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ABSTRACT

Biological production potential off Veraval was evaluated based on the contribution of phyto-
plankton, zooplankton and benthos. The study was made along three transects covering four
months during 1984-85. The mean phytoplankton count, zooplanktor biomass and macrobenthic
biomass were respectively 1.66 x 104/litre, 74.76 ml/100 m? and 65.71 g/m?. Phytoplaukton main-
tained an almost steady population. The area was not verv 1ich in zooplanktor even though the
composition indicated a diverse faunal assemblage. The subtidal macrofaunal population density
indicated the high fertility of the region. The importance of similar collective investigations to
characterise an area particularly for environmental monitaring studies has been emphasised.

INTRODUCTION

Majority of the investigat‘ons on biological character’stics of an area usually cover a
specific level o productivity of a group of organism or a species. It is true that such reports
provide authentic detailed information on the aspect covered with limited emphasis on the
production potential of the arca. Very often an overall study of a variety of biological
aspects is also found to be essential in obtaining a comprehensive account of the entire system
for predicting the state of equilibrium. Biological productivity at different levels is one
such comprehensive investigation to be considered for evaluating the production potential
of an arca. This approach has more recently become an important part of all the environ-
mental monitoring studies. As a case study, detailed investigations were made off Veraval,
for four months spread over to different monsoon periods. It is anticipated that the studies
made on phytoplankton, zooplankton and benthos and fishery of the area will give a fair
picture onthe existingproduction potential of Gujarat coast which is considered to be well
known for its fishery resources.

MATERIALS AND METHODS

Nine stations were selected in the sea off Sutrapada (Fig.1). The location of stations
were fixed at 5, 15 and 25 m depth contours along three transects namely the eastern transect
off Sutrapada village ('S’ transect), the central transect (‘M’ transect) and western transect
off Kadwar village (‘K’ transect). Samples were collected in May, October, November 1984
and February 1985. Water samples were collected from all stations from surface and
bottom for estimating phytoplankton pigments and counts. Due to some tcchnical problems
pigments could not be estimated for May. Zooplankton samples were collected by oblique
hauls using an HT net (mesh size 0.3 mm; mouth area 0.25 m?) with an attached TSK flow
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meter. - Sediment samples were obtained using a van-Veen grab of 0.04 m? area. The
sample was sieved through a 0.5 mm mesh size and the animals retained were preserved in 5%
buffered formalin. Benthic biomass was calculated on wet weight basis. Water samples
were collected for estimating,salinity, pH, and nutrients and were analysed as per standard
dissolved oxygen procedure. Bottom trawling off Sutrapada was done in February 1984 using
a 48 ft mechanised trawler to evaluatc the fishery potential of thc area. The catch was
identified in different species. :

RESULTS AND DISCUSSION
Environmental Conditions ‘

~ The period of study covers only the premonsoon and postmonsoon months. For
most of the physico-chemical parameters studies there was limited variation between the
stations. The data on environmental parameters are presented in Table I. The average pH
value for sea water varied from 7.76-8.16. The pH range is quite wide and appears to be
due to the influence of limestone deposits which alter the pH of sea water. In general,
the coastal waters off Sutrapada had low suspended matter. During May salinity showed
a range of 35.45-37.38%(, which came down to 32.16 - 35.99%,, during the postmonsoon
months. - Dissolves oxygen level in May was frequently low (3.0 - 4.0) while during
Cctober - November and January ‘the values were normal. The nutrients showed a sharp
increase in value during the postmonsoon period and this was more conspicuous for nitrate.
Relatively higher values of ammonical nitrogen were observed for the month of May than
the postmonsoon period.

Phytoplankton Pigments and Cell Counts

In October, chlorophyll a values were quitc high (av. 1.4 mg/m3) compared to the
month of November (av. 0.08 mg/m?). Very often the values of chlorophyll from the bottom
waters were higher than that obtained for the surface. The values ' of phaeophytin often
exceeded that of chlorophyll @ and the respective average values for the two parameters
were 0.87 and 0.74 mg/m>. -Among the three transects surveyed the S transect showed
higher values of chlorophyll a than the other two (Tables 11 & IIT). :

) The phytoplankton count was almost steady during the period of investigation (Tables
IV-V1)). The average valucs of cell counts for May, November and February were res-
pectively 1.48, 1.88 and 1.64x10% per litre. Contrary to the findings observed for chlorophyll
phytoplankton cell counts gradually increased from transects S to K. Coscinodiscus was the
most abundant genus during the entire period of collection. Navicuia, Nitzschia and
Thallassiothrix were very common in November and February,- Pinnularia and Rhizosolenia
were more common in May. - - ’ '

