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Macrobenthos in Mandovi, Cumbarjua canal and Zuari estuaries, a physically interconnected tropical estuarine system
which undergoes large seasonal changes in salinity distribution due to heavy monsoonal precipitation, is very rich (111 species)
and varied. Fauna is most contiguously distributed showing high degree of aggregation, less affinity, lowest degree of
association and high diversity. Six faunal assemblages based on dominant species and faunal associates are identified.
Polychaetes and bivalves together contribute 70%, of the macrofauna, by number and weight. Biomass production, inspite of
large temporal and spatial variations, is high (54.17 g m™?) with proportionately high organic matter production of 408 g C

m~2y~*. Estimated annual benthic production, based on standing stock measurements, is 49.95 g m ™2 or 5 tonnes km ™2,

Earlier investigations’ > on the benthos of Goa

estuaries relate to faunal distribution in relation to
salinity incursion and sediment distribution. The
present communication covers the annual cycle of
environmental and biotic factors in relation to
distribution, production, trophic relations and other
relevant aspects of benthic macrofauna in the
Mandovi, Cumbarjua canal and Zuari estuarine
system of Goa.

Materials and Methods

Sampling for bottom fauna and temperature,
salinity, dissolved oxygen and organic carbon of
sediments. was done at fortnightly intervals, over 2 yr
(1971-73) at 14 statipns (Fig. 1). Macrobenthos
samples in replicate were collected by a van Veen grab
(0.04 m ™~ surface coverage and 10 cm penetration) and
sieved through a 0.5 mm mesh screen. Processing and
analysis of benthic samples were done by the same
technique as reported earlier* and biomass values
calculated on wet weight basis. Standard procedures
were followed for the analysis of environmental factors.

Results and Discussion

Depth at different sampling points varied within a
modest range, depending on the tidal phase and
seasonal flooding. Variations were also due to time lag
in tidal incursion, from mouth to the head of the
estuary. In general, the average depth (m) in different
sections of the estuarine system, was 6.01+1.43
(Mandovi), 4.88+40.88 (Cumbarjua canal} and
4.36 +1.01 (Zuari).

Temperature of the bottom waters (0.3 m above the
sediment surface) showed variations (Table 1) of a
modest magnitude. Range of temperature was of

2

almost similar order in all the 3 sections. High annual
average value at sts 6 - 8 in the Cumbarjua Canal
probably acts as a thermal intermediate zone between
the 2 estuaries.

As assessed from the per cent coefficient values
(Table 1), the magnitude of variations in salinity was
more pronounced in the upper reaches of Mandovi
(especially at sts 4 and 5) and gradually decreased
towards Zuari with intermediate value in the
Cumbarjua Canal. ,

Dissolved oxygen showed a decreasing trend
downstream with minimum saturation at the river
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Fig. -—Sampling stations
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mouth (Table 1). Values < 1 ml/litre were recorded at
sts 1 band 12, when the temperature of bottom waters
at these stations was also low.

Grain size distribution, for all stations along with
animal sediment relationship has been reported’ ~3
and therefore, only the broad substratum type along
with the range of grain size is listed (Table 1).

Organic carbon in the bottom deposits showed wide
fluctuations as indicated by high values of per cent
coefficient of variations (Table 1). Except st 12 all the
stations in the lower reaches had higher values than
those in the upper reaches.

Fauna - distribution, abundance and composition—In
all 111 species were identified (Table 2). At sts 11 and 12
chaetognaths, mysids, copepods and siphonophores
were recorded in grab samples in July, but due to stray
occurrence and insignificant numbers they have not
been considered in final analysis.

Number of species and individuals, showed wide
seasonal variations (Table 3). During monsoon, there
was a considerable decrease in the population size. At
st 1a, there was> 30 times depletion in the faunal
abundance in monsoon. Number of species decreased
from 50%, at most of the stations to 95% at a few
stations (st 9). Correspondingly, the population density
also showed very low counts during monsoon followed

by gradual increase in the succeeding season. Seasonal
qualitative and quantitative changes in the benthic
macrofauna were more pronounced in the Mandovi,
moderate in the Cumbarjua canal and less intense in
the Zuari (Table 2).

