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ABSTRACT

The faunal composition, population density, biomass, volume of benthos in re-
lation to sediment, depth range and lat.-long squares off Visakhapatnam were
studied. The population density varied from 112 m2to 6656 m2with an average
of 1712 m? (£1311.88). Biomass ranged between 0.72g m2and 42.84g m2with
an average of 13.43g m? (+ 9.85). Volume, on the other hand, ranged from 2.81
ml m2to 54.77 ml m2with an average of 19.76 ml m (+13.55). Polychaeta (63
%) was the dominant group of fauna followed by Amphipoda (17 %). Various
indices of spatial pattern, richness, diversity, association etc. have been worked

out.

Introduction

The bottom fauna or benthos form
an important link in the food web in sea.
Bottom dwelling fishes and crustaceans
feed mainly on the benthic organisms.
Hence the abundance of benthic fauna is
a major factor deciding the demersal fish-
ery potential of a given region of sea.
Therefore, study of the qualitative and
guantitative aspects of benthos is very
important in applied fisheries research.

Studies on benthos of seas and estu-
aries of India have a history of more than
five decades. Samuel (1944) who de-
scribed the animal communities of the
sea bottom off Madras is credited to be
the initiator of benthic studies in India.
Along the east coast of India, many work-
ers studied the benthos of estuaries
(Chandran et al., 1982), river mouths
(Ansari et al., 1982), and Kakinada Bay

environment (Radhakrishna and
Ganapati, 1969; Bhavanarayana, 1975
and Raut, 1997). Ganapati and Rao
(1959), Sokolova and Pasternak (1964),
Neyman et al. (1973), Rodrigues et al.
(1982) and Harkantra et al. (1982) made
studies covering a wider area of the Bay
of Bengal and east coast of India.
Parulekar et al. (1982) attempted to as-
sess the demersal fishery resource poten-
tial of Indian seas based on benthic pro-
duction.

Studies related to benthos in and
around Visakhapatnam were conducted
earlier by Radhakrishna (1964),
Ganapati and Raman (1976), Raman
(1980) and Subba Rao and Venkateswara
Rao (1980). An attempt to study the
benthos off Visakhapatnam in relation to
the demersal fisheries was made by
Sudarsan (1983). Adiseshasai (1992)
made a time-scale study on the littoral
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macrobenthos off Visakhapatnam from sediment temperature was recorded im-
fixed transects. However, most of this mediately after the grab was taken
information is available in ‘gray litera- onboard. A sub-sample of the sediment
ture’. There were no serious attempts to  was removed and percentage composition
study the benthic fauna and food habits  of major components, namely sand, silt
of demersal fishes simultaneously. The and clay were estimated as per the pro-
present paper is a part of the study con-  cedure given by Krumbein and Pettijohn
ducted to assess the qualitative and quan-  (1938). The sediment sample was emp-
titative aspects of benthic fauna in rela- tied into a bucket and then washed
tion to the food of demersal fishes off through a series of three sieves of mesh
Visakhapatnam. sizes 4000 um (BSS-4), 1000 um (BSS-
16) and 500 um (BSS-30) in that order.
The benthic organisms retained in each
Sampling was carried out onboard sieve were collected in three different
the Institute’s research vessel R vV  bottles and preserved with 10 percent
Cadalmin V during October 1987 to No- formalin. A few drops of Rose Bengal
vember 1989. Fifty-seven samples were  stain (1:500) were added to this sample
taken between latitudes 17°.15' and 17° to facilitate sorting of the organisms from
44’ N in the depth range of 22 to 55 m  other components of the soil. The benthic
(Fig.1). The methodology of collection, macrofauna were isolated and collected
preservation and analysis of benthos is in a dish. The wet weight of the segre-
as detailed by Holme (1964) and Birket gated organisms was measured to the
nearest milligram after

| w1° o { NE removing the moisture
“1 | using a filter paper. A

conversion factor was
worked out averaging
dry weights of six pre-
weighed wet samples
| L dried at about 90° C till
¢| constant weight. Dis-
BAMINRKTNANC oL placement volume of to-

tal of organisms in each
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to the nearest 0.1 ml.
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Fig. 1. Map showing location of sampling stations. The stations were
categorized based on

and Mcintyre (1971). A Petersen grab  three factors and the distribution of dif-

with sampling area of 0.07 m* was used  ferent animal groups as well as various
for collection of benthic samples. The indices was worked out. Under the first
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categorization, stations falling within
each of the 12 sequentially numbered 10’
(minutes) latitude-longitude squares
were grouped together to assess the av-
erages for the respective squares. Simi-
larly stations were categorized according
to depth range and also based on sedi-
ment character in order to study the pat-
tern and abundance of distribution of
fauna influenced by these factors. The
different indices of spatial pattern, rich-
ness, evenness, diversity and association
were worked out as detailed in Ludwig
and Reynolds (1988). Index of affinity
(trellis diagram method) was worked out
as detailed in Wieser (1960) and Sand-
ers (1960).

