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ECOLOGY OF THE NERITIC AND OCEANIC CYCLOPOID COPEPODS
ALONG THE SOUTHWEST COAST OF INDIA AND THE LACCADIVE SEA

P. K. MarRTIN THOMPSON *
Central Marine Fisheries Research Institute, Cochin 632 03]

ABSTRACT

The qualitative specieswise numerical abundance and seasonal distribution of cyclopoid copepods
were studied for the first time based on 153 zooplanktor samples collected during December, 1966 to
October, 1967 from 40 fixed stations in the area covering 71°31°E to 76°10°E and 09°30'N to 12°00°N,
The results of synoptic and ecological studies on the distribution paitern of cyclopoid ¢opepod species
from the neritic and oceanic waters of southwest coast of India and Laccadive Seas are presented and
the influencing rote of hydrographic parameters and water cireulation on their distribwion discussed.
The tesults of the investigation on the qualitative spatial distribution of 40 species of cyclopoid copepods
during Northeast monsoon, Transition, and Southwest monsoon period is presented, The occurretice
of cyclopoid copepod species during day and night collections were also studied. Based on the charac-
teristic pattern of spatial distribution, the occurrence of twenty-four species were studied in relation
to Temperature-Salinity—Plankton diageams to ascertain the ran@e in which each species occurs.
Based on the T-S-P diagrams iwo group of species were seen, one group ocourring in ¢ wide range,

and the other group occurring in a narrow range.

INTRODUCTION

THERE is an increasing need for an accurate
appraisal of the relative fertility of differemt
open ocean areas and the resultant regional and
seasonal variation in zooplankton stocks which
directly or indirectly support all high seas
pelagic fish populations. In ecological problem
involving correlation of environmental features,
it is of paramount importance to make a com-
parative study of zooplankton i space and time
emphasising points of similarity and diffcrences
in the inshore and offshore areas. More studie$
have been carried out in the inshore areas
regarding plankton populations than that in the
oceanic waters,

Present kmowledge of the systematics and
distribution of the cyclopeid copepods in the
seas around India is largely due to the pioneer-
ing studies of Sewell (1947, 1948) based on

_ Present Address: Krishi Vigyan Kendra, Central
Marins Fisheries Research Institute, Narakkal-632 505,

materialcollected duringthe cruises of ‘ R.ILM.S,
INVESTIGATOR * and the John Murray Expedi-
tion. Investigations carried out by other
workers. on .Copepoda from different parts
of the Indian Seas chiefly pertains to their
taxonomy, and these studies are confined to
coastal waters due to lack of adequate facilities
for collection of zooplankton of the oceanic
waters. To investigate the waters off the
west coast of India and Laccadive Sea, a series
of research cruises were undertaken by R.V.
VARUNA to collect fishery oceanographic data
from the neritic and oceanic waters. This has
enabled for carrying out a synoptic and ecologi-
cal study of the occurrence and abundance in
the light of hydrography of the environment,
since the differential hydrographic conditions
prevailingineach of the study area viz. Laccadive
Sea, south-west coastal waters and that of the
slope arca makes this study indispensable. In
this account the qualitative spatial distribution
of 40 species of ¢yclopoid copepod during the
Northeast monsoon, Transition and South»
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‘west monsoon period and also the occurrence
of species in the day and night collection and
the frequency of occurrence of each species
was studied in the slope, shelf and oceanic
.waters during the three periods to study the
‘mode of occurrence of species in a particvlar
area during particvlar season.

The author is thankful to Dr. E, G. Silas,
‘Former Director, Central Marine Fisheties
Research Institute, Cochin for suggesting the
problem, constant guidance and giving valuable
‘suggestions. The award of Government of
India, Ministry of Education Senior Research
Scholership during the period of this investi-
gation is also gratefully ackaowledged.
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collected bimonthly intervals wsing 1.13 m
mouth diameter open type Indian Ocean
Standard net. Using a volume determiner,
the wet volume of the samples were determined,
The depth wise salinity and temperature data
collected from each station were also analysed,

Sub-sampling and counting

By means ofa Falsohm’s splitter, zooplankton
samples were split into smaller sub-samples.
From the original sample, usually half or one
fourth was examined giving & minimum volume
of 3 to 5 ml. From the fraction different
species of cyciopoid copepods were identified
and counted to make numerical estimates of
species abundance, The counts thus made
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Fia. 1, R. V. Varuna stations in the southwast coast of India and the Laccadive Sea from whigh the
seasonal spatial quantitative distributlon and ecology of cylopoid copepods have besn worked

out.

MATERIAL AND METHODS

The material fornting the basis of present
study arz species of eyclopoid copepods.ccllected

from the coastal and shelf waters of so0thswest

coast of Tudia and LizccadiveSea; 153200+
plankton samples coliected by R.V. VARUNA
* from 40_fixed stations (Fig. 1) during Decémber ..

