68 51 79 86 89 -1000. 

,-----A--. 
Right 65 44 8 65 20 20 82 20 20 36 60 78 95 64 85 42 106 100 103 -1000. 

The 2nd antenna and mouth-parts appear to be as in the adult. 
The swimming 1egs now consist of a two-jointed basal part a three-jointed exopod and a tW9-jointed 

endopod. 
The 5th pair of legs (text-fig. 114, c) generally resemble those of the female but are slightly asym-

metrical. 
At Station 614 a large number of examples of this species, in the later stages of develop .. 

ment and of both sexes, were obtained and the opportunity was taken of Dleasuring a 
number of these individuals in order to work out the growth-factors and the changes in 
the proportional sizes of the various parts of the body during the last nloults. The results 
of these measurements of the total length are given in text-fig. 115. 

Stage of 
development. 

~ Stage IV . 
Stage V 
Stage VI (Adult) 

d' Stage III · 
Stage IV . 
Stage V 

Stage VI (Adult) 

Observed 
size. 
mm. 

1·281 
1·681 
2·303 

0·942 
1·241 
1·668 
2·226 

Caloulated Growth. 
size. faotor. 

mm. 

1·281 1·341 

1·718 1·341 

2·304 

0·938 1·770 or 1·341 

1·258 1·770 

1·660 
2·226 
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In the above table I have given the average size of both sexes in the di:fferent stages· 
of development. Unfortunately, I have not been able to discover any stage i.n the female 

stage VI. 

StogeIY. 

9 d 
"I) 2 0 •• e 

....... qj • •••••• •• e. 1·9 ........ ..:, .. ..e .• ..... ::: , ::::: .... 
•••• ::: 18 :::::.. StogeVl. 

••• • •• e •••• •• • •• • • •• 
: 1·7 I::· 

1·6 

1·5 

• •• • • ..... \·4 .: ••• • .. .. ..... . ... g" .:: 1·3 n. .. . 
1·2 

t·t 

.: ••• • 
• 1·0 a:: 

I 
'9 

'8 .: 
. ., • • 

TEXT-FIG. 115.-The length meSEoremELte of 193 examplf.s of Cala'llop1'a tllCtrl$&O'fli A. Erott from Station 614. 

younger than Stage IV It is thus impossible to discover whether there is a decrease in tbe' 
growth-factor in the later moults such as I have found to be present in most of the species-
of which I have been able to work out the life histolY. The growth-factor of the I_t two 
moults in the female of the present species is apparently 1'341. In the male the course of 
development would appear to follow that which I have previously suggested as the charac-· 
teristic feature of the male development, namely, that an example may pass from stage III~ 
either to Stage IV by the female growth-factor or to Stage V by the male growth-factor and 
from Stage IV to Stage VI by the male growth.factor. In the present species the charac .. 
teristic male growth-factor appears to be 1-770. It is, however, possible that the course of , 
development may be a straight one, examples passing in succession through the various-· 
stages. If this be so the growth factor would appear to be that given in the table below: 

Stage of 
development. 

Stage III • 
Stage IV • 
Stage V • 
Stage VI (Adult) 

• 
• 

• • 
• 

• • 

Observed 
size. 

mm. 

0·942 

1·241 

i 1·668 
2·226 

Caloulated Growth-
size. faotor. 

mm. 

0·942 1·332 

1·255 1·332 
1·671 1·332 
2·226 --
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When studying the development of Metridia princep~ Giesbrecht and Gaussia princeps 
(T. Scott) I have shown that there is a progressive change in the proportions of the thorax 
and abdomen, as well as of the various segments of the abdomen itself, with each successive 
moolt. An exactly similar change occurs in the case of the present species and in the follow
ing table I have given the proportional lengths of the cephalothorax and the segments of the 
abdomen in parts per thousand of the total body-length in each growth stage :-

Sta.ge of 
development. 

~ Stage IV 
Stage·Y 
Stage. VI (Adult). 

~ Stage III 
Stage IV 

Stage Y 
Stage VI (Adult). 

Cephalothorax. 

726 
726 
713 

719 
716 

706 
674 

Abdominal segments. 

r--- ..-"------~ 

1 2 .3 4 5 
"--v-~ \ v-----' 

121 84 
123 88 
132 89 

r-......J"-~ '--~-' 
73 63 77 
66 66 84 

~ 
65 66 49 47 
65 77 60 42 15 

Furcal ra.mus. 

69 
63 
66 

68 
68 

67 
67 

From the above table it is clear that there is a progressive decrease as development 
proceeds in the proportional length of the cephalothorax, the length of the abdo
men proportionately increasing. This inc~ease in the length of the abdomen is not, 
however, uniform throughout its entire length. In the female the anterior free segment 
of the abdomen increases in length between Stages IV and VI by 9·1 per cent., whereas 
the posterior free segment only increases by 5·95 per cent. At the same time the furcal 
ramus seems to decrease slightly i~ length. In the male the proportional decrease in 
the length of the cephalothorax is more marked, being between Stages III and VI 6· 3 per 
cent~, and there is a proportionately greater increase in the length of the abdomen. In this 
se:x: Bilao there is a slight decrease to the extent of 11 per cent. in the proportional length 
of the 1st abdonllnal segment between Stages III and yI. The 2nd abdonlinal segment, 
however, shows an increase ci.uring the same course of development of 22· 2 per cent. The 
posterior segments exhibit also an increase in length at the successive moults but this is to 
some extent masked by the simultaneous differentiation of the segments at succeeding 
moults; between Stages III and IV the fused segments 3-5 increase in length by 9'05 per 
cent.; and in the following moult segment 3 is separate off froul the conllJined segments 4-5, 
this change being accompanied by an increase in the total length of this part of the abdomen 
of 14·3 per cent. In the final moult the ard segment shows an increase in length of 24'45 

per cent. and the fused segments 4-5 become differentiated and sho,v a silnultaneous in
crease of 21-28 per cent. At the same time there is a slight decrease in the proportional 
length of the furcal ramus. It is thus clear that during development tllt~re is heterogonic 
growth in the various parts of the body, with the most rapid developn1ellt in the region of 
the ard abdominal segment and that from this point t~ rate of gro\vth dhninishes as' 
we pass either anteriorly or posteriorly. 

R 
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'rhe development of the 1st Antenna also exhibits different rates of growth in the various 
segments. In the following table I have given the proportional lengths of these segments 
in parts per thousand of the whole appendage in each sex in the different stages of growth :-

~ Segment 1 2·5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24·25 
'--r_J '---r--/ 

Stage IV 61 36 8 89 61 24 34 53 79 85 101 67 59 77 81 85 
.~ 

Stage V 61 85 6 77 28 24 30 39 70 83 89 98 63 54 75 80 84 

Stage VI 54 35 
,.-----'---"""\ 

8 26 43 23 34 27 29 44 83 93 95 97 59 49 63 67 71 
~. ~ '-v-' 

Stage III 56 34 10 56 22 61 22 84 72 78 100 72 67 83 83 100 
'-v-' ,.--... 

Stage IV 60 37 9 65 19 29 24 27 40 70 80 87 94 59 51 75 84 90 
Stage V 62 35 8 58 21 30 23 21 39 70 81 89 96 58 51 79 86 89 

~ 
Stage VI 61 36 9 28 43 29 

(left). 
37 32 32 42 80 91 92 95 62 45 61 65 75 

In this species ita ppears that there is' but little change in the proportiona llengths of 
the more proximal segments; in segments 7 to 10, in which there is, as development proceeds, 
a separation of one undivided segment in the early stages of the female to th~ee separate 
segments or in the male from two segments to three, there is, as one would expect, an in .. 
crease in the total length of these segments. In segments 14 to 18 there is clear evidence 
of an increase in length which is at a maximum. at the level of segment 16. From segment 
19 to the end there is equally clear evidence of a decrease in the length of the segments 
which has its maximum at about the level of the 21st er 22nd segment. 

Genus ANOMALOCERA Templeton. 

Anomalocera patersoni TempI. has on two occasions been recorded from the Indian 
Ocean. The first report of its occurrence in theseEwaters is that by Thompson (1900, p. 283), 
who records the presence of a single specimen in the Wyse collection from a sample taken 
near the southern extremity of Africa. The position at which the sample was taken is 
given as " 20° S ; 38° 40' E: Taken after 24 hours running, from bath-room tap, which 
leads fronl a tank on top deck, kept full for flushing and other purposes." Were this the only 
record it would have to be regarded 'with some degree of suspicion, for there is no means of 
ascertaining the position or time at ,vhich the individual specimen was pumped from the 
sea into the tank on the top-deck. There is, however, a second record of the occurre!1ce of 
this species in Indian seas, nanlely, that given by Wolfenden (1906, p. 1020) of its presence 
in the collections made by Prof. Stanley Gardiner in the Maldiv~ and Laccadive Archipela
goes. It thus appears probable that the spe~ies is of occasional, though rare, occurrence in 
these regions. Up to the present time no exanlple has been taken in the " Investigator" 
or other collections that I have examined. 

Genus LABIDOCERA Lubbock. 

The first record of the occurrence of any species of this genus in the Indian Ocean or 
its offshoots is that by Giesbrecht in 1899, in ,vhich he mentions the taking of Labidocera 
acuta (Dana), L. minuta Giesbrecht, L. orsinii Giesbrecht and L. pavo Giesbrecht in the Red 
Sea. A year later Thompson (1900) recorded the occurrence of Labidocera acuta (Dana) 
and L. acutifrons (Dana) from the western region of the Indian Ocean. Cleve (1901) reported 
Labidocera acuta (Dana) and L. minuta Giesbrecht from the Malay Archipelago and the 
Arabian Sea, and L. kroyeri (Brady) L. ne1'ii I{royer and L. pavo Giesbr. from the former 
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region. A. Scott in 1902 confirmed the occurrence of Labidocera acuta (Dana) and L. minuta 
Giesbr. in the Red Sea and in collaboration with Thompson in the Report of the (tlylon 
}learl Fisheries in 1903 records the occurrence in that area of Labidocera acuta (Dana), L. 
min uta Giesbr., L. detruncata (Dana), L. pavo Giesbr., L. kroyeri (Brady), together with two 
varieties, var. stylifera and var. gallensis, and L. pectinata Thompson and A. Scott. In 1904 
Cleve recorded Labidocera acuta (Dana) and L. minuta Giesbr. from the Red Sea, the Gulf 
of Aden and the Arabian Sea, and L. pavo Giesbr. from the Gulf of Suez and the Arabian 
Sea; from the latter region, he also recorded under the name L. simi lis , the species that 
Thompson and A. Scott had previously described as L. pectinata from the Ceylon Pearl 
Banks. Two years later in 1906 Wolfenden reported ~he occurrence in the Maldive and 
Laccadive Archipelagoes of Labidocera acuta (Dana), L. wollastoni (Lubbock), L. minuta 
Giesbr., a variety.of L. detruncata (Dana) and L. laevidentata (Brady). In 1909 A. S~ott 
in his account of the collections of the" Siboga " in· the Malay Archipelago recorded the 
presence in that area of Labidocera acuta (Dana), L. detruncata (Dana), L. kroyeri (Brady), 
L. laevidentata (Brady), L. minuta Giesbr., L. bataviae A. Scott and L. madurae A. Scott. 
In 1911 Wolfenden recorded the presence of Labidocera acuta (Dana ) at a depth of 400 metres 
in the Indian Ocean and at the surface in Port Natal on the east coast of Africa. In 1914-15 
Brady recorded Labidocera detruncatum (Dana), L. acuta (Dana), L. kroyeri (Brady), L. tris
pinosa Esterly, L. inermis (Brady) and L. chubbi (Brady) from the East Coast of Africa. 
This latter species. however, appears to me to be merely an example of the male of L. 
minuta Giesbr. In1912 I recorded Labidocera acuta (Dana), L. euchaeta Giesbr., L. kroyeri 
(Brady) and its varieties stylifera, burmanica and bidens, L. minuta Giesbr. and L. 
pectinata Thompson and A. Scott, from the coast of southern Burma. In 1912-13 Pesta 
recorded the occurrence of Labidocera acuta (Dana), andL. minuta Giesbr. from the Arabian 
Sea and Persian Gulf. In 1914 I recorded Labidocera acuta (Dana), L. kroyeri (Brady), 
with its varieties stylifera and burmanica, L. minuta Giesb'r., L. pavo Giesbr., and L. 
pectinata Thompson and A. Scott from the Ceylon Pearl Banks and in 1924 Labidocera 
pavo Giesbr. from the Chilka Lake. In 1924 Friichtl recorded Labidocera acutifro ns 
(Dana), L. acuta (Dana), L. laevidentata. (Brady) and L. minuta Giesbr. from the Aru 
Archipelago; and, finally, Gurney in 1927 recorded Labidocera pavo Giesbrecht and L. 
minuta Giesbrecht 'from the Suez Canal. 

Thus seventeen species and varieties in this genus have been recorded from various 
regions of the Indian Ocean and of these as many' as fourteen are present in the" Investi
gator" collections. 

Labidoeera aeuta (Dana). 

(Text-figs. 116, 117.) 

Labidocera acuta, A. Scott, 1909, p. 164. 

Labidocera acuta, Wolfenden, 1911, p. 36l. 

Labidocera acuta, Pesta, 1912, p. 51, fig. 13. 

Labidocera acuta, Sewell, 1912, p. 368. 

Labidocera acuta, Pesta, 1913, p. 32. 

Labidocera acuta, Sewell, 1914, p. 232. 

Labidocera acuta, Frlichtl, 1924, p. 77. 
R2 
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This species has ,a wide distribution throughout the whole extent of Indian waters; 
it ~s now been recorded from the Malay Archipelago (Cleve; A. Scott, Friichtl) ; the coast 
of .HUI'ma (Sewell) ; the Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; the Maldi"e 
and Laccadive Archipelagoes (Wolfenden) ; the Arabian Sea (Cleve, Pesta) ; the Pe~ian Gulf 
(Pesta) ; the Red Sea (Giesbrecht, A. Scott); the east coast of Africa (Wolfenden, Brady) 
and the Agulhas Current (Cleve). In the "Investigator" collections this species occurs 
at the follo,ving stations; 542, 543, 552, 555, 556, 558, 559, 582, 583, 587, 588, 590, 
591, 614. 

I have previously called attention to certain changes that take place during development 
in this species (vide Sewell, 1912, p. 369) and I give below certain measurements in order 
to demonstrate the changes in the proportions of the body and certain of the appendages 
during the later moults. 

Q Total length, 3· 07 mm.. 
The proportional lengths of the cephalothorax and abdomen are as 97 to 35, so that 

,the abdomen is contained 2'771 times in the length of the anterior region of the body. 
The abdomen consists of three segments and the fur.cal rami: these have the following 

proportional lengths :-
Abdominal segment 1-3 4 5 Furca 

40 26 14 20 =100 

The 1st antenna reaches back to about the posterior end of the 2nd free segment ,. 
of the andomen. It consists of twenty-two free segments, segments 6 to 8 being fused 
together, though the line between segments 7 and 8 can be detected, as well as segments 
24 and 25. The proportional lengths of the segments are as follows;-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19, 20 21 22 23 24-25 
'-v-' "'-v-' 

91 71 :t2 9 10 21 12 25 22 18 41 46 52 57 73 73 82 82 66 50 33 33 31 =1000 

Oopepodid Stage IV. (Text-fig. 116, a-d.) 

~ Total length, 1·721 mm. 
The proportional lengths of the cephalothorax and abdomen are as 183 to 67, so that the abdomen 

is contained 2·731 times in the length of the anterior region. 
The median frontal spine is only very slightly developed and forms an insignificant short crest; the 

posterior thoracic margins are produced backwards in pointed processes. The 4th and 5th segments are 
partially fused together, but the line of jlIDction can be detected. 

The abdoI}1en consists of only three segments, that have, with the furcal rami, the following proportional 
lengths :-

Abdominal segment 1 2 3-5 Furoa 
23 18 31 28 =100 

The second and third furcal setae show no signs of the modification that is present in the adult. 
The 1st antenna cc5nsist~ of twenty-three free segments, segments 8 and 9, and 24 and 25 respectively 

being fused together. These segments ha,ve the following proportional lengths :-
Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 

'--y--J '-v--.J 
88 61 10 10 11 21 8 23 16 13 37 36 40 43 55 55 77 88 68 65 60 60 55 =1000 

The 2nd antenna (text-fig. 116, a) already possesses the characters of the adult appendage, the sole 
difiereace, that I have been able to detect, being in the number of setae that arise from the inner lobe of 
the terminal segment of the endopod; at this stage of development there are only 7 setae on this lobe, 
whereas in the next copepodid stage there are 8. 
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The mouth-parts (text-fig. 116, b) have already assumed the adult characters. 
• In the 1st swimming leg the exopod consists of only two free segments, segments 2 and 3 not yet being 

differentiated; these two joints bear 1 and 3 marginal spines respectively. The proximal spine on segment 
2 is half as long again as the 2nd and 3rd spines. The number of setae on the inner margins of the joints 
are 1IRnd 4. The endopod consists of only a single segment that beats nine setae. 

In the 2nd swimming leg the segmentation of the rami is as in the preceding leg. The proximal spine 
·on the 2nd segment is long and reaches as far as the base of the 2nd marginal spine. The endopod bears 

·ten setae. 
The 3rd swimming leg closely resembles the 2nd but differs in the degree of development of the 1st 

·marginal spine on the 2nd segment of the exopod, which does not reach as far as the base of the 2nd spine, 
-and in the number of setae on the endopod, which in this leg are only nine in number. 

0/. g. 

TEXT-FIG. 116.-Labidocera acuta (Dana), immature. 

a. The 2nd antenna. Copepodid Stage IV. d. The 5th pair of legs. ('opeplHbd Stagt> IV, male. 
b. The 1st Maxilla. Copepodid Stage IV. e. The Mandible. Cop<.>podid Stng!:' Y. 
c. The 5th leg. Copepodid Stage IV, female. f. The 5th leg. Copepodid Stage V, ft~lllale. 

g. The 5th pair of legs. Cope po did Stage V, male. 

In the 4th swimming leg the exopod consists of two segments and the endopod of only one. The 

. endopod bears only eight setae. 
The 5th pair of legs (text-fig. 116; c) are symmetrical and both endopod and exopod are well developed. 

" Total length, 1·558 mm. 
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The proportional lengths of the cephalothorax and abdomen are as 23 to 8, so that the abdomen is 
contained 2·875 times in the length of the anterior region of the body. 

At this stage of development the anterior spine in the frontal region of the head is only slightly de

veloped. 
The abdomen ~onsists of three segments and the furcal rami; these have the following proportional 

lengths :-
Abdominal segment 1 2 3-5 Furca 

23 18 30 29 =100 

The 1st antenna consists of twenty-three segments, segments 6 and 7 and 24 and 25 being respectively 
fused. The proportional lengths of the segments are, similar to those of the female. 

The mouth-parts and swimming legs are also similar to those of the female. 
The 5th pair of legs (text-fig. 116, d) closely resemble those of the female. The endopod is still pre

sent but is slightly smaller than in the female and is fused with the 2nd basal segment. 

Copepodid Stage V. (Text-fig. 116, e-g.) 

~ Total length, 2·279 mm. 
The proportional lengths of the cephalothorax and abdomen are as 70 to 28, so that the abdomen is· 

contained 2·5 times in the length of the anterior region of the body. 
The cephalon and the various thoracic segments are all separate. The forehead bears a prominent 

spine that exactly agrees with that of the adult. The posterior thoracic margin is symmetrical and is 
produced in a sharp backwardly-directed process. 

The rostrum is forIp.ed of two stout spines and the eyes are small, as in the adult female. There is a. 

well-marked, depressed groove across the neck region of the cephalon. 
The abdomen consists of three segments and the furcal rami. The proportional lengths of the seg

ments are as follows :-
Abdominal segment 1-3 4 5 Furo&. 

38 24 14 24 =100 

There is no trace of the lateral process found on the genital segment in the adult. 
The 1st antenna reaches back to a'bout the middle of the second free segment of the abdomen. Each 

appendage consists of twenty-two free segment.s. Segments 6 and 7 and i and 9 are respectively fused 
together, as well also as segments 24 and 25. The proportional lengths of the segments are as follows :-

Segment 1 2 3 4: I) 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
'-.......-J '-r-' == 1000 

93 70 12 9 13 21 10 25 18 17 40 40 47 53 69 69 83 87 61 57 37 37 32 

The 2,nd antenna has already attained the adult characters and the inner· lobe of the terminal segment 
of the endopod bears 8 setae· instead of 7, as in the preceding stage; the distal lobe bears 7 setae. 