Zooplankton

. During May, zooplankton standing stock and population density varied from 2.8
to 8.3 ml/100m3 (av. 5.55 ml/100m3) and 2633-17267/100m> (av. 8053/100m?) respectively.
In general; zooplankton biomass at all stations were comparable (Tables IV-VI). There was
no regular pattern in the distribution showing either an increase towards the offshore area



BIOLOGICAL OBSERVATIONS OFF SUTRAPADA

228

(€€ 18)
P74

(E1°LY)
££-€C

(£€°0¢£)
984T

(s'ze)
15-61
by 1£)
81

(8L°CE)
Iy-cc

(5°920)
LSt
(§°90)
8¢ ‘81
(T10
pE-9

s 10
v1-01

9 v1)
§1-01

(1)
TSIl

bZ'0) tr-n (98°92) e (L8°9) (90" p¢)
- 8T 0-vI°0 S 1-98°0 ILLT-EV'9CT 9171 9°L0'9 SO pE-TIEE
(21°0) o' (€8°20) o1 (L6°9) ()
- $L°0-L0°0 62 1-6L°0 $Z-L0° 1T 6E 1-9T° | L~T'99 8P pE-1e €t
(z'0 ©'n (¥9°82) (€ 1) (8L°9) (16°£€)
8T 0-¥1°0 12°198°0 LT 0E-¥9°LT 19°1-90°1 S L9 0f " pE-1t°tE
S861  fienuep
1z ¢) (82°0) (€8°0) (oL° € (£€°1) (€1°¢) (5L ¥£)
8¢°¢-10°¢ ¥9°0-0 627 1-1L°0 P9 SI-pY 11 L8 1-1 0°9-8'¢t 9£°5¢-S9°TL
(LT°0) (06°0) (€1°61) (ze 1) Wi1°¢6) (50°59)
- $9°0-L0°0 LO0°1-6L°0 IL78I-IL7 T €9 1-90° 1 09ttt psSEELVE
(5s2°0) ©o' D (og-zn 6y'1) (6£°6) (sT"s¢)
. $°0-L0°0 v 1=LS°0  TL790- L0 L 01°6§-89°0 LS9V 6°5E-SL ¥E
861  JdqUIdAON
68°2) (€5°0) Wz 0) (Le-on (T6°0) (#0°9) (8¢ vt)
€1°¢-26°T 1-1Z°0 6L°0°0 9t €I-98°¢S 8y 1-19°0 ey 06°S£-06 Tt
(9%°0) (8L°0) (89°01) (68°0) (€6°5) (£8°¢€)
- 1-0 67 1%1°0 SL°S1-¢E SE€1-62°0 891y SESE-91°Ct
(65 °0) (98°0) (88°11) (60" 1) acs) (5" ¢€)
— 9¢° 10 S 10 6L°L1~98" Y 60°C-19°0 LYty 86 vt-91 Tt
861 134oP()

(L) ar-n (sL°0) (r0°€) (89°0) N2 (p$ " 9€)
oL T€S°1 98°2-L0°0 98'0-LS 0 [ ol AN 6°0-S¥°0 1°6-0'% £8°9¢-6179¢
(90°7) (cv'1) (€9°0) (€L°¢) (8L°0) (82'v) (§$°9¢)
LTTHRI 1291270 98°0-L0"0 L1 90°1-62°0 660t TLE-SY'SE

s (0L°0) (61°¢) (€8°0) (56°¢) (18°9¢€)
— S EEv 0 98°0-L5°0 PO p-6L" 1 Se1-19°0 Pyttt 8ELE-8T9E
p861 SEW
(%) Guo8d)  Qvdd) (w3n) (/w87 (1] 31) °%
JUIIPIS w0411 uadoau uadoanu snaoydsoyd
ur oD -y NN “UDINN -pydsoyyd  uISAXO0 pasjossiq  Linog
amosiQ ° 24000y

