XXIX. NOTES ON THE SURFACE-LIVING
COPEPODA OF THE BAY OF BENGAIL,
I AND II.

By R. B. SEYMOUR-SEWELL, B.A.. Capt., 1.M.S., Surgeon-
Naturalist to the Marine Survey of India, and Offg.
Professor of Biology, Calcutta Medical College.

(Plates xiv—xxiv).

INTRODUCTION.

Up to the present time, our knowledge of the species and
distribution of surface-living Copepoda in the Bay of Bengal is
confined to a paper by the late Mr. I. C. Thompson, who worked
out a collection made by Captain Wyse of the S. S. ¢ Johannes-
burg’ during a voyage from Delagoa Bay to Calcutta (‘° Re-
port on two collections of Tropical and more northerly Planktou.’’
I. C. Thompson, F.L.S., Trans. Liverpool Biol. Soc., vol. xiv,
1899-1900). Several exteusive collections have, lowever, been
made in neighbouring waters and the results are contained in
the following papers:—

(1) The Siboga collection, from the regiou between Borneo
on the west and New Guinea on the cast. The
Copepoda of the ‘‘ Siboga > Expedition. A. Scott.
Leyden, 190g.

(2) The collection made by Professor Herdman around
Ceylon and worked out by I. C. Thompson and
A. Scott. The Ceylon Pearl Oyster Fisheries and
Marine Biology, pt. i, 1g03. London.

{3) The collection made by Professor S. Gardiner in
the Maldive and Iaccadive Archipelagoes and
worked out by Dr Wolfenden. The Fauna and
Geography of the Maldive and I,accadive Archi-
pelagoes, vol. ii, 1g03-1906. Cambridge.

In addition to these I must mention other minor collections
described in the following papers :—

(4) Giesbrecht: Ueber pelagischeu Copepoden des Rothen
Meeres : Zoologische Jahrbucher, Syst. Abth.,
Band ix, 1897. Jena.

{(5) Cleve: Planktonic organisms from the Indian Ocean
and Malay Archipelago. Kong Sv. Vet. Akad.
Handlingar, Bd. 35, No. 5, 1901-02. Stockholm.

{(6) A.Scott: Some Red Sea aund Indian Ocean Copepoda.
Trans. Liverpool Biol. Soc., vol. xvi, 190z  TLiver-

pool.
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(7) Cleve: Record of a voyage made by Thorild Walft
to and from Bombay. Arkiv for Zoologi. Band
i, 1003-04. Stockholm.

During the early months of 1911 and again in November of
the same year the R.IM.S. ° Investigator’ was carrying
out a survey of the coast of Burma, and advantage was taken
of the opportunity thus offered to make a collection of the
free-living Copepoda that frequent the surface waters of this
region.

There was also in the Indian Museum a large collectiou
made some years previously by the “ Investigator "’ in the region
of the coast off Chittagong; these collections have been worked
out and the results are embodied in the following paper.

For purposes of convenience I have divided the collections
into two series, the first comprises those from the Chittagong
region and the Rangoon River estuary, while the second deals
with the collections made further south in the neighbourhood
of the Moscos Islands and the mouth of Tavoy River.

I.—THE GYMNOPLEA OF THE CHITTAGONG AND RANGOON RIVER
ESTUARIES ; WITH NOTES ON THE APPLICATION OF “ BROOKS’
I,aw’’ 1o THE COPEPODA AND EVIDENCE OF DIMORPHISM IN
THIS GROUP OF CRUSTACEA.

As regards the collection from the Chittagong region there
is unfortunately no indication of how the collection was made.
and whether or not it is composed of the results from several
surface trawls or ounly a single one, nor is there anything to
indicate at what time of the year it was taken ; it is probable
however that the collection was made in 1903 during the months
of January to March as that was, I believe, the last occasion
onn which the R.I.M.S. ‘‘ Investigator’’ was surveying in that
locality.