The mouth-parts are as in the adult. 
In the 1st swimming leg the exopod is now 3-jointed. The marginal spines are 1, 1, 2 on the respec

tive segments and the number of setae on the inner margins of the segments are 1, 1, 4. The endopod 
consists of two joints, bearing respectively 3 and 6 setae. 

The 2nd and 3rCl swimming legs are very similar; in both the exopod consists of 3 segments and the 
endopod of two. The number of marginal spines on the various segments of the exopod are 1, 1, 3 and the 
setae on their inner margins 1, 1, 5. The setae on the two segments of the endopod number 3 and 8 res
pectively. Almost the only difference between the two,legs lies in the degree of development of the mar
ginal spine on the 2nd segment of the exopod, which is somewhat longer in the 2nd leg. 

In the 4th swimming leg the exopod is three-jointed and the endopod two-jointed as before and, as 
in th8 preceding two pairs of legs, the segments of the exopod carry respectively 1, 1 and 3 marginal spines: 
and 1, 1 and 5 setae; but the endopod carries only 3 and 7 setae on the two segments instead of 3 and 8. 
as in the other two appendages. 
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In the 5th leg (text-fig. 116, f) both exopod and endopod are well-developed. The e.xopod is about 
twice the length of the endopod and bears three small spines on its outer margin and a single larger spine 
at the distal end. The endopod also ter~ates in a well-marked spine. Both legs are symmetrical. 

& Total length, 2·277 mm. 
The proportional lengths of the cephalothorax and abdomen are as 89 to 36, so that the abdomen 

is contained 2·472 times in the length of the anterior region of the body. 
The cephalothorax resembles that of the female. The eyes still possess the same proportional size 

as in the female, though in the next moult at the attainnient of adult life these become greatly increased. 
The posterior thoracic ~argin is nearly symmetrical and is produced back in well-developed pointed spinous 
processes, that on the right being slightly the longer. 

The abdomen consists of four segments and the furcal rami; segments 4 and 5 have not yet become 
difierentiated. The proportional lengths are as follows :-

Abdominal segment 1 2 3 4-5 Furca. 

22 19 20 14 25 :=100 

The 1st antenna consists, as in the female, of twenty-three joints. The appendages of the two sides 
are not quite symmetrical, as the right· antenna already shows a commencement of the modification that 
.at the next moult will convert it into a grasping organ and segments 13 to 18 are somewhat swollen. In 
-the unmodified appendage the segments have tp,e following proportional lengths :-

Segment 1 2 3 4 5 6 7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'---y-J '---y-J 

'81 66 12 9 12 21 11 24 19 14 40 35' 43 50 63 63 81 88 61 59 52 49 47 =1000 

The 2nd antenna, mouth-parts and swimming legs are similar to those of the female. 
The 5th pair of legs (text-fig. 116, g) has already become modified. The endopod is almost completely 

.suppressed and is represented by a minute rounded prominence on the distal inner margin of the 2nd basal 
segment. The exopods are well developed and are slightly asymmetrical, that on the left side being bent 
inwards towards the middle line at its distal part. Each exopod bears three small marginal spines and a 
-somewhat larger distal spine. 

Although this species is comparatively common and is widely distributed throughout 
Indian waters, I have up to the present time been able to obtain examples of only the last 
'three stages of its development, namely Stages IV, V and VI, in each sex. So far as one 
can judge from these ,stages this species follows the same line of development as Labidocera 
.euchaeta Giesbrecht .. In the following table I have given the observed body-lengths in all 
three stages in each sex,. as well as the growth-factor and the theoretical length calculated 
;from this. The actual measurements are shown in text··Jig. 117. 

Stage of development. o bserved size. Calculated size. 

~ mm. mm. 

Stage IV 1·721 1·724 
Stage V 3·328 2·336 
Stage VI 2·165 3·165 

~ 
Stage III 1'216 
Stage IV' 1·558 1·648 
Stage V 2·277 2·257 
Stage VI 3·027 3·027 

Growth-factor. 

1·355 
• 1·355 

1·837 or 1·355 
1·837 

The growt4-factor for the female is considerably higher than that of most other species; 
in the case of the male, if, as I believe, the final stages in the two possible lines of develop .. 
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ment (vide sttpra, p. 7) to wit Stages V and VI, are reached respectively from Stages In 
and IV, the growth-factor, namely 1·S37, appears so high as to lead one to doubt whether 

m.m 

<:i? • ~ 
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TEXT-FIG. 117.-Showing the length measurements of 51 examples of Labidoeit'a acuta (Dana). 

it can be correct; in those cases,which I have previously examined and in which the male 
appears to follow the same line of development, the characteristic growth-factor for the 
attamment of the last stages has, ltowever, been found in every case to be somewhere in 
the neighbourhood of the square of the growth-factor for the last two moults of the female 
and the same holds good in. the present instance, the square of 1·355, the female factor, 
being I·S36, which agTees extremely closely with the growth-factor for the male as given 
above, namely 1·S3? If, however, the nlale development is similar to that of the female, 
each stage succeeding the other in a direct sequence, i.e., Stage V following Stage IV and 
Stage VI follo'wing Stage V, the male growth-factor would appear to be 1-394 and the 
observed and calculated size at each moult would be as follows :-

o bserved size. Calculated size. Growth·fact or .. 

&' mm. mm. 
Stage IV 1·558 1·557 1·394 
Stage V 2-277 2"171 1·394 
Stage VI 3-027 3·037 
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In the accompanying Table I have given the proportional lengths of the various segments 
of the cephalothorax and abdomen in the last three stages of development; WIth the excep .. 
tion of the measurements of the earliest stage (Stage IV) in both sexes, in which I had only 
a siJlgle specimen of each, the others are the average of several examples, at least five and in 
some cases more. It seems clear that the rate of growth is not the same in any of the seg ... 
ments and that there are two 'regions of the body in which the rate of growth attains a 
'J:D.aximum, namely about the 2nd thoracic segment and the 4th segment of the abdomen, 
while at the two extremities of the body, namely the cephalon and the furcal rami, the 
rate of growth is less than the average_ In the female there is a slight decrease in the length 
of the cephal on between stages IV and VI, though there appears to be a slight increase in 
the proportional length in Stage V In the 1st thoracic segment this condition is reversed 
and, although there is a decrease in the proportional length between stages IV and VI, there 
is a marked decrease between stages IV and V, followed by an increase between Stages 
V and VI_ In segment 2 of the thorax there is a steady increase in the proportional length 
throughout the whole period of life that I have examined, the increase between Stages IV 
and V being 14-15% and between Stages V and VI 14-69%, or an average of 14·42%. In 
segment 3 of the thorax there is also a steady increase in length throughout the period, this 
amounting between Stages IV and V to 16-36% and between Stages V and VI to 6·9%, or 
an average of 11·63%_ Thoracic segments 4 and 5 together s~ow a decrease in their pro
portionallength, that is most marked in segment 4 between Stages IV and V, where the 
decrease amounts to as much as 22-9%, while in segment 5 between the same stages there 
is actually an increase of 22-2% ; throughout the whole period the proportional decrease 
in the combined length of these two segments amounts to 12·1 %. In the abdominal region 
there is but little change in the proportional length of the 1st three segments throughout 
the period; in Stage IV the 3rd-5th segments are fused but segments 1 and 2 are separate, 
their combined lengths amounting to 110 and at Stage V these latter segments have become 
fused and together measure 111-5, while at Stage VI they measure 109-2. Segments 3, 4 and 

Stage of development Cephalon. Thoracio segments. Abdominal segments Furoal 
A --A 

ramus. 
f '\ r 
1 2 3 4 5 1 2 3 4 5 

~ y 

Stage IV 353-0 157·0 65·0 66-0 63·0 28·0 62·0 48·0 82·0 76'0-
'----y----1 "---v---' 

Stage V 363-4 [14·4 74·2 76·8 49·2 34·2 111·5 68'9 36'5 70·5 
'----y----1 

Stage VI (Adult) _ 349·2 127·1 85·1 82·1 80·1 109·2 71·6 41·6 56·2' 

0- '----'Y--..-J 

Stage IV 378'0 160·0 58·0 63·0 43·0 30·0 57·0 49·0 74·0 78·0 
'---y--' 

Stage V 359'6 128·0 71·8 77·2 43·2 32·4 60·6 56·0 58·2 39·8 73·2 
'---v--J r--.A..~ 

Stage VI (Adult) 337·4 131·8 84·6 r84·6 
~ 

77·8 52·6 53-4 6U'O 33-0 19·8 65·U, 

5 in Stage IV are fused and together measure 82·0: at the next moult segluent 3 becomes 
differentiated from segments 4-5 and the combine dlength of the two joints has increased to' 

s 
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105'4, an increase of 28'5 per cent. Between Stages V and VI segment 3 increases still 
further from 68'9 to 71'6, an increase of 3·9 per cent., and segments 4-5 have increased 
fronl 3R·!) to 41'6, an increase of 14·0 per cent. At the same time the furcal ramus 
decreases between Stages IV and V from 76'0 to 70'5, a decrease of 7'9 per cent.; ftnd 
between Stages V and VI from 70'5 to 56'2, a decrease of 20·3 per cent. 

Turning now to the male, the cephalon shows a steady decrease in its proportional length 
throughout the whole period, the decrease between stages IV and V being 9'5%, and between 
Stages V and VI being 6'20/0. The 1st thoracic segment, as in the female, shows a marked 
decrease in length between Stages IV and V, followed by a slight increase in length between 
Stages V and VI. In segments 2 and 3 there is a steady increase in length at each moult 
though this is more marked in segment 2, .. in which the increase in length between Stages 
IV and V is 23'8% and between Stages V and VI is 17'8%, or an average of 20'8%, whereas 
in segment 3 between Stages IV and V the increase in length is 22'50/0 and between Stages 
V and VI is 9' 6 <Yo or an average of 16'05%. In segments 4 and 5 there is a very small increase 
at each moult amounting to approximately 3'23<yo' 

In the abdominal region the greatest increase in length again takes place towards the 
posterior end. Segment 1 exhibits only a small variation, increasing by 6'3% of its length 
between Stages IV and V and decreasing again by 13· 2% between Stages V and VI. Seg
ment 2 also appears to exhibit a similar reversal of its growth an~ increases by 14'3% bet
ween Stages IV and V and then decreases again by 4'64% between Stages V and VI. In 
the three posterior segments there is a very considerable increase in length; in the earliest 
stage, Stage IV, the combined length of these segments, that are then fused together, is 
74, but between Stages IV and V this has increased to 98 and at the same time. segment 
3 has become separated off, this segment showing a length of 58-2_ This increase in length 
amounts to as much as 13'240/0' At the next moult, between Stage V and VI, the third 
segment increases in length from 58·2 to 60-0, an i~crease of 3'1 % only, whereas the 3rd 
and 4th segments, which now become separate, increase from ~9-8 to a combined length 
of 52' 8 or an increase of 32-66%_ The greatest increase in length thus clearly takes place 
at about the level of the 4th segment_ On the other hand the furcal ramus during the 
same period of life decreases in length from 78'0 at Stage IV to 73'2 at Stage V, a 
decrease of 6'15%, and between Stages V and VI from 73·2 to 65-0, a decrease of 11-2%. 

During the same period of the life history the I st Antenna undergoes changes similar 
to those that we have seen in other species. I give below the proportional lengths of the 
various segments at each stage, the whole antenna being taken as measuring 1000. 

Segment 1 2!o 3 4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
'-r-' '--v-' 

Stage IV 88 61 10 10 11 21 8 23 16 13 37 36 40 43 55 55 77 88 68 65 60 60 55 

Stage V 92 70 12 9 13 21 10 25 18 17 40 40 47 53 69 69 83 87 61 57 87 37 32 

Stage VI 91 71 12 9 10 21 12 25 22 18 41 46 52 57 73 73 82 82 56 50 33 33 31 

There is thus but little change in segment I, but segments 2 and 3 increase slightly 
in length. Segments 4-6 remain practically unchanged; segments 7 to 18 show a steady 
increase in length at each moult which is greatest at segments 7, 10, 11 and 15; at segment 
19 this increase is changed to a decrease that steadily gets greater till the terminal segment; 
segments 24-25 show a decrease in length of 43-6%. 
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Labidocera bataviae A. Scott. 

(Text-fig. 118, a-c.) 

Labidocera bataviae, A. Scott, 1909, p. 168, pI. 1, figs. 1-8. 

~ number of examples of this species were taken at " Investigator" Stations 614 and 
625. These agree closely with the description and figures given by A. Scott. The male 
examples in this collection exhibit a slight asymmetry of the posterior thoracic margin;. 
the spine on the right side being about twice the size of that of the left. 

TEXT-FIG. ] 18.-Labidocera bataviae A. Scott. 
a. The abdomen from the dorsal aspect female. b. The grasping antenna of the male. 

c. The 5th pair of legs, male. 

Labidocera detruncata (Dana). 

(Text-fig. 119, a, b.) 

Labidocera de~ncata, A. Scott, 1909, p. 165. 
Labidocera detruncatum, Brady, 1914, p. 135. 

This species, as has been already noted by A. Scott (loc. cit. p. 165),.appears to be rale 
in Indian waters. A few examples have been taken by the "Investigator" at Stations. 
614 and 393. 

Labidocera euchaeta G-iesbrechti. 
Labidocera euchaeta, Giesbrecht, 1889, p. 27. 
Labidocera euchaeta, Giesbrecht, 1892, p. 446, pI. xxiii, figs. 13, 38; pi. xxv, fig. 30 ; pl. xli, figs. 

6, 11 and 39. 
Labidocera euchaeta, Sewell, 1912, pp. 316, 339, 369. 
Labidocera euchaeta, Sewell, 1914 (a), p. 494. 

82 
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This species appears to have a ,vide distribution around the coasts of India and Burma. 
It is essentially a brackish-water inhabitant and occurs in the estuarine regions of most, 

TEXT-FIG. 119.-Labidocera detruncata (Dana). 
The abdomen from the dorsal side, female. b. The abdomen from the lateral aspect, female. 

{f not ali, of the main rivers. In the " Investigator" collections it occurs at Stations 563, 
574, 5~ 5, 577 and 578; I have previously (loc. cit. 1912) recorded its occurrence at the 
mouth of the Ramree river, the Tavoy river and from Chitta gong on the east side of the 
Gangetic Delta. It has also been taken at the mouth of the Tenas~erim river in Southern 
Burma and near the mouth of the Hoogli River on the west of the Gangetic Delta. 

In my account of this species (Sewell, 1912, p. 316; 1914, p. 494 et seq.) I have pointed 
out that there appear to be two distinct and dimorphic forms in each sex and that the pro
cess of development follows the course indicated above (vide supra, p.7). In the first series 
,,examined the average size of the various stages in the two sexes were as follows :-

Stage of development. 

~ 

Stage I 
Stage II 
Stage III 
Stage IV . 
Stage V 
Stage VI 

d 
Stage II 
Stage III 
Stage IV 
Stage V 
Stag*; VI 

Observed size. 

mm. 

0·593 

0·844 

1·168 

1·620 

2·054 

2·639 

0·844 

1·295 

1·611 

1·880 

2·429 

Calculated size. Growth-factor. 

mm. 
0·593 1·4 

0·830 1·4 

1·162 1·4 

1·627 1·27 

2·066 1·27 

2·624 

0·844 1·5 

1·266 1·5 or 1·27 

1·608 1·5 

1·899 

2·412 
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In a subsequent series, of which I gave an account in 1914, that was obtained from the 
mouth of the Ramree river on the coast of Burma, the observed sizes of the various stages 
were as follows :-

Stage of development. 

~ 

Stage III 
Stage IV • 
Stage V 
Stage X 
Stage VI 

o 
Stage III 
Stage IV 
Stage V 
Stage X 
Stage VI 

o bserved size. 

rom. 
1,191 

1·595 

2·071 

2·314 

2·787 

1·191 

1·542 

1·861 

1·924 

2·551 

Caloulated size. Growth.faotor. 

mDl. 

1·193 1·4 
1·666 1·27 or 1·5 
2·116 1·27 
2,499 

2·688 

1·214 1·5 or 1·27 
1·542 1·5 or 1·27 

1'821 
1·958 
2,313 

If I am right in tbinking that all the above stages represent part of the same life-history 
it is clear that the female factor for the last two stages of developlnent, nalnely 1,27, may 
-appear at two difierent stages in the development of the male. In the first instance this 
factor may appear at the moult after Stage III, some individuals reaching Stage V by 
adopting the characteristic male growth-factor of 1'5, whereas others pass to Stage 
IV by the female factor and then, by a subsequent adoption of the male factor 1'5, pass to 
'Stage VI. In the second case it would app~ar that certain individuals at Stage IV may show 
the female growth factor and pass to Stage X, which is larger than the low, sexually mature 
dimorph, namely Stage V, but in which the individuals never attain sexual maturity. A 
-corresponding appearance in the female of the characteristic male growth factor of 1· 5 in 
certain individuals at Stage IV gives or appears to give rise to a sexually immature form, 
'Stage X, that again is intermediate in size between the two sexually mature dinlorphs. 

One has, however, to bear in mind that I possess no actual proof that all these Stages 
do, without any possibility of doubt, represent stages in one and the same life-history. Up 
to the present time the occurrence of these large sexually immature forms, which I have 
;designated Stage X~-have been obtained only in the present instance and in the corresponding 
'case of Paracalanu8~Cra88iro8tri8 Dahl (vide supra, p. 72). 

Forma major. 
Labidocera euckaeta, Stage I, Sewell 1912, p. 339, pI. xviii, figs. 1·9. 

2 Total length varies from 2'52 to 2·94 mm. 
The proportional lengths of the cephalothorax and abdomen are as 11 to 3, so that the 

:abdomen is contained 3·667 times in the length of the anterior region of the body. 
The abdomen consists of two segments only, that have, with the furcal rami, the follow .. 

ling proportional lengths :-
Abdominal segment 1-3 4·5 Furoa 

62 11 27 =100 

The furcal rami are symmetrical and the 2nd seta is somewhat thickened in its proximal 

~part. 
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The 1st antenna reaches back to about the middle of the genital segment. It consists 
of 21 free segments, segments 6 and 7, 8 and 9 and 24 and 25 being respectively fused to
gether; and in some instances segment 11 is also partially fused with segment 10. The
proportional lengths of the segments are as follows :-

Segment 1 2 3 4 5 6·7 8-9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
"'--y-J'--y....J 

95 93 20 13 13 33 48 26 22 85 44 40 44 59 59 68 68 48 44 44 40 

Forma minor. 

24·25 
'--y....J 

42 =1000 

Labidocera euchaeta, Stage II, Sewell, 1912, p. 341, pI. xix, figs. 1-3. 

~ Total length 1·8 to 2·4 mm. . 
The proportional lengths of the cephalothorax and abdomen are as 35 to 11, so that 

the abdomen is contained 3·182 times in the length of the anterior region of the body. 
The abdomen consists of three segments and the furcal rami. The abdomen is symme-" 

trical but the 3rd segment and the left furcal ramus are fused. The furcal rami are slightly 
asymmetrical, that on the left side being slightly broader than that on the right. The 
proportional lengths of the segments of the abdomen are as follows :-

Abdominal segment 1·2 3 4·5. Furc" 
39 30 11 20 =100 

The 1st antenna reaches back to about the posterior margin of the genital segment. 
It consists of 23 free segments; segments 6 and 7 are separate but segments 8 and 9, and 24 

and 25 respectively are fUS'ed together. The proportional lengths of the segments are as· 
follows :- • 

Segment 1 2 3 4 5 6 7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2 ... 25 
'-..,.-I • , . ~ 

58 69 11 9 11 16 11 35 27 22 47 44 42 55 73 65 76 74 4:9 49 66 66 -U- -1000 

A comparison of the proportional lengths of the antennae in these two forms is given 
below:-

Segment 

f.minor 

f.major 

1 2 3 4 5 6 7 8·9 10 11 12 18 14 15 16 l'1 18 19 20 21 22 23 24·25 
'--v--J '-v-' 

68 69 11 9 11 16 11 85 27 22 47 44 42 65 73 65 76 74 49 49 66 56 45 
'-v-' 

95 93 20 13 18 83 48 26 22 35 44 40 44 59 59 68 68 48 44 44 40 42 

In this instance we find that the differences between the proportional lengths of the 
segments in the t\VO stages are very different from what we have usually found to be the case 
in other species, in which we have been able to examine various stages of development. 
In the present case the segments distal to 13 all show at least some degree of diminution in 
size as we pas& from the smaller to the larger form, whereas in other species this decrease in 
the proportional length does not occur till ,ve reach segtnent 19. 