Results and discussion
Sediment characteristics

The sediment characteristics showed
a general transition from sand through
silt to clay as the depth increased. How-
ever, some deviations in this general ten-
dency were observed at few stations.
While the percentage of sand showed a
significant negative relation with depth,
that of clay showed a significant positive
relation. The silt component showed an
increasing trend with depth, though not
as significant as the sand or clay. Linear
regression of percentage of the three
major sediment components on depth
gave the following regression lines.

Sand (%) = 104.0602—1.811190
Depth (r2 =0.64332, P <0.001)

Silt (%)= 7.408315 + 0.813507
Depth (r? =0.31818, P <0.001)

Clay (%) =-12.90580 +1.000940
Depth (r? =0.54001, P <0.001)

Sudarsan (1983) also observed such
general progression of sand to clay with
increasing depth. Noticing similar
anomalies in the general pattern, he sug-
gested that the frequent dredging opera-
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tions being done in these areas are re-
sponsible for those deviations.

Size composition of the fauna

A set of three sieves mentioned ear-
lier were used to study the size composi-
tion of the faunal groups. The percent-
age of volume and biomass retained was
maximum in sieve No.16 whereas, the
percentage of number of animals was
maximum in sieve No. 30 (Fig. 2a). Out
of the more than 40 different animal
groups identified, sieve No.4 retained 16
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Fig. 2a. Percentage of population biomass and
volume retained in different size
sieves.

groups while 35 and 30 different animal
groups were retained in sieves No0s.16
and 30 respectively. Cirripidea (Barna-
cles) and Alima larvae were present only
in sieve No.4. Penaeid prawns, fish lar-
vae, Anomura (hermit crab), eel larva,
Hydrozoa, Scyphozoa and Megalopa lar-
vae were retained only in sieve No.16.
Foraminifera, Pteropoda, Pycnogonida,
oyster spat and Isopoda were observed
only in sieve No0.30. The other groups
were present in either two or three of the
sieves. The percentage of some selected
animal groups retained in the three dif-
ferent sieves is depicted in Fig. 2b.

Similar to the situation encountered
by Sanders (1956 and 1960) earlier, the
larger animals are less abundant than
smaller ones and the presence of rare ran-
domly distributed large animals effec-
tively determine the biomass (and vol-
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Fig. 2b. Percentage of number of different ani-

mal groups retained in different size
sieves.

ume) of the sample. Therefore, as Sand-
ers (1960) had pointed out, the number
of animals could be a more reliable meas-
urement than biomass (and volume). The
number of groups retained in the 4000um
mesh sieve more than doubled as the
mesh size decreased to 1000um and
slightly decreased in the 500um. The dis-
tribution of number of animal taxa over
the size range could have been clearer if
more sieves were used and the animals
were identified up to species level.

Faunal composition and prevalence

The benthic fauna showed great di-
versity even at the group level, with more
than forty different groups. Polychaetes
were the most dominant group of the
benthic fauna accounting for an average
62.5 % of the total population followed
by Amphipods with an average of 17 %.
Tunicates (4.8 %), Copepoda (1.5 %),
Cephalochordata (1.4 %), Caridean
prawns (1.3 %), Bivalvia (1.3 %),
Tanaidacea (1.2 %), Cumacea (1.0 %),
Foraminifera (1.0 %), Ophiuroidea (0.9
%), Gastropoda (0.7 %) and Isopoda (0.5
%), Brachyuran crabs (0.5 %) were the
other important groups which individu-
ally contributed to > 0.5 % of the total
population. The remaining 6.0 percent of
the population was constituted by
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Sipuncula, Callinassidae, Penaeidae,
Nematoda, Asteroidea, Anomuran crabs,
Pteropoda, Solenogasters, Pycnogonida,
Stomatopoda, Mysidacea, Bryozoa, Hy-
drozoa, Anthozoa, Scyphozoa,
Sergestidae, Scapopoda, Ostracoda, Echi-
noidea, Echiurida fish and crustacean
larvae, eggs and a few unidentified or-
ganisms. Megalopa, Zoea and Alima were
the important crustacean larvae.
Tunicates (Doliolidae and Salpidae) were
present in unusual numbers in two of the
four samples, thus claiming a significant
share of the total population. Details of
the average number of different organ-
isms, their percentage, prevalence, and
spatial pattern indices are given in Ta-
ble 1.

Both Polychaeta and Amphipoda re-
corded the maximum prevalence of 98 %
each. Caridea (60 %), Bivalvia (55 %),
Tanaidacea (51 %), Ophiuroidea (44 %)
Brachyura (42 %) Copepoda (42 %),
Cumacea (40 %) Sipuncula (33 %) and
Gastropoda (28 %) were the other impor-
tant groups prevalent in more than 25 %
of the samples. Tunicates, which repre-
sented about 5 % of the total population,
had a low prevalence of about 7 %, indi-
cating its sporadic occurrence. Thus
prevalence can be used as a check for
misleading figures of percentage, caused
by occurrence of any animal group in
large numbers in one or two samples.

Among the Polychaeta, representa-
tives of the families Spionidae,
Capitellidae, Terebellidae, Nephtyidae,
Eunicidae, Cirratulidae, Ampharetidae,
Nereidae, Sternapsidae, Syllidae,
Serpulidae, Sabellidae, Aphroditidae
Amphinomidae, Phyllodocidae,
Hesionidae, Spionidae, Magelonidae,
Orbiniidae, Paraonidae, Maldanidae,
Flabelligeridae and, Opheliidae were no-
ticeable. Among the Amphipods, mem-
bers of the families Hyperiidae,
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TasLE 1. The Average density (no m), Percentage, Prevalence, Index of Dispersion (ID), Green
Index (GI) and Morisita’ Index (1) of different benthic animal groups off Visakhapatnam.