- 1966 to October, 1967 in the area covering
- 71231’ Eto 76° 10 Eand 09° 30’ Nto 12°00'N
have been analysed. The samples have been

for each species was made upto the number per
1000 m?® of water filtered by the net considering
“the filtering efficiency of the Indian Ocean
Standard Net as 967, (Tranter and Smith,
1968). o o

HYDROGRAPHY OF THE REGION

The two monsoons greatly influence the
Arabian Sea and so there is seasonal variation
in the climatic conditions, and also in the
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Fig, 2. lS.casona! vari;_uion in the vertical distributionof lemperature and salinity from representative
stations during different months in the shelf, slope and oceanic waters of the southwest coast
of India and the Laccadive Sea,
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propesties of the water, The area concerned
have bzen previously investigated for different
hydrographic parameters by Kasturirangan
(1957) ; Subrahmanyan (1959) ; Banse (1959} ;
Jayaraman et /. (1959, 1960) ; Ramamirtham
and Jayaraman (1960) ; Patil and Ramamirtham
(1963) ; Ramamirtham and Patil (1965) ; Murty
(1965) ; Shaw (1967) ; Banse (1968) ; Rama-
mirtham and Rao (1973) ; Sharma and Murty
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Circulation

Gallahar (1966), and Varadachari and Sharma
(1967) studied the circulation pattern of the
surface waters in the Northern Indian Qcesn,
During the North-east monsoon months
(November to February) the coastal currents
are sct in & counter clock-wise direction, In the
oceanic areas due {0 monsoon winds the
current take the direction of a drift current
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Fig. 3. Seasonal variation in the vertical distribution of temperature and salittity from representative
stations during differant months in the oceanic waters of the Laccadive Sea.

(1973) ; Purushan and Rao (1974). Most of
the above studies were carricd during certain
months of the year, but they throw light on the
spatial variation in environment of different
hydrographical properties such as vertical
distribution of'temperature, salinity and density,
Darbyshire (1967) and Sharma (1966, 1968)
have also discussed the hydrography of this
area which includes the seasonal varistion of
physico-chemical features of the environment,

and the flow is mare or less westerly. During
Transition period (March-April), the clock-wise
circulation in the Arabian Sea gradually
strengthens with a southerly component on the
Eastern Arabian Sea. The flow of coastal
currents is oriented more towards South and
southwest and the predominant flow in the
open waters is westerly or northwesterly by the
beginning of March when the effect of North-
east monsoon diminishes, The strengthening
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TARLE 1. Species of cyclopoid copepods in the order of abundance

Perceniage

- Conti- Shelf Qceattic
No, Species Numberof Percentage nental edge & waters

Specimens {Total} Shelf Slope

. waters waters
1) (2 3) 4 ) {0 0]
1. Oncaea vemusta 563,179 51,579 63,5 15.7 20.8
2. Oithona plumifera o 81,870 7.498 61.1 18.7 20,2
3. Oncaea mediterranea 68,119 6,219 61.5 21.0 17.5
4, Oithona simills .- 64,463 5.904 66,6 12,3 21.1
5. Corycaeus (Corveaeus) speciosus .. 39,493 5.904 59.3 18.8 219
6. Copilia mirabilis .. 32,792 3.003 1.9 222 5.9
7. Coryeaeus (Onchocorycaeus) pacificus .. 32,423 2.969 60.6 24.3 15,1
8. C.{(Corveaeusy crassiusculus 27,176 2,489 .1 253 20,6
9, Farramla gibbulus . 22,158 2,029 7.3 19.5 9.2
10, Corveaeus (Dritrichocoryeaus) asiaticus”. . 21,830 1,999 79,3 13.4 7.3
11, C, {Onychocoryeaens) catus 13,179 1.207 50.9 3t3 178
12. Oncaea conifera .. 11910 1,092 61,7 217 16.6
13. Oithona robusta - L 11,545 1.057 72.1 16.1 118
14. Corycaeus(dgetus) limbatus .. 10,968 1,004 524 23 235
15. C.{(Onychocorycaeus) ovalis L 10,949 1,003 68.6 18,0 13.4
16. C. (Coryeaeus) clatsi . v 8,834 0.809 78.1 11.5 i04
17. Sapphiring metalling .. 8,602 0,789 80.1 1.9 8.0
18. Coryeacus (Agetus) typious .. 6069 0,556 38.6 16,4 45.0
19, Sapphiring nigromaculata .. 5,884 0.539 47.4 309 21.7
20, Copifiaquadrats ... . - .. .47 0.432 44 34 312
21, Corveaens { Urocoryeaeus) furcifer - 4,552 0,417 58,3 336 1.1
22, C.(Onychoecorycaeusy agilis .. 3,160 0.289 523 29.8 17.9
23. C.{Agetus) flaccus L 3,143 0.288 879 43 18
24, C.(Urocoryeaeus) longistylis W24 0281 03 418 179
'25. Sapphirina opalina S 2,53 0.232 872 55 73
26, Oncacaclevei ~ 248t 025 91 .0 69
27, Sapphirina steliata ] 2,133 0.196 597 152 251
8. . §. intestinata 2110 0 0193 8.8 &1 10.0-
29, Corycaeus (Onchocoryeaeus) latus .. 2,062 089 - - 586 252 16.2