Such a difference from the normal leads one to suspect that one is not dealing with 
~wo stages in the same life-history, but a final decision on this point must be left for 
future investigation. 

Labidocera kroyeri (Brady). 
Labidocera kroyeri, A. Scott, 1909, p. 165. 
Labidocera kroyeri, Sewell, 1912, p. 369. 
Labidocera kroyeri, Sewell, 1914, p. 233. 
Labidocera kroyeri, Brady, 1914, p. 135. 
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This sp~cies is widely distributed in Indian waters; examples have now been taken 
by the" Investigator" at Stations 556, 558, 562, 563, 575, 577, 582 and 614. 

The females collected at Station 563 all exhibit an interesting variation. The abdo
min~l segments, as usual, bear numerous processes, but in these specimens these are all 
rounded at the ends and do not terminate in sharp points, as in examples taken in other 
regIons. 

The species has now been recorded fronl the Malay Archipelago (Cleve, A. Scott); 
the coast of southern Burnla (Se,vell); the Ceylon Pearl Banks (Thompson and A. Scott, 
Sewell) and the east coast of Africa (Brady). 

Labidocera kroyeri (Brady) var. gallensis ·Thompson and A. Scott. 

L. kroyeri var. gallensis, Thompson and A. Scott., 1903, p. 251, pI. ii, figs. 6, 7. 

A few examples of this variety were taken at Station 614. 

Labidocera kroyeri (Brady) var. stylifera Thompson and A. Scott. 

L. kroyeri var. stylifera, Thompson and A. Scott, 1903, p. 252, pI. ii, figs. 8y-·9~~,· 

L. kroyeri val. stylifera, Sewell, 1912, p. 369. 

L. kroyeri var. stylifera, Sewell, 1914, p. 233. 

Examples of this variety have been taken at the following stations :-445, 545, 556, 

0·552: 562, 578, 582, and 614. 

Labidocera kroyeri (Brady) var. burmanica Sewell. 

L. kroyeri var. burmanica, Sewell, 1912, p. 369, pI. xxiii, figs. 4, 5. 

L. kroyeri var. burmanica, Sewell, 1914, p. 233. 

In addition to the original locality , this variety has now been taken on the Ceylon Pearl 
.Banks and at " Investigator" Stations 563, 577. 

Labidocera kroyeri (Brady) var. bidens Se\veU. 

Labidocera kroyeri var. bidens, Sewell, 1912, p. 369, pI. xxiv, fig. 8. 

This variety was recorded by me fronl the region of the nlouth of the Ta voy river. No 
·further examples have conle under Illy notice. 

Labidocera madurae .A. Scott. 

(Text-fig. 120, a, b.) 

Labidocera madurae, A. Scott, 1909, p. 169, pI. 1, figs. 9-16. 

This species was first described by A. Scott fronl exalllpies taken in the l\tlalay Arrhi. 
pelago. Several examples have been taken by the" Investigator" at StatIon 614. These 
.agree exactly with SC9tt's description. 
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TEXT-FIG. 120.-Labiclocera madurae A. Scott. 

a. The abdomen from the dorsaJ aspect, female. b. The knee-joint of the grasping antenna, male. 

Labidocera laevidentata (Brady). 

Labidocera kroyeri, var. similis, Wolfenden, 1906, p. 1016, pI. xcviii, figs. 22, 23, 33. 
Labidocera laevidentata, A_ Scott, 1909, p. 166, pI. Ii, figs. 1 ... 10. 
Labidocera laevidentata, Frlichtl, 1924, p. 77. 

A few examples of this species have been taken by the" Investigator" at Station 614-
and in the Maldive Archipelago. 

Labidocera minuta Giesbrecht. 

Labidocera minuta, A. Scott, 1909, p. 167. 
Labidocera '1ninuta, Pesta, 1912, p. 53, fig. 14. 
Labidocera minuta, Sewell, 1912, p. 370. 
Labidocera minuta, Sewell, 1914, p. 234. 
Labidocera minuta, Friichtl, 1924, p. 78. 
Labidooera minuta, Gurney, 1927, p. 154. 

This species is widely distributed throughout Indian waters. It has now been recorded 
from the Malay Archipelago (Cleve, A. Scott, Friichtl); the coast of southern Burma, 
(Sewell); the Ceylon Pearl Banks (Thompson and A. Scott, Sewell); the Maldive and 
Laccadive Archipelagoes (Wolfenden); the Persian Gulf (Pesta); the Red Sea (A. Scott);. 
the Suez Canal (Gurney) and Arabian Sea (Cleve). 

Numerous examples occur in the" Investigator" collections from Stations 540,541" 
542,543,544,545,552,555,556,558,562,577,578,582, 583, 584, 587, 588, 590, 591, 614~ 
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Labidocera pavo Giesbrecht. 

(Text-figs. 121, a-d and 122, a-g.) 

Labidocera pavo, Sewell, 1914, p. 234, pI. xxi, figs. 1-3. 

Labidocera pavo, Sewell, 1924, p. 789. 

Labidocera pavo, Gurney, 1927, p. 154. 

365 

This species appears to be widely distributed throughout Indian seas and has also been 
taken in brackish-water areas such as the Chilka Lake, in which it appeared to be actually 
breeding. Gurney has recorded its occurrence in the Suez Canal. 

TEXT-FlG. 121.-Labidocera pavo Giesbrecht. 

a. The abdomen, female, from Ceylon Pearl Banks. c. The 5th pair of legs, female. 
b. The abdomen, female, from Station 614. d. The grasping antenna, male. 

There is a very close resemblance between LabidoceTa pavo Giesbrecht, L. batav~'ae A. 
Scott and .L. madurae A. Scott. Examples of this species occur at " Investigator" Stations 
544 and 614. 

T 
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Oopepodid Stage III. (Text-fig. 122, a-c.) 

Total length, 1·009 mm. 

[VOL. X, 

The proportional lengths of the cephalothorax and abdomen are as 79 to 17, so that the abdomen 
is contained 4·70 times in the length of the anterior region of the body. 

The forehead is rounded and the rostrum is formed of a pair of long spines, without any trace of a 
rostral lens. Thoracic segments 4 and 5 are fused together and, as yet, there is no trace of the spine on 
the lateral thoracic margin, which is slightly produced in a rounded prominence. 

Th~ abdomen consists of only two segments and the furcal rami. Their proportional lengths are as 
follows :-

Abdominal segment 1 2-5 FurcR 
23 43 34 =100 

The 1st antenna reaches back to a litle beyond the posterior thoracic margin. It consists of only 
twenty-one free segments; segments 6 and 7, and 10-12 are fused together, as well as segments 
24 and 25. The proportional lengths of the segments are as follows: 

Segment 1 2 S 4 6 6-7 

109 62 14 11 11 22 

8 9 10-12 
'-v-I 

12 15 34 

13 14 16 16 17 18 19 20 21 22 23 24-26 
I'-y-J 

30 29 34 43 49 68 82 71 71 81 76 76 =1000 

The 2nd antenna and mouth-parts are already in an advanced state of development, though they 
do not appear to have the complete number of setae. 

The 1st swimming leg possesses a two-jointed exopod and a single-jointed endopod; the segments 
of the exopod bear 1 and 2 marginal spines, and 1 and 4 setae respectively. Of the marginal spines the 
first or proximal on the 2nd segment reaches to a point just beyond the base of the 2nd spine, and this in 
turn reaches as far as the distal margin of the segment. All three spines are delicate and needle-like. 
The endopod bears nine setae. 

The 2nd swimming leg (text-fig. 122, b) also consists of a two-jointed exopod and a single-jointed 
endopod. The marginal spines on the exopod are stout and well-developed: there is a single one on the 
proxilnal segment and three on the distal, of which the proximal reaches beyond the base of the second. 
The two segments bear 1 and 5 setae respectively. The endopod bears nine setae. 

The 3t'd swimming leg (text-fig. 122, a), while resembling the 2nd in possessing a two-jointed exopod 
and a single-jointed endopod, differs from that leg in having only two marginal spines on the distal seg
ment of the exopod. The two segments of the outer ramus bear 0 and 4 setae respectively. The endopod 
bears eight setae. 

The 4th swimming leg possesses only a single segment in both exopod and endopod. The exopod 
bears 3 marginal spines and 3 setae, these latter being situated close together on the distal half of the inner 
margin. The endopod bears five setae. 

The 5th pair of legs (text-fig. 122, c) are extremely rudimentary and are represented by short oval 
plates that appear to be neither segmented nor separated from the basal plate. 

I have been unable to distinguish between the two sexes in this stage of development. 
Oopepodid Stage IV. tText-fig. 122, d, e.} 

~ Total length, 1·396 mm. 
The proportional lengths of the cephalothorax and abdomen are as 45 to 11, so that the abdomen 

is contained 4·09 times in the length of the anterior region of the body. 
The general features of the cephalothorax are similar to those of the adult, except that the spine on 

the posterior thoracic margin is much less pronounced. 
The abdomen consists of three segments that have with the £urca the following proportional 

lengths :-
Abdominal segment 1 2 3-5 Furca. 

20 18 27 35 =100 
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The 1st antenna reaches back almost to the level of the posterior margin of the 2nd abdominal segment. 
It consists of twenty-three free segments; segments 6 and 7 are completely fused and segments 8 and 9 
partially so ; segments 24 and 25 are also fused. The proportional lengths ot the various segments are as 
follows: 

Segment 1 2 3 4 5 6-7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
'-<-' ~ 

98 75 12 10 14 24 14 14 14 20 31 31 35 38 55 58 74 70 58 58 74 62 62 ==1000 

The 5th pair of swimming legs (text-fig. 122, d) consists of a basal portion and single-jointed exopod 
and endopod, the latter not yet having completely separated from the 2nd basal segment. 

~ Total length, 1·248 mm. 

g. 

TEXT-FIG. 122.--Labidocera pavo Giesbreoht, immature. 

a. The 3rd leg, Copepodid Stage III. d. The pth leg, femaJe, OopepoUid "Stage IV. 
b. The 2nd leg, Copepodid Stage III. e. The 5th pair of legs, male, Copepodid Stage IV. 
c. The 5th leg, Copepodid Stage III. f. The 5th pair of legs, male, Copepodid Stage V. 

g. The 5th pair of legs, female Copepodid Stage v. 
The proportional lengths of the cephalotliorax and abdomen are as 194 to 51, so that the abdomen 

is contained 3·804 times in the length of the anterior region of the body. 
The general features of the body in this stage of development of the male al'e as in the female. 
The abdomen consists of three free seginents and the furcal rami, segments 3 to 5 being still undifferen· 

tiated. The proportional lengths of the segments are as follows: 

Abdominal segment 1 2 3-5 Furoa 
24 20 23 33 =100 

T2 
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The 1st antenna consists, as in the female, of 23 free segments that have approximately the same 
proportional lengths. 

The 5th pair of legs already begin to show traces of the differentiation that will ultimately distinguish 
these appendages in the adult. The limbs on the two sides are not quite symmetrical, that on the tight 
side being slightly longer than that on the left (text-fig. 122, e). 

Oopepodid Stage V. (Text-fig. 122, f. g.) 

~ Total length, 1·769 rom. 
The proportional lengths of the cephalothorax and abdomen are as 24 to 5, so that the abdomen is 

contained 4·8 times in the length of the anterior region of the body. 
The rostrum consists of two long spines and there is no trace of any rostral lens. The posterior thoracic 

margins are symmetrical and are produced backwards in a small upwardly curved spine. 
The abdomen consists of three segments, having with the furcal ramus the following proportional 

lengths: 
Abdominal segment 1-3 4 5 Furca 

44 13 12 31 =100 

The genital segment is symmetrical. 
The 1st antenna reaches back to the level of the posterior thoracic margin; it consists of 22 free seg

ments, having the following proportional lengths : 

Segment 1 2 3 4 5 6·7 8·9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
98 85 16 13 16 31 44 22 19 38 38 S8 44 63 63 74 74 44 47 52 41 41 =1000 

Segments 6 and 7, and 24 and 25 are completely fused together and segments 8 and 9 are partially 
fused. 

The 2nd antenna and mouth-parts are as in the adult. 
In the 1st swimming leg the 1st basal bears an inner marginal seta. The exopod consists of three 

segments, bearing respectively 1, 1 and 2 marginal spines and 1, 1 and 4 setae; the marginal spine on the 
2nd segment is considerably longer than those on the other segments and reaches nearly as far as the base 
of the 1st marginal spine on the distal segment. The endopod consists of two segments bearing 3 and 6 
setae respectively. 

The 2nd.and 3rd swimming legs closely resemble each other. Each consists of a three-jointed exopod 
and a two-jointed endopod. The segments of the exopod bear 1, 1 and 3 marginal spines and 1, 1 and 5 
setae respectively. The endopod bears 3 and 8 setae on the two segments. The marginal spine on the 
2nd segment of the 2nd leg is slightly longer than that of the 3rd leg ~nd reaches as far as, or even slightly 
beyond, the tip of the proximal spine on the distal segment. 

The 4th swimming leg, like the preceding pairs, consists of a three-jointed exopod and a two-jointed 
endopod. The segments of the exopod bear 1, 1 and 3 marginal spines and 1, 1 and 5 setae. Of the mar
ginal spines on the distal' segment the proximal is somewhat smaller than the other two. The endopod 
bears 3 and 7 setae. 

The 5th pair of legs (text-fig. 122, g) are symmetrical and each consists of a well-developed exopod 
and endopod, the latter being nearly half the length of the outer ramus. Each exopod bears three small 
marginal spines and a very unequal pair of terminal spines, the outer being at least three or four times 
the size of the inner. 

o Total length, 1·536 mm. 

The proportional lengths of the cephalothorax and abdomen are as 8 to 2, so that the abdomen is 
at this stage of development contained exactly 4 times in the length of the anterior region of the body. 
The genera] characters of the cephalothorax are 8S in the adult. 
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The abdomen consists of only four free segments and the furcal rami, segments 4 and 5 not yet being 
differentiated. Their proportional lengths are as follows:-

Abdominal segments 1 2 3 -'l·5 Furca 
19 19 18 14 30 =100 

The 1st antenna reaches back to the posterior margin of the thorax. Already the antennae of the 
two sides begin to show differences that foreshadow the modification of the right appendage into a grasping 
organ. In the appendage of the right side segments 12-15 are somewhat swollen. The proportional 
lengths of the segments of the two sides also show small differences as is indicated in the following table :-

Segment 
Left 
Right 

1 2 8 4 6 6·7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24·25 
100 71 14 12 14 29 17 26 19 19 36 36 36 42 62 63 72 76 53 49 59 46 49 =1000 
101 72 14 18 14 30 19 24 20 20 33 83 33 44 63 64 85 63 46 49 63 47 50 =1000 

The 2nd antenna and mouth-parts are as in the female. 
The swimming legs closely resemble those of the female. 

mrn. 
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TEXT-FIG. 123.-Length measurements of 195 examples of Labidocera pavo Giesbr., from the Chilka La.ke. 

In the 5th pair of legs (text-fig. 122, f) the appendages of the two side" are markedly asymmetrical, 
that of the right side bein.g considerably longer that than of the left. Each appendage consists of a basal 
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portion of two segments and a single free segment representing the exopod. The endopod is reduced to a 
small rounded prominence on the distal inner angle of the 2nd basal segment. 

While studying the fauna of the Chilka Lake I was able to sort out and measure a number 
of examples of Labidocera pavo Giesbr. in the last four stages of development. The rqsults 
of these measurements are shown graphically in text-fig. 123; and in the following table I 
have given the average length measurement in eaeh of these stages, as well as the calculated 
measurement and the .growth factor :-

Stage of development. 

o 
T 

Stage III . 

Stage IV 

Stage V 

Stage VI 

·0 
Stage III 

Stage IV . 

Stage V 

Stage VI 

o bserved size. 

mm. 

1·009 

1·396 

1·769 

2·304 

1'009* 

1·248 

1·536 

1·885 

Caloulated size. Growth·factor. 

mm. mm. 

1-009 1·386 

1·398 1·285 

1·797 1·285 

2·304 

0'967 1·517 or 1·285 

1·243 1'517 

1·467 

1-885 

* As this figure is based on measurements of both sexes it is in all probability too large for the male sex alone. 

In the above Table I have assumed that during the development of the male individuals 
pass through the course indicated by me above on p. 7, and that examples may pass from 
Stage III to Stage V, or from Stage IV to Stage VI ; if, however, the males follow, as in the 
female, a straight course and pass successively through stages III to IV and then from IV 
to V, finally reaching Stage VI, the growth-factor for each successive moult will of course 
be different from those given above; this I have shown in the following table: 

Stage of development. Observed size. Calculated size. Growth-factor. 

c1 mIn. mm.. mm. 
Stage III • 1·009 1·009 1·237 

Stag~ IV 1·248 1·248 1-231 

Stage V 1·536 1·586 1·227 

Stage VI 1·885 1·885 

Ih this series, it this represents the actual line of development, there is a steady dimi
nution in the growth-factor with each successive moult. 

As I have already pointed out in certain species, there is during development a consi
derable change in the- proportional lengths of some of the segments of the body and thorax. 
In the following table I have given the proportional lengths, in ·parts per thousand of the 
total 19ody-Iength, of the various segments in the last three growth stages of the male and 
the IVth and Vth stages of the female. I have not given the proportional lengths in the 
final or adult stage of the female as owing to the changes that occur and the consolidation 
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of the abdominal segments it is not possible to form an accurate estimate of the length of the 
individual parts. 

Stage of development. Cephalon. Thoracic segments. Abdominal segments. Furoal 
F "---. , r A , ramus. 
1 2 3 4 5 1 2 3 4 5 

~ '---v--' '----y----J 
Stage IV 361 152 81 89 113 49 40 48 67 

~ 
Stage V 345 164 82 95 114 37 37 36 29 61 

Stage VI (Adult) 316 155 
,-A--.. 

84 106 138 43 40 39 21 10 48 

~ '----y----J 
Stage IV 354 164 87 93 109 38 35 51 68 

'Y 
J 

Stage V 360 157 88 97 108 83 25 23 59 

In the male the cephalon steadily decreases in length, the difference between Stages IV and 
VI amounting to 12·465%. The 1st thoracic segment however appears to remain more 
or less unaltered. The 2nd thoracic segment shows a slight but steady increase amount
ing to 3·704%. Segment 3 increases considerably; between Stages IV and V this amounts 
to 6·74% and between Stages V and VI to 11·58%. Segments 4 and 5, which are fused 
together, show but little change in the earlier moult but between stages V and VI incr~ase 
in length by 21·05%, this, however, is due in the main to the backward prolongation of th~ 
lateral margin and the marginal spine. In the abdomen the 1st segment undergoes but 
little change but, if anything, slightly decreases in length; segment 2 also probably remains 
constant throughout. As before, the greatest increase in length is to be found in the pos
terior segments. Segments 3-5 are fused at Stage IV and together measure 48 but in the 
subsequent moult segment 3 becomes separated off and the combined length of this and the 
following segment 4-5 is as much as 65, an increase of 35·42%. In the final nloult segment 
3 increases in length by 8·330/0' while segments 4 and 5 become separate and increase in their 
total length from 29 to 31, or 6·90%. The furcal ramus, on the other hand, decreases in 
length between stages IV and V by 8·96% and between Stages V and VI by 21·31%. 