Polychaetes and molluscs, especially bivalves,
dominated the bottom fauna. At most of the stations,
these 2 faunal groups constituted > 70% of the total
fauna. Numerically dominant species (Table 2) were
Modiolus metcalfei (st 1a), Mytilus viridis (st 1a),
Diopatra neapolitana (sts 1 b, 2 a, 2 b and 8), Meretrix
casta (sts 3 to 6 and 10), Paphia malabarica (st 9),
Cerithidea fluviatilis (st 7), Diogenes custus (st 7) and
Glycera alba (sts 11 and 12), Bivalves were dominant in
Mandovi, polychaetes in Zuari and gastropod-pol-
ychaete combination in Cumbarjua canal. Most of
these species were in large assemblages (population
count of> 4000/m?) resulting in the formation of
commercial beds of mussels (st 1a) or clams (sts 3, 6, 9
and 10). All the dominant species showed a seasonal
pattern of abundance. M. casta, D. neapolitana and G.
alba had maximum abundance in premonsoon season,
whereas in other species (M. metclafei, M. viridis, P.
malabarica and C. fluviatilis), high population counts
were generally encountered in the postmonsoon.

Dominant species also exhibited spatial variations

Table 1-—Range; Mean and Per Cent Coefficient of Variation (in parenthesis) in Environmental Factors at Different Stations

St Temp. °C Sal. %/oo Dissolved oxygen Organic carbon Type of substratum
. mi/] % {mean size, mm)
la 23.5-30.4,26.95 1.49-35.67,29.64 1.36-592,4.07 0.28-2.72;1.43 Hard-boulders with
(100} (105) (104) (113) coarse sand (> 2)
1b 24 -30.6;26.86 4.18-35.98;30 09 -5.26;3.9 0.21-3.49;1.33 Sandy mud
(100} (103) (109) 119 {0.25-0.125)
2a 24.5-30.6;26.95 0.27-35.89;26.1 2.12-549:4.27 0.11-2.51;1.24 Silty-clay
(99) (108) {101) (116) (0.03-0.125)
2b 25 -30.4;26.98 0.27-3597,27.76 1.36-6.29,4.22 0.14-2.92;1.22 Silty clay
{100) (106) (102) (125) (0.03-0.125)
3 24.9-30.5:27.11 0.12-35.55;24.88 241-5.394.25 0.11-2.55;0.78 Sandy
{100) {109) (101) (144) (0.5-0.25)
4 249-31.2;278 0.12-33.86;18.7 3.51-54:4.72 0.11-1.51;0.58 do
(100) (120) (100) (120)
s 25.1-31.5;278 0.04-33.05;16.92 3.51-6.5;4.88 0.11-2.07;0.88 . do
(100) (124) (101) (123)
6 - 25-32 2844 0.12-37.78.19.24 3.71-5.93,4.51 0.24-1.8 ;1 Muddy sand
(100) (123) (100) (114) (0.25-0.125)
7 25.6-31.8,28.37 0.12-36.09;21.92 3.51-5.594.3 0.14-2.93,0.84 Hard-cobble & coarse
(100) (117) (104) (152) sand (> 2)
8 25.7-31.9;28.27 0.21-36.8 ;23.23 3.64-5.92,4.52 0.66-2.18;1.31 Clayey sand
(100) (118) (100) (108) (0.125-0.025)
9 25.7-31.8;28.13 1.23-36.72;25.15 3.35-6.04;4.38 1.52-2.59;1.85 Silty clay
(98) (115) (101) (110) (0.03-0.125)
10 25.2-31.2,27.98 3.15-36.35;27.36 1.48-5.17;4.09 0.79-3.15;2.09 Silty clay
(100) (106} (102) (106) (0.03-0.125)
11 25.5-31.3;27.63 3.53-36.35;26.32 1.17-5.26;4.09 0.22-2.83;1.42 Sandy mud
(100) (105) (104) (119) (0.25-0.125)
12 22.1-31.1;27.34 5.63-36.34;31.11 0.71-5.153.77 0.17-1.96,0.7 Sandy
(100) (102) (106) (122) (0.5-0.25)
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i Table 3—Number of Species and Population Counts at
Different Stations