Animal Group Average Percentage Prevalence  Indx Disp Green Indx  Morisita-l,
Foraminifera 17.23 1.01 20 174.59 0.18 11.09
Hydrozoa 0.49 0.03 4 13.75 0.47 27.95
Scyphozoa 0.25 0.01 2 14 1 58.08
Anthozoa 3.93 0.23 16 35.19 0.15 9.74
Nematoda 3.05 0.18 18 16.24 0.09 6.03
Chaetognatha 5.67 0.33 11 80.61 0.25 15.09
Bryozoa 0.25 0.01 2 14 1 58.08
Solenogasters 1.96 0.11 9 22.94 0.2 12.27
Gastropoda 12.05 0.7 28 226.73 0.33 19.76
Pteropoda 0.74 0.04 5 13.5 0.3 18.4
Scaphopoda 0.49 0.03 2 28 1 58.04
Bivalvia 22.47 1.31 55 43.47 0.03 2.89
Polychaeta 1070.61 62.51 98 791.01 0.01 1.74
Sipuncula 11.33 0.66 33 51.99 0.08 5.51
Echiurida 4.67 0.27 12 74 0.28 16.71
Pycnogonida 0.74 0.04 5 135 0.3 18.4
Ostracoda 1.23 0.07 9 13 0.17 10.93
Copepoda 25.63 15 42 501.53 0.34 20.54
Cirripedia 0.25 0.01 2 14 1 58.08
Stomatopoda 1.47 0.09 11 12.75 0.14 9.08
Cumacea 16.88 0.99 40 50 0.05 3.91
Tanaidacea 20.19 1.18 51 36.39 0.03 2.76
Isopoda 7.96 0.47 19 46.71 0.11 6.75
Amphipoda 290.74 16.98 98 303.42 0.02 2.04
Mysidacea 5.4 0.32 18 37.25 0.12 7.73
Penaeidae 0.98 0.06 4 34.62 0.61 35.87
Sergestidae 3.68 0.22 11 58 0.27 16.55
Caridea 21.72 1.27 60 22.85 0.02 2.01
Anomura 0.74 0.04 4 23 0.54 31.61
Callianassidae 1.47 0.09 9 17.5 0.2 12.34
Brachyura 9.33 0.54 42 18.25 0.03 2.85
Echinoidea 5.16 0.3 16 67.36 0.23 13.91
Asteroidea 1.47 0.09 9 17.5 0.2 12.34
Ophiuroidea 15.63 0.91 44 34.76 0.04 3.16
Tunicates 82.3 4.81 7 3929.66 0.84 48.75
Cephalochordata  23.58 1.38 18 362.1 0.27 16.33
Eggs 2.89 0.17 9 42.59 0.25 15.46
Crustacean larvae 3.44 0.2 22 14.82 0.07 5.045
Fish larvae 1.72 0.1 11 16.57 0.16 10.16
Unidentified organisms 12.6 0.74 13 422.85 0.59 34.54

Ampeliscidae, Aoridae, Corophiidae,
Gammaridae, Haustoriidae, Lilljbori-
giidae, Oedicerotidae, Photidae,
Phoxocephalidae, Podoceridae and
Caperellidae could be identified.

Earlier workers (Harkantra et al.,
1982, Sudarsan, 1983) observed the domi-

nation of Polychaeta and Amphipoda in
the fauna. However, the relative abun-
dance of these groups were different. The
percentages of Polychaeta and
Amphipoda observed by Harkantraet al.
(1982) were 68 and 7 % respectively,
whereas Sudarsan recorded 39.14 %



K. Vijayakumaran

Polychaeta, 32.15 % Amphipoda and 8 %
Pelicypoda from this area. The preva-
lence of Polychaeta (77 %), Amphipoda
(29 %), Bivalvia (24 %), Alpheidae and
Ophiuroidea (9 % each) that was reported
by Harkantra et al. (1982) was much dif-
ferent from those in the present study.
The sampling area in the present study
being a only a subset of former’s study
area, variations in the abundance and
spatial patterns are likely to occur due
to clubbing of stations from various depth
and locations.

Spatial Pattern

Three indices of spatial pattern were
calculated for each animal group for un-
derstanding their distribution in space
(Table 1). The choice of Index of Disper-
sion (ID) was used as a statistical test for
assessing the agreement of the data to
the Poisson series and Green Index (GI)
was used as a reliable measure of clump-
ing useful for comparison. Morisitas’ In-
dex (1,) was chosen as a reliable Index of
Patchiness, unaffected by changes in den-
sity due to random thinning.