In the ease of the female owing to the condensation and fusion of the abdominal seg
ments as well as the alteration in shape of the furcal rami I have been unable to take measure
ments that would correspond to those taken on the segments in the earlier stages. --I have, 
therefore, confined my attention to Stages IV and V in this sex. At the moult between 
these stages there is a slight increase in the length of the cephalon, thus 'contrasting with 
the change in the opposite sex. The 1st thoracic segment exhibits a ~ecrease in length 
of 4·27%. Segment 2 remains practically unchanged. Segment 3 shows an increase in 
length of 4·27%. Segments 4 and 5 appear to remain practically unchanged. In the 
abdomen segments 1 and 2 in Stage IV together measure 73, whereas the fused segments 
3-5 measure 51. In the following moult there is a complete rearrangement of the segments; 
segments 1-3 are now fused, while segments 4 and 5 are separate; it is thus very 
difficult to arrive at any estimate of the change in length. It is clear, however, that-there 
is a big increase in the length of the more posterior segments since in Stage V the last two 
segments together measure 48, which is but little less than the combined length of the last 
three segments in the previous stage. The furcal rami show a decrease in length of 13%2. 
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As in the case of other species that we have considered, we find that the 

proportional lengths of the various segments of the 1st Antenna undergo very consideraOle 
changes during development. I have given below for convenience of reference, the pro
portional lengths in parts per 1000 of the segments in the last four stages of developlftent 
of the female : 

Segment 1 2 S 4 6 6-7 
~ 

Stage m 109 62 14 11 11 22 12 15 84 80 29 84 48 49 68 82 71 71 81 76 76 
~ 

stage IV 98 75 12 10 14 24 

stage V 98 82 16 13 16 81. 
StaRe VI 87 86 16 12 16 SO 

(aauU). 

14 14 14 20 81 81 85 38 55 58 74 70 58 58 74 62 62 
'-r-J 

" 22 19 88 88 88 44 63 68 74 74 47 47 52 41 41 
61 24 22 89 89 89 47 67 67 76 76 42 44 49 38 88 

From the above it is clear that the 1st segment shows a marked diminution in length; 
segments 2 to 18 all show a degree of increase, that appears to be greatest about the region 
of the 8-12 segments, beyond which it at first decreases and then again increases to the 16th; 
from this point the increase steadily diminishes to the 18th segment and in the 19th segment 
is replaced by a reduction in length that also steadily increases to the terminal segments. 

Labidocera pectinata Thompson and A. Scott. 

(Text-fig. 124, a-d.) 

Labidoce'la pedinata, Thompson and A. Scott, 1902, p. 252, pI. ii, figs. 10-14. 
La'bidocera similis, Cleve, 1903, pp. 364, 378, pI. xix, figs. 4-6. 
Labidoce'la pectinata, Sewell, 1912, p. 370~ pI. xxiii, figs. 8, 9. 
Labidocera pectinata, Sewell, 1914, p. 236. 

Numerous examples of this species were taken at Stations 541,555,563,574,575,577, 
578, 587, 590, and at Vendurutti and in Cochin backwaters. 

~ Total length, 1-70 mm. 
The proportional lengths of the cephalothorax and abdomen are as 3 to 1. 
The cephalon and 1st thoracic segment are separate but thoracic segments 4 and 5 are 

fused together. The head is armed with sidehooks, the eye-lenses are large, as is usual in 
this sex, and the rostrum consists of a pair of spines ; there is no rostral or ventral lens. 
The posterior thoracic margins are asymmetrical; on the left side the margin is armed with 
a single simple backwardly-directed spine, whereas on the right side it is produced in a 
prominent lobe-like process that terminates in three unequal spines, so that in this respect 
this species closely resembles the male of Labidocera kroyeri (Brady) and of Labidocera tris
pinosa Esterly. 

The abdomen consists of five segments having the following proportional lengths :-
Abdominfl.l segment 1 2 3 4 is Furca 

30 17 23 10 is 15 =100 

The furcal rami are symmetrical and bear the usual five setae, of which four are distally 
placed and the fifth arises from the external margin at the junction of the middle and distal 
thirds. The 2nd seta is about twice the length of the others. The 1st segment of the abdo
men is armed on the right side, distally, with a straight spine. 

'nhe 1 st antenna on the left side is unmodified and consists of the usual twenty-three 
free joints; the segments have the following proportional lengths :-

Segment 1 2 S 4 6 6·7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 28 24·25 

76 76 12 9 11 '28' 15 84 24 20 40 42 46 60 66 66 76 72 50 60 50 46 '46'-' -1000 
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. . The right antenna (text-fig. 124, b) is modified to form a grasping organ and the middle 
Jo~ts are somewhat swollen; the knee joint is, as usual, situated between the 18th and 19th
segments. The various segments have the following proportional lengths :_ 

Segment 1 2 3 4 5 6·7 8·12 13 14 15 16 17 18 19·21 22 23 24.25 
"'v- ~ ~ '-v--I 

60 76 12 9 9 20 98 28 40 66 88 70 124 130 82 44 44 -1000 

The 17th se~ment bears on its upper surface a claw-like process bent sharply at a right
angle near Its base. The 18th segment is armed with a toothed plate, carrying a number 

d. 

TEXT-FIG. 124.-Labidocera pectinata Thompson and A. Scott. 

a. The whole a.nimal from the dorsal aspect, male. c. The right 5th leg, male. 
b. The grasping antenna, male. d. The left 5th leg, male. 

of subequal needle-like teeth; this plate is prolonged proxiulally over tp.e 17th segment 
and terminates distally in a sharp point. The 19-21st segnlent bears a delicately curved 
toothed plate, that bears needle-like teeth in its proximal three-fourths and terminates dis .. 
tally in a sharp spine-like point that reaches to the end of the segment. The 22nd segment is 
prolonged distally in a spinous process. The whole arrangenlent of the grasping antenna 
very closely resembles that of Labidocera kroyeri (Brady). 

The mouth-parts resemble those of other members of the genus. 
In the 1st swimming leg the 1st basal segment bears a single internal seta. The exopod 

consists of three segments that bear 1, 1 and 2 marginal spines and 1, 1 and 4 setae respec
tively; the end-spine is long, measuring one and a half tilnes the length of the distal seg
ment, and is finely serrated. The endopod consists of two segnlents, bearing respectively 

U 
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-3 and 6 setae; the endopod reaches as far as the level of the joint between segments 1-2 

and 3. 
The 2nd and 3rd swimming legs closely resemble each other. In both the exopod 

consists of three segments and the endopod of two only. The segments of the exopod pear 
1, 1 and 3 marginal spines and 1, 1 and 5 setae respectively; while the segments of the 
'endopod bear 3 and 8 setae respectively. The marginal spine on the 2nd segment of the 
exopod of leg 2 is large and reaches as far as, or even slightly beyond, the base of the proxi
mal spine on exopod 3. 

In the 5th pair of legs the right leg (text-fig. 124, c) is modified to form a claw. The 
2nd joint bears a claw-like process proximally and i~ considerably swollen; on the upper 
margin there is a single straight spine near the base of the claw-like process and a single 
tooth, shaped like a champagne cork, about the middle of its length. The 3r4 segment is 
curved and tapering and termin~tes in two unequal seta-like processes. The left leg (text
fig. 124, d) ends in a segment that is almost like a hand; on the inner aspect is a curved 
process, on the proximal side of which lies a swollen prominence clad in hairs. Distally the 
'Segment bears a long slender spinous process and three others, more seta-like. The penulti
mate segment is rectangular and forms a projection distally, owing to the terminal segment 
being articulated at the distal inner angle; a small spine is situated at the distal outer angle 
and a small seta arises from the inner margin abol:lt the middle of its length. 

Genus PONTELLA Dana. 

The first record of the occurrence of any species of Pontella in Indian waters is that of 
Pontella spinipes Giesbr. in trhe Bay of Bengal by Thompson (1900). In 1902 A. Scott 
added Pontella fera Dana from the Red Sea and in the following year in collaboration with 
Thompson recorded Pontella danae Giesbr., var. ceylonica, P. fera Dana, P. securifer Brady, 
P. princeps Dana and P. tenuiremis Giesbr. from the Pearl Banks of Ceylon. In 1904 Cleve 
recorded Pontella securifer Brady from the Agulhas Current. In 1906 Wolfenden recorded 
the presence of Pontellafera Dana, P. securifer Brady, P. spinipes Giesbr., and P. mediter1'anea 
(Claus), var. indica from the Maldive and Laccadive Archipelagoes. A. Scott in 1909 from 
the collections made by the" Siboga " in the Malay Archipelago added Pontella alata, P. 
denticauda, P. forficula and P. cerami to the list of species known to belong to this genus 
and at the same time recorded Pontella danae Giesbr., P. fe10a Dana, P. princeps Dana and 
P. securifer Braay in the same region. In 1911 Wolfenden records the taking of examples 
of Pontella atlantica Milne-Edw. in the Indian Ocean off Port Natal; so far as I know, this 
is the only record of the occurrence of this species in Indian waters and it is possible that 
Wolfenden has confused Pontella atlantica and P. princeps Dana, and that in reality his 
examples belonged to the latter species. In 1912 I added Pontella andersoni and P. investi
gatoris to the known species in the genus and also record~d P. danae Giesbrecht var. ceylonica 
Thompson and A. Scott, P. princeps Dana, P. securifer Brady and P. spinipes Giesbrecht 
from the coast of southern Burma ; and in 19 14 I recorded Pontella flinvestigatoris Sewell 
P. {era Dana and P. securifer Brady from the Ceylon Pearl Banks. Brady in 1915 recorded 
Pnnlellafera Dana and P. natalis from Durban Bay, East Afrjea~ 
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Pontella andersoni Sewell. 
Pontella andersoni, Sewell, 1912, pp. 323, 344 and 370, pI. xx, figs. 1-6. 

This species was recorded by me from the coast of Burma in 1912. Since then further 
sPQcimens have been obtained at Stations 552, 562, 563, 569, 574, 587, 588 and 590, as 'wen! 
as off Hainguy Island, Burma. 

Pontella danae Giesbrecht. 
Pontella danae, A. Scott, 1909, p. 159. 

A single 111ale, that appears to be quite typical, was taken by the" Investigator" at 
both Stations 575 and 614. 

Pontella danae var. ceylonica Thompson and A. Scott. 

Pontella danae yare ceylonica, Thompson and A. Scott, 1903, p. 252, pI. ii, figs. 1-5. 
Pontella, danae yare ceylonica, Sewell, 1912, p. 370. 

Pontella danae yare ceylonica, Sewell, 1914, p. 236. 

The typical form of this species was obtained by Giesbrecht in the Pacific Ocean. As' 
I have previously pointed out (Sewell, 1912, p. 371), the examples taken by the" Siboga." 

Stage; VI. 

Sta:Je,IV. 

TEi:T-FIG. 125· lenO'th measurements of 44 examples of Pontella danae ",ar. ceylonica Thompson and A. Scott and 67 oxa.mples 
, ~ of Pontella intlestigatoris Sewell. 

U2 
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in the Malay Archipelago are intermediate in structure between the Pacific form and the 
var. ceylonica of the Indian coasts and thus appear to form a ~onnecting link. 

I have, also, in a previous paper (Sewell 1914, p. 236) called attention to the close degree 
of similarity that exists between Pontella danae var. ceylonica and P. investigatoris and I was 
inclined to regard these two forms as being respectively the females and males of one sillg1e 
-species. During the survey season 1913-14 I was able to make a careful examination of a 
number of examples of both forms and to take certain measurements, of both males and 
females, in several stages of development. The results of t~ese measurements are given 
in text-fig. 125 and the average size of each group, together with the calculated size, is given 
in the following ta hIe :-

Observed length. Calculated length. 

'~ Pontella danae var. ceylonica. mm. mm. 

Stage IV 1·79 1·79 
Stage V 2·39 2·38 
Stage VI 3·20 3-16 

o Pontella investigatoris_ 
Stage III 1·498 
Stage IV 1·83 1·829 
Stage V 2·2} 2·208 

Growth·faotor. 

mm. 
1·335 
1·335 

1·474 or 1·221 
1·474 

Stage VI 2·74 2·696 ... 

It will be seen from the above that in the case of the male at Stage III development 
may, if my views are correct, proceed along one of two lines; in the first case the growth
factor is 1·221 and the individual advances to Stage IV, from which with a growth-factor 
·of 1-474 it proceeds to Stage VI ; whereas in the second it proceeds direct to Stage V with 
the growth-factor 1·474. According to my previous studies the growth-factor of 1·474 
must be' regarded as the characteristic male growth-factor, whereas the smaller factor of 
~·221 would correspond to the female growth-factor and should agree with the growth
factor in the last two moults of the female. The growth-factor for the female Pontella 
·danae var. ceylonica is, however, much larger than this and is 1·335. It would thus appear 
that these males cannot correspond to the females and Pontella investigatoris must still be 
regarded as a separate species. 

Examples of this variety were taken at "Investigator" Stations 542, 544, 556, 563, 
.074, 577, 583, 587, 588 and 591. 

Pontella denticauda A. Scott. 
Pontella denticauda, A. Scott, 1909, p. 161, pI. Iii, figs. 1-12. 

A number of ~xamples of this species were taken at Station 614. These specimens 
.agree closely with Scott's original description. 

~ Totq,llength, 3· 093 mm. 
The proportional lengths of the cephalothorax and abdomen are as 25 to 8, so that the 

abdomen is contained 3·125 times in the length of the anterior region of the body. 
The abdomen consists of two segments which have with the furca the following propor

tionallengths :-
Abdominal segment 1·4 5 Furoo, 

62 15 23 =100 
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The 1st antenna consists of twenty-two free segments having the following proportional 
lengths :-

Sp.gment 1 2·3 4 5 6 7 8·9 10 11 12 18 14 15 16 17 18 19 20 21 22 23 24-25 
..........., ~ 

98 105 19 19 19 19 26 
\....y-I 

26 26 45 45 39 45 58 58 68 64 49 45 49 39 89 =1000 

The 5th pair of legs differ slightly from the figure given by Scott (1909, pI. Iii, fig. 5) 
.m the following characters :-

(1) The three external marginal spines on the exopod are serrated. 
(2) The tip of the endopod appears to terminate in a single point, without any.trace 

of bifurcation such as Scott mentions. 
(3) There is a small spine at the point of origin of the seta on the 2nd basal segment. 

0' Total length, 2-674 mm. 
The proportional lengths of the cephalothorax and abdomen are as 47 to 16, so that 

-the abdomen is contained 2·938 times in the length of the anterior region of the body. 
The abdomen consists of five segments that have with the furcal rami the following 

'proportionallengths :-. 
Abdomina.l segment 1 2 3 4 5 Furca. 

19 16 17 10 9 29 =100 

The 1 st antenna reaches back to a bout the level of the posterior margin of the 3 rd 
-thoracic segment. The left antenna is unmodified but the segmentation is not quite the 
-same as in the female. There are only seventeen free joints in the whole appendage, whereas 
in the female there are twenty-two. The cause of the difference.is the greater degree of 
fusion met with in the proximal segments. Segments 2 to 8 are completely fused, segments 
9 and 10 are fused and segments 11 and 12 are partially fused. The proportional lengths of 
the free segments are as follows :-

Segment 1 2·8 9·10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
~ ..........., "-y-J 

113 262 24 19 34 34 80 33 49 51 60 60 55 45 51 40 40 = 1000 

The appendages are as described and figured by A. Scott (1909). 

Pontella fera Dana. 

(Text-fig. 126.) 

Pontellafera, A. Scott, 1909, p. 159. 

Pontella fera, Sewell, 1914, p. 237. 

~ Total length, 2·605 mm. 
The proportional lengths of the cephalothorax and abdomen are as 45 to 11, so that the 

..abdomen is contained 4·09 times in the length of the anterior region of the body. 
The cephalon and 1st thoracic segment are separate, as also are the 4th and 5th thoraoio 

~segments. The posterior thoracic segment is produced back in a well-marked wing on 
-each side. 

The abdomen consists of two free segments and the furcal rami. The genital segment 
·is produced ventrally in a pair of rounded processes. The proportional lengths of the seg
ments are as follows :-

Abdomina.l segment 1-4 5 Furca 
56 12 32 =100. 
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The 1st antenna reaehes baek to about the posterior margin of the 3rd thoracio seg
ment. It consists of 21 free segments; segments 2 and 3, 8 and 9, 10 and 11, and 24 and 21). 
are, respectively, fused together. The proportional lengths of the segments are as follows :-

Segments 1 2-3 4 5 6 i 8-9 10-11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
93 110 19 22 19 19 27 52 39 41 41 45 60 60 68 66 45 44 49 37 44 =1,000 

Segments 1 to 13 bear a fringe of hairs on their posterior margins. 
The 2nd antenna, mouth-parts and swimming legs resemb\e those of other members-

of the genus. 
The 5th pair of legs are as deseribed by Giesbrecht (1892, pl. xxiv, fig. 36). 
~ Total length, 2' 605 mm. 
The proportional lengths of the cephalothorax and abdomen are as 85 to 27,. so that the

abdomen is contained 3'148 times in the length of the anterior region of the body. 
The abdomen consists, as usual, of five segments that have with the £urea the follow

ing proportional lengths:-

AbdomInal segment. 1 2 3 4 5 Furca 
-- 33 14 17 10 7 29 =100 

In the unmodified left antenna there are eighteen free joints. The proportionaL 
lengths of the segments are as follows :-

Segment 1 2-4 5 6 7 8 9 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24·25 
104 102 20 20 20 20 24 24 24 39 39 39 43 59 63 74 67 43 .47 51 39 39 =1,000 

Segments 2 to 8 are fused together, but it is possible to make out the limits of segments 5 to-
8 with more or less exactitude from the arrangement of the hairs on the posterior margin. 
of the fused joint, there being a gap in the line of the hairs corresponding to the line of. 
division between the various segments. 

The grasping antenna and the 5th pair of legs in my examples' agree exactly'with figures· 
given by Giesbrecht (1892, pI. xxiv, figs. 14, 31, 34). 

In a tow-netting from the Pearl Banks of Ceylon a large number of examples of this· 
species in various stages of development were obtained and advantage was taken to measure· 
and compare a number of speeimens in the last three stages of growth. The actual length 
measurements of these examples are given in text-fig. 126. In the Table below I give the:
a verage length measurement of each of the developmental stages in both sexes. 

Stage of development. 

~ 

Stage III • 

Stage IV " 

Stage V 

Stage VI 

o 
Stage III • 

Stage IV • 

Stage V 

Stage VI • 

• 

Observed size. 

mm. 

1·626 

2·091 

2·631 

• 1·626 

2·098 

• 2·511 

CA.lculated s~e. Growth·factor. 

mm. mm. 

1·287 1·269 

1·634 1·269 

2·078 1·269 

2·631 

1·287 1-544 or 1·2691 

1·633 1·544 

1·987 e·. 

2·522 -
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These examples appear to follow the sa,me course of development as the species that 
'we have previously considered. In the case of the female it would appear that there is no 
diminution of the growth -factor between stages IV and V, such as I have shown to occur 
in lllost species with the onset of sexual maturity, and in this respect the present specIes 

m.m. 

9 •• 0 • • ... 2 ·8 ••• eI • 
Stag~ VI. ••••• 2'7 •••• .... • •• • ••• .. .... 2'6 •••• ... n·· •••• 

2·5 •••• •••• ••• I·· •• 

Sta~e VL 

2·'!- •• 
• 2'3 

• 2'2 • II •••• .... •• 2'1 
... ••• I" J • 

St~a. II: Stag~ V • 

2·0 • • • 
I '9 

1· 8 

• 1 ·1 

In :: p • 1·6 

1·5 • 
l' .. 

1·3 

'TEXT-FIG. 126.-Length measurements of 136 examplt,c) of Pontella fcra Dana from the Ceylon Pearl Banks. 

·agrees with the other species in the genus, the life history of which I have been able partially 
to work out, namely, Pontella andersoni (vide Se\vell, 1912, p. 323). In the male it again 
.appears that individuals may pass by a single moult from Stage III to Stage V, in ,vhich 
·case the growth-factor is that characteristic of the male, namely 1'544, oc by adopting the 
female growth-factor of 1·269 may pass to stage IV and thence, by a second moult with the 
characteristic male-factor, to Stage VI. 

An examination of the proportional lengths of the various segnlents of the body and 
abdomen in the different stages of development 8ho,,~s clearly that, although the individual 
as a whole increases according to Brook's la,v, the various segnlents lllay exhibit a propor
tional increase or decrease in length. In the follo'wing table I have giyen the 11leasnrelnents, 
in loooths of the total length of the whole animal, of the various segluents in the t\VO sexes. 
In the female ,va find that the major changes in the proportions of the segments occur in the 
.abdominal region and the proportional length of the abdomen itself also increases 'with age; 
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thus, at Stage IV it is 22·3 per cent. of the total length, whereas in Stages V and VI it has
increased to 23'6 per cent. Between Stages IV and V the cephalon remains practically un
changed in length, the small difference observed being in all pro ba bility due to error of 
measurement. The 1st thoracic segment exhibits a marked decrease in length, from 1~'2·5· 
to 141'2, or a diminution of 13'1 per cent.; segment 2 also decreases somewhat, from 93'5 to 
91'1, or 2'56 per cent. The 3rd thoracic segment appears to reIllain unchanged, the Obser
ved difference being so slight that it is probably explainable as an experimental error. Seg
ments 4-5 together show a considerable increase, namely from a proportional length of 70'5 
to 78'9, or 11'91 per cent. In the abdominal region owing to the Ie-arrangement of the seg-· 

0 .,. 
Stage IV. 