30; Sapphirina ovatolanceolata - .. - 1,763 0,162 64.9 210

4.1
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n 3] (3) ) 5 (6) M
A1. Oithona linearis 1,735 0,159 69.7 13.8 16.5
32, Coryeaeus (Ditrichocoryeneus) dubins 1,505 0.137 83,0 9.2 78
33, C.(D) affints 1,441 0,132 81.7 12,3 6.0
34  Ponroectella panikkari 1,421 0130 492 0 50.8
35. Oncoea media 1,319 0.122 34 38 20
36, Sapphirina sinuicandi 1,119 0,102 66,9 18.4 147
37, 8. gemma 988 0.090 46.1 357 18.2
38, 8. auronitens 925 0,085 559 23,5 20.6
39, Coryeaeus (Ditrichocoryeaens) .

_ andrewsi 877 © 0,080 75.2 11,8 - 13,0
40, Sapphirina darwinii 732 0,067 47.9 21,1 31.0
41. Ratania flava 707 0,065 48.1 327 19,2
42, Oithona brevicornis 622 0,057 257 0 43
43, Copilia vitrea : 602 0.055 85.1 4.0 13,9
44. Coryeacus (Corycaeus) vitreus 590 0.054 52.8 229 243
45, C. (Ditrichocorycaeus) dahli 458 0,042 80,5 11,1 84
46, Copllia lata - 430 0.039 0 33.3 66,7
47, Oithona nana 403 0,037 69.6 12.6 178 .
48, Sopphiring angusta 383 0,035 58,2 252 166 .
49, §.gastrica . 360 0.033 51.0 26.0- 23.0
50, Coryeaeus (Onchocoryeacus) pumilis .. 349 0,032 482 30,3 21,5
81, C. (Monocorycaeus) robustus 335 0.031 46.5 24.6 289
%2, Sapphirina scarlata ' 289 0,026 68.1 - ] 319
53, 8. lacrens 277 0.025 85,5 o 14.5

© 54, Farranula concinnus 246 0.022 0 259 74.1
55, Oithona rigida 1% 0.017\ 894 0 10.6
56, Pachysoma punctatim 136 0,013 61.8 0 38.2 -
87, Sapphirina splendens 127 0.012 36.5 516 1.¢
58. S, vorax 125 0011 63.4 0 36.6
89, 5. bicuspidata 114 0.010 4.2 34,7 16.1
60, Farranula carinatus 36 0,005 X 130 22.3
61, Oithona attennate 47 0.004 0 1] 100.0
€2, O, oculata 41 0,004 0 0 '100,0
63, O. simplex : 40 0,004 0 0 100.0
64. - Corycaeus (Ditrichocorycaeus) subtills . i’ 0,003 0 68.4 3.6

 65. _ Lubbockia aculeata : 20 0.002 0 109.0 0
66, Sapphirin iris 12 0.001 0 0 100,0

Percentage 160,000
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of the south flowing neritic and oceanic surface
currents are resulted when the reversal of the
flow is complete in April, During the ensuing
Southwest monsoonr months (May to Septem-
ber), the coastal currents are sét in a clockwise
direction and the resultant flow is predominantly
south and south-westerly and paralle] to the
coast, The direction of the sucface currents is
oriented more towards the east in the open
part of the area investigated. A definite change
in the orientation of the coastal and oceanic
current js conspicuous and the consequent fiow
is towards the east and onshore during Qctober
when Transition between Southwest ynd North-
east monsoons take place.

Temperature,  salinity and their  seasonal

variations

To study the seasonal variation in temperature
and salinity, the area has been divided into three
regions, namely (1) coastal waters, (2) shelf
waters and (3) oceanic waters, For con-
venience, 80 m depth in the neritic province
is considered here as the vertical border separat-
ing the nearshove coastal waters from the
deeper neritic waters. The region shallower
than 200 m and beyond 80 m depth, falling
within the neritic provience is considered
here as the shelf waters, The region beyond
the shelf waters is denoted here as the oceanic
zone. The temperature — salinity data coliected
from the representative stations from the area
during 1966-1967 is shown in Fig. 2 and 3.

SerciBs COMPOSITION

Sixty six species of epipelagic cyclopoid
copepods belonging to the genera Oithona,
Ratania, Pontoeciella, Oncaca, Lubbockia, Sap-
phirina, Copilia, Pachysomd, Corycaeus and
Farranuln are present in the proportions as
indicated in Table 1.