In the case of Index of Dispersion
(ID), the highest values were recorded by
Tunicates, followed by Polychaeta, Cope-
poda, Cephalochordata, Amphipoda, Gas-
tropoda and Foraminifera in the decreas-
ing order. Green Index (GI) was highest
(maximum 1) for animals represented in
only one sample. Naturally the lowest Gl
was obtained for Polychaeta (0.01) fol-
lowed by Amphipoda (0.02), Caridea
(0.02), Brachyura (0.03), Bivalvia (0.03),
Cumacea (0.05) and Tanaidacea (0.05),
in increasing order. Morisita’s Index (1),
on the other hand, was lowest for
Polychaeta, (1.96) followed by Caridea
(2.01), Amphipoda (2.05), Tanaidacea
(2.76), Brachyura (2.85), Bivalvia (2.94),
Cumacea (3.91) and Ophiuroidea (3.16)
in the increasing order.

Index of Dispersion (ID) varies be-
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tween 0 for maximum uniformity
through 1 for randomness and ‘n’, the
total number of individuals in sample, for
maximum clumping. Green index (Gl) on
the other hand, assumes value —n/(n-1)
for maximum uniformity, O for random-
ness and 1 for maximum clumping
(Ludwig and Reynolds, 1988). The high
values of ID and low values of GI for most
of the faunal groups indicated their
clumping pattern of distribution. Inci-
dentally the ‘d’ statistic calculated for
different groups were all greater (27.253
>d < 653.912) than the critical value 1.96.
Therefore, the distribution of none of the
animal groups followed a Poisson series.

Density, biomass and volume

The density of benthic population
showed wide variation from 112 m?2at St.
4 10 6656 m2at St. 48 with an average of
1712 (+£1311.88) for the entire study area
(Fig.3a). Biomass ranged between 0.72g
m=2at St. 4 and 42.84g m2at St. 48 with
an average of 13.43g m? (+ 9.85) in the
study area (Fig.3b). Volume on the other
hand varied between 2.81 ml m2at St.
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Fig. 3a. Distribution of benthic population in
different lat.-long. squares off
Visakhapatnam.



Benthos in the nearshore waters

s:°[o' 82| o

(b) /+“ o

L e ®

Q|o
Q

BHIMUNIPATNAMS/ -

VISAKHAPATNAM ©B A/

T / BIOMASS (g/m?)

I < 3

w1 Y 10-15 7
CIIPR BH > s o

I
83%0" A B C 0 E F 840
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52 and 54.77 ml m2at St. 48 with an av-
erage of 19.76 ml m2 (+13.55).

The average population density of
1712 m2 is significantly higher than the
average of 931 m2 derived from
Harkantra et al. (1982) for region up to
60m depth. However, in spite of the dif-
ference in the sampling locations, the
average (wet weight) biomass of 13.79 g
m-2 up to 60 m depth in the former study
is very close to the present finding of
13.43g m2. The difference in mean den-
sity is probably due to unusual abun-
dance of certain groups in a few samples,
which incidentally contributed little to
the biomass, in the present study.

The wet weight biomass of 13.43g m-
2when converted into to dry weight at an
average rate of 0.18 would yield average
standing crop of 2.42g m2. This in turn
would yield an annual production of 4.84g
m-2yr!(Sanders, 1956). Assuming a con-
servative ecological efficiency of 10 %
(Slobdokin, 1962, Damodaran, 1973), the
organic carbon equivalent of 48.4 g C m=2
yrtis expected to be produced in theses
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waters. Vijayakumaran et al. (1996) es-
timated an average primary surface pro-
duction of 26.96mg C m= d* for the
present study area for more or less same
period. Added to the column production
and production by benthic diatoms and
microbes, this level of primary produc-
tion would be sufficient to sustain the
benthic production estimated in the
present study.

Faunal distribution in relation to
sediments

Sandy sediments had the lowest av-
erage population density of 402 m? (Ta-
ble 2). Polychaeta and Amphipoda were
represented nearly equally, accounting
for 34 and 36 % respectively of the total.
Cumacea and Cephalochordata each ac-
counted for nearly 7 % in sandy sediment
population. Silt-sand sediments had 39
% Polychaeta and 28 % Amphipoda.
Cephalochordata (6 %) Copepoda (5 %),
Gastropoda (3 %) and Bivalvia (3 %) were
the other important organisms. Sandy-
silt had 65 % Polychaeta and 24 %
Amphipoda followed by Tanaidacea (3 %),
Caridea and Ophiuroidea (2 %) and Cope-
poda (1 %).

The sandy-silt-clay sediment had the
highest average population density of
2334 m2. Polychaeta accounted for 70 %
of the fauna followed by Amphipoda (11
%), Tunicates (9 %) and several other or-
ganisms accounting for about 1 %. Clay-
silt sediment fauna had 70 % Polychaeta,
and 15 % Amphipoda. Foraminifera,
Caridea, and Copepoda each accounted
for 2 % of the population. Silt-clay had
67 % Polychaeta and 23 % Amphipoda
followed by 2 % each of Cumacea,
Tanaidacea, Caridea, and a few other
organisms. Clay-sand had 46 %
Polychaeta and 41 % Amphipoda followed
by Caridea (3 %), Ophiuroida (4 %)
Solenogaster (2 %) and a few other or-
ganisms accounting for 1 %.
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TasLE 2. Faunal distribution in different types of sediments off Visakhapatnam