Cephalon. Thoracic Segments. Abdominal Segments. Furcal 
r A 

f 
---A 

"' 
ra.mus. 

No. of specimen-
1 2 

., 4·5 1 2 3 4 5 t> 

'----y----.-.J 

1 . 357 160 93 93 67 59 84 87 
2 . 351 165 94 100 74 53 76 88 

Average 354 162·5 93·5 96,5 70·5 56 79·5 87·5 

Stage V. 

~o. ofspecnnen--
1·2 3 1 4·5 

'--y-I.' '-y--J 
1 371 132 90 95 79 79 48 27 79~ 

2 362 135 99 93 83 80 46 26 ,76 
3 366 124 88 98 77 86 51 30 '30 

4 341 148 95 101 80 82 46 30 16 

5 340 160 90 100' 70 83 47 31 78 
6 345 155 93 98 81 72 46 30 80 
7 • 366 134 83 93 82 79 47 32 84 

Average 355·7 141·2 91·1 96·9 78·9 80,1 47·3 29'4 79·0 

Stage VI. 

No. of specimen-
123 4·5 

""'-y--l \....y--' 
1 358 140 90 101 78 117 35 81 
2 354 142 80 94 79 132 36 83 
3 362 139 86 98 82 119 36 78 
4 355 145 104 97 81 110 33 75 
5 343 132 93 101 82 135 35 76 

Average 354·4 139·6 90·6 98·2 80·4 122·6 35 78'6. 
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Stage IV. 
Thoracic Segments. Cephalon. 

f "- ,---
1 2 3 

No. of specimen-
1 • • 365 135 
2 . . 369 134 

3 . • 391 140 
4 • • 388 117. 
5 . • 368 136 
6 . • 349 148 
7 . 354 157 
8 • . 345 158 

9 373 127 
10 . . 370 130 

Average • 367'2 138·2 

Stage V. 

No. of specimen-

1 . 352 

2 • • 371 
3 • 376 
4 • 367 
~ .. 353 

Average . 363-8 

Stage VI. 

128 
113 
97 

120 
126 
116·8 

88 
89 
84 
86 
86 
87 
82 
86 
87 
82 
85·7 

85 
93 
86 
94 

88 
89·2 

No. of specimen-
1 
2 

3 

4 
5 

Average 

369 
354 
354 
355 
356 
357·6 

122 87 
135 84 
133 92 
132 88 
127 81 
129·8 86·4 

88 
89 
84 
86 
86 
87 
91 
93 
93 
89 
88·6 

96 
93 
97 
94 

93 
94·6 

91 
88 
96 

92 

fl7 

92·8 

4·5 

74 
76 
77 
79 
79 
81 
82 
80 
80 
82 

79 

85 
72 
81 

74 

66 
75·6 

70 
71 
75 
78 
76 
70 

Abdominal Segments. 
f ~----------1 2 3 4 5 

Furcal 
ra.mus. 

58 
62 
57 
58 
58 
57 
56 
55 

61 
58 
58 

36 
34 

30 
33 

35 
38 
36 
35 
36 
39 
35·2 

1 2 3 

56 33 44 
61 33 46 

59 31 41 
58 33 43 

54 40 47 

57·6 34 44·2 

'--y--.--J 

63 
56 
55 
66 
64 
63 
61 
62 
58 
61 
60·9 

4 5 
"--\1--) 

80 
91 
82 
87 
88 

90 

81 
86 
85 
89 
86·7 

33 88 
33 85 
34 80 
34 83 
40 93 
34·8 85·8 

54 39 50 25 

56 41 50 26 
51 37 46 24 

17 76 
19 76 
18 74 

18 72 
20 75 
18·4 74·6 

53 39 48 25 
58 38 52 25 
53·4 38·8 49·2 25 

ments the proportional changes in the individual segments are- 0 bscured, bilt bet,veen stages 
V and VI segments 1-3 together decrease in their proportional length frQln 127-4 to 122'6 

or 3'77 per cent.; on the other hand segments 4 and 5 together increase froin 29·4 to 35·0 

or 19'05 per cent. During the three stages from I,r to VI, the furcal reunus decreases in 
length, but the whole of this change appears to take place bet'Yeen stages IV and V· in ,yhich 
the ramus decreases in length from 87-5 to 79'0 or 9· 77 per cent. Bet"Teen Stages ,T and ,Tl 
the proportional lengths of the segments of the anterior region of the body change consider
ably. The cephalon a.ppears to remain unaltered. Segn1ent I of the thorax decreases 
slightly in length from 141'2 to 139'6 or 1'13 per cent. Segnlent 2 also decreases very slight.ly 
in length, if 'we can trust the measurements, namely fron1 91'1 to 90, 6 01' O' 55 per cent. The 

x 
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posterior segnlents on the other hand appear to increase slightly in length; segment 3 
increases fronl 96'9 to 98'2 or 1'31 per cent. and segments 4-5 increase from 78'9 to 80'4 or 
1· 9 per cent, 

In the cas~ of the nlale \ve nleet with similar differences in the proportional grO\vtJl of 
the yarious segnlents, In this sex the length of the abdomen, in proportion to the total 
length, increases from 24'08 per cent, in Stage IV to 25'64 per cent. in Stage V and to 25'94 

per cent. in Stage VI. Here again the greatest proportional change is to be found in the 
segnlents of the abdonlen. In the anterior region of the body if the change is from Stage 
rv' to Stage VI, as I believe to be the case, the cephal on decreases from 367'2 to 357'6 
or 2·67 per cent. The 1st thoracic segment decreases from 138·2 to 129'8 or 6'08 per 
cent. Segment 2 increases from 85'7 to 86'4 or 0'81 per cent. and segment 3 from 88'6 to 
92'8 or 4'53 per cent. Segments 4-5, on the contrary, show a clear diminution in length 
from 79 to 70 or 11'39 per cent, The 1st abdominal segment decreases from 58 to 53'4 
or 7'93 per cent. Segment 2 increases from 35'2 to 38'8 or 10·23, per cent.; and segments 
3-5 increase from 60·9 to 92'6 or 52'05 per cent. The furca on the other hand decreases 
frolll 86,7 to 74'6 or 13'95 per cent. 

This species, though apparently not common, is \videly distributed throughout Indian 
,vaters. It has no\v been recorded fronl the lVlalay Archipelago (.A .. Scott) ; the Nicobar 
Islands (Sew-ell); the Pearl Banks of Ceylon (Tholupson and A. Scott, Se'\vell) ; the l\Ialdive 
and Laccadive Archipelagoes (\Volfenden) and the Red Sea (A. Scott). 

Pontella investigatoris Se'\vell. 

Pontella in~estigatoris, Sewell, 1912, p. 371, PI. xxiii, figs'. 1-3. 

Pontella invest1'gatoris, Se,Yel1, 1914, p. 236. 

This species \vas described by me from the male only and up to the present time 
I have failed to discover the associated female, As I have :!.lready mentioned (vide supra, p. 
376). I ,,~as at one time inclined to regard this forin as possiblY,the nlale that corresponded 
to the female Pontella danae, var. ceylonjca Thonlpson and A, Scott, but a study of the 
gro'wth and developlllent of the t'\vo forms renders this very doubtful. Exanlples of this 
nlale have been taken at Stations 563, 577, 578, 583, 587, 590, 591 and in the Cochin 
backwaters. 

Pontella princeps Dana. 

(Text-fig. 127 ~ a-d). 

POidella princeps, A Scott, 1909, p. 160. 

Pontdlf ( lJJ'i~lcejJs, Sewell, 1912, p. 372. 

This species is one of the largest surface-frequenting Calanoids: a nunlber of examples 
were taken at Station 614. 

¥ Total length, 5,87 mm. 
The proportional lengths of the cephalothorax and abdonlen are as 20 to 7, so that the 

abdomen is contained 2'857 tinles in the length of the anterior region. 
The head is furnished \vith side hooks. The rostrum is bifid, tenninating in a pair of 

-stout spines; a ,ven-developed rostral lens is present. The cephalon and 1st'thoracic seg_ 
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ment are fuseq. ; thoracic segments 4 and 5 are separate and the posterior thoracic margin. 
is produced backwards on each side in a stout spine. The colouration of this species is strik
ing; the general coloura tion of the body is a deep blue and on thoracic segments 1 to 3 

in the mid-dorsal line is a deep blue spot surrounded by a halo of opaque silvery white; 
• the terminal 5 or 6 segments of the 1st antenna are chocolate brown. There are also some 

scattered white spots on the dorsal aspect of the swollen abdominal segment. 
The 1st antenna consists of twenty-four free joints, segments 8 and 9, 11 and 12 and 

24 and 25 being, respectively, fused together, as is usual in this genus. 'fhe proportional 
lengths of the segments are as follows ;-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
77 57 16 16 21 21 19 19 28 28 28 41 41 41 54 60 60 76 78 55 47 47::Sf> 4::> =1.000 

The proximal thirteen segments bear a fringe of hairs on their post~rior margin and the-
14th segment carries a stout process. 

The 2nd antenna is of the usual type, but the exopod is considerably shorter than in 
some of the other members of the genus. 

The Inouth-parts and swimming legs have the usual structure. 
The 5th pair of legs closely resemble those of Pontella atlantica, Milne-Edw. 
cr Total length, 5'349 mm. 
The proportional lengths of the cephalothorax and abdomen are as 16 to 7, so that the· 

abdomen is contained 2-286 times in the length of the anterior region of the body_ 
The cephalothorax resembles that of the female. 
The abdomen consists of five segments and the furcal rami. Their proportional lengths· 

.are as follows :-
Abdominal segment 1 2 3 4 5 FurcH. 

21 14 19 10 9 2.7 =100 

The right 1st· antenna is. modified to form a grasping organ; the left antenna is un
-modified and reSembles that of the female. The left antenna consists of twenty-two free 

D. 

TEXT-FIG. 127.-Pontella pr'inceps Dana. 
a. Abdomen, from the right side, female. c. Terminal segment, 5t.h !Eg, male. 

b. l\fnxilliped: terminal segments. d. 5th leg. right ~side: m,Lle, 
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segments; segments 8 and 9, and 11 and 12 respectively being fused either completely or 
partially. The length of the antenna} segments are as follows :-

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24-25 
83 59 17 17 20 20 20 20 26 26 26 40 40 40 46 56 56 72 80 53 50 53 40 40 = 1,000 

A co'mparison of these measurements with those given above for the lengths of ~the 
segments in the female shows a very close agreement. 

Pontella securifer Brady. 
Pontella secur~fer, A. Scott, 1909, p. 160. 

Pontella SeCU1"ijer, Sewell, 1912, p. 372. 

Pontella securijer, Sewell, 1914, p. 238. 

Pontella securifer, T. Scott, 1912, p. 539. 

Pontella securifer, Farran, 1929, p. 277. 

Poutella spinipes, d', Wolfenden, 1906, p. 1020. 

Although widely distributed throughout Indian waters this species nowhere appears 
to be very common. Examples were- taken at Stations 552, 614. 

Pontella spinipes Giesbrecht. 

Pont ella spinipes, Giesbrecht, 1889, p. 28. 

Pontella spinipes, Giesbrecht, 1892, p. 462, PI. xxiv, fig. 30; PI. xl, figs. 2, 23, 24. 

Pontella spinipes, Giesbrecht and Schmeil, 1898, p. 142. 

Pontella spinipes, T. Scott, 1912, p. 539. 

Pontella spinipes, ~, Wolfenden, 1906, p. 1020. (nee. P. spi'llipes ~)j. 
Pontella spinipes, Sewell, 1912, p. 373, PI. xxiv, figs. 1-4. 

This species, like the preceding one, is widely distributed but is not very common.1IIBx
amples have been taken at Stations 542, 544, 556, 577, 582, 590, 591. 

Genns PONTELLOPSIS Brady. 

At the present time ten species belonging to this genus are known to occur in Indian 
waters. In 1896 Giesbrecht recorded the occurrence of Pontellopsis krameri (Giesbrecht) 
from the Red Sea. In 1900 Thompson recorded the presence of Pontellopsis regalis (Dana) 
from the Bay of Bengal. In 1901 Cleve recorded Pontellopsis armata (Giesbrecht), P. 
regalis Dana and P. strenua (Dana) from the Malay Archipelago! The work of Thompson 
and A. Scott in 1902 greatly increased the number of species from the Indian region 
and added Pontellopsis armata (Giesbrecht), P. strenua (Dana), P. perspicax (Dana), and P. 
nerdmani Thomps'on and A. Scott to the list of species known from Indian waters. In 1906 
Wolfenden recordeLd Pontellopsis armata (Giesbrecht) and P. krameri (Giesbrecht) from the 
Maldive Archipelago. In 1909 A. Scott in his account of the collections obtained by the 
" Siboga" from the Malay Archipelago recorded all the above, with the single exception of 
P. herdmani, and added Pontellopsis villosa Brady, P. pexa A~ Scott and P. maeronyx 
A. Scott to the list of species from that region. In 1912 I recorded the occurrence of 
Pontellopsis herdrnani Thompson and A. Scott, P~ krameri (Giesbrecht) and P. 'fegalis (Dana) 
from the coast of southern Burma; while in 1914 I was able to conform the occurrence 
of Pontellopsis armata (Giesbrecht), P. herdmani Thompson and" A. Scott, P. krameri 
(Giesbrecht), P. pe,tspicax (Dana) and P. 'lfegalis Dana from the Ceylon Pearl Banks. 
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In 1915 Brady recorded the occurrence of ,vhat he regarded as a ne,v species of Pon
tellopsis, under the name P. speciosus, from Durban Bay in East Africa, but this appears 
to be identical with Pontellina plumata (Dana). 

Pontellopsis armata (Giesbrecht). 
Pontellopsis armata, A. Scott, 1909, p. 170. 
Pontellopsis armata, Sewell, 1914, p. 238. 

This species is widely distributed thro~ghout Indian ,vaters; it has now been recorded 
from the Malay Archipelago (Cleve, A. Scott); the Ceylon Pearl Banks (Thompson and 
A. Scott, Sewell); the region of the Maldives (Thompson and A. Scott, vVolfenden) and 
examples have been taken by the" Investigator" in Nankauri Harbour in the, Nicobars 
(Station 614). 

Pontellopsis herdmani Thompson and A. Scott . . ' 

(Text-fig. 128, a, b). 

Pontellopsis herdmani, Thompson and A. Scott, 1903, p. 253, pI. Ii, figs. 15-17. 
Pontellopsis herdmani, Sewell, 1914, p. 238. 

(non Pontellopsis herdmani Sewell, 1912, p. 375, pI. xxiv, fig. 5). 

This species appears to be some,vhat rare. In my previous papers on the Copepoda 
:of the Bay of Bengal I have recorded the occurrence of examples of what I then believed 

/ ,J./' 
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TEXT-FIG. 128.-Pontellopsis herdmani Thompson and A. Scott. 

a. The female from the dorsal aspect. b. The 5th pair of Jegs, t~ma!o. 
Pontellopsis macronyx A. Scott. 

c. The female from the dorsal side. 

,Y 



386 J'lelnoirs of the Indian 1f;lusett'ln. [VOL. X,. 

to be this species, but a further exalnination of this and further material has convinced me· 
that I ,vas mistaken. The characters of the true Pontellopsis herdrnani are as follows :

~ Total length, 2·111 lnm. This is slightly larger than the figure given by Thompson 
and A. Scott, ,vho state that the length is only 1·9 mm. 

The proportionate lengths of the cephalothorax and abdomen are as 71 to 29, so that 
the abdomen is contained 2·448 tinles in the length of the anterior region of the body. 

The two last thoracic seglnents, 4 and 5, (text-fig. 128, a) are partially fused and the 
line of fusion can clearly be detected running across the dorsal aspect. The 5th thoracic 
segment terminates on each side in a sharp spine that is not so long as in Pontellopsis macronyx 
and is symmetrical, thus being unlike the corresponding spines in the hitherto unknown 
form that I have described belo,v (vide infra, p. 388). 

The abdomen consists of two segments, of ,vhich the anterior is by far the larger. The 
proportional lengths of these two segnlents are as fono'ws:-

Abdominal segment 1-3 4·5 Furca 
59 2:l 19 = 100. 

A8 I have already noted (vide Se'well, 1914, p. 239) the genital segm.ent of the fem.ale of this 
species frequently bears on its dorsal aspect, slightly to the left of the middle line, a small 
spinous projection, in addition to the two on the right side that have been described by 
Thompson and A. Scott. There is also a small spine on the left side near the proximal 
end of the segment, corresponding to the one on the right described and figured by the ori
ginal authors. The furcal rami are fringed on their inner margins with delicate hairs but 
the furcal setae are not in my examples non-plumose but are fringed with delicate hairs. 

The 1st abdominal segment and the thoracic segments are all smooth and are devoid 
of hairs in my examples, whereas in the examples of Pontellopsis macronyx that I ha,ve 
examined these segments of the body are covered with fine hairs arranged in the an~erlor 
thoracic segments in transverse bands, in a manner very similar to that described by A. Scott. 
(1909, p. 173, pl.liv, fig. 11) in the case of Pontellopsis pexa. 

The 1st antenna consists of 16 segments that have the following proportional lengths :--
1 2-5 6·7 8 9·11 12 13·14 15 16 17 1~ 19 20 21 22 23 24·25 
~ '--y-J ~ '--.,--J '. ._ ~ 

Segment 

83 75 42 21 91) 27 57 33 42 48 63 89 63 60 70 68 6~ =1,000 

Segments 2-5, and 6-7 are completely fused together and segment 8, is partially fused to seg
ment 7 ; segments 9-11 and 13 and 14 are completely fused, as also are segments 24 and 25. 

Segments 14 bears a well-developed spine. 
The 5th pair of s,vimming .legs (text-fig. 128, b) are exactly as described and figured. 

by Tholnpson and A. Scott (vide 1903, pl. ii, fig. 17). 

Pontellopsis krameri (Giesbrecht). 
Pontellopsis krameri, A. Scott, 1909, p. 17l. 

Pontellopsis krameri, Sewell, 1912, p. 376. 

Pontellopsis krameti, Sewell, J914, p. 239. 

This speCIes is widely distributed throughout Indian waters. It has now been recorded 
froln the l\ialay Archipelago (A. Scott); the coast of southern Burma (Sewell); the Ceylon 
Pearl Banks (Sewell); the Maldive and Laccadive Archipelagoes (Wolfenden) and the Red. 
Sea (Giesbrecht, Thompson and A. Scott). 

Examples occurred in the" Investigator" collections from Stations 542,569 and 582 .. 
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Pontellopsis macronyx A. Scott. 

(Text-~g. 128, c). 

Pontellopsis macronyx, A. Scott, 1909, p. 137, pI. liv, figs. 1-10. 

(non Pontellopsis hetdmani, Sewell, 1912, p. 375, p1. xxiv, fig. 5). 

387 

A few specimens of 'what appears \vithout doubt to be the above species were taken in 
Port Blair Harbour, Andaman Islands. 

~ Total length, 1'733 mm. A. Scott gives the total length of his exaluples from the 
Malay Archipelago as 1,97 mm. 

The proportional lengths of the cephalothorax and abdomen are as 73 to 27, so that 
the abdomen is contained 2'704 tillleS in the length of the anterior region. 

The 4th and 5th thoracic segments are fused together and the posterior thoracic margin 
of the 5th segment is produced on each side in a sharp spine, that is distinctly longer than 

· the corresponding spine in Pontellopsis hetd1nani TholllPSOll and A. Scott and reaches back 
to the middle of the length of the 1st abdolllinal seglnent. 

The abdomen consists of two segments that have }Vith the furcal rami the following 
· proportional lengths:-

Abdominal segment 1·3 4·5 FUl'C'a 

58 17 25 =100. 