Among these, Qithona sitnplex, O, attennata,
0, oculata and,  Sdapphirina iris ave present only
in tha samples from oceanic waters, Lubboekin

. K, MARTIN THOMPSON

aculeata-was collected only from shelf edge and
slope waters. Copilia lata, Corycaeus (Ony-
chocorycaeus) pumilis C. (Ditrichocorycaeus)
affinis, and Farranula concinnus are preSent
along the shelf edge and oceanic waters. Species
such as Ofthona rigide, O. brevicornis, Pon-
toeciella panikicari, Oncaea clevei, Sapphirina
lactens, S. scarlata and §. Vorax are absent in
the shelf edge and slope waters.

SEASONAL DISTRIBUTION

A serijes of charts have been prepared to show
the qualitative distribution of the individual
species, on which is indicated by one of a
seties of symbols given alcngside, the number
of individual at each station per 1000 m? of
water strained by the 108 net. The occurrence
and abundance of individual species during
the three periods of the year ; Northeast mon-
soon, Tramsition, and Southwest monsoen is
indicated in figs. 410 13,

Qithona plumifera (Fig. 4 a)

Large numbers of this species were recorded
from the shelf and oceanic waters during the
period of Northeast monsoon. It was wide-
spread in the offshore waters and more con-
centration was observed in the shelf waters
during the transition period. During the
Southwest monsoon months, it was numerically
abundant in the inshore and offshore waters
alike.

Oithona similis (Fig. 4 b)

Found to be abundant in the shelf and cff-
shore waters during Northeast monsoon season,
It was numerically less in the slope waters and
abundant in the oceanic and coastal waters
during the transition period, During South-
west monsoon period, it evinced a wide distrj.
bution and was numerically less in the oceanic
waters and was more concentrated in the shelf
waters.
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uantitative spatial distribution (categorised under 6 grades of abundance) of a, Olthona
pan' ¢, O, robusta atfd 4. 0, lnearis during the Northeast monsoon, Transition,



P.. K. MARTIN THOMPSON

GNCAEn VENUSTA Scale: &9:_!3-&. ONCAEA MEDITERRANEA
' M NSOON _[OECFERS NE MONSOON (bec~ rza: o
W7 NE 0 F ) S H 5 IE
) ﬂ 850y |
) 1
11°. H‘ ﬁ‘H: % H H H H rl
J H‘ H H H ° 0]
\d}‘ _, U H] H'HB H H o
[P I ‘[RAN‘SITEDN Crmpich - SRR ' N~ TRANSC""'ON f;‘“‘”"” “AEAL ‘,30
N_ '-_:'H o o . HB[] g ° Boo:}
[ . B ¥ ° H o
"' A B H b
g . - ﬁ [] -
W B . . CBE N
]
10 H H MG
Eﬁ H HI HE B H Bn ?"
N sw Monsaon YR H Sw mogsoon oS e ‘3
™
| 3 gat iy i E Beg .
" HH ﬁ - ﬁga H ﬁ '"o :
o T g g gl f |
] H o H ﬂ ° E:ﬂg H H QHQQ‘%"&
77E 7% e 7€ i3 i@ 7% I8
NUMBERS / 1000M° S 1798 500-999 | Co——= 10.,000-42.999 © DAY
2 100480 /=3 1000-9599 2 C—————3 > 30,000 e NIGHT
~ .ONCAEA CONFERA TONCREA CLEVEL
12" - NE MONSOON roec “FEB] 0 NE—MONSOON ‘DEC ey ¥
Ngd A : . ° . ¥
B B EH B.ooo @ o‘ o o’oooi_: Ll
L 3 - .

15 EEl g Eoo . ] g, _r
) H ’ Hg ° o0 . % F
100_ ° R H ¢ ° D. B ° o.;-'l -'[00l

fig 8 o * SRR
'lr?' ﬂ 7RANS|TION [Ma!'?\.u anu “o Tagnsgﬁon ) ;mncu 6n1u _;30
E 0 ¢ o’ e ° e #9000
1" * g H f LI ® ° . .
@ -] . @ o -
L] -
4 ¢ . ° . a
& o . &
!Dn- - -] . o o
B o 8 *., ° & a8
17 | SW MONSOON  Tmar- sePTd™ o SW MONGOON  MAY-SEFT) 4
N E E - E 5 .
1 EE -] E 8 . ¢ o E d-\?o o
“o_ -3 o Q E E a9 o ° o o .-,“‘
. ° o B ¢ o °
B a , -~
o B H o ° . g
1 2] . o . - R o
[+ L] ° -] o ‘_.‘
?.?E T ?-35— ' ?-ho ?'ZFE v 735_ ?‘n Y Tsu —

FICI 3, Quamitmi\re spatial dtstributlou (categorised under 6

venusta, b. O, mediterranea, ¢,

Transition, and Southwest monsoon perids,

d.es of ‘abundance) ofa., Oncaea

O, conifera and d, O, ckwi “during'the Northeast monsoon,



Oithona robusta (Fig. 4 ¢)

During the Northeast monsoon period, this
species was found to occur in lesser numbers
in the slope and oceanic waters, but absent
in the shelf area. It was wniformly less distri-
buted during the transition months in the
inshore, siope and oceanic waters. During
Southwest monscon petiod, it was numerically
less in the oceanic area and abundant in the
shielf region.