ANIMAL SAND SILT-SAND SAND- SILT SAND-SILT- CLAY-SILT SILT- CLAY CLAY-

GROUP CLAY SAND
Ave (%) Ave (%) Ave (%) Ave (%) Ave (%) Ave (%) Ave (%)

Foraminifera 4.31(0.3) 29.32(1.3)  24.27(24)  2.8(0.2)

Hydrozoa 1.08(0.1) 0.64

Scyphozoa 4.67(1.2)

Anthozoa 4.67(1.2) 7.54(0.5) 5.09(0.2)

Nematoda 4(0.3) 3(0.2) 2.55(0.2) 5.6(0.3)

Chaetognatha 19(1.2) 6.91(0.7)

Bryozoa 4.67(1.2)

Solenogasters 5.09(0.5) 5.6(0.3) 28(1.8)

Gastropoda  4.67(1.2) 37.77(25)  7(0.4) 5.09(0.2) 5.09

Pteropoda 1.077(0.2) 0.64 14(0.9

Scaphopoda 2.15(0.1)

Bivalvia 467(12)  39.54(26) 7(0.4) 27.86(1.2)  10.18(1.0)  2.8(0.2)

Polychaeta ~ 135.7(33.7) 600(39.2)  1022.59(65.1) 1659.36(71.1) 719.91(70.3) 1123.6(65.5) 730(45.6)

Sipuncula 7.54(0.5) 19.73(0.8)  9.09(0.9) 14(0.9)

Echiurida 9.69(0.6) 2.55(0.1) 16.8(1)

Pycnogonida 1.08(0.1) 1.27(0.1)

Ostracoda 467(1.2)  3.23(0.2) 0.64

Copepoda 467(12)  72.38(4.7) (0.9) 10.64(05)  15.81(1.5)  11.2(0.7) 14(0.9)

Cirripedia 0.64

Stomatopoda 2.15(0.1) 1.91(0.1) 2.8(0.2)

Cumacea 28(7) 18(1.2) 14(0.9) 19.09(0.8)  5.09(0.5) 28(1.7)

Tanaidacea 22.38(1.5) 49(3.) 22.55(1) 12.73(1.2)  25.2(1.5)

Isopoda 9.33(2.3)  19.85(1.3) 5.73(0.2) 1.27(0.1) 5.6(0.3)

Amphipoda  145(36.1)  430.31(28.1) 373(23.8) 253.36(10.9) 149(14.5) 384.8(22.8) 660(41.3)

Mysidacea 8.62(0.6) 5.09(0.2) 7.64(0.7)

Penaeidae 1.08(0.1) 1.91(0.1)

Sergestidae  4.67(1.2) 10.77(0.7) 1.27(0.1) 5.6(0.3)

Caridea 16.62(1.1)  38(2.4) 26.64(11)  16.18(1.6)  28(1.7) 42(2.6)

Anomura 1.08(0.1) 1.27(0.1)

Callianassidae 1.91(0.1) 8.4(0.5)

Brachyura 11.85(0.8)  7(0.4) 10.82(0.5)  3.81(0.4) 14(0.8) 14(0.9)

Echinoidea  4.67(12)  17.23(1.1)  7(0.4) 1.27(0.1) 1.27(0.1)

Asteroidea 4.31(0.3) 0.64 2.8(0.2)

Ophiuroidea 15.15(1)  24(L5) 22.55(1) 7.27(0.7) 70(4.4)

Tunicates 1.08(0.1) 212.59(9.1)

Cephalochordata 28 (7) 89.38(5.8) 0.64 7.64(0.7)

Eggs 5.77(0.2) 3.45(0.3)

Crustacean larvae 14(3.5) 6.46(0.4) 7(0.4) 1.27(0.1) 8.4(0.5)

Fish larvae 1.077(0.1) 0.64 3.45(0.3) 5.6(0.3) 14(0.9)

Unidentified 42.15(2.8) 4.27(0.2) 5.64(0.6) 2.8(0.2)

Total 402 1529.92 2162 2366.36 1024.636 1690.4 1600

The relative abundance of Ophiuroida, Tanaidacea etc. in clay silt

Amphipoda, Cumacea, Cephalochordata,

etc.

in sand -silt dominated sediments

and that of Polychaeta, Caridea,

dominated sediments could be clearly
seen in the present study. This is an in-
dication of the animal-sediment relation-
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ship determined by the feeding habits of
animals and other factors. Earlier work-
ers (Sanders, 1956 and 1958; Harkantra,
1982) have observed that filter feeders
numerically dominate in sand while de-
posit feeders prefer mud.
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Faunal distribution in relation to
depth

The average population density at
different depth ranges varied between
941 m2(50-59 m) and 2043 m2 (40-49 m).
The relative abundance of Polychaeta as

TasLE 3. Distribution of benthic animals at different depth strata off Visakhapatnam

DEPTH STRATUM 20-29m 30-39m 40-49 m 50-59 m
ANIMAL GROUP Average Percent Average Percent Average Percent Average Percent
Foraminifera 10.18 0.65 28.06 1.37 21.83 1.09