The 1st abdominal segnlent ,presents S0111e variation from the account gjven by A .. Scott 
· (loc. cit. p. 173, pI. liv, fig. 1), for in some instances there were only three spines, t·wo being 
at the proximal end 9f the seglnent, \vhile distally there ,vas only a single small spine situated 
on the summit of a rounded enlinence on the right side; the corresponding spine on the left 

--side was missing. In one example the thoracic seglne~ts and the outer part of the posterior 
th6racic spines are clothed with a series of bands of fine short hairs, thus closely resembling 
the condition described by Scott in Pontellopsis pexCl, (vide A. Scott, 1909, p. 173, pl. liv, 

. fig. 11); in a second specinlen, hO"wever, there ,vas no trace of this hirsute covering on the 
·tho'racic segments. T·he posterior luarginal spines are cOluparatively short, as figured by 
· Scott, and the proportional. lengths of the abdominal segnlents are 

Abdominal segments 1·4 5 FUl'ca 

57 23 20 = 100 

The 1st antenna consists of 17 segments but several of these are partially fused together. 
The proportional lengths of the segments are as £ollo\vs :-

1 2·5 6-8 9-11 12 13 H 15 HI 17 18 HI 20 21 22 23 24-25 
"'---y--' '-y--' '--.r-' '--.r-' 

Segment 

81; 77 55 85 37 40 26 29 44 51 6u 77 5U 5;) ;:3 liti 70 - 1,000. 

Segments 2-5 are completely fused together and in this case segillents 6 to 8 also appear to 
be completely fused, segments 9-11 are completely fused and in addition segments 12, 13 
and 14 are fused with segment 11, ·though traces of the lines of separation can still be ma.de 

out. 
The 5th pair of legs are as described by A. Scott (loc. cit.) p. 174, pl. liv, fig. 6). 

Pontellopsis perspi<=ax (Da.na). 

Pontellopsis perspicax, A. Scott, 1909, p. 171. 

Pontellopsis pe1'spicax, Sewell, 191.1, p. :!39. 

Pontellopsis perspicax, Farran, H)29, p. :280. 

Pontellopsis perspicax, T. 8cott, 1912, p. 539. 



388 Memoirs of the Indian Museum. [VOL. X,. 

This species has now been recorded from the 1\lalay Archipelago (A. Scott) and the Ceylon 
Pearl Banks (Thompson And A. Scott, Sewell). 

Pontellopsis regalis (Dana). 

Pontellopsis regalis, A. Scott, 1909, p. 171. 

Pontellopsis regalis, Wolfenden, 1911, p. 362. 

Pontellopsis regalis, T. Scott, 1912, p. 539. 

Pontt3llopsis 'legqlis, Sewell, 1912, pp. 315, 376. 

Pontellopsis regalis, Sew~ll, 1914, p. 239. 

Pontellopsis 'legalis, Sars, 1925, p. 354. 

Pontellopsis 'legalis, Farran, 1929, p. 280. 

This species has now been recorded from the Malay Archipelago (Cleve, A. Scott.); 
the coast of southern Burma (Sewell); the Bay of Bengal (Tliompson) and the Ceylon Pearl 
Banks (Thompson and A. Scott, Sewell). 

Examples occur in the " Investigator" collections from Stations 582, 614 and 642. 

Pontellopsis scotti, sp. nov. 

(Text-fig. 129, a-f). 
Pontellopsis herdmani, Sewell, 1912, p. 375, pI. xxiv, fig. 5. 

(non Pontellopsis herdmani, Thompson and A. Scott) . 

. A.t several stations on the Burma coast a number of examples were taken of a species 
that closely resemble Pontellopsis macronyx A. Scott and Pontellopsis herdmani Thompson 
and A. Scott. In my previous report (loc. cit.) I was inclined to regard these forms as inter
mediate between these two species but the further examination of a number of addit~Qnal 
specimens has convinced me that at present it is advisable to regard them as a new species, 
at the same time bearing in milid that they may ultimately prove to be a dimorphic form 
(forma minor) of Pontellopsis rnacronyx. 

~ Total length, 1· 511 mm. These examples are thus considerably ~maller than the 
females of Pontellopsis macronyx, which in my examples measured 1'755 mm., while Scott 
gives the length of his examples as 1· 97 mm. 

The proportional lengths of the cephalothorax and abdomen ar~ as 2·09 to 1. The seg
ments of the cephalothorax are devoid of any hirsute covering. The posterior thoracic· 
segment (text-fig. 129, a) bears on each side a small marginal spine; these spines are slightly 
asymmetrical, that on the left side being appreciably larger and longer than that on the 
right; in this resp .. ect this species agrees with the condition recorded by A. Scott (1909, p. 
173) in P ontellopsis macronyx. 

The abdomen eonsists of two segments, having with the furcal rami the following pro-· 
portional lengths :-

Abdominal segment 1·3 4·5 Furca. 
57 31 12 = 100. 

The proximal segment is somewhat asymmetrical, as in P. rnacronyx A. Scott; at its proxi
mal end it bears on each side a rod-like spine, that on the right side being usually consider
ably longer than that on the left; at the distal end the~e is a swelling on the left side, that in 
some examples is produced in a slnall papilla, while in others it is produc~d into a long and 
tapering process. Certain examples bea~ a rod ... like spine on the right side, as figured 
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by A. Scott (1909, pI. liv, fig. 1) in P. macronyx but in the majority of individuals this is 
absent. The posterior segment of the abdomen is considerably longer than in either 

TEXT-FIG. 129.-Pontellop8is scotti, ap. nov. 

4. The female from the dorsal side. d. The maxilliped. 
b. The male from the dorsal side. e. The 5th pair of legs, female. 
c. The 2nd antenna. f. The 5th pair of legs, male. 

Pontellopsis macronyx A. Scott or P. herdmani Thompson and A. Scott. The furcal rami 
are short and the furcal setae plumose. The right furcal ramus extends slightly further 
backwards tha~ the left, owing to a slight degree of asymmetry in their point of origin from 
the anal segment. 

The 1st antenna consists of 16 free segments, that have the follo,ving proportional 
lengths :-

Segment 1 2-5 6-8 g-ll 12 13-14 15 16 17 18 ] \) 20 21 22 23 24-25 

~ \...y-I '--v-' '--v-' '-v--' 
79 74 55 72 27 68 34 46 49 68 91 135 57 i3 68 74 = 1 ,OUO. 

Segments 2 to 5 are completely fused; segments 6, 7 and 8 are partially {useo, the lines of 
separation, however'A being visible; segments 9 to 11, and 13 and 14 are respectlvely fused; 
and segments 24 and 25 are, as usual, fused. . The 14th segnlent bears a stout and thick 
spine that extends beyond the 'distal end of the 15th segment. 

The 5th parr of legs (text-fig. 129, e) closely resenlble those of Pontellopsis 'inacronyx 
A. Scot.t. 

y 
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~ Total length, 1· 419 mm. 
The proportional lengths of the cephalothorax and abdomen are as 2·286 to 1. As 

in the female, the 4th and 5th thoracic segments are fused together, though the line of fusion 
can be detected running across the middle line of the dorsal aspect. The 5th thoracic segment 
(text-fig. 129, b) is asymmetrical; on the left side there is a short and blunt spine bu.t on 
the right side the segment is produced into a large stout spine that extends back to the level 
of the middle of the 4th abdominal segment. About half way along its length this spine 
becomes suddenly attenuated and there is a short projection on its inner aspect. The 
thoracic segments are devoid of any hirsute covering. 

The abdomen consists of five segments that have the following proportional lengths :-
Abdominal segment 1 2 3 4 5 Furca 

23 13 13 13 13 25 = 100. 

The 1st segment bears a small spine on its right side; the 2nd and 3rd segments are each 
produced on the right side in a rounded s\velling, that is crowned with numerous small 
spines; the 4th segment is also slightly produced in certain spec,imens but has no spines. 
The furcal rami are about twice as long as broad and the furcal setae appear for the most 
part to be devoid of hairs, though in some there are traces of the usual plumose condition 
near their base. 

The 1st antennae are, as usual, asymmetrical, that on the right side being modified 
into a powerful grasping organ that appears exactly to resemble that of the male of Pon
tellopsis macronyx A. Scott (1909, p. 174, pl.liv, fig. 7). The left antenna is unmodified 
and consists of 15 free segments tllat have the following proportions:-

Segment 1 2-5 6-8 9-13 14 15 16 17 18 19 20 21 2 23 24-25 
'--v-' '--v-' '--v-' '--v-' 

78 93 76 117 26 30 45 53 61 90 60 60 275 65 70 =1,000. 

Segments 2-5 and 6-8 are fused, as in the female; segments 9 to 13 are all fused, though the 
dividing line between segments 11, 12 and 13 can be detected. In the manner of fusion of 
these proximal segments the male thus differs slightly from the female. 

The 2nd antenna and mouth-parts (text-fig. 129, c-d) closely resemble those of other 
members of the genus. 

The 5th pair of legs (text-fig. 129, f) bears a distinct resemblance to those of Pontel
lopsis macronyx A. Scott, but the projection at the base of the 1st segment of the right ex
opod is not nearly so long and terminates in a flattened lamella. 

Pontellopsis villosa Brady. 
Pontellopsis villosa, .A. Scott, 1909, p. 172. 
Pontellopsis 1Jillosa, T. Scott, 1912, p. 539. 
Pontellopsis villosa, Bars, 1925, p. 155. 

This species appears to be rare in Indian waters; a single specimen, male, was detected 
in a tow-netting taken at the surface at " Investigator" Station 614. 

Genus PONTELLINA Dana. 

This genus is represented by only a single species, Pontellina plumata (Dana). 
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PontelIina plumata (Dana). 
Pcmtellina plulfltata, A. Scott, 1909, p. 175. 

PontelZina pZurnata, Wolfenden, 1911, p. 362. 

Pontellina pZuroota, T. Scott, 1912, p. 539. 

Ponrellina plwmata, Sewell, 1912~ p. 354. 

Pontelli'na pZumata, Sewell, 1914, p. 240. 

Pontellina plurnata, Friichtl, 1924, p. 28. 
Pontellina plum,ata, Sa.rs, 1925, p. 355. 

Pontellina plumata, Farran, 1929, p. 280. 
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This species is widely distributed throughout Indian waters. It has now been taken 
in the Malay Archipelago (Cleve, A. Scott, Friichtl); off the coast of southern Burma (Sewell) ; 
on the Pearl Banks of Ceylon (Thompson and A. Scott, Sewell); in the Maldive and Lac
cadive Archipelagoes (WolfendenJ; the Arabian Sea (Thompson and A. Scott); the Red 
Sea (A. Scott) and off the east coast of Africa and in the Agulhas Curren t (Cleve). 

Family P ARAPONTELLIDAE. 

Genus BATHYPONTIA Sars. 

This genus w~s created by'Sars in 1905 to accommodate a species, Bathypontia elongata, 
taken in the Atlantic Ocean'; since then two other species have been added from the same 
region and a fourth Bathypontia, spinifera, was recorded by A. Scott (1909, p. 183, pI. iii~ 
figs. 1-16) in the collections of the" Siboga " from the Malay Archipelago. Up to the present 
time no examples of this genus have been taken by the" Investigator" in Indian waters. 

Genus NEOPONTELLA A. Scott. 

This genus was c-reated by A. Scott to accommodate a species, Neopontella typica, 
described by him (1909, p. 185, PI. lv, figs. 1-15) from the" Siboga" collection. No ex
amples have been seen in the collections in the Indian Museum. 

Family ACARTIIDAE. 

Genus ACARTIA Dana. 

The first record of the occurrence of examples of t.his species in Indian waters is that of 
Giesbrecht in 1895, in which he reports the occurrence of Acartia cent1ura Giesbrecht, A. ery
thraea Giesbr. and A. negligens Dana in the surface waters of the Red Sea. In 1900 T. Scott 
recorded Acartia erythraea Giesbr. from the Indian Ocean and added.d. clausi Giesbr. to the 
list of those already known from this region, with a distribution from the east coast of Africa t 

through the Indian ocean into the Bay of Bengal and the Red Sea. Ip1901 Cleve added 
Acartia spinicauda Giesbr. and A. tonsa Dana to the list of species that inhabit Indian 
waters and recorded A. erythraea Giesbr., A. spinicauda Giesbr. and A. tansa Dana 
from the Malay Archipelago and Acartia negligens Dana from the Indian Ocean. Ayear 
later A. Scott (1902) again recorded Acartia erythraea Giesbr. and A. negligens Dana 
from the Red Sea. In 1903-4 Cleve recorded Acartia erythraea Giesbr. and A. negli
gens Dana from the Red Sea and Arabian Sea, A. spinicauda Giesbr. and A. tonsa Giesbr. 
from the Arabian Sea and Acartia danae Giesbrecht sparingly fronl the east of south Africa. 
Wolfenden in 1905 reported finding Acartia danae Giesbr., A. erythraea Giesbr., A. negligens 

y 2 
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Dana and A. tonsa Dana in the collections made by Stanley Gardiner in the Maldive and 
Laccadive Archipelagoes. In 1907 Carl recorded the occurrence of 4cartia e'fythraea Griesbr. 
at Amboina in the Malay Archipelago and described two new species, namely A. amboinMsis 
and A. bispinosa from the same region. A. Scott two years later (1909) only recorded the 

c 

occurrence of Acrartia danae Giesbr., A. erythraea Giesbr., A. negligens Dana and A. spini-
cauda Giesbr. among the collection of the" Siboga " from the Malay Archipelago. In 1912 

Pesta described Acartia pietschmani from the Persian Gulf. In 1912 I noted the presence of 
Acartia danae Giesbr., A. erytktaea Giesbr. and A. spinicauda Giesbr. from the coast of 
southern Burma and in 1914 I identified Acartia centrura Giesbr., A. danae Giesbr., A.. 
erythraea Giesbr., A. negligens Dana, A. spinicauda Giesbr., A. bispinosa Carl, A. amboi
nensis Carl, A. pietschmani Pesta and n, new species A. soutkwelli from the Ceylon Pearl 
Banks; and in 1915 Brady described Acartia nana and A. longisetosa from Durban Bay, E. 
Africa. Friichtl in 1924 records from the Aru Archipelago in the Malay region the occur
rence of Acartia pacifica Steuer var. mertoni Steuer, A. erytkraea var. valdiviae Steuer 
and var. brehmi Friichtl and A. negligens Dana; and finally, Gurney in 1927 recorded 
Acartia clausi Giesbr., A. centrura Giesbr., A. latisetosa (Kricyagin) and a new species 
A. fosoae from the Suez Canal. In addition to the above I have described several new 
species of a form closely allied to, though differing in certa~ features from the genus 
Acartia, as defined by Dana. In 1914 I created a new genus, Acartiella, for these 
species, of which the following ha ve up to the present time been recorded, Acartiella 
kempi Sewell, A. tortaniformis Sewell, A. gravelyi Sewell, A. major Sewell and A.. minor 
Sewell. The vast majority of these appear to be brackish-water forms, though A. kempi 
was described from a tow-netting taken in the Gulf of Mannar. I have, however, 
lncluded them here for convenience of referep.ce. 

In 1923 Steuer published a monograph on the genus Acartia. In this he d.ivides the 
genus into two groups Acartiae arostratae and Acartiae rostratae, under both of which he 
places a number of subgenera, as follows :-

Acartiae rostra tae 
Subgenus· Acartiura Steuer. 

Acartiella Sewell. 
Acartiae rostra tae. 

Subgenus Euacartia Steuer. 
" Paracartia T· Scott. 
" H ypoacartia Steuer . .. 
" 
" 
" 

Acanthaca1'tia Steuer. 
O~ontacartia Steuer. 
Planktacartia Steuer. 

ACARTIAE AROSTRATAE. 

Subgenus Acartiella Sewell. 

This genus waS created by me in 1914 to accommodate the two species Acartiella kempi 
~nd A. tortanifo1·mis. Of these the first had been taken in a tow-netting at Kilakara.i on 
the south coast of India and the second had been obtained oft the Burma coast and at the 
mouth of the Rangoon river. Since then other species that belong to this subgenus have 
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been taken, namely, Acartiella gravelyi Sewell from the backwaters of Cochin and 4. ma}or 
and A. minor from the Chilka lake. In the main the members of this subgenus are inhabit ... 
ants of brackish-water but may occur also in the sea, especially around the mouth of rivers. 

Acartia (Acartiella) tortaniformis Sewell. 
Acartia tortaniformis, Sewell, 1912, p. 346, pl. xxi., figs. 1-10. 

Acartiella tortaniformis, Steuer, 1923, p. 100. 

Since this species was taken at the mouth of the Rangoon river, other examples have 
been obtained from a tow-netting oft Hainguy island, Burma coast, and in large numbers 
and various stages of development in a tow-netting from the river at Chittagong, ea,st Bengal. 
The species also occurs in the Hoogli River above Calcutta. 

Acartia (Acartiella) gravelyi Sewell. 
Acartiella gravelyi, Sewell, 1919, p. 10, pI. ix, fig. 7 ; pI. x, figs. 1, 4 and 5. 

Since this species was first.obtained no further examples have been taken. 

Acartia (Acartiella) kempi SEWELL. 

Acartiella kempi," Sewell, 1914~ p. 246, pI. xx, figs. J-o; pI. xxi, fig. 4. 

Acartiella kempi, Steuer, 1923, p. 101, figs. 48-51. 

Since this species was first discovered no further examples have been secured. 

A~artia (Acartiella) major Sewell. 

Acartiella mador, Sewell, 1919, p. 13, pI. ix, .fig. 8; pI. x, figs. 2, 3-6. 

Acartiella mador, Sewell, 1924, p. 791, pI. xlvi, fig. l. 
This species was first recorded from the Chilka Lake and further exa,mples hav~ subse

quently been obtained from the Salt Lakes, Calcutta. 

Acartia (Acartiella) minor Sewell. 
Acartiella minor, Sewell, 1919, p. 15, pI. ix, fig. 6; pI. x, fig. 7. 

Acartiella minor, Sewell, 1924, p. 791~ pl. xlvi, fig. 2~ 
Like the preceding species this was first taken in the Chilka Lake and has since been 

obtained from the Salt Lakes, Calcutta. 

ACARTIAE ROSTRATAE. 

Sub-genus Euacartia Steuer. 

Acartia (Euacartia) southwelli Sewell. 

Acartia soutkwelli, Sewell, 1914, p. 244, pI. xix, figs. 8, 9. 

Acartia southwelli, Sewell, 1924, p. 790, pI. xlv, fig. 6. 

Acartia (Euacartia) southwelli, Steuer, 1923, p. 102, figs. 52, 53. 

Up to the present time this species has only been found in tow'-nettings from the Ceylon 
Pearl Banks and the Chilka Lake. 

In one tow-netting from the Chilka Lake almost the whole of the catch consisted of ex
amples of this species in various stages of development, including three stages of the nauplii. 
'The opportunity has been taken of measuring a number of these examples with a view to 
determining the growth-factors and, if possible, of tracing the probable lines of 
development, and the results obtaiI~ed are shown in text-fig. 130. In the following table 
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I have given the average lengths in the various stages of development in both sexes, as well 
as in the nauplii. 

m.m. 
.'~ 

0'8 
Stage V. • •••• I ••• 
Stage IV. 

.......... 0·7. .. 
Stage I. ••••••••• II ............ ........... ••• • eI 0'6 I·· Stage, II Stage III. e:. · a···· .. .-a • Iulalh •• 11 Stag~U1 . •••• I .1". ••• 0·5 •••• • • • ..... • Stage, II. ......... ··1 S'tagelV . .......... •• ·1· • •••••• 1 : 0·1-

Stage I. · .. 1····'· I ••• Stage. V~ •• •••• • .......... •• 
{ Stage-VI ··nl 0'3 ................. . ................ 

Nauplii ........... 
,. ... , .. 

Stage-V ••••••••• • • •••••• Stage/V ........ 0·2 ..... 
TEXT-FlG. 130.-Length measurements of 314 examples of Acartia (Euacartia) 80utkweUi ~ewell, from the Chilka Lake. 

Nauplii. Observed size. Calculated size. 

mm. mm. 
Stage 4 0·171 0·172 
Stage 5 0·214 0·214 
Stage 6 0·267 0·267 
Copepodid Stage I 0·344 

N.B.-I have assumed that there are six naupliar stages in this species. 

Post naupliar stages. 

~ 
Stage I 0·355 0·355 
Stage II 0·440 0'44:! 
Stage III 0·551 0·551 
Stage IV 0·677 0·653 
Stage V (Adult) 0·773 0·773 

0 
Stage I 0·342 0'344 
Stage II 0·437 0·444 
Stage III 0·525 0·525 
Stage IV 0·579 0'573 
Stage V (Adult) 0'680 0·678 

Growth·factor. 

lIllll. 