The collection from the Rangoon River estuary was made
on three consecutive nights by means of a surface tow-net allowed
to drift with the tide. The resulting catch was extremely copious,
though subsequent examination showed that the actual number
of species represented was small; but this lack of variety was
amply compensated by the fact that out of a total of seven (or
possibly eight) species five were new to science and as regards the
Labidocera euchaeta, Giesbrecht, not only was the corresponding
male, hitherto unknown present in large numbers, but a probably
dimorphic form was also obtained. ‘The main bulk of the collec-
tion consisted of large numbers of 4 crocalanus inermis, sp nov. and
Labidocera euchaeta, Giesbrecht, in various stages of development,
and a study of these forms and the various changes that take
place during the growth of these two species bas led to results
of very considerable interest. So many external factors such as
temperature, salinity, or food supply, may possibly produce varia-
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tion in the developmental changes that it is only in such cases
as this, where a large number of stages can be obtained at the
same time and place, that one is able with comparative ease to
carry out investigations regarding the laws of development. The
locality where the collection was made is situated at the mouth
of the river close to the fairway buoy (‘‘ Investigator '’ station
394, 16° 16" 00” N., 96° 21" 00” L., r3-xi-1911), and hydrometer
readings showed that the density of the water was very low, the
average reading being rooz.

In the following table I have given a list of the Copepoda
(Gymnoplea) present in the two collections, and a comparison of
the two faunas indicates that the collection from Chittagong
was probably made further out to sea, where there was greater
admixture of the estuarine and truly marine forms than in the
Rangoon River estuary.

RANGOON RIVER ESTUARY.

Acartia spinicauda, Giesbrecht.
Acartia tortaniformis, sp. nov.
Acrocalanus inerinis, sp. nov.

OFF CHITTAGONG.

Acartia spinicauda, Giesbrecht.
Acartia tortaniformis, sp. nov.
Acrocalanus gibber (Giesbrecht).

Centropages alcocki, sp. nov. Acrocalanus ineyinis, sp. nov.

Labidocera euchacta, Giesbrecht. Canthocalanus pauper  (Gies-
Paracalanus dubia, sp. nov. brecht).
Pseudodiaptomus binghami, sp. Candacia bradyi, Scott.
nov. Centropages mnotoceras, Cleve,!
(? == dorsispinatus, Scott and
Thompson).

Centropages furcatus (Dana).
Centropages orsinii, Giesbrecht.
Centropages tenuiremis, Thomp-
son and Scott.
FEucalanus  monachus,
brecht.
Fuchacta concinna, Dana.
Labidocera acuta (Dana).
Labidocera euchaeta, Giesbrecht.
Labidocera kréyeri (G. Brady).
Labidocera minuta, Giesbrecht.
Paracalanus aculeaius, Gies-
brecht.
Paracalanus serralipes, sp. nov.
Pontella andersont, sp. nov.
Pontellopsis regalis (Dana).
Undinula vulgaris (Dana).

Gies-

11 am somewhat doubtful about these species. Cleve apparently considered
them synonymous, but both accounts differ in certain details and a consideration
of the matter will be found below, in the second paper dealing with the Copepods
from the Moscos region.
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I have embodied the results obtained in the following paper
and for the sake of convenience I have divided it into two parts
dealing respectively with the developmental changes in certain
species aund with a full description of the new forms obtained.

1. DEVELOPMENT.

From time to time results have been published showing that
in certain members of the Crustacea the animal during the course
of its development, as each succeeding growth-moult takes place,
increases iu size by a definite proportion.

W. K. Brooks (1886, p. 1035} was the first to show that such a
mathematical relationship existed between the successive larval
stages of the Stomatopoda.

Hadley (1906) has shown that a similar condition of affairs
is met with in the American lobster, Homarus americanus, Milue
Edwards. Unfortunately I have not been able to see this paper,
but Herrick (1,11, p. 362), in his work ou the natural history of
this animal, has reprinted Hadley’s results. In the table given he
shows that during the earlier moults the growth-factor is 1-18
and that after the 17th moult this gradually diminishes.

Fowler (1909) has also shown that in all probability the same
condition of affairs exists in the case of Carcinus maenas, but
his chief contribution deals with a group of the Ostracoda, the
Halocypridae. He has shown that here also, at each successive
moult, there appears to be a definite iucrease in the size of the
animal and he has formulated the following law which he pro-
poses to call ““Brooks’ Taw,” that © during early growth each
stage increases at each moult by a fixed percentage of its length,
which is approximately constant for the species and sex.” By
applying this law, he has shown that as far as this group of the
Ostracoda are coucerned, it would appear highly probable that
every species possesses two dimorphic forms corresponding to the
two final sexually mature stages.

With a view to testing whether the Copepoda followed the
same law, I carried out a number of measurements of the various
stages in the species Labidocera euchacta, Giesbrecht, Acrocalanus
inermis, sp. nov.. and Pontella andersoni, sp. nov. The measure-
ment taken was the total length from the most anterior part of
the head to the tip of the furcal rami, and the results were plotted
out as shown in the following text-figures, the females being to
the left and the males to the right of the middle line.