( \3&
spljos
popuadsng

91°'8) (8¢ vT)
07°8-01'8  9'ST-0°€T £
(91°8) N (4]
12°8-0I'8  0°9T-§'€T 4
(r1°8) (¥$"$7)
0T 8-01"§ 1'92-6"€T 1
L L) (L6°$T)
18°L-6S'L €97 9°ST 3
(AR} (86°67)
08°L-IL° L €£9T-9°ST T
(LL°L) 90
6L L IL'L  £'9T-8'ST 1
(90°8) (65°80)
L8°8-68°L  0°6T-8°LT £
(£6°L) (65°82)
90°8-8L°L  0°6C-0°LT T
w6°L) (99°82)
S1'8-08°L 0°620'8Z [
(€8°L) (96" L)
98°L-08'L  6T°§°LT £
(€8°L) (z¢'82)
98°'L-18°L  6T-SLT [4
80 (€2°LD)
OR'L-EL'L  T'8TLTYT [
Do
Hd Jumvaddwaf  HONVIS

(S9TBIIAT DB $)OYIBIQ I UAALE SINBA) SUOHB)S JUIIAPIP JB syajowesed |BIIWAYI-00jsAyd IWwos Ul SUONEBUBA | ATHV]L



VIJAYALAKSHMI R, NAIR e al. 229

TasLe 11 Variations in the distribution of chlorophyll _and phacophytin at various stations on 16-10-84

Station Time Depth Ch(f:;o/‘;l;ﬂ);” ‘ Plzjz,f;ﬁ,’:?:;m
S, 1500 s 3.20 2.08
S 1500 B 3.74 2.62
S, 1530 S 1.60 . 2.14
S, _ 1530 B 0.53 1.34
S 1600 S 1.60 0.27
S, 1600 B 2.46 0.53
M, 1730 S 0.53 2.46
M, 1730 B 0.53 1.7
M, 1700 S 0.48 0.27
M, ' 1700 B 1.60 0.85
M, 1630 S 0.53 . 2.83
M, 1630 B 0.53 2.84
Kio 1800 S 0.53 1.7
K, 1800 B 0.53 0.05
K. 1830 S 2.14 0.48
K. 1830 B 0.53 0.16
K, 1900 s 2.67 1.07
K. 1900 B 1.60 3.38

(st. 3 of all transects) or higher values towards the nearshore waters. The period of study
was characterised by the dominance of crustaceans as the major constituent of the zoo-
plankton community. At station 1 of all transects, chactognaths and decapods contributed
almost equal percentage while at other stations, percentage incidence of chactognaths was
generally more (Fig. 2). Fish eggs werc very common at station 3.

Zooplankton volume and population for the month of October showed a fluctuation
of 27.2 to 734.5 ml/{00m3 (av. 28375 ml;100m3) and 2333 to 25802/100 m3 (av. 18042/100m3)
respectively. The recorded biomass, quite unusual for any oceanic environment, was due
to the congregations of salps, Pegea confoederata (Fig.2). The collection included free
swimming solitary forms as well as aggregate forms, some forming chains. Eventhough
numerically copepods became dominant, on rarc occasions, invariably salps contributed
more than 909 of the total standing stock of zooplankton. The population density of salps
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Tasie 111 Variation in the distribution of chlorophyll @ and phaeophytin at various stations on 18-11-84

Chlorophylla . Pkaeophytin
Station Time Depth (mgim®) (mg/m®)
S, 1000 S 0.53 0.21
S, 1000 B 0.02 0.04
S: 1030 S 0.07 0.14
Se 1030 B 0.03 0.05
Sa 1100 S 0.03 0.04
Sa 1100 B 0.10 0.02
M, 1230 S 0.10 0.01
My 1230 B 0.03 0.06
M, 1200. S 0.04 0.91
M, 1200 B 0.03 0.01
Mg 1130 S 0.14 0.13
My 1130 B 0.03 0.02
K. 1300 S 0.03 0.06
K, - 1300 B 0.03 0.04
K. 1330 S 0.02 0.08
K. 1330 B 0.02 0.01
Ks 1400 s 0.17 0.04
Ka 1400 B 0.17 0.70

reached its peak during October. To cvaluate their distribution in the vertical realm, samples
were collccted by vertical hauls. The results indicated their uniform distribution in the
entirc water column. Offshore sampling from a depth range of 35-40 m was aiso done to
confirm that the entire area was covered by these gelatinous organisms. These
organisms were quite big and many of them reached a size of 5-7 cm long weighing about
5.5to 6 g. The contribution of salps was relatively more towards the ncarshore stations.