Hydrozoa 1.27 0.08 0.78 0.04

Scyphozoa 1.27 0.08

Anthozoa 6.36 0.41 2.47 0.12 6.22 0.31

Nematoda 2.55 0.16 3.65 0.18 2.33 0.12 4.2 0.46
Chaetognatha 5.09 0.33 11.24 0.55 0 0 7.6 0.82
Bryozoa 1.27 0.08

Solenogasters 1.56 0.08 8.4 0.91
Gastropoda 42.09 2.7 6.59 0.32 5.44 0.27 1.4 0.15
Pteropoda 1.27 0.08 0.78 0.04 14 0.15
Scaphopoda 0 0 1.65 0.08 0 0 0 0
Bivalvia 34.36 2.21 30.06 1.47 20.22 1.01 0 0
Polychaeta 1112.09 71.44  1148.33 59.26 1209.06 60.43  635.9 68.95
Sipuncula 6.36 0.41 15.65 0.76 10.89 0.54 114 1.24
Echiurida 2.55 0.16 7.41 0.36 4.67 0.23 14 0.15
Pycnogonida 1.27 0.08 0.82 0.04 0.78 0.04 0 0
Ostracoda 2.55 0.16 2.47 0.12 0 0 0 0
Copepoda 11.45 0.74 56.18 2.74 7 0.35 21.2 2.3
Cirripedia 0.78 0.04 0 0
Stomatopoda 1.27 0.08 1.65 0.08 2.33 0.12 0 0
Cumacea 20.36 1.31 19.53 0.95 16.33 0.82 14 0.15
Tanaidacea 17.82 1.14 22.65 1.1 28 1.4 5.2 0.56
Isopoda 2.55 0.16 15.18 0.74 9.33 0.47 0 0
Amphipoda 172.09 11.05 39844 2056 31817 15.9 178 19.3
Mysidacea 6.36 0.41 6.59 0.32 5.44 0.27 14 0.15
Penaeidae 0 0 3.29 0.16 0 0 0 0
Sergestidae 2.55 0.16 8.24 0.4 2.33 0.12 0 0
Caridea 8.91 0.57 22.47 1.1 26.44 1.32 18.4 2
Anomura 1.27 0.08 1.56 0.08 0 0
Callianassidae 1.27 0.08 3.11 0.16 1.4 0.15
Brachyura 10.18 0.65 10.71 0.52 10.89 0.54 14 0.15
Echinoidea 8.91 0.57 9.88 0.48 0.79 0.04 0 0
Asteroidea 3.82 0.25 1.65 0.08 0 0 14 0.15
Ophiuroidea 5.09 0.33 20.53 1 21.56 1.08 7 0.76
Tunicates 35.73 2.3 0 0 238.78 1193 0 0
Cephalochordata  8.91 0.57 67.53 3.29 5.44 0.27 0 0
Eggs 5.22 0.26 7.1 0.77
Crustacean larvae 7.64 0.49 3.29 0.16 2.33 0.12 14 0.15
Fish larvae 0.82 0.04 3.89 0.19 14 0.15
Unidentified organisms 33.65 1.64 6 0.3 3.8 0.41
Total 1582.89 100 1898.765 100 2042.778 99.97  940.61 100
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percentage of the total fauna varied be-
tween 59 % (30-39 m) and 71 % (20-29
m). Abundance of Amphipoda, on the
other hand, varied between 11 % (20-
29m) and 21 % (30-39 m) and seemed to
compensate, at least partially, for the
decrease in number of Polychaeta at dif-
ferent depths (Table 3). Out of the more
than 40 groups of organisms identified,
33 were recorded in 20-29 m depth range
and 40-49 m depth, 30 were observed
from 30 —39 m depth and 22 were repre-
sented in 50 — 59 m depth.

Faunal distribution in Lat.-long.
Squares.

The population density and biomass
distribution in different 10’ Lat.-Long.
squares is depicted in Fig. 3aand 3b. The
lowest mean population density (382 mr
2), biomass (1.26 g m?) and volume (3.23-
ml m2) were observed at sq. Ce. The maxi-
mum average population density (3052
m-2), biomass (17.5g m?) and volume
(33.57ml m2) were observed at sq. Bc.
Nine animal groups were represented in
sg. Ab, whereas sq. Ed and sq. Ce had 11
groups each. There were 26 groups rep-
resented in sg. Cd and sq. De followed by
sg. Dc (23), Bc and Cc (22 each), and Dd
and Bb each with a representation of 20
groups.

Except in sqg. Ce, Polychaeta were
most dominant in all squares accounting
for 33.8 % (sq. De) to 78.6 % (Sqg. Ab). In
sg. Ce Polychaeta (17.4 %) was the sec-
ond dominant group while amphipods
accounted for 49.2 %. Amphipods were
the second dominant group ranging from
8.5 % (sqg. Bd) to 31.4 % (sqg. De) of the
population. Cephalochordata were a
dominant component (1.8 to 3.3 %) in sq.
Cd, Ce and De. Caridea were an impor-
tant component (1.3 to 1.8 %) in sq. Ab,
Bb, Cc, Dc and Dd. Chaetognatha were
notably present (3.5 to 12.5 %) in sqg. Ed
and Ce. Tanaidacea was present signifi-
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cantly (1.3to 1.7 %) in sq. Ab, Bb and Dc.
Tunicates accounted for 42.9 % and 2.5
% respectively in sgq. Bb and Bc.
Foraminifera were present in notable
guantities (1.3 t0 2.2 %) in sq. Ac, Bc and
Bd. Bivalves were the important group
(1.6 to 3.7 %) in sg. Ac, Cc and Ce.
Copepods were an important group in sg.
Ed (5.5 %) and sqg. De (10.4 %), whereas
the presence of Cumacea was notable in
sg. Cd (1.5 %) and sq Ce (3.3 %). Among
other important groups, Ophiuroidea (1.7
%) and Gastropoda (9.2 %) were notable
in sq. Ac, eggs (3.2 %) fish larvae (1.3 %)
were noted in sg. Ab and Sipuncula (2.2
%) was notable in sg. Bd.