1·246 
1·246 
1·290 (1) 

1·246 
1·246 
1·184 
1·184 

1·290 
1·290 or 1·184-
1·290 
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From the above it seems clear that this species follows exactly the same general line of 
development that we have already found to exist in other species, except that here we appear 
to have only five post naupliar stages, instead of the usual six; and it is a matter of consider
able interest to note that exactly the same curtailment of the normal development was found 
to be present in the examples of Paracalanus crassirostris (Dahl) from the same locality (vide 
supra, p. 73 et seq.). In the female sex each stage gives rise at a moult to the next largest 
sta.ge and at stage III there is a drop in the growth-factor from 1·246 to 1·184. In the male 
sex the typical growth-factor would appear to be 1·290, but at stage II an individual may 
follow one of two lines of development; he m.ay either, with an increase of size that exhibits 
the characteristic male growth-factor, pass t·o stage IV or he may for a single moult assume 
the female growth-factor of 1·184 and pass to stage III and at a subsequent moult with the 
characteristic male-factor of 1·290 pas~ to stage V and become sexually adult. 

The nauplii also appear to exhibit a change in the growth-factor, though it is interesting 
to note that these factors appear to be identical with one or other of the growth-factors of 
the Copepodid stages. At each moult between naupliar stages IV and V, and V and VI 
respectively the growth ... factor in the present instance appears to be 1'246, which is the same 
as that in the earlier m.oults of the female copepodid; but during the change from the last 
naupliar stage to the 1st copepodid stage the growth .. factor in the present series seems to 
change to that which is characteristic of the male copepodid, namely 1'290, and this would 
seem to suggest that the nauplii that I was examining would all ultimately have become 
members of the male sex. 

Sub-genus Acanthacartia Steuer. 

Acartia (Acanthacartia) chilkaensis Sewell. 
Acartia chiZkaensis, Sewell, 1919, p. 9, pI. ix, figs. 1-5. 

Acartia chilkaensis, Sewell, 1924, p. 790. 

This 'species was first recorded by me from the Chilka Lake; further examples have 
been taken in the Salt Lakes near.Calcutta, of which it appears to be a normal inhabitant. 

Acartia (Acanthacartia) pietschmani Pesta. 
Acartia pietschmani, Pesta, 1912, p. 54, figs. 18, a-d. 
Acartia pietschmani, Pesta, 1913, p. 33. 

Acartia pietschm(J/t~i, Sewel1, 1914, p. 242. 

4cartia (Acanthacartia) pietschmani, Steuer, 1923, p. 109. 

This species has now been recorded from the Persian Gulf, the Arabian Sea and the 
Pearl Banks of Ceylon. 

Acarlia (Aeanthacartia) plumosa T. Scott. 

Acartia plumosa, T. Scott, 1894, p. 66, pl. vii, figs. 22·3l. 
Acartia (Acantkacartia) plumosa, Steuer, 1923, p. 112 (24), figs. 110-114. 

Examples of this species have been taken in the Salt Lakes, Calcutta. The species has 
previously been reported from the Bananah Creek, Congo River and from Loanda Harbour 
by T. Scott and again from the Congo by Steuer. I ts occurrence in the Sal t Lakes in 
Calcutta greatly increases its known range. 
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Sub-genus Odontacartia Steuer. 

Acartia (Odontacartia) amboinensis Carl. 

Acartia amboinensis, Carl, 1907, p. 12, pI. i, figs. 3-5. 

Acartia amboinensis, Sewell, 1914, p. 242, (&' only). 
Acartia (Odontacartia) amboinensis, Steuer, 1923, p. 120, figs. 151-6. 

[VOL. X, 

This species was first recorded from the Malay Archipelago. It has since been obtained 
on the Ceylon Pearl Banks and was also taken by the" Valdivia" at Station 269. 

It occurs in small numbers In the tow-nettings from" Investigator" Stations 545, 

562, 575 and 577. 

Acartia (Odontacartia) bispmosa Carl. 

Acartia bispinosa, Carl, 1907, p. 13, pI. i, figs. 1,2. 

Acania bispinosa, Pesta, 1912, p. 54, fig. 17. 

Acartia bispinosa, Sewel1, 1914, p. 242. 

Acartia amboinensis (~) Sew~ll, 1914, p. 243, pI. xix, figs. 1-7. 

Acartia (Odontacartia) bispinosa, Steuer, 1923, p. 121, figs. 157-165. 

The only regions in Indian waters.where I have up to the present time obtained examples 
of this species are the Ceylon Pearl Banks and Macpherson Strait, Andaman Islands. Steuer 
points out that the female that I described in 1914 and attributed to Acartia amboinensis 
narl is in reality the female of A. bispinosa Carl. 

Acarti. (Odontacartia) centrura Giesbrecht. 

Acartia centrura, Giesbrecht, 1892, p. 508, pI. xxx, figs. 26, 31 ; 31. xliii, figs. 9, 16. 

Acartia centrura, Giesbrecht, 1895, p. 318. 

4cania centrura, Thompson and A. Scott, 1903, p. 254. 

Acartia centrura, Sewell, 1914, p. 240. 

Acartia centrura, Sewell, 1924, p. 790. 

Acartia (Oclontaoartia), centrura, Steuer, 1923, p. 115, figs. 126-129. 

This species has now been recorded from the coast of southern Burma (Sewell) ; and 
the Ceylon Pearl Banks (Thompson and A. Scott, Sewell). It has also been taken at " In
vestigator" Stations 540,541,542,543,544,547,552 and 562. It would appear, therefore, 
to be widely distributed throughout Indian waters. 

Acartia (Odontacartia) erythraea Giesbrecht. 
Acania erythraea, A. Scott, 1909~ p. 187. 

Acartia erythraea, Pesta, 1912, p. 53, fig. 16. 

Acartia ery(hraea, Sewell, 1912, p. 377. 

Acartia erythraea, Pesta, 1913, p. 32. 

Acartia erythraea, Sewell, 1914, p. 241. 

Aoartia (Odontacartia) erythraea, Steuer, 1923, p. 118, figs. 142-45. 

Acania (Odontacartia) erythraea, Friichtl, 1924, p. 58. 

This species is widely distributed thr?ughout Indian waters; it has been recorded from 
the Malay Archipelago (A. Scott, Cleve, Carl) ; the coast of southern Burma (Sewell) ; the 
Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; the Maldive and Laccadive Archi
pelagoes (Wolfenden) ; the Persian,Gulf (Pesta) ; the Arabian Sea (Pesta, Cleve); the Red 



1932.] R. B. SEYMOUR SEWELL: Copepoda of Indian Seas. 397 

Sea (Giesbrecht, A. Scott) and Durban Bay, E. Africa (Brady). Examples have been taken 
at " Investigator" Stations 542, 543, 544, 555, 556, 558, 559, 562, 582, 583, 591 and 614. 

Acartia (Odontacartia) pacifica Steuer. 
Acartia (Odontacartia) pacifica, Steuer, 1923, p. 28, figs. 134-137. 

A fe\v exaluples of this species were obtained in a to\v-netting taken off Penang and 
ha ve been sent to me for identification. 

Acartia (Odontacartia) spinicauda Giesbrecht. 
Acartia spinicauda, A. Scou, 1909, p. 188. 

Acartia spinicauda, Sewell, 1912, pp. 315, 377. 

Acartia spinicauda, Sewell, 1914, p. 241. 

This species has been taken in the Malay Archipelago (Cleve, A. Scott, Carl); the coast 
of southern Burma (Se\vell) ; the Ceylon Pearl Banks (Se\vell) and the Arabian Sea (Cleve). 

Examples were taken at " Investigator" Stations 558, 574, 575, 583, 584,587,590, 614 

(Nankauri Harbour) and in Expedition Harbour in the Nicobar Islands. 

Sub-genus Planktacartia Steuer. 

Acartia (Planktacartia) danae Giesbrecht. 
Acartia danae, A. Scott, 1909, p. 187. 

Acartia danae, Wolfenden, 1911, p. 357. 

Acartia danae, Sewell, 1912, p. 376. 

Acartia danae, Sewell 1914, p. 240. 

Acartia danae, T. Scott, 1912, p. 540. 

Acartia (Planktacartia) danae, Steuer, 1923, p. 123, figs. 166-169. 

Acartia danae, Farran, 1929, p. 282. 

This species has been taken in the Malay .A.rchipelago (A. Scott, Carl.) ; the coast of south
ern Burma (Se\vell) ; the Ceylon Pearl Banks (Se\vell) and the Maldive and Laccadive Archi
pelagoes (Wolfenden). It \vould appear, therefore, to·be a \videly distributed species. 
A. Scott (loc. cit., p. 187) remarks " ACa'rtia danae appears to be rather liluited in its distri
bution. It has been recorded from the Atlantic and Pacific Oceans and froln the l\iediter
ranean ". Since then it has been taken in several areas of the Indian Ocean and Farran re
ports it to be very comlnon off Nevv Zealand. Its distribution \vouid (1,ppear, therefore, 
to be wide, but so far as my experience goes it is, as a rule, far froln comlnon. 

Acartia (Planktacartia) negligens Dana. 
Acartia negligens, A. Scott, 1909, p. 188. 

ACa1,tia negligens, Wolfenden, 1911, p. 357. 

Acm'tia negligens, T. Scott, 1912, p. 54:0. 

Acartia negligens, Sewell, 1914, p. 241. 

Acartia (Planktacartia) negligens, Steuer, 1923, p. 123, figs. 170-173. 

Acartia negligens, Fanan, 1929, p. 28L. 

This species has now been recorded from the Malay Archipelago (CleYe, A. Scott. Carl) ; 
the Ceylon Pearl Banks (Thompson and A. Scott, Se\vell) ; the lVlaldive and Laecadive Archi
pelagoes (Wolfenden) and the Red Sea (A. Scott). Examples have also been taken at " In .. 
vestigator" Stations 542 and 559. 

z 
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Family TORTANIDAE. 

Genus TORTANU~ Giesbrecht. 

At the present time this species is represented in Indian waters by six species. Of 
these the first to be recorded 'was Tortanus barrbatus (Brady); owing to snlall differences of 
structure, especially in the spines on t~e terminal segnlent of the 5th left leg and the seta 
arising from the external nlargin of the right furcal ranlUS, Giesbrecht regarded certain 
examples, that he exanlined, as representing a different species and accordingly named thenl 
T. denticulatus; A. Scott and Friichtl are ho,,~ever both convinced that both forms are in 
reality specifically identical. Torrtanus grrac1'Zis (Brady) 'was first recorded frenl these 
waters by Cleve in 1901, 'who obtained specinlens from the Malay Archipelago: the 
distribution of this species was subsequently extended to the Ceylon Pearl Banks by 
Thompson and A. Scott in 1903 and to the lVIaldive and Laccadive Archipelagoes by 
Wolfenden in 1906. In 1909 A. Scott, in his account of the collections of the "Siboga" 
in the Malay Archipelago, recorded the occurrence of both these species and added Torrtanus 

murrayi and T. brrevipes, t,vo new species, to the list of those occurring in the Indian 
region. Tortanus jorcipatus (Giesbrecht) was reported from the Ceylon Pearl Banks by 
Thompson and A. Scott in 1903 and later by me from the same area in 1914. Gurney (1927) 
has recorded the presence of Tortanus gracilis Brady in the Suez Canal. Anlong the 
" Investigator" collections are representatives of yet another specieE' that appears to be 
new. 

A survey of the various kno\vn species in this genus appears to me to indicate that they 
can be grouped into two sub-genera. (1) Sub-genus Tortanus nov. To this sub-genus 
I attribute the follo\ving species :-

Torrtanus (Tortanus) jorcipat,us (Giesbrecht), 
Torrtanus (Tortanus) barbatus (Brady) (== Tortanus denticulatus Giesbrecht), and 
Torrtanus (Tornatus) gracilis (Brady). 

In these species the 4th and 5th thoracic segments are separate; the abdomen is very 
considerably elongated, the cephalothorax and abdomen having the proportional lengths of 
approximately 1'5: I· O. The abdomen consists of three segments, seven setae on the last 
seglnent of the endopod of the 3rd and 4th legs. (2) Sub-genus Atortus, nov. In this 
sub-genus I place the following species :-

Tortanus (Atortus) 1'ecticauda (Giesbrecht), 
Tortanus (Atortus) rnurrrrayi A. Scott, 
Tortanus (Atortus) brevipes A. Scott, and 
Torrtanus (Atortus) tropicus, sp. nov. 

This sub-genu;; is characterised by the fusion of segments 4 and 5 of the thorax; the pos
session of a comparatively short abdomen, the proportional lengths of the cephalothorax 
and abdomen being approximately 3 : I. The presence of only two segments in the abdo
men. Onl:y six setae on the last seglnent of the endopod of the 3rd and 4th S\Vimnling legs. 

Sub-genus Tortanus, nov. 

Tortanus (Tortanus) gracilis (Brady). 
Tortanus gracilis, A. Scott, 1909, p. 190. 
Corynura gracilis, Wolfenden, 191i, p. 364. 
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Tortanus gracilis, Sewell, 1912, p. 377. 
Tortanus gracilis, Sewell, 1914, p. 248. 
TO'i'tanus gracilis, Friichtl, 1924, p. 86. 
Tortanus gracilis, Gurney, 1927, p. 158. 
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This species is widely distributed throughout Indian ,,~aters and has been recorded from 
the IV[alay Archipelago (Cleve, A. Scott, Friichtl) ; the coast of southern Burma (Se,Yell) ; 
the Ceylon Pearl Banks (Thompson and A. Scott, Sewell) ; the l\laldive and Laccadive Archi
pelagoes (Wolfenden) ; the Arabian Sea (Cleve) and the Red Sea (A. Scott). Examples ,vere 
taken at " Investigator" stations 561, 587 and 591. 

Tortanus (Tortanus) forcipatus (Giesbrecht). 

Corynuraforcipata, Giesbrecht, 1892, p. 525, pI. xxi, figs. 7, 9, 10, 12, 15; pl. xlii, figs. 34, 38. 
Tortanus forcipatus, Thompson and A. Scott, 1903, p. 254. 
Tortanus forcipatus, Sewell, 1914, p. 249. 
Tartanus j01'cipatus, Friichtl, 1924, p. 85. 

Up to the present time the only regions of the Indian area in which this species has been 
recorded are the Malay Archipelago (Friichtl) and the Pearl Banks of Ceylon (Thompson 
and A. Scott, Sewell). Examples were taken at "Investigator" Stations 542, 574, 577, 
578, 583, 587, 588 and 590. 

Tortanus (Tortanus) barbatus (Brady). 

[ = TORTANus DENTICULATUS (Giesbrecht).] 

T01'tanus barbatus, A. Scott, 1909, p. 189, pI. lv, figs. 16-18. 
Tortanus barbatus, Sewell, 1912, p. 377. 

Tortanus barbatus, Friichtl, 1924, pp. 37, 83 ; figs. 6-8, 41. 

A. Scott (1909, p. 189) from his examination of the examples of this species taken by 
the" Siboga " in the Malay Archipelago was inclined to regard the forms described under 
the names Tortanus barbatus and T. denticulatus as being identical. I was fornlerly doubt
ful of the advisability of combining the tw'o forms under one specific name; but the subse
quent work of Friichtl has, I think, made it clear that they are in reality synonynlous. 

The species appears to exhibit a considerable range of variation, not only as regards the 
presepce or absence of the ·whip-like ends to the spines on the 5th left leg, but also as regards 
the seta that arises fr?m the outer margin of the right furcal ranlUS. In his table II (1924, 
p. 38) Friichtl points out that in the form hitherto regarded as T. barbatus the outer seta of 
the furca was stated to be long, reaehing to the end of the ranlllS, ,vherea~ in T. dent1·c'l.ilatus 
it ,,"as described as being short. In the examples before me, the spinef' on the Dlargin 
of the left 5th leg are all long and ternlinate in hair-like processes; the outer 8cta of the left 
furcal ramus is on the other hand invariably short, thus agreeing "rith the figures given by 
A. Scott (1909, pI. lv, fig. 16) and Friichtl (1924, fig. 7) ; in several ra,Res, to ,,,it, three ex
amples from the coast of Burma, which I had before n1e in 1912, there is in each case a long 
seta arising from the right margin of the furca, exactly as figured by Friichtl (1924, fig. 7) 
and reaching nearly to the distal end of the ranlUS, but in a nUlnber of specinlens frolll Port 
Blair in the Andamans there is no seta on the right lnargill. The occasional presence of a 
long seta on the right margin of the furcal ranlUS, ,,,hich Friichtl tenns " eine lange anorulale 

z 2 
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(uberzahlige) Borste " is not confined to this species for in two examples of Tortanus gracilis 
from the Burma coast I find the same character. In this latter species in the vast majority 
of examples the setae arising from the outer margins of the furcal rami are short, equal in 
length and arise nearly opposite each other; but in these two specimens the seta on the r?ght 
side is much longer than that on the left and reaches nearly to the end of the furca, at the 
same tilllR having its point of origin distinctly proximal to that of the short seta on the 
left sid~., It seems clear that no reliance can be placed on this feature as a diagnostic cha
racter,n.nd I agree with Scott and Frtichtl that the two species must be considered synony
mous. 

Sub-genus Atortus, nov. 

The species that I refer to this sub-genus all possess a short abdominal region,' composed 
of only two segments and the furcal rami, which are also short an~ thus afford a great contrast 
to the elongated furcal rami in the other sub-genus. Of the four species that I include here, 
the first to be described was T.ortanus recticauda (Griesbrecht) which was taken in the Red 
Sea; A. Scott described two other species, T murrayi and T brevipes from the ',' Siboga " 
collections in the Malay Archipelago and I have, in the" Investigator" collection from Nan
kauri Harbour in the Nicobar Islands, examples of what appears to be a further new species. 
In both Tortanus murrayi and T brevipes A. Scott mentions the presence of a small triangular 
5pine under each eye, visible when the animal is placed on its side and the same spines are 
present in the new species; Giesbrecht, however, does not mention the occurrence of any 
such spines in Tortanus recticauda; so that I am unable to say whether this feature is a sub
generic character, though it appears probable that it is so. 

Only the one species has so far been obtained in the " Investig~tor " collections. 

Tortanus (Atortus) tropicus, sp. nov. 

(Text-fig. 131, a-g.) 
~ Total length, 2·71 mm. 
The proportional lengths of the cephalothorax and abdomen are as 93 to 29, so that 

the abdolnen is contaIned 3·172 times in the length of the anterior region of the body. 
The forehead (text-fig. 131, a) is produced forwards in a rounded prominence, very 

similar to that of Tortanus (Atortus) murrayi A. Scott; indeed, there is a close degree of re
semblance between these two species. The head and 1st thoracic segment are separate, 
but thoracic segments 4 and 5 are fused together. When viewed from the side a well-marked 
groove can be se~n to pass across the dorsal neck region. The posterior thoracic margins 
are rounded and devoid of any spines, that on the right side being produced backwards in 
a wing-like proces~. 

The abdomen consists of onI, two segments; segments 1-4 being fused together. Seg
ment 5 is fused with the furcal rami. The genital opening forms a well-marked rounded 
prominence on the ventral aspect of the anterior abdominal segment. The flircal rami 
are somewhat asymmetrical, that on the left being distinctly stouter at its base than that 
on the right. Of the. five furcal setae the 2nd is considerably stoute:r; than the others and about 
twice the length. The outer seta arises fronl the external margin about two-thirds from 
the base. The proportional lengths of the parts of the abdomen are as follqws :-

Abdominal segment 1-4 . 5= FurcB 
59 41 == 100. 
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The 1st antenna reac~es back to about the middle of the furcal ramus. 
The mandible (text-fig. 131, b.) closely resembles that of T01'tanus recticauda. 
The 1st (text-fig. 131, c) and 2nd maxillae closely resemble those of Tortanus 

for~ipatus . 
The maxilliped (text-fig. 131, d) agrees closely with that of Tortanus recticauda, in 

that there are only t\VO long setae preRent on the 1 st s~gment ; in this respect these two 
species form a distinct group frorn Tortanus forcipatus, and T. denticulatus and T. g'racilis 
in which there are four. According to A. Scott, this appendage in Tortanus mun'ayi and T. 

brevipes agrees with that of T. gracilis. 
In the swimming legs the general structure agrees with that of Tortanus g'racilis, but 

the terminal segment of the endopod of the 2nd, 3rd and 4th legs bears only six setae, where
as in all the species of the other sub-genus there are seven. 