In November, the standing stock of zooplankton (4.88-29.27 mlj100 m3) showed an
increasing trend towards offshore and copepods became the dominant group. The average
biomass and population were respectively 12.19 ml/ 100m3 and 25217/ 100m3. The entire
population of salp disappeared from stations 1 and 2 of all transects with marginal represent-
ation of the group along the offshore stations (St. 3).
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TasLe IV Quantitative distribution of phytoplankton, zoopiankton and henthos at Sutrapada
transect during 1984 - 85 '

Phyroplankton Zooplankton " Benthos
Station Population —-- - —
Biomass Population B Pop
(no x 1041) (ml{100 m*) (n0/100 n*)  (g/m?) (nofm?)
MAY 1984
S, 1.00 6.94 10533 — —
S, 1.80 4.17 7444 3.597 6480
S; 1.52 4.17 4781 2.647 6492

OCTOBER 1984

Sy — 480.52 22325 — —
S — 697.88 36528 — —
S, — 439.68 19206 1.834 5112

NOVEMBER 1984

Sy 1.60 9.76 17013 — —
S. 1.20 14.63 31507 33.347 14976
hH 1.72 17.07 39532 9.189 8712

FEBRUARY 1985

Sy 1.16 4.21 7840 -
S, 1.28 4.45 11764 1.553 2664
Ss 1.28 7.84 96945 23.863 10464

Zooplankton biomass was low during February (2.91-11.3¢ ml;/100 m3, av. 6.04 ml}
100 m3) and the pattern of distribution becamc irregular along the threc transects. On the
otherhand, zooplankton population density was quite high (av. 442]4,/]00m3) and copepods
formed thc major constiutent of zooplankton community during this period. Then con-
tribution of chactognaths became high and the percentage incidence varied from 7 to 49.6.

The standing stock of zooplankton did not indicate a very rich potential of the area.
The reported zooplankton biomass values are higher than that reported off Veraval (10BC,
1568) but comparable with the available data for the coastal waters of Gujarat (Nairet al..
1978). The trend in the pattern of distribution of zooplankton along the three transects is
comparable. Eventhough biomass of zooplankton was more during October, the obscrved
population maxima were in  February. The swarming of, gelatinous organisms during
October could be a recurring phenomenon.  For confirming this a scries of collections were
made during the first week of September 1985 and it was found that the entire area had been
dominated by salps.
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TABLE V. Quantitative distribution of phytoplankton, zooplankton and benthos at the
middle transect during 1984 - 85

. ’ Phyt?pl'ankton Zooplankton Benthos
Station population
Biomass Population Biomass Population
(0. x 10/¢1) (ml]100 m3) (no/100 m3)  (gjm?) (rolm?)
) MAY 1984

M, 1.64 2.78 4550 — —
M, 0.96 3.47 6944 — —
M; 1.48 5.56 4694 3.983 - 8450

OCTOBER 1984

M, —_ 76.01 2452 — —
M, — 212.63 13104 —_ —
M. — 220.74 8005 8.367 23844

NOVEMBER 1984

M, I.64 7.32 26727 — -
M, 1.68 9.76 34961 . 0.539 2112
M, 2.09 9.79 33732 7.966 © 13920

FEBRUARY 198§

M, 2.36 . 3.06 16506 — —
M. 1.28 11.34 90614 13.622 14995
M, 1.84 8.57 72488 220.288 11208

Substratum

The substratum was almost rocky at a depth of 8 to 10m at stations S;, M; and K.
At s*ations S, M, and K, mostly arocky bottom with an intermittent clayey silt deposit
was encountered at a depth of 15 to 18 m. Invariably a clayey silt bottom prevailed at all
the transects at depths beyond 22 m (stations s3, M3 and K3).

Organic matter in sediment

The mean percentage of organic matter in sediment showed an increasing trend from
May (2.12%) to November (3.21%) indicating a significant rise during postmonsoon
(Table 1), The mean percentages of organic matter for the transects S, M and K. were 2.60,
2.96 and 2.76 respectively. The observed mean percentage of organic matter for the area
studied was 2,77. The results are comparable with available data on the organic content
in the nearshore coastal sediments of the North-west coast of India (Parulekar et al., 1976,

Yarshney, 1982).
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‘TaBte VI Quantitative distribution of phytoplankton, zooplankton and beathos at
Kadwar transect during 1984 - 85

Phytoplankton . Zooplankton T Benthos

Station ' population Biomass Population Biomass Population
(no x104D) (mlj100 mS) (n0/10 0 »®) - (g/m?) (no/m®)
MAY 1984
K, 2.00 4.86 2633 — -
K, 1.36 8.33 17267 - 6.568 - 14232
Ks : 1.52 3.47 13633 4.721 7752