(a) Labidocera euchaeta, Giesbrecht.

In this species I have been able to obtain a fairly extensive
series of measutements, covering six successive stages of growth
in the female and four in the male. Of these stages, stage 2 and
all below it undoubtedly were those of Labidocera euchaeta, but as
regards stage 1, I was for some time of opinion thatI was here deal-
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ing with a new species ; but on measuring these examples and plot-
ting the results obtained with those of the undoubted examples
of L. euchacta, I found that they formed a mathematically exact
continuation of the series. As, in addition, these examples have
only been obtained in association with large numbers of L. euchaceta,
and a prolonged search has failed to reveal any immature
forms other than those of L. euchaeta that could correspond with
this type, I have come to the conclusion that we have here in the
Copepoda an exactly similar state of affairs to that which has
been shown by Fowler to exist among the Ostracoda (Halocypridae).
The actual measurements of all the examples in each group are
shown in text-figure I.

It is at once evident that the different measurements fall into
a series of groups, each having a normal curve of variation, and
although the extremes of variation of successive groups may to
some extent overlap yet each shows a very definite mean.

Taking first the growth stages of the female, the mean length
measurement at each successive moult is given below and for pur-
poses of comparison I have also given the lengths calculated from
the smallest stage by multiplying each stage by the growth-
factor.

Observed size. ; Calculated size. Growth-factor.
mm. mm.
Stage 6 od 00 0593 0°593 1°4
I .. . 0844 | 0830 14
4 .. 5o | 1°168 | 1162 14
3 -~ .. : 1-620 [ 1627 127
2 l 2054 ) 2066 1:27
1 ; 2:639 : 2624

From the above it would appear that during the early
moults the growth-factor is 1°4, whereasin the last two moults this
factor falls to 1°27.

This drop in the factor is of some interest inasmuch as it
has not been found to exist in the Ostracoda, though it un-
doubtedly is a feature in the growth stages of some of the higher
Crustacea.

Turning now to the consideration of the males I found that,
previous to stage 4, it was quite impossible to differentiate be-
tween the two sexes, and hence the growth moults can only be
studied from that point.

The mean length-measurements of the various stages of the
male are as follows, and here again I have given the calculated
measurement for comparison.
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Observed size. Calculated size. | Growth-factor.
mi. mu.
Stage ; . i 0844 0'844 15
v 4 o f 1°295 1:266 1'5 Or 1°27
s 3 .. 5o | 1°011 1'608 15
2 . .. l 1-880 1-899
R .. .. [ 2:429 2412

At first sight the observed length measurements of the various
stages did not appear to fit into ‘‘ Brooks’ Law,”” but a further
study revealed the fact that at stage 4 we have a division taking
place and an individual may go through one of two processes,
cither he may at once proceed to stage 2 becoming sexually
mature in a single moult or he may have an extra immature
moult, reaching stage 3, and then by a final moult attain to stage T.
The growth-factor between stages 5 and 4 is 1°5. and at the next
moult some with the same growth-factor reach stage 2, others
have an intermediate moult, the growth-factor of which is 1-27,
(i.e. thie same as that for the final two moults in the females) and
then by a final nmoult having again a growth-factor of 1°5 he
reaches stage 1. The number of examples of stage I was alwavs
considerably less than that of stage 2, and it is possible that these
two forms may be seasonal dimorphic forms, the one a summer
and the other a winter form.

As regards the structural characters of these various stages
1 have given a detailed description below ; suffice it to say here that
in both males and females, the last two stages only (stages I and 2),
as in the Halocypridae, are sexually mature and in both cases
there are, as I have already indicated, considerable differences in
structure between the invididuals of the two groups, so much so
that if only a few specimens had been met with I should without
any hesitation have described them as different species. This dif-
ference was most marked in the case of the males, those of stage
2, which become sexually mature direct from stage 4, being to-
tally different as regards their grasping antennae and 5th pair of
legs from the individuals of stage I. in which an intermediate
moult is carried out.

In order to check the results, I carried out a further series of
measurements on specimens obtained in a tow-netting taken off
Chittagong (approximately 620 miles away) in which the same
forms were present. I obtained exactly similar results, and the
measurements found are shown in text-figure II.