11
1b
12b

St * No. of species Population count (m™?%)

o ] Total Monsoonal Total Monsoonal

10

la 27 6 3901 121
Ib 35 16 1169 192
< I I 2a 25 1 1861 512
2b 22 10 492 356
3 23 13 1176 990
4 29 14 1087 846
5 20 12 2242 244
6 15 8 4382 2120
7
8

14a
67a

13 6 523 93

24 6 502 125

9 20 1 1350 : 434
10 32 16 1851 246
il 45 25 1401 810
12 37 18 1201 250

Stations

in their distribution. Bivalve species were conspicuous
on sandy and hard substrates. Polychaeta sedentaria
were abundant in silty or silty-clay substrates, whereas
the errant polychaetes were most common in the sandy
or sandy-mud deposits. Most of the crustacean species
being epifaunal in habit, showed little substrate
preference. Some of the species grouped under
miscellaneous displayed substrate specificity. At st 7,
] ]2 [ ] where the bottom deposits were heavily covered with
mining refuse, there was a considerable impoverish-
ment in animal life. No single species, inspite of its
numerical abundance, showed a continuous distri-
bution in time and space in the estuarine system of Goa
(Table 2j.
Spatial dispersion, faunal similarity, association and
“diversity—Patchiness or discontinuous distribution
was investigated by computing the index of dispersion
and testing this against the poisson distribution®.
These indices were calculated separately, for total
fauna as well as for polychaete and bivalve fractions
which together account for> 70% of the total. The
index values for total fauna at different stations (Table
4) were always > 1 indicating contiguous distribution.
Similarly, the dispersion patterns for polychaetes
(except at st 10 where regular distribution prevailed)
! and bivalves were also highly contiguous. Departures
from randomness (values> or< 1) were found
significant (P < 0.05). Distribution patterns showed
maximum (3.2) and minimum (2.6) contiguity in
i Mandovi and Zuari respectively. Similarly, bivalves
. which dominated the benthic macrofauna in Mandovi
were more (3.17) aggregated than polychaetes (1.98).
The patchiness in the faunal distribution was further
investigated by measuring the coefficient of association

4a
26a

b = Not present in the monsoon season

2b

Pisces

Echinodermata

2a

la

a = Present throughout the year;

Table 2- - Distribution of Macrobenthic Species at Different Stations in the Mandovi-Cumbarjua Canal-Zuari Estuarine System of Goa —Contd
Species

Glossogobius giuris (Hamilton-Buchanan)

Ophiactis savignyi, Muller & Troschel
Boleopthalmus dussimieri, Cuv. & Val.

Temnopleura toreumaticus, (Klein)
Synapta sp.

Astropecten indica, Smith
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o

(T) between 2 stations®. Using 2 x 2 contingency table,
coefficients were computed for all possible com-
binations of station pairs, taking into account the
presence or absence of the 111 species {Table. 2). The
values (Table 5) showed very low degree of association
between different sets of stations. Similarity indices’
based on species composition at different stations were
also calculated.

Maximum similarity was > 15%, between st 1 b and
st 2 b whereas between all the other sets of stations, it
was< 119 (Fig. 2). These and the coefficient of
association values (Table $) clearly indicate that the
macrofauna in different parts of this estuarine system is
very much diverse. Therefore, for understanding the
magnitude of faunal diversity, indices were also
calculated, separately, for individual stations® and
between sets of stations®.

The value d (index of diversity) showed large
temporal and spatial variations (Table 6). A gradual
decrease in faunal diversity was observed from the

Table 4—Index of Dispersion of Total Fauna, Polychaetes
and Bivalves at Different Stations

St Total Fauna Polychactes Bivalves
la 49 1.2 34
ib 2.1 27 .22
2a 2.5 2.5 4
2b 1.6 1.5 1.5
3 1.8 23 1.8
4 2.7 26 44
5 6.8 39 8.8
6 38 1.7 39
7 a1 1.7 46
8 22 23 1.2
9 1.7 19 1.9

10 5 0.28 24

11 14 i6 1.5

12 23 16 28

Mandovi to the Zuari with intermediate values in the
Cumbarjua canal.