Richness, diversity and evenness

In spite of the limitation with respect
to the underlying conditions, two Rich-
ness Indices namely Margalef Index (R1)
and Menhinick Index (R2) were calcu-
lated (Table 4). Itis indicated that among
the depth zones, 20-29 m was the richest
followed by 40-49 m depth zone in fauna
and 50-59 m depth zone was the poorest.
Among the sediment class, silty-sand
hosted richest fauna followed by sandy-
silty-caly, clayey-silt and silty-clay in that
order. Sand and sandy-silt were poorer
in fauna, whereas clayey-sand was the
poorest in fauna. Among the lat.-long.
squares sg. Cd and De were the richest
followed by sq. Dc, Bc and, Cc. Squares
Ed and Ce were poorer while sq. Ab was
poorest in fauna.

Diversity Indices namely Shannon'’s
Index (H’), Simpson’s Index (A) and Hill's
diversity numbers N1 and N2 were cal-
culated (Table 4). The Simpson’s Index
(A) will be nearer to 1 for low level of di-
versity and near zero for high level of di-
versity. Shannon’s Index (H’), on the
other hand, assumes value zero when
there is only one species in the sample
and assumes maximum value when all
the S species are represented by same
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TaBLE 4. Average Density, Biomass, Volume and Indices of Richness, Diversity and Evenness
arrived at for different depth strata, sediment strata and lat.-long. squares.

CLASS AVERAGES RICHNESS DIVERSITY DIVERSITY
(No. of Samples) INDICES INDICES INDICES
Density ~ Volume Biomass R1 R2 H’ A N1 N2 E4 E5
No m? mlm? gm?
Overall (57) 1712 19.76 1343 3991 3900 151 042 453 236 052 038
DEPTH STRATUM
20-29 m (11) 1683 1519 1097 3270 3299 130 052 365 190 052 034
30-39 m (18) 1899 2298 1192 2890 2899 152 040 457 149 022 015
40-49 m (18) 2042 2363 1783 3190 3199 143 041 417 247 059 046
50-59 m (10) 940 1183  6.33 2189 2198 113 051 308 194 0.63 045
SEDIMENT
Sand (3) 402 7.26 4.55 1486 1497 165 026 525 390 074 0.68
Silty-sand (13) 1530 1793 1315 3390 3399 201 024 744 414 055 048
Sandy-silt (2) 2162 2216 1120 1188 1198 1.00 048 271 207 076 0.62
Sandy-silty-clay (22) 2366 2497 1677 2791 2800 098 053 266 190 071 054
Clayey-silt (11) 1025 1419  9.90 2289 2299 098 052 265 194 073 054
Silty-clay (5) 1690 2416 1697 19.89 1999 110 049 3.01 202 067 051
Clayey-sand (1) 1600 2388 1250 986 998 123 038 344 262 076 0.67
LAT.-LONG .SQUARE
Sq. Ab (3) 990 1369 5.08 887 898 082 063 224 159 077 048
Sq. Bb (4) 2496 2236 1535 19.89 1999 141 033 411 3.08 075 0.67
Sq. Ac (4) 1073 1757 1177 1688 1698 132 044 373 227 061 0.46
Sq. Be(5) 3052 3357 1750 2190 2199 105 059 28 170 059 0.38
Sq. Ce (7) 1661 1956 1680 2189 2199 104 057 282 176 062 042
Sq. Dc (5) 1119 1594 1259 2288 2297 124 045 380 220 058 0.43
Sq. Bd (5) 1780 1228 812 1989 1999 106 060 289 165 057 035
Sq. Cd (7) 1930 2438 16.68 2589 2599 145 040 428 250 059 047
Sq. Dd (7) 1802 2478 1871 1989 1999 111 051 3.04 195 064 046
Sq. Ed (3) 716 9.12 5.76 1087 1098 125 042 349 236 067 054
Sq. Ce (3) 382 3.23 1.26 1086 1097 159 029 492 342 070 0.62
Sq. De (4) 2205 2390 1613 2589 2599 195 023 7.00 436 062 056

number of individuals. Highest diversity
was indicated in 30-39 m depth zone fol-
lowed by 40-49 m depth zone, the 20-29
m depth zone being the lowest in diver-
sity. The sandy-silt and sandy sediments
supported high diversity followed by
clayey-sand sediment. Among the lat.-
long. squares, sq. Ce and De had high
diversity and sqg. Bd the lowest.