Ofthona linearis (Fig. 4 d)

A widspread oceanic species found to ocour
in less numbers in the oceanic and shelf waters
but absent in the slope region during Northeast
monsoon period. Duringthe Transition period,
it was numerically less in the inshore, slope
and offshore regions and during the Southwest
monsoon this species was fess numerous in the

shelf and oceanic waters,

Oncaea verusta (Fig, 53a)

A widespread species found to occur in large
numbers in the shelf, slope and oceanic waters
during Northeast monsoon, the Transition and
Southwest monsoon periods,

Oncaca mediterranea (Fig, 5 b)

Found to occur in good numbers in the stope
and oceanic waters, but rare in shzif waters
during Northeast monsoon period, It was
numerically less in the coastal and offshore
waters during the Transition months, During
the Southwest monsoon months, its distri-
bution was widespread and more concentrations
were recorded from the sfope and shelf areas.

Oncaea conifera (Fig. 5 ¢)

- During Northeast monsoon period, it was
Jess numerous in the offshore and slope waters
and absent in the shelf region, In the Transi-

tiony:period; it was numerically less in-the in..-
shore and offshore regions. It goicéntration -
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was found to increase in the stations towards

the shelf waters during the Southwest monsoon
period,

Oncuea clevei (Fig. 5 d)

Oceanic species found in the offshore waters
and absent in other areas during the Northeast
monsoo? period. During the Transition months,
it was found in lesser numbers in the slope
and nearshore waters. It was widesprzad
during the Southwest monsoon period when
only few numbers were reccrded from the shelf,
slope and offshore waters.

Ratania flava (Fig, 6 a)

A typical oceanic specics having wide distri-
bution in the slope and offshore regions and
absent in the nearshore area during the North-
east monsoon and Transition periods. During
the Southwest monsoon period, it was uni-
formly numerically less in the area investigated.

Pontoeciella panikkari (Fig. 6 b)

A widespread oceanic species found to occur
in lesser numbers in the oceanic waters and
absent in the shelf region during Northeast
monsoon months, During the Transition ¢nd
the Southwest monsoon periods, it was wide-
spread and recorded in lesser numbers from
the oceanic waters and absent in the shelf
region.

Sapphirina angusta (Fig. 6 ¢)

A typical oceanic species found less numeri-
cally in the nearshore, slope and offshore
waters during the Northeast monsoon period.
It ocourred in few numbers in the slope and
offshore waters and absent in the nearshore
waters during the Transition period. It was
numerically less in the shelf, slope and oceanic
waters during the Southwest monsoon months,
although concentrations were -recorded to the
lattertwo dreas,
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Sapphirina ovatolanceolata (Fig. 6 d)

An oceanic species occurring in lesser numbers
in the shelf, stope and oceanic waters during the
Northeast monsoon peried, It occurred in
few numbers in the slope and ofishore waters
and absent in the nearshore waters during the
Transition period. It was numerically Jess in
the shelf, slope and oceanic waters during the
Southwest monsoon months, although con-
centrations were recorded in the latter two
areas,

Saﬁphirina intestinata (Fig. 7 a)

During Northeast monsoon and Transition
periods, it was less in the slope and offshore
waters, During Southwest monsoon months,
it was widespread and occurred in lesser
numbers in the shelf, slope and oceanic waters.

Sapphirina opalina (Pig. 7 b)

An oceanic species, found in the oceanic
area but absent in the slope and nearshore
region during Northeast monsoon period. It
was numerically less in the oceanic and siope
waters and absent in the nearshore water during
the Transition months, In the Southwest
monsaon period, it was widespread but occurred
in lesser numbers in the slope and oceanic
waters and abundant in the nearshore region.

Sapphirina darwinii (Fig. 7 ¢)

A widespread oceanic species occwring in
the slope and oceanic waters during Northeast
monsoon and Transition periods. It was
widespread in the slope and oceanic arcas
during the Southwest monsoon months.

Sapphirina stellata (Fig. 7 d)

Found to occur less numerically in the shelf,
slope and offshore waters during Northeast
monsoon, the Transition and Southwest mon.
soon petiods.

P. K. MARTIN THOMPSON

Sapphiring nigromaculata (Fig. 8 a)

An oceanic species which occurred numeri-
cally tess in thie nearshore, slope and offshore
waters during Northeast monsoon and the
Transition periods. During the Southwest
monsoon months, it was widespread, evincing
varying patterns of distribution in the slope
and oceanic waters, but absent in the shelf
region,

Sapphirina auronitens (Fig. 8 b)

Numerically less in the shelf, slope and
oceanic waters during the Northeast monsoon
months. During the Transition period, it
occurred in few numbers in the slope and off.
shore regions. During the Southwest monsoon
months, it was less in the nearshore and fewer
in the offshore waters, but absent in the slope
region.