Unfortunately, in his account of the two species Tortanus murrayi and T. brevipes, Scott 
gives no details of the structure of the appendages, with the exception of the 5th pair of 
legs; he states that in both species the structure of the mouth-parts and swinllning-.1egs is 
similar to those of Tortanus gracilis. 

The 5th pair of legs (text-fig. 131, e) are asynlmetrical, the appendage of the left 
side being considerably larger than that of the right. Each consists of a basal segment 
and a single long free segment or exopod ; about half-way along the outer nlargin of this 
segment there is a sharp constriction, the distal part from this point on being narrower than 
the proximal part. Each segment is capped by a long spine and at the extremity 
of the free segment of the left leg there is an additional small triangular spinous process. 

d' Total length, 2·289 mm. The proportional lengths of the cephalothorax and ab-
domen are as 72 to 31, so that the abdomen is contained 2· 326 tinles in the length of the an
terior region. 

The cephalothorax closely resembles that of the female. 
The abdomen is composed of 4 segments, that have with the furcal ra1ui the following 

proportional lengths :-
Abdominal segment 1 2 3 4 Furca 

20 17 15 12 36 = 100. 

The posterior thoracic margins are rounded and synnuetrical. The 2nd abdolninal seg
ment bears on its right side a posteriorly-directed spinous process. The furcal ralui are 
elongated but symmetrical; they are considerably broader at their distal extrenlities 
than at the base. The furcal setae are all of unifonu thickness. 

The 1st antenna, on the right side is, as is usual, nlodified to fonn ~a. grasping organ, 
while that on the left resembles that of the female. In the latter ease the proportional 
lengths of the segments are as follows :-

Se~ments 1-7 8-11 12 ta 14 15 HH 7 HI-HI :!O 21 22 :!~ 21-2:) 
~ '- -J '-.,..I '-v-J '-v-J 

86 20li 52 [)2 flO 7·1 82 ~2 70 11-1 6 !'I 70 :H ,--I,OOll 

In the grasping antenna (text-fig. 131, f) seglnents 14-17 a.re sOluewhat s\vollen and seg
ments 15 and 17 each bear a stout spinous process on their anterior lual'gins, that on segluent 
17 being situated at the proximal end of the joint. Segnlent 18 bears a very clongated tooth
plate, that is extended proximally along nearly the \vhole length of seglnent 17 and l'OlneS 
into close relationship at its extremity \vith the spinous process on that segnlcnt. Seg
ment 19-21 bears t.wo tooth plates that are, however, devoid of any denticulations ; the distal 
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tooth-plate is prolonged for a considerable distance beyond the distal extremity of the seg
ment. The terminal three segments, 22-25, are fused together. 

The 2nd antennae, mouth-parts and swimming-legs appear to resemble those of the 
female. 

The 5th pair of legs (text-fig. 131, g) closely re~embles that of Tortanus (Atortus) recti
cauda (Giesbrecht). On the left side basal 2 is a short and almost cylindrical segment and is 
succeeded by a three-jointed ramus of lvhich the 1st segment is considerably longer than either 
the second or third; a stout seta arises from its inner aspect near the proximal end. The 
2nd segment is produced near its base into a long and curved process that is nearly half the 
length of the segment itself. The 3rd or distal segment is curved and bears at its tip a row of 
small recurved spines; on the proxilnal side of this row arises a single small seta. On 
the right side the 2nd basal segment appears to be fused with basal 1. The free ramus 
consists of only two segments, segnlents 2 and 3 being fused together. The 1st segment 
is considerably thickened and bears on its inner aspect a rounded lobe; segments 2 and 3 
together form a curved tapering process. 

Examples of this species were taken at "Investigator" Station 614 in the surface 
tow-net. 

TEXT-FIG. 131.-Tortanu8 (Atortua) tropiCu8, sp. nov. 
a. Whole animal, female, from dorsal side. d. l\Iaxilliped. 
b. Mandible. e. 5th pair of legs; female. 
c. 1st maxilla. f. Grasping antenna; male. 

g. 5th pair of legs; male. 
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ALPHABETICAI~ INDEX OF SPECIES. 

(New Species and 1:ar";eties are -indicated by a/~ astensJ.-.) 
Acantbacartia chilkaensis. p.395. Calanopia media. p. 34lo 
Acanthacartia fosoae. p.322. Calanopia minor. p. 342. 
Acanthacartia pietschmani. p.395. Calanopia thompsoni. p. 342. 
Acanthacartia plumosa. p.395. Calanus finmarchicus p.20. 
Acartiella gra velyi. p.393. Calanus propinquus p.20. 
Acartiella kempi. p. 393. Calanus tenuicornis p.20. 
Acartiella major. p.393. Calocalanus contractus p.89. 
Acartiella minor. p.393. Calocalanus pavo p.89. 
Acartiella tortaniformis. p.393. Calocalanus plumulosus p.89. 
Acartiura clausi. p.39l. Calocalanus sty liremis p.89. 
Acrocalanus gardineri p.83. Candacia aethiopica. p. 334. 
Acrocalanus gibber p.80. Candacia bipinnata. p. 334. 
Acrocalanus gracilis p.79. Candacia bispinosa. p.334. 
Acrooalanus inelmis p.81. Candacia bradyi. p.335. 
Acrocalanus longicornis p.82. Candacia catula. p.335. 
Acrocalanus monachus p.83. Candacia curta. p. 335. 
Aetideopsis rostrata p.99. Candacia discaudata. p.335. 
Aetideus armatus p.99. Candacia longimana. p.334. 
Aetideus bradyi p.99. Candacia inermis. p.334. 
Aetideus giesbrechti p.99. *Candacia magna. p. 338. 
Amallophora typica p.175. *Candacia porvpgica var. tropica. p. 336. 
Amallothrix arcuata p.217. Candacia pachydactyla. p. :337. 
Amallothrix curticanda p.215. Candacia simplex. p. 338. 
Amallothrix emarginata p. 216. Candacia ten uimana. p.834. 
Amallothrix gracilis p.215. Candacia truncata. p. :3~~8. 

* Amallothrix indica p.219. Candacia varicans. p. ~~38. 
Amallothrix obtusifrons p.215. Cauthocalallus pauper p.25. 
Amallothrix tydemani p.215. Centraugaptilus horridus. p.326. 
Amallothrix valida p. 217. Centraugaptilus rattrayi. p. 326. 
Anomalocera patersoni. p.350. Ceutropages alcocki. p. 228. 
Arietellus aculeatus. p.329. Centropages dorsispil1atus. p.228. 
Arietellus setosus. p.329. C8ntropages calaninus. p.228. 
Arietellus simplex. p. 329. Centropages chierchiae. p.227. 
Augaptilus filigerus. p.325. Centropages elongatus. p.229. 
Augaptilus longicaudatus._ p. 325. Cent,l'opages fUTcatus. p. 229. 
Augaptilus megalurus. p. 326. Oentropages furcatus yare c8,rli. p. 229. 
Brachycalanus gigas p.176. Centropages gracilis. p. 229. 
Bathycalanus richardi p.31. Centropages kroyeri. p. 2~~O. 
Bathypontia spinifera. p.39l. Centropages orsinii. p. ~:)O. 

Calanoides brevicornis p.25. Centropages ponticus. p.228. 

Calanoides natalis :p.25. Centropages tenuicornis. p. 22~ .. 
Calanopia aurivilli. p. 341. Centropages tenuiremis. p.230. 
Calanopia elliptica. p. 34l. Centropages trispinosus. p.232. 
Calanopia herdmani. p. 34l. Centropages typicus. p.228. 
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Centropages yiolaceus p.232. Euchaeta tonsa p.146. 

Chil.'idiella luacrodactyla p. 10l. Euchaeta wolfelldt;ni p.153. 

Chiridius gracilis p.100. Euchirella amoena p.106. 

Chiridius poppei p.100. Euchire lla bella PI 109. 

*Chirundina indica p.119. Euchirella brevis p. lO~. 

C1irundina streetsi p.119. Euchirella eurticauda p.109. 

Clausocalanus arcuicornis p.90. Euchirella galeata p.110. 

Clallsocalauus arcuicornis forma major p.92. Euchirella maxima p.112. 

Clausocalanus arcuicornis forma minor p.92. Euchirella messinensis p.115. 

*Clausocalanus farrani p.94. *Euchirella orientalis p.115. 

Clausocalanus furcatus p.93. Euchirella pulchra p.106. 

Cornucalanus chelifer p.177. Euchirella venusta p.106, 

*Cornucalanus indicu p.179. Gaetan us armiger p. 101. 
Cornuc~lanus simplex p.178. Gaetanus caudani p. 101. 
Disseta palumboi. p.309. Gaetan us harna tUB p. 101. 
Disseta (Leuckartia) scopularis. p.30D. Gaetanus kruppi p.102. 
DrepanopBis frigidus p.96. Gaetanus latifrons p.102. 
Euacartia southwelli. p.393. Gaetanus miles p.102. 
Euaugaptilus angustus. p.322. Gaetanus minor p.102. 
Euaugaptilu5 bullifer. p.3]6. Gaetanus pileatus p. 103. 
Euaugaptilus facilis. p. 322. Gaetanus rectus p.105. 
Euaugaptilus filigerus. p. 321. Gaidiopsis rrassiro5 tris p. 101. 
Euaugaptilus hecticus. p.323. Gaidius minutus p.100. 
*Euaugaptilus indicus. p.319. Gaidius tenuispinus p.100. 
Euaugaptilus laticeps. p. 321. Gaussia princeps. p.270. 
Euauga ptiluJ latifrou~. p.323. Haloptilus chierchiae. p.328. 
Euaugaptilus magnus. p.322. Haloptilus longicornis. p. 328. 
EuaugaptilufJ nodifrons. p.316. Haloptilus ornatus. p.328. 
Euaugaptilus oblongus. p.322. Haloptilus plumosus. p.328. 
Euaugaptilus tenuispinus. p.322. Halopl,ilus spiniceps. p.328. 
Eucalanus attenuatus p.47. Hemir habd us grirnaldii. .p.304. 
Eucalanus crassus p.50. He;mirhabdus truncatus. p.306. 
Eucalanus dentatus p.46. 'Heteramalla dubia p.176. 
Eucahnus elongatus p.48. HeterorhabduE abyssalis. p. 298. 
Eucalanus longiceps p.50. Heteror babd us austrinus. p.298. 
Eucalanus monachus p. 51. Heterorhabdus cIausi. p.299. 
Eucala.rJ.us mu~ronatus p. 6]. Heteror ha bd us papilliger. p.300. 
Eucalanus pileatus p.5l. Heterorhabdus spinifrons. p.300. 
Eucalaulll:; suberassllR<. p.51. Heterorhabdus tanneri. p.298. 
Euchaeta acuta p.146. Heterorhabdus vipera. p. 300. 
Euchaeta affinius p.146. Heterostylit.es longicornis. p.30!. 
Euchaet.a concina p. 146. Hetel'ostylites major. p.302. 
Euchaeta longicornis p.146. Isias t.ropicus. p.233. 
Euchaela marina p.148. Labidocera acuta. p. 351. 
Euchaeta media p.149. Labidocera acutifrons. p.350. 
Euchaeta ~pinosa p.149. Labidocera bataviat:.. p.259. 
Euchaeta tenuis p. 149. Labidocera d~truncata. p.359. 
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Labidocel'a euchaeta. p.359. Nannocalanus minor forma major p.2l. 
Labidoctra euchaeta forma major. p.3 t31. N annocalanus minor forma minor p.22. 
Labidocera, euchaeta forma minor. p.362. N eocalanus gracilis p.26. 
Labidooera inermis. p. 351. N eocalanus robustior p.26. 
Labidocera, kroyeri. p.362. N eopontella typica. p.39L 
Labidocera lrroyeri var. biclens. p' 363. Odontacartia amboinensis. p. 396. 
Labidocera kroyeri var. burmanica. p.363. Odontacartia bispinosa. p. 396. 
Labidocera lrroyeri var. gallensis. p.363. Odontacartia centrura. p. 396. 
Labidocera lrroyeri var. stylifera. p.363. Odontacartia erythraea. p.395. 
Labidocera lae.videntata. p. 364. Odontacartia erythraea var. brehmi. p. 392. 
Labidocera madurae. p.363. Odontacartia erythraea var. valdiviae. p.392. 
Labidocera minuta. p.364. Odontacartia pacifica. p.397. 
Labidocera pavo. p.365. Odontacartia. pacifica var. mertoni. p.392. 
Labidocera pectinata. p.372. Odontacartia spinicauda p. 391. 
Labidocera wollastoni. p.351. Onchocalanus cristatus p. 176. 
Lophothrix frontalis p.193. Onchocalanus hirtipes p. 176. 
Lophothrix frontalis forma major p.195. Onchocalanus trigoniceps p. 176. 
Lophothrix frontalis forma minor p.196. Paracalanus aculeatus p.62. 
Lophothrix quadri8pinosa p.200. Pa.racalanus acuIeatus form.a. major n.63. 

L 

Lucicutia aurita. p. 285. Paracalanus acuIeatus forma minor p. 64:. 
Lucicutia bicornuta. p.290. Paracalanus crassirostris p.72. 
Lucicutia bradyaLa. p.287. *Paracalanus denudatus p.66. 
*Lucicutia challengeri. p.290. Paracalanus dubia p.76. 
Lucicutia c1ausi. p.289. Paracalanus nanus p.71. 
Lucicutia f1avicorni~. p.294. *Paracalanus nudus p.76. 
Lucicutia lucida. p.288. Paracalanus parvus p.68. 
Lucicutia maxima. p.295. Paracalanus seratipes p.66. 
Lucicutia ovalis. p.290. Paracartia. ls,tisetosa.. p.392. 
Lucicutia philyra.. p.285. Paraeuchaeta barbata p. 155. 
Macandrewella chelipes p.201. Paraeuchaeta bisinuata p. 158. 
Macandrewella joanae p.201. Paraeuchaeta californica p. 15S. 
*Macandrewella scotti p.202. Paraeuchaeta dentata p. 154~ 
Mecynocera clausi p.60. Paraeuchaeta gracilicanda p. 160. 
Megacalanus longicornis p.27. *Paraeuchaeta investigatoris p. 158. 
Mesorhabdus angustus. p.30S. Paraeuchaeta mala yensis p. 160. 
Metacalan us a urivillii. p.330. Paraeuchaeta propinqua p. 154. 
Metridia boecki. p.247. Paraeu chaeta sarsi p. 154. 
Metridia brevicauda. p.24·8. Paraeuchaeta sibogae p. 154~ 
Metridia curticauda. p.248. Paraeuchaeta spinifera p. 154. 
Metridia longa. p.247. Paraeuchaeta tonsa p. 154. 
Metridia lucens. p.247. Paraeuchaeta tuberculata p. 168. 
Metridia macrura.. p.249. Paraellchaeta weberi p. 169. 
Metridia princepfl .. p.252. Parallgaptilus similis. p. 329. 
Metridia venusta. p.263. Phaenna spinifera p. 175. 
Monacilla tenera p.96. Phyllopus bidentatus. p.330. 
l\Ionacilla typica p.96. Phyllopus giesbrechti. p.330. 
N annocalanus minor p.20. Phyllopus helgae. p.330. 

2 A 
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Phyllopus impar. p.330. Pseudodiaptomus clevei. p.235. 

Planktacartia d;:tnae. p.397. *Pseudodia ptomus da uglishi. p. 241. 

Planktacartia negligens. p.397. Pseudodiaptomus hickmani. p.235. 

Pleuromamma abdominalis. p.264. *Pseudodia ptomus masoni. p.237. 
Pleuromamma gracilis. p.264. Pseudodia ptomus mertoni. p.241. 

Pleuromamma indica. p.264. Pseudodiaptomus salinus. p. 235. 

Pleuromamma quadrungulata. p. 266. Pseudodiaptomus serricaudatus. p.235. 

Pleuromamma xiphias. p. 269. Pseudodia ptomus tollingeri. .p. 2~1. 
Pont ella alata. p.374. Rhincalanus cornutus p.58. 

Pontella andersoni. p.375. Rhincalanus nasutus p.58. 

Pontella atlantica. p.374. Scaphocalanus affinis p.205. 
Pontella cerami. p.374. Scaphocalan us elongatus p.205. 
Pontella danae. p.375. Scapho~alanus magnus p.207. 
Pontella danae var. ceylonica. p.375. Scaphocalanus major p.205. 
Pontella denticanda. p.376. Scaphocalanus medius p.208. 
Pont ella ferae p.377. Scolecithricella auropecten p.212. 
Pontella forficula. p.374. Scolecithricella abyssalis p.212. 
Pontella investigatoris. p.382. Scolecithricella ctenopus p. 2~2. 
Pontella mediterranea var. indica. p.374. Scolecithricella longicornis p. 212. 
Pontella natalis. p. 374. Scolecithricella longifurca p.212. 
Pontella princeps. p.382. Scolecithricella marginata p.212. 
Pontella securifer. p. 384> Scolecithricella minor p.212. 
Pontella spinipes. p.384. Scolecithricella pearsoni p.215. 
Pontellina plumata. p.391. Scolecithricella profunda p.212. 
Pontellopsis armata. p.385. Scolecithrieella tenuipes p. 212. 
Pontellopsis herdmani. p.385. Scolecithrix bradyi p. 209~ 
Pontellopsis krameri. p.386. Scolecithrix danae p.209. 
Pontellopsis macronyx. p. 387. *Scolecithrix nicobarica p.209. 
Pontellopsis perspicax. p.387. *Scottocalanus dauglishi p. 189. 
Pontellopsis pexa. p.384 .. Scottocalanus farrani p.183. 
Pontellopsis regalis. p.388. Scottocalanus helenae p. 183. 
*Pontellopsis scotti. p.388. *Scottocalanus investigatoris p. 187. 
Pontellopsis strenua. p.384. Scottocalanus longispinus p. 183. 
Pontellopsis villosa. p.390. Scottocalanus persecans p.183. 
Pontoptilus ovalis. p.329. Scottocalanus setosus p.183. 
Pseudochirella cryptospina p.128. Scottocalanus thomasi p.184. 
Pseudochirella magn(\ p.129. Spinocalanus magnus p.95. 
Pseudocherilla obtusa p. 131. Suezia canalis. p. 333. 
Pseudochirella notocantha p.128. Temora discaudata. p.245. 
Pseudo cyclops latus. p.330. Temora longicornis. p. 244. 
*Pseudocyc]ops obtusatus yare latisetosus. p.330. Temora stylifera. p. 246. 
*Pseudocyclops simplex. p.332. Temora turbinata. p. 246. 
Pseudo cyclops umbraticus. p.330. Temoropia mayumbaeensis. p.398. 
Pseudodiaptomus annandalei. p.240. Tertanus (Atortus) brevipes. 
Pseudodia ptomus a urivillii. p.240. TortaRus (Atortus) murrayi. p. 398. 
Pseudodj n. ptomus binghami. p. 240. Tortanus (Atortus) recticauda. p. 398. 
*Pseudodiaptomus burckhardti. p.235. *Tortanus (Atortus) tropicus. p.400. 
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Tortanus (Tortanus) barbatus. 
Tortanus (Tortanus) forcipatus. 

Tortanus (Tortanus) gracilis. 
Undeuehaeta bispinosa 
Undeuehaeta intermedia 

Undeuehaeta major 
Undeuehaeta plumosa 
Undinopsis armatus 
U ndimula darwini 
Undinula darwini forma typiea 
Undinula darwini var. intermedia 
Undim,ula darwini var. symmetriea 

p.399. 
p. 399. 
p.398. 
p.124. 
p. 123. 
p. 123. 
p. 123. 
p.99. 
p.42. 
p.43. 
p.45. 
p.45. 

U ndinula vulgaris 
Undinula vulgaris forma major 
U ndinula vulgaris forma minor 
Valdiviella brevieornis 
Valdiviella gigas 
*Valdiviella ignota 
Valdiviella insignis 
Valdiviella minor 
Valdiviella oligarthra 
Xanthocalanus agilis 
Xanthocalanus fragilis 

MGIPC-M-I1I.S.2o-16.6·32-5UO. 
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p.31. 
p.37. 
p.37. 

p. 134. 
p. 142. 
p. 13'(. 
p.135. 
p. 139. 
p. 140. 
p.176. 
p.176. 