Diversity between the stations® and the measure of
diversity'® at respective stations (Fig. 4) indicate that
the fauna at st 7 was least diverse, whereas at'sts 1a, 3
and 6 it was highly diverse. Similarly, fauna at st 12
compared with that at st 3 showed high diversity (3.11),
while at st 8 in relation to that at sts 1 b and 2 b it had
the lowest diversity or in other words, more affinity.

Standing stock and  production estimates—
Macrobenthic biomass production (wet weight,
excluding skelteral parts) showed large seasonal
variations (Table 7). At all locations, except at st 9,
lowest biomass values were recorded during monsoon.
High biomass production was either in postmonsoon
(sts1b,2b,4to7and 11} or premonsoon (sts I a,2a, 3,
8, 10 and 12) season. Seasonal biomass production
varied by more than 100 times at most of the stations,
with the highest degree of variation of 800%; or more at
st 1a,1band6.

Siation Numbers
10ib 2020 3 4 3 6 7 B 9 011 12

NI T2 T T T 1T

'b%‘;mial'l'I‘Flﬂ'zlllzls‘l

SN e e e s3] ]2

> v alzlaja]1[s[alaf2}>

EY « sfalelz]siaiala’y

£ > 5|9 ERERERE

Y 3 2i2:3
x

§6 3f1]e

E? LI ]
&

8 22

9 j4:22

10 131

Ko !

;/"::

wo-14 T} |5-vs.

Fig. 2-—Per cent faunal similarity in macrofauna (benthos) between
different stations in Mandovi-Cumbarjua Canal-Zuari Estuarine
System

Table 5—Coefficient (Tab) of Faunal Association Between Different Stations

la 1b 2a 2b 3 4 5
la — 0.06 0.10 0.08 0.16 0.09 0.15
ib — —_ 0.04 0.05 0.25 0.05 0.03
2a — — — 0.21 92.03 0.17 0.08
2b — —_ — — 0.34 027 0.29
3 — — — — — 033 0.32
4 — - — — — — 041
5 — — — — — — —
6 -— —_ —_— —_— — —_ J—
7 — — — — — — —
8 — —_ — — — — —
9 — - — — _ — ——
10 - - - = = - —
11 — - — — — — —

6 7 8 9 10 11 12
002 0.02 0.06 0.03 0.01 0.002 0.001
0.01 0005 0.16 0.19 0.04 0.26 0.34
002 054 045 027 0.27 0.12 0.01
033 002 0.24 031 0.33 0.23 0.27
056 0.14 0.09 0.06 0.19 0.1 0.27
054 010 0.1 0.14 01 032 0.2
022 012 0.5 0.17 0.11 0.09 0.21

— 0.34 0.06 0.06 0.21 0.04 0.16
— — 0.32 0.02 0.04 0.07 0.01
— — — 037 0.07 0.07 0.03
— — — — 0.33 0.14 0.07
— — — — — .28 0.14
— — — — — - 0.46
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Table 6—Index of Diversity (d) at Different Stations and in Different Months

Month Stations

la ib 2a 2 3 4 6 7 8 9 10 11 12
June 341 557 28 37 137 071 135 135 117 4 21 195 055 053
July 143 253 49 257 204 117 085 062 058 536 068 145 162 071
Aug. 3.19 356 319 163 L1l 174 197 085 1 187 132 195 1 0.58
Sept. 222 2 361 291 304 316 353 LI5S 091 137 204 063 089 —
Oct. 2.08 477 435 431 216 34 231 203 426 343 315 124 122 091
Nov 2.79 53 427 548 188 364 366 44 307 486 127 233 305 235
Dec. 572 744 617 661 34 44 459 241 294 322 229 171 258 —
Jan. 5.8 656 644 566 498 STS 444 216 248 507 168 266 233 48
Feb. 4.89 865 549 455 377 454 541 47 254 294 07 1.9 297 183
March 487 1286 514 396 139 242 344 357 075 303 1.2 351 053 448
April 5.11 951 556 322 385 35 305 26 1.5 396 187 409 099 258
May 3.67 878 572 505 426 209 249 321 053 352 314 4] 118 341
Mean 3.76 646 480 413 278 304 309 247 181 355 178 220  i57 221
SE(+) 1.42 302 11 137 12 126 128 124 115 115 078 10 087 176