In the table below I have again given the average length-
measurements of the various stages, as found, and the calculated
size for refereuce.
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?
Observed size. Calculated size. | Growth-factor.
min. min,
Stage 3 .. od 0'840 0840 1°4
| . oo 17131 1176 1'4
v 3 .. . 1°620 1°046 1°27
v 2 .. .. 2°114 2°090 127
yy 1 . . 2'6040 2654
o
Observed size. Calculated size. Growth-factor.
min. mim.
Stage 3 - . 084 084 I'g
s 4 o6 .. 1'137 120 1'5 or 127
3 0o 55 1502 1'60 1'5
s 2 .. .. 1'868 1°89 5
o 0 o0 Be 2342 2'40

Here again we find exactly the same growth factors and the
same dimorphic condition in the males, and from this it would
appear by no means improbable that the growth factors remain
constant for a given species under altered conditions, variations
in the food-supply, etc., merely causing changes in the number of
moults carried out in any given period of time.

(b) Acrocalanus inermis, sp. nov.

A considerable number of examples (367) were measured and
the results obtained were plotted out as before (text-figure III).

In this species I was only able to obtain a series of four
growth stages in each sex and the final sexual stage, stage 1, was
not represented; hut so far as these moults go they confirm the
results obtained in the previous species.

In the female the observed and calculated sizes for the various
moults agree even more closely than in Labidocera euchaeta.
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Observed size. Calculated size,  Growth-factor.
mna. min.
Stage ;5 049 049 1355
o 4 066 0664 1°355
59 3 . [o3(eTe] 0900 1°208
2 1'08 1°087 1°208
5 1 Unknown 1313

Here the growth-factors are 1°355 for the first two moults,
while the last observed moult had a factor of 1208 and in con-
sequence the final sexual stage or stage I, at present unknown,
should have a length measurement of 1°313.

In the case of the male also the last sexual stage was missing,
but the observed and calculated sizes for the preceding four
stages are as follows :—

Observed size. Calculated size. Growth-factor.

mm. mm.
Stage 3 051 051 1'3
y 4 063 066 1°3 or 1°208
3 081 080 1'3
'y 2 086 0°86 ..
sy 1 00 s Unknown 1'04 e

The stage growths here follow exactly the same rule as in
Labidocera euchacta. At stage 4 we get a division taking place ;
some individuals becoming at once sexually mature and reaching
stage 2, others having an extra moult to stage 3 before presumably
doing so at stage 1. The characteristic growth-factor in this case is
1'3 with the single exception of the moult between stages 4 and 3,
where it again is the same as in the final female moults, vsz., 1-208.

The text-figure does not show any very definite demarcation
between stages 2 and 3, owing to the two curves of variation
overlapping to a cousiderable extent ; these two stages, however,
can be easily recognized by their structural characters (vide infra).

(¢) Pontella andersoni, sp. nov.

A fairly large number of individuals of this species were
obtained from the tow-netting taken off Chittagong. I have, how-
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ever, ouly been able to obtain three definite growth stages in
either sex and although these follow ‘¢ Brooks’ Law * closely yet,
as regards the female stages, this species differs in one respect
from those of the other species measured.

The actual measurements are plotted out in text-figure IV,
but owing to insufficient numbers the last stage of the female and
the first of the male do not form very distinct groups.

The average sizes of each group, as found from the actual
measurements and those calculated from the smallest stage ob-
tained, are given below :—

Q
Observed size. bl Growth-factor.

size.

mim. mm.
Stage 4 00 oo 1°991 1'99 1°29
» 3 s ao 2575 257 1°20
o 2 .- .. 334 J°30 129

1 00 56 Unknown 427

As in the case of the other species only specimens fromn stage 2
were sexually mature. A peculiarity of the growth of this species
is that there is no diminution of the growth-factor for the last
two moults.

In the case of all the other species that I have examined the
growth-factor drops when stage 3 has been reached, and the last
two sexual moults are characterized by a smaller increase in size,
but here there is no indication of such a change.

In the case of the male also only the penultimate form was
obtained. The table below shows the actual and calculated sizes
of the various moult-stages.

o
—_ - ‘ - ;
Observed size. Calculated size. Growth-factor.
|
min. min,

Stage 4 oc 50 1'825 1'825 1'29 or 1°57

» 3 . .- 2°343 2'354 | 157

sy 2 oc 5o 2859 2863

o O 50 3 Unknown 3696
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