Sapphiring sinuicavda (Fig. 8 ¢)

Numerically less in the shelf, slope and
oceanic waters during Northeast monsoon, the
Transition and the Soutirwest monsoon periods,

Sapphirina metallina (Fig. 8 d)

A widespread oceanic species found to occur
numerically less in the slope and oceanic waters
and absent in the shelf region during Northeast
monsoon Deriod, It was present in fewer
numbers in the shelf, slope and oceanic waters
during the Transition period. During the
Southwest monsoon months, it was more
concentrated in the shelf region and numerically
less in the slope and oceanic waters,

Sapphiring gastrica (Fig, 9 a)

An oceanic species, occurring in lesser
numbers in the slope and oceanic waters and
absent in the nearshore areas during the North-
cast monsoon and Transition periods. During
the Southwest monsoon months, it was less
numerous and present in the neritic and oceanic
regions and absent int the slope area.
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Copilia mirabilis (Fig. 9 b)

A widespread species having widespread
occurrence in the inshore slope and oceanic
provinees, in more or i¢ss uniform numbers
during the Northeast monsoon and Transition
periods. Duringthe Southwest monsoon months,
it occurred in high concentrations and maximum
abundance was recorded in the shelf waters,

Copilia quadrata (Fig. 9 ¢)

Found to occur less numerically during the
Northeast monsoon and the Transition periods.
During Southwest monsoon months, it was
widzspread and present in lesser numbers in the
nearshore, slope and oceanic waters.

Ferramula gibbulus (Fig. 9 d)

This species was uniformly abundant in the
inshore and offshore regions during Northeast
monsoon period. It was less numerous in
the nearshore and oceanic waters and fairly
good pumbers were recorded in the slope
region in the Transition period. During the
Southwest monsoon months, it was numerically
fess in the offshore waters and a gradual in.
crease in numbers were noted towards the

coast.

Corycaeus (Corycaeus) speciosus (Fig. 10 a)

Although this species was recorded in good
pumbers from slope and the offshore regions
during the Northeast monsoon months, it
evinced low concentration over the shelf area.
It was abundant in the nearshore waters during
ithe Transition period. During the Southwest
monsoon months, it was widespread and
numerically high in the mearshore, slope and
oceanic regions.

Corycaeus (Coryeaeus) crassiusculus (Fig. 10 b)

A widespread species recorded in fairly good
aumbers from the shelf, slope and the offshore
regions during the Northeast monsoon and the
Southwest monsoon periods. Duting the Tran-

sition period, it was numerically less in the
slope region.

Corycaeus (Coryecaeus) clausi (Fig, 10 ¢)

This species was numerically less in the slope
and oceanic waters and absent in the near-
shore waters during the Northeast monsoon
months. During the Transition period, its
distribution was more or less uniform in the
slope and offshore waters. Fairly good numbers
were recorded from the shelf region during
Southwest monsoon period. This species was
widespread in the slope and oceanic waters
duxjng this period,

Corycaeus (Onychocorycaeus) pacificus (Fig.10 d)

It was fairly abundant in the nearshore, slope
and oceanic waters during Northeast monsoon
period. It was more concentrated in the
shelf region and numerically less in the slope
and offshore waters during the Transition
months, During the Southwest monsoon period,
it occurred in good numbers in the shelf, slope
and offshore regions.

Corycaeus (Onychocorycdeus) ovalis (Fig. 11 a)

QOccurred in fairly good numbers in the near.
shore and slope regions and numerically less
in the oceanic waters during the Northeast
monsoon period. It was widespread over the
slope and offshore regions and occurred jn
good numbers in the shelf region during the
Transition period, During the Southwest mon-
soon months, large numbers were recorded
in the shelf and oceanic waters and they were
relatively less numerous in the slope region,

Corycaens (Onchocorycdeus) catus (Fig. 11 b)

During the Northeast monsoon period, it
occurred in fairly good numbers in the sheif,
slope and oceanic waters. It was numerically
less in the offshore, slope and nearshore regions
during the Transition period. Large numbers
were found in the shelf and oceanic waters
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and with low congentration over the slope
region during the Southwest monsoon months.

Corycaeus (Onchocorycaeus) agilis (Fig. 11 ¢)

It was less numerous in the nearshore, slope
and oceanic waters during the Northeast mon-
soon, Transition and Southwest monsoon
periods, although this species was widely
distributed and recordcd from the three regions
during the period of study.