1a b 20 26 3 & S 6§ T B8 § I W 42
te
1 fore o
26 P98 0EY
2b 092088 0»945\: :
3 ool ozoﬁrssl\ ol siee b
s lbiojoesloselos: 28 )
5 0-97/079/0-95/0-93[1-8510.92] ) v
6 [0-9%078 |0-980:921-81 jos0C 98 v
T [0:24[04910201027 {247 joa? 0290 24 3¢
8 1096/008)0-09%009(013 [o97j0 98j0 97030
9 10.951078(0-97 092216 lossjo-sslo-valp2s lose[ . ' B>
10 [0-99/0-00/0 8010-94|1-930 83(0-9910.93 [0 26/0-98|1-46
it 098-83/099.094 2021095 0-99!1-08 (028 l0-95]0 88095
12 065097 073071 [3-11 (08T 0-680-66(0-59(0 7 TH0 64 070 072
10-86 018 1030087 }0-08033 073 084 0-01 /053 [0 89071 J0-640 12 | Metsure
of{i)
Divergity

Fig. 3—Measure and index of faunal diversity in macrobenthos at
and between different stations in Mandovi-Cumbarjua Canal - Zuari
Estuarine System

Spatial variations were mainly due to difference in
the type of bottom deposits, as evidenced by high
annual averages of > 100 g m ™~ 2 at certain stations (1 a,
3 and 6) dominated by mussels and/or clams
flourishing in hard or sandy bottom deposits. For the
estuarine system as a whole, the annual average was
54.17 g m ™2 with scctional values of 70.55 (Mandovi),
61.9 (Cumbarjua canal) and 22.23 (Zuari).

The wet weights of all the major taxonomic groups
were determined separately and the data converted
into dry organic matter using the conversion factors
derived from the actual observations on wet weight/
organic matter relationships for the numerically
important species. For polychaetes, molluscs,
crustaceans and miscellancous faunal groups, the
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mean conversion factors were 0.119, 0.062, 0.141 and
0.09 respectively.

Comparison of per cent dry organic matter content
with the percentage composition of respective faunal
groups at different stations indicates (Table 8) that
though the molluscs (46.75%) formed the dominant
group, the polychaetes contributed maximum (43.82%)
to the total organic matter. In crustaceans and
miscellancous groups, there was a direct relationship
between faunal abundance and dry organic matter
production. The differences in organic matter values in
respect of different faunal groups are also due to the
varying degree of water content in molluscs (75-80%
and polychaetes (62-65%). Based on organic matter
values attempts have been made to compute the total
standing crop at different stations in order to estimate
the annual production of benthic macrofauna.

Annual mean production (Table 8) for the estuarine
system as a whole was 4.08 g C m ™2y~ ! with sectional
mean values of 5.19 (Mandovi), 4.80 (Cumbarjua canal)
and 1.98 (Zuari). These values are in accordance with
the observed biomass (wet weight) at different stations.

A rough estimate of the macrobenthic productior at
different stations for June 1971 - May 1973, was
attempted by the method of Crisp’’. Biomass values,
growth progression and age-composition of some of
the dominant species like Meretrix casta'?, Paphia
malabarica*®, Mytilus viridis'* and Modiolus mercal-
fei'® indicate that with a few exceptions, all individuals
were 1 yr or less in age and hence the data obtained are
comparable'! for production estimates. At times,
between the 2 successive samplings, a negative value
for weight increment was observed and therefore,
necessary corrections were applied'®. The negative
values are also theoretically possible, because of either
lack of new settlement of planktonic larvae or due to
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Table 7—Seasonal Biomass (g m~?) Variation at Different Stations
{Values are range with mean in parentheses]