Hill's Diversity Numbers N1 and N2
indicated the number of abundant and
very abundant species (groups here). It
could be seen that the 40-49 m and 30-39
m depth zones had more number of abun-
dant species compared to the other two

zones. Among the sediment classes, silty-
sand and sand had maximum number of
abundant species as well as very abun-
dant species. Among the lat.-long
squares, square De had maximum
number of abundant species followed by
sg. Cd, Ce and Bb. Squares Ac, Dc, and
Ed were more or less similar in number
of abundant species. Other squares had
comparatively less number of abundant
species.

Two evenness indices namely Hill's
Ratio (E4) and Modified Hill's Ratio (E5)
were calculated for different classifica-
tions (Table 4). The Modified Hill's Ratio
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(E5) approaches value zero (in contrast
E4 approaches value 1), as a single spe-
cies becomes more and more dominant.
Among the depth zones, It could be seen
that 30-39 m zone was more even and
depth zone 40-49 m was less even in
faunal distribution compared to the other
zones. Excepting perhaps silty-sand and
silty-clay, almost all types of sediments
have a high degree of uneven distribu-
tion of fauna. Among the lat.-long.
squares, distribution is more even at sq.
Bd, Bc, Cd and Dc, whereas sg. Bb, Ce
and Bb had high degree of uneven distri-
bution and other squares had moderate
unevenness.

It is obvious that the area under
study showed high diversity and great
richness with regard to fauna even at the
group level. Though all the indices pre-
sented here may not be of great signifi-
cance for interpreting the faunal abun-
dance and patterns of distribution, they
would serve for comparison when simi-
lar studies are undertaken in future in
the same area.

Association among species (groups)

Schluter’s (1984) Variance Ratio
(VR) was used to test the significance of
association among multiple species
(groups). The VR index of association was
arrived at from the presence-absence
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data and the statistic W derived was
tested for significant departure from the
expected value of ‘no association’ where
W approximates a chi-square distribu-
tion. An extremely high value of VR =
24.85582 and W = 1416.782 indicated
very close association between the faunal
groups in the study area. If the associa-
tion is not significant the value of W
should lie between 40.6465 and 75.623

(X20.05,57<W< X20.95,57)'

In order to examine the relation be-
tween abundance of one group with that
of another group, simple regression of
pairs was attempted. Ten pairs of animal
groups showed significant (p<0.01) coef-
ficient of regression. Three types of indi-
ces of association, namely Ochiai Index,
Dice Index and Jaccard Index (Ludwig
and Reynolds, 1988), worked out for those
10 pairs also indicate the degree of their
association (Table 5).

Degree of uniformity in faunal dis-
tribution

To ascertain the extent to which the
animals living in the study area repre-
sent a homogeneous population, the in-
dex of affinity was calculated for all the
possible pairs of samples as per methods
adopted by earlier workers (Sanders;
1960, Wieser; 1960; Harkantra et al.,
1982). Though the convention is to de-

TasLE 5. Regression products and three different indices relevant to the association between 10

pairs of animal groups.

Animal pair Ochiai index Dice Index Jaccard index
Polychaeta Bivalvia 0.732 0.698 0.536
Polychaeta Caridia 0.779 0.756 0.607
Amphipoda Cumacea 0.641 0.582 0.411
Amphipoda Tanaidacea 0.720 0.682 0.518
Amphipoda Copepoda 0.655 0.600 0.429
Amphipoda Isopoda 0.443 0.328 0.196
Bivalvia Brachyura 0.596 0.593 0.421
Cumacea Tunicates 0.209 0.148 0.080
Tanaidacea Caridea 0.701 0.698 0.537
Tanaidacea Tunicates 0.279 0.182 0.100
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pict the results in the form of a trellis
diagram, it was not done here due to the
likelihood of ambiguity, which might re-
sult from the large number (1624) of sam-
ple pairs. However, a simplified overall
picture is summarized in Fig. 4. The in-
dices of affinity ranged from zero (Sam-
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lished. However, there seems to be vari-
ations in the relative abundance of other
groups in different studies. This could
be due to the minor spatial differences in
sampling or temporal changes in the
population due to various environmen-
tal changes.
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Fig. 4. Frequency distribution of index of affinity between pairs
(summarized from Trellis Diagram method) of benthic sam-

pling stations off Visakhapatanm.

ple pair 14 & 51) to 100 (Sample pairs 3
& 44, 3 & 47). As obvious from the fig-
ure, more than 60 % of the station pairs
exhibited similarity in nearly 60 % of the
fauna. This is further indicated by the
average index of affinity for all stations,
which worked out to be 59.6559. Sand-
ers (1960) recorded an overall index of
affinity of 56.6 for 276 sample pairs in
his study of benthos of Buzzards Bay.
Thus it would be reasonable to assume
that the distribution of fauna showed
moderately high degree of homogeneity.

The benthic population off
Visakhapatnam in general exhibited
highly diverse, extremely clumped and
more or less homogeneous pattern of dis-
tribution. The domination of polychaetes
and relative abundance of amphipods in
the benthic community off
Visakhapatnam has been well estab-
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impact of possible effect
of trawling. Therefore,
in future it is necessary
to take up further stud-
ies on the effect of trawl-
ing on benthos in these
waters, covering a wider
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