Coryeaeus (Ditrichocorycaeus) aslaticus (Fig.
11 dy

During the Northeast monsoon period, it
was numetically less from the shelf, slope and
offshore waters. It was absent in the slope
region and present in good numbers in the
nearshore and oceanic waters in the Transition
period. During the S>uthwest monsoon period,
it was abundant in the neritic waters and umi-
formly less in the slope and oceanic watess,
Corycaeus (Ditrichocorycdeus)
(Fig. 12 a)

andrewsi

Fairly good numbers were present in the.

shelf region and numerically less in the slope
and offshote waters during the Northeast
monsoon months. During the Transition
period, it was wid spread in the slope and
oceanic waters and absent in the nearshore
region. High concentrations of this species
were recorded in the neritic waters, and it was
ntumerically less in the slope and oceanic
regions during the Southwest monsoon months,

Corycaeus (Agetus) typicus (Fig. 12 b)
Numerically less in the slope and oceaniy
waters and absent in the nearshore region during
the Northeast monsoon petiod. Widespread
and present in lesser numbers in the inshore and
offshore regions during the Transition months,
During the Southwest monsoon period, was
fairly common over the shelf grea and more
congentrated in the ogeanic waters, Was

P, K. MARTIN THOMPSON

numerically less in the slope region during this
period.

Corycaeus (Agetus) limbatus (Fig. 12 c)

Present over a wide area in the slope and
oceanic waters in lesser numbers and absent
in the nearshore region during the Northeast
monsoon period. Was numerically less in the
inshore and oceanic waters during the
Transition period. During Southwest monsoon
months, faitly good numbers were recorded
from the inshore and offshore regions.

Corycaeus (Agetus) flaccus (Fig. 12d)

QOccurs less numerically in the slope and
oceanic waters during the Northeast mcnsoon
and the Transi ion. It was fairly abundant
in the shelf region and less in the slope and
oceanic waters during the Southwest monsoon
months,

Corycaeus (Urocorycaeus) furcifer (Fig. 13 2)

Found to occur numerically less in the slope
and oceanic waters and absent in the shelf
region during the Northeast mcnscon and the
Transition pericds. Fairly abundant in the
nearshore region and less pnumbers were
recorded from the slope and cffshore regions
during the Southwest monsoon months,

Corycaeus (Urocorycaeus) longistylis (Fig. 13 b)

Was numerically less in the slope and offshore
waters and absent in the shelf area during the
Northest monsoon period. Widespread and
occurred in lesser numbers in the nearshore,
slope and oceanic waters during the Transition
months. Fairly common during the Southwest
monsoon period in the shelf and oceanic waters
and absent in the slope region.

Copilia lata (Fig. 13 ¢)

An oceanic species found to occur
numerically less in the slope and offshore
waters and absent in the shelf region during
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the Northeast monsoon months, During the
Transition period, it was present only in oceanic
waters. During the Southwest monsoon
months was concentrated in the oceanic and
slope regions and absent in the nearshore
walels.

Copilia vitrea (Fig. 13 d)

Ovceanic species present only in the slope
region during the Northeast monsoon months.
Wes numerically lessinthe ocanic watersand
absent in the slope and nearshore waters
during the Transiion period. During the
Southwest monsoon period, it was widespread
and recorded in lesser numbers in the oceanic
and shelf waters and was absent in the slope
Tegion,

OCCURRENGE IN DAY AND NIGHT

Day and Night collections were studied from
the shelf, slope and oceanic waters to findout
the occurrence of individual species. It is
evident that generally more specimens were
in the night hauls. This may be due to the
vertical migration towards surface during
night. In some of the species, both day and
night bauls were found to have more or less
the same number of specimens. Exceptions
were noticed in species such as Oncgea medi-
terranea, Corycaeus {Urocorycaeus) furcifer,
Oncaea clevei and Sapphirina auronitens.

CycLopoid COPEPODS IN RELATION
To ENVIRONMENTAL FACTORS

Some planktonic organisms are good indi-
cators of water masses and help to trace the
water movements of a particular area. Tempe.
rature and salinity may be referred to in
discussing the indicator species, but usually
their occurrence are thought of in terms of the
waters entering the area conoerned. This has

been - exomplified--by = the -‘ Temperature~— =
Salinity—~Plankton * (T-8-P) diagrams of Bary -

(1959, 1963 a, 1964) and also by the studies
of Colton et al., (1962), Grice and Hart (1962),
Crots and Lawrence (1967). Sherman (1963,
1964, 1968) studied the ditribution of pontellid
copepods in relation to T-S-P diagrams.
Observations were carried out by Bowman
(1971) on the distribution of copepods off
Southeastern United States between Cape
Hatteras and Southern Florida to study the
extend to which the Corrollinear. coastal waters
have received: intrusion of Florida current or
brackish water from the sounds and river
mouths.