St Monsoon Postmonsoon Premonsoon
(June-September) {October-January) {Feb-May)
la 0.09-2.24 (0.62) 11.7-772.8 (243.77) 0.3-524.7 (266.17)
1b 0.08-17.37 (3.87) 0.74-855.6 (128.29) 0.14-6.9 (1.38)
2a 0.05-19.84 (3.83) 2.16-108.32 (25.03) 2.1 -153.6 (43.98)
2b 0.06-60.51 (12.86) 1.68-108.3 (26.05) 0.32-33.6 (6.83)
3 0.34-198.15 (34.74) 9.03-659.4 (169.01) 0.48-584.4 (302.42)
4 0.01-11.38 (2.11) 4.36-140.7 (37.24) 1.1 -87.9 (28.6)
S 0.05-1.02 (0.38) 3.6 -312. (79.22) 0.26-117.9 (22.58)
6 0.3 -227 (31.01) 22.5 -876.9 (314.02) 0.42-195.6 (69.48)
7 0.11-4.16 (1.20) 00.9-146.7 (30.04) 0.26-74.4 (22.67)
8 0.19-15.25 (5.23) 4.5 -4095 (17.85) 0.24-336.3 (66.97)
9 0.01-78.77 (18.22) 2.64-26.4 (12.54) 1.08-18 (6.96)
10 0.04-44.85 (7.54) 1.83-112.04 (33.75) 5.1-111.97 {34.3)
11 0.02-0.6 (0.14) 0.36-2.9.2 (41.83) 1.15-36.9 (9.46)
12 0.01-2.8 (0.94) 0.36-79.8 (17.06) 0.54-220.5 (68.02)
Table 8—Standing Stock of Benthic Macrofauna and  non-feeding period of certain species. Other possibility
Contributicn by Different Faunal Groups 1s that a great many of the larvae that settle between 2
successive sampling dates, are either eaten or lost due
St Faunal composition (%) Total Mean to nat.ura] mortahty’ .
standing (gCm™?) Estimated annual production (Table 9) values were
— stock . tested by a chi-square and the calculated ¥2 (6.302) was
Dry organic matter (%) gCm™%) less than the table y? (22.36) value, which substantiates
T the reliability of the estimated production. The
Polychaetes  Molluscs Crustaccans Miscell- estimated production in unit area for the whole
ancous estuarine system works out to be 49.95 g m~2y~!
la 17.79 79.88 0.86 146 23197 122 which is not very much different (< 10%) from the
337 628 18 1.7 observed biomass value of 54.17 g m 2.
Ib izgf g';; }2.(1)3 gz‘f; 11464 545 Taking 49.95 g m 2y~ as a representative figure of
92 7287 18.84 1.42 6.86 ' ) annual production, the estimated annual macroben-
84.09 897 1.83 5.11 68.06 283 thic biomass production for the investigated area of 40
2b 68.77 10.06 1241 8.75 km?® would be about 199.87, roughly 200 tonnes.
74.32 448 1511 2-2‘; 4017 191 Taking dry weight to be about 22% of the wet weight,
3 3:; ?];?Z ‘2’3; 882 23379 1016 and the carbon content to be 34.5%, of the dry weight,
4 2327 66.08 8.87 168 ' ' the annual organic carbon production would be 14.5
17.66 4422 16.36 1.76 424 192 tonnes, which is very high as compared to earlier
5 2012 72.88 6.65 034 reports?®~ 1%,
34.69 51.99 12.94 0.37 5343 254 Trophic relations—The macrobenthic infauna is
6 228 93.18 4.45 0.06 dominated by polychaete-bivalve combination, which
496 84.01 10.93 0.08 198.11 8.61 fil feed d . .
7 1144 2437 63.69 0.49 are filter-feeders an therefgrc, mainly subsist on the
12.23 10.75 76.69 0.33 41.37 2,17  particulate organic matter in the water column.
8 69.95 21.22 1.32 1.5 Productivity of benthos is presumably related to the
83.62 1345 1.77 165 6326 301  primary productivity of the overlying water column’®.
° gg{? 22'22 g';?, i';‘; %15 113 In this estuarine system, the annual primary
0 2392 60.94 215 798 ' production is 205 g C m~2y~* (ref. 20), while the
38.37 40.42 12.92 8.28 46.65 212 zooplankton production is reported?! to be 7.81 g C
11 4506 31.3 116 12.03 m~2y~!. Observed macrobenthic standing stock is
" ;Z;Z 12"‘; :;:;’ 4?-22 41.15 195 408 g C m~?y!, which is mainly derived from
. 19.6 ) . . ; C
organisms like g - ;
3484 1079 1869 3567 4463 318 o ° polychaete-bivalves, for which