OCTOBER 1984

K - 65.54 6880 — -
K, — 182.47 © 6504 - —
K — 107.77 10444 12.837 39816

NOVEMBER 1984

K 2.40 4.88 7093 — —

K, 3.60 7.32 17078 0.567 1176
Ks 1.00 29.27 19312 5.328 20232

FEBRUARY 1985

K, 1.56 6.49 29735 — —
Ka 2.00 2.91 24509 861.632 10772
K; 1.96 4.55 37527 91.726 25752

Subtidal macrofaunal population and biomass

Sutrapada transect (stations S & §3): Generally, the faunal counts and bimass of the
stations 8, and S, were comparable (Tables IV-VI, Fig. 3). Relatively higher population
counts and biomass were observed during November at station S,, whereas the same
were noticed during February at station S;. Mean population density of 7867/mjy and
biomass of 11.1 g/m, were recorded at this transect.

Middle transect (stations M, & M;): Station M, sustained higher population and
biomass than station M,. At station M, the highest population count was encountered
during October whereas the highest biomass was obtained during February. At station
M, the peak population density and biomass were recorded during February. On an
average, the middle transect recorded a population of 11455/m, and biomass of 33.6 g/m,
of subtidal macrobenthos. As compared to Sutrapada transect, the middle transect
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sustained higher macrofaunal density and biomass of the order of 1.5 and 3 times more
than the former respectively.

Kedwar transect (stations Ky & K3): At station K3, the highest population count was
recorded during October whereas the same was observed during May at station K5 By
the highest biomass for both stations werc obtained during February. However, the
recorded mean biomass value was much higher forstat'on K; than station K; although the
latter sustained the highest mean population. The obtained mean population and biomass
for this transcct were [8239/m2 and 159.1 g/m? respectively. In general, the Kadwar
transect sustained higher biomass of the order of 14 and 4 times more than the Sutrapada
and Middle transects respectively. Similarly, in terms of population density it sustained
of the order of 2 and 1.5 times more counts than the transects S and M respectively.

The highest mean population and biomass of subtidal macrobenthos for the study
area were noticed during October and February respectively. Similarly, the lowest mean
population and biomass werc obtained during May. In general, the arca sustained a rich
subtidal macrofauna in terms of population density (mean: 13609/m3) and biomass (mean:
55.9 g/m?).

Faunal composition

The different subtidal macrofaunal groups encountered in the order of abundance at
the study area were foraminiferans, polychaetes, crustaceans, molluscs. sipunculids, echi-
uroids and miscellaneous groups. The last mentioned group chiefly consisted of echinod-
erms, turbellarians, nemertines, polyzoans and fish larvae. The details of the above
mentioned faunal groups are as follows:

Foraminiferans: Foraminiferans formed a single large group in terms of numerical abun-
dance (92.45%) of the subtidal macrofauna. They prevailed 1009 in samples collected
from various stations during different periods. Transect wise, an increasing trend in their
abundance in terms of population as well as biomass was noticed from Sutrapada to Kadwar
transect. The highest mean population (19834/m3) and biomass (4.8 g/m?) were encoun-
tered at Kadwar transcct.

Polychaetes: Polychaetes formed the second largest group in terms of numerical abundance.
Their percentage of prevalence was 100. They accounted for 4.729 of the total macro-
fauna studicd. In general, polychactes contributed 456/m2 and 1.1 g/m? in terms of mecan
population and biomass of the total subtidal macrofauna respectively. Transect-wise
polychaetes were relatively higher in number at Kadwar transcct as compared to Sutrapada
and Middle transects.

Crustaceans: The distribution of crustaceans in terms of station wise as well as month wise
was discontinuous.  Their percentage of prevalence was 75. Crustaceans were more
frequently recorded at Sutrapada transect as compared to the rest of the transects.

Molluscs: Like crustaccans molluscs also revealed discontinuous distribution in the area
of study. They were mostly encountered at Sutrapada and Kadwar transcets. In general,
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Kadwar transect recorded higher mean population counts and biomass of the three transects.
Overall, molluscs contributed a mean petcentage of 1.58% of the total subtidal macro-t
fauna in the area studied.

Sipundz[ids: Sipunculids prevailed in 100% of the samp'es. They were numerically
more abundant during premonsoon as compared to postmonsoon period. They varied
from 0.08 to 1.809% (av. 0.67%) of the tota’ macrofauna.

Echiuroids: Echiutoids were encountered in the samples only during February. They
were recorded from all the three transects. Middle transect accounted for higher mean
population count (608/m?) and biomass (112.3 g/m?) than the other two transects.