Darring the present investigations, an attempt
have been made to understand the spatial
distribution and abundance of cyclopoid
copepods in the shelf and occanic waters of
the west coast of India and Lacadive Sca with
the help of T-8-P diagrams, so as to ascertain
indicator species when found elsewhere and
confirm their seasonal variaticn in the faungl
characteristics which would throw light on the
incursion of oceanic water over shelf area and
vice versa. The occurrence of cyclopoid cope-
pod population in a region during a patticular
season clearly shows the presence of shelf or
oceanjc waterg in a given area. The following
neritic species viz. Oncaea venusia, Oithona
plumifera, Oncaca mediterranea,  Oithona
similis,  Corycaeus  (Corycaeus) specious,
Copilia arirabllis, Corycaeus (Onychocorycaeus)
pacificus, C. (Ditrichocorycaeus) asiaticus,
C. (Corycaeus) crassiusculus, Farranula gibbulus
Corycaeus (Onchochorycaeus) catus, Oncdea
coniferaand oceanic species namely Coryeaeus
(Agerus) flaccus, Sapphirina opalina, S. intesti-
nata, Corycaeus (Ditrichocorycacus) affinis,
Pontoeciella panikkarl, Ratania flava, Copilia
vitrea,  Sapphirina  gastrica,  Corycaeus
(Onychocorycaeus) pumilis, Sapphirina gemma,
S. scarlara, 8. laciens were found to evince
characteristic pattemm of spatial distribution

'in the shelf, slope and oceanic waters during

the mortheast, -tranusition  and .’ Gouthwest
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Based on the salinity-temperature data
(surface, 10 m, and 50 m) T-S-P diagrams were
drawn for the above species (Fig. 14 to Fig, 16)
to ascertain the range in which each species
occurs irrespective of scasonal temperature
flactuations or salinity changes. Two groups
¢an be seen among species, one having a wide
Temperature—Salinity ramge and the other
oecurring in a narrow range. The T.S.P
diagrams drawn against Temperature—Salinity
data based on surface and 10 m depths shows
clearly the relationship of species to the water-
mass than on 50 m depth. It can be seen from
the T-S-P diagrams the widespread species
ocenrs in a  wide Temperature—Salinity
range, but a differential pattern of range
is seen regarding oceanic indicator species.
They occur in a narrow range except species
such as Sapphirina opalina, S. intestinata,
Corycaeus (Agetus) fleccus, C. (Ditrricho-
corycaeus) affinis, Ratania flave and Sapphirina
scarlata which occurs in the shelf region only
during the Southwest monsoon period, and
rather low salinity (about 29.59,) in which
they were recorded clearly reflects the influence
of lesser saline waters in the coastal region.
Specics such as Pontoeciella panikkari, Copillia
vitrea, Sapphirina gastrica, Coryeaeus (Onycho-
corycdeus) pumilis, Sapphirina augusta and
S. lactens occurs only in a high Temperature—
Salinity range.

It can bz deduced from the above observation
that during the Northeast monscon months,
more or less uniform condition prevailed and
the salinity and temperature was high. By the
end of the period (February), there was a
decrease in the surface salinity values simce the
equatorial surface waters of relatively low
salinity is brought to the Northern Arabian
Sea along with the shelf waters of the west
coast of India. There is more or less uniform
pattern of cyclopoid copepod population with

higher concentration in the shelf region. Thisis
due to the occurrence of widespread species
such as Oncaea venusta, O. mediterranea,
O. conifera, Oithona plumifera, O. simills,
Corycaeus (Onychocorycaeus) pacificus, C. (0.)
catus, C. (Ditrichocorycaeus) asiaticus, Farra.
rula gibbulus and Copilia mirabilis. These
species were also recorded in good numbers
from the slope and oceanic waters. Ponsoe-
ciella panikkari occurred in the shelf region
only during this period. The abundance of
these species in the shelf waters is due to the
flow of offshore waters shorewards as a result
of the north flowing equatorial surface waters,

The Northeast monsoca is followed by the
transition period where more or less stable
condition prevails in the region. During thig
season, the flow of current is towards south and
southwest and surface waters of high salibity
is brought into this region. 'There was hardly
any change in the cyclopoid copepod population
in this region during this period.

A notable change in the cyclopoid copepod
population is moticed during Southwest
monsoon period. There was variation in the
temperature and salinity values in the. shelf,
slope and oceanic waters. The thermocline
slopes upto 59 m depth, and is nearer to the
coast. Relatively colder water was present over
the shelf region indicating upwelling of bottom
waters. The flow of cusrrent is towards the
southeast. The oceanic species such as Rataniv
flava, Sapphirina  opalina, S. intestinata,
S. angusta, S. gastrica, S. scarlata, S. lactens,
Copilia vitrea, Corycaeus (Agetus) flaccus,
C. (Ditrichocorycaeus) affinis and C. (Onycho-
corycleus) pumilis are present in the shelf
region only during the Southwest monsoon
period, and there is also a high concentration
of species in the shelf region. This clearly
shows the presence of oceanic waters in the
shelf region during this scason,
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