Sandérs'® suggests annual production to be about
twice the standing stock and therefore, the estimated
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Table 9—Production Estimates (g m~2 y~') of Benthic
Macrofaunal Biomass at Different Stations

St Observed Estimated
ia 174.06 253.72
1b 5042 53
2a 24.28 13.19
2b 15.53 9.96
3 16322 92.81
4 23.32 14.94
5 33 26
6 141.16 113
7 1747 15.1
8 2707 24.87
9 12.82 7.98

10 25.58 20.83

11 18.68 14.9

12 31.81 32.06

biomass production wili be about 8.16 g C m~2y~?.

Slobodkin?? has defined the ecological efficiency as
the ratio of yield in one trophic level to the next trophic
level, only if the yield is a constant f{raction of
production. The computed ratio for the transfer
coefficient for the area under study varies?® from 1.7 -
39.9%. Assuming 10% ecological efficiency, the
secondary production would be 205 g C m~2y !,
whereas from the data of the present investigation, it
worksouttobe 15.98 g Cm™?y ™! (7.82 zooplankton +
8.16 macrobenthos). The difference of 4.52gCm ™2y !
can be attributed to the meiobenthic production,
which on this part of the west coast of India, accounts
for almost 50%, of the total benthic standing stock*. It
is necessary to note here that the zooplankton
production value of 7.82 g C m~ 2y~ ! is derived from

day time collections only and hence is subjected to -

discrepancy.

The trophic relationship arrived at is based on the
primary productivity of the water column, which is one
of the 3 major sources of organis inputs for benthic
population in a shallow and well mixed estuarine
system, under the present investigation. In the absence
of relevant data on the supply of organic matter to
benthic life, from the other 2 sources, namely primary
production of the substratum and the organic matter
derived from the rich {ringing mangrove vegetation,
bordering this estuarine system, the computations
attempted here can very well be an underestimate.

Discussion

The estuarine system of Goa, subject to the
monsoonal gyre and receiving about 3000 mm of
annual rainfall, undergoes wide temporal and spatial
variations in the salinity values, thus resulting in
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considerable decrease in the qualitative and
quantitative distribution of the macrobenthic fauna.

A multi-regressional analysis of environmental
parameters in relation to population count as assessed
from r? (coefficient of determination) values, indicate
(Table 10) that there are well demarcated temporal and
spatial variations in the effectiveness of any single
environmental factor in the distribution of benthic
macrofauna. While at most of the stations in the
Mandovi and Cumbarjua Canal salinity largely
regulates the distribution, in Zuari it is the
combination of more than a single environmental
parameter which is effective. The importance of
sediment types in the distribution of macrofauna'? and
foraminifera?® in this esivarine system is well
established.

Panikkar?® postulated the concept of partial or
complete destruction of tropical estuarine fauna,
during SW monsoon, followed by an annual
repopulation of the estuaries and backwaters in
postmonsoon. Such changes have been ascribed to
heavy run ofl of freshwater during the monsoon,
followed by the gradual build-up of saline regime in the
postmonsoon period. Thus the tropics, as compared to
mid latitudes, are regions of high physiological
stresses2” wherein the estuaries are characterized by
high water temperature with a small seasonal range;
lower salinities with a high seasonal range and small
tidal ranges with large ratio of spring to neap. Such
large stresses result in distinct seasonal changes in the
distribution of dominant species, characterized by a
near total depletion during the SW monsoon; initial
colonization during postmonsoon followed by
secondary colonization; growth and structural
development of benthic communities in the
premonsoon season. Faunal depletion that occurs
during each monsoon season, causes the cycle to repeat
annually. Similar observations have been reported for
Cochin backwaters?® and Vembanad lake?®, both
tropical estuaries. Holland et al*® have reported
similar annual cycle in the mesohaline benthic
communites in upper Chesapeake Bay.

Estuarine benthic fauna contain a mosaic of animal
assemblages, occuping large or small areas where
boundaries may be well or poorly defined®!. The
macrobenthic fauna in the present investigation, are
characterized by a highly variable species composition.
Some of the species undergo large spatiai and temporal
variations in local abundance while other members of
the same faunal assemblages change only a little!-3.