Miscellaneous group: The miscellancous group accounted for a mean percentage of 0.32
of the total subtidal macrofauna. They contributed a population count of 9 to 168/m? and
biomass of 0.3 to 4.1 g/m?.

The substratum plays a major role in deciding the faunal distribution in different
environments (Parulekar, 1973). The difference in benthic biomass and population
values between various transects can be attributed to the difference in the subatratum rather
than the observed physico-chemical parameters (Table I). The findings agree with biomass
values and macrofaunal composition of the earlier report along the nearshore regions off
Southern Saurashtra (Parulekar & Wagh, 1975). Since the type of substratum plays a
major role in the distribution of benthic fauna, the difference in depth at an order of 5 to
10 m did not indicate any consistcnt relationship either with biomass or population count.

Fishery: Bottom trawling was done off Su‘rapada using a fish and shrimp trawl.
Trawling gave a catch rate of 30 kg/h. Prawns the single major catch (35%) followed by
crabs (11.7%), sole (10%), sciaenids (109;), and lobsters (6.7%), Squilla (5%), squids
(5%), ribbonfish (2.5%), eels, perch, anchovy were also present (14 %). o

The Gujarat coast is well known for its fishery for Bombay duck, prawns, pomfrets
and sciaenids. Gujarat ranks fourth in marine fish landing among all the statcs and the
total contribution amounts to 2, 90, 708 tonnes/year for the period 1984-85. Prawns in the
present trawl catch belonged to Metapenaeus affinis, M. monoceros and Parapenaeopsis
stylifera. Lobster was represented by Panulirus homarus. Cynoglossus macrolepidotus,
Jonius dussumieri, Otolithus argenteus, Trichiurus savala, Lactarius lactarius, Coilia dussu-
mieri, Polynemus heptaductylus and Muraenesox talabonoides were the common fishes found

in the region.

In the overall analysis, the distribution of benthic biomass and phytoplankton count
showed an increasing trend from Sutrapada to Kadwar village. In a similar way no such’
clear cut rclationship could be brought out between benthos and zooplankton. An earlier
finding (Humphrey, 1972) established a corrclation between the higher benthic biomass
and higher primary production in the coastal waters along the Northwest coast of India.

The phytoplankton maintained an almost steady population during the different
periods of investigation. The area harbours diverse zooplankton fauna except during
October when the gelatinous organisms completely dominated the environment and this
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coincides with the peak fishing season. The rich subtidal macrofaunal population also
suggests the high fertility of the coastal arcas off Sutrapada. Eventhough the fishery data
obtained was for the lean period, the information showed the incidence of economically
important species of prawns, sciacnids and clupeids, suggesting the good biological production
potential of the area. The present study on the biological characteristics off Sutrapada
. will serve as a bascline information for the future environmental monitoring and coastal
management programmes of this region. Any industrial establishment coming along the
coast of Veraval should take necessary measures to maintain the ecosystem without much

disturbance.
ACKNOWLEDGEMENT

The authors are thankful 1o the Director, NIO and Scientist-in-Charge, R.C. of NIO,
Bombay for providing facilities.

REFERENCES

Humphrey, G.F. 1972, Brunn Memorial Lecture.  I0C Tech. Ser., 10 : 1.

IOBC, 1968. Maps on total zooplankton biomass in the Arabian Sea and Bay of Bengal. [IOE Plankton
Atlas. 1(Fasc. i), N1O, CSIR, New Delhi.

Nair, V.R., Peter, G. & Paulinose, V.T. 1978. Zooplankton studies in the Indian Ocean II. From A1abian
Sea during the postmonsoon period. Makhasagar -- Bull. natn. Inst. Oceanogr., 11 : 35-43.

Parulekar, A.H. 1973. Quantitative distribution of benthic fauna on the inner shelf of ccotral west coast
of India. Indian J. mar. Sci., 2 : 113-115.

Parulekar, A.H. & Wagh, A.B. 1975. Quantitative studies on benthic macrofauna of North Eastern
Arabian sea shelf. Indian J. mar . Sci., 4 : 174-176.

Patulekar, A.H., Nair, S.A., Harkantra, S.A. & Ansari, Z.A. 1976. Somc gquantitative studies on the
benthos off Bombay. Mahasagar - Bull. nam. Inst. Oceanogr., 9 : 51-56.

Varshney, PK 1982. Bilological productivity of polluted and unpolluted cnvironments of Bombay. Ph.D.
Thesis. Bomabay University.