Such differences in the distribution and abundance
of benthic macrofauna can be explained in terms of 2
different adaptive strategies - opportunistic and
equilibristic?. The relative opportunism is mostly
related to mobility and feeding position in relation to



12
0.1297
0.0549
0.3261
0.0003

11

0.1554
0.0942
0.000017
0.0259

10
0.19
0.199
0.000057
0.00065

0.0681
0.000057
0.0005

0.0003

0.0104
0.4671
0.3261
0.0030

0.0782
0.2169
0.0889
0.0242

0.0099
0.2081
0.0238
0.0141

0.0022
0.1015
0.5481
0.0772

0.1866
0.1754
0.0010
0.0039

0.2767
0.2257

0.0013
0.0102

2b
0.0313
0.0097
0.0016
0.0028

0.1739
0.0377
0.1345
0.2104

1b
0.3185
0.0051 -
0.2405

Table 10—Coefficient of Determination (r?) Between Environmental parameters and Faunal Abundance at Different Stations
0.0203

la
0.0099
0.2292
0.2247
0.0164
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bottom deposits. Sedentary animals and those living or

Parameters

T & PC

S & PC
DO & PC
OC & PC

R feeding close to sediment - water interface are more
§ E 53’ § § E likely to be opportunistic and, hence, less predictable in
; space and time. Mobile organisms, and also those
- i living or retreating deep into the sediment are more
- ¢ g T likely to be equilibristic #nd generally Fend to have
g § g=2 populations that are most predictable in space and
time32.
Distribution of most of the benthic invertebrates
show an aggregated spatial pattern®®. Dense
RS- S assemblages of infaunal organisms as observed are
S22 § 23 burrowing deposit feeders, suspension feeders and tube
. builders. Such assemblages are discrete, often age-class
i dominated and have sharp boundaries with
neighbouring assemblages. These sharp boundaries
& g g 5 5 ;;é are due to interaction between the established infaunal
SS38333 individuals and settling planktonic larvae3*. There are
many barriers which the pelagic larvae of macroben-
aggeas thic animals have to cross, before they finally set‘lle on
]REZ8283 the bottom, and that each type of bottom deposit will
ceeees attract a very limited and selected set of species®®. Such
LSS e biotic interactions coupled with 1h§ extreme var.iability
2823883 - of environmental factors, resulted in the evolution of a
ceeees £ most diverse benthic fauna in the tropical estuaries.
§ Faunal diversity, in such environments, is not due to
@ B o e E the dominance of a few species, but mainly because of
588838 g the numerical abundance of few species. The
Sesees § | population density and standing stock of the
. . community which are high can well be attributed to
22833 % i protracted breeding season, fast growth rate and short
§ § g § g g ¢ | life span in tropical environmenl‘s. Sanders®® who
?:, observed high infaunal diversity in the benthos of
el W aln . < & Vellar estuary, ascribed the probable reason for th.e
§ § g § 2 § 5 greater diversity in tropical estuaries to the fact that it
B is easier to tolerate low salinities at hi]gh temperatures_
N Y S than at lJow temperatures. As a result, more marine
é § § § § % e forms are able to flourish in tropical estuaries than in
C“) higher latitudes®”.
LY. . Toe Q Inspite of the most diversified benthic macrofauna,
Z3 § 3%3 E this estuarine system is characterized by a large
% | number of euryhaline species with prolonged breeding
s Rl e i " season, high fecundity and fast growth rate. Earlier
232888 2 studies'?~*%, have clearly indicated that many of these
§ species give very high yields under (within habltgte)
¥neazs ot aquaculture practices. Similarly, a number of marine
égg'g‘gg 2 and freshwater species of fish and prawn, use this
Fl estuarine system for breeding and early develop-
BT w®o & ment®®. Even by traditional methods, fish farming is
S588¢E88 L") highly profitable®? in this estuarine system. Recent
ceesee A investigation®® clearly indicates that this estuarine
§ system is completely free of any type of pollution and
o g thus, this high productivity ecosystem holds vast
» 8 8 8 80 g potentials for large-scale cultivation of a variety of
FIRB IR g ‘: finfishes and shell fishes.
FEEunw A e
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