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The survey of intertidal meiofauna in the Kakinada Bay yielded 13 groups and 22 species ofharpacticoid copepods (18
genera and 8 families). The meiofauna ranged between 302 and 5924 no.( lOcm2)-' with relatively high densities in a mang
rove biotope. The distribution of meiofauna is discussed in relation to the prevailing environmental parameters. Spatially.
high diversity in harpacticoid copepods was recorded in silt-free fine sand sediments, while seasonally the diversity was
low during flood period. Two harpacticoid copepod communities, namely, (i) a mangrove, detritic, clayey-silt copepod as
semblage characterized by Pseudostenhelia secunda and Stenhelia (Delavalia) longifurca and (ii) a coastal silt-free fine

sand copepod assemblage characterized by Amphiascoides sp. and Hastigerella sp. have been identified.

There is paucity of information on the meiofauna in
estuarine systems in India. The present paper gives
the distribution of intertidal meiofauna of Kakinada

Bay, east coast of India in relation to the prevailing
environmental parameters.

Materials and Methods
Three stations in Kakinada Bay were selected for

regular sampling of which one was at Chollangi (st
1) in a mangrove forest and the other 2 were situat
ed south and north respectively to Kakinada canal
at Etimoga (st 2) and Dummulpeta (st 3) (Fig. 1). Re
gular, mohthly and replicate core samples (each 3.6
cm diam. and 20 cm long) for meiofauna were col
lected from 4 sampling points at each station during
low water of springs along the mid littoral zone,
covering a distance of 300 m, from February 1978
to January 1980. A 3rd core sample was taken se
parately in March, June and September for grain
size analysis and estimation of organic matter in the
sediment. Simultaneously data on salinity (Knudsen
method), temperature, dissolved oxygen (Winkler
method), grain size1•2 and sediment organic matter3
were also collected. Samples were passed through a
set of 2 sieves (0.5 and 0.062 mm) to separate the
meiofauna. The meiofauna were identified to group
level and the group harpacticoid copepoda to spe
cies level. Mean values of 8 samples taken from the
whole transect of 300 m long at any given station
were given. Standard deviations were calculated for
mean values and tests of significance performed.
Pearson product mOplent correlation coefficients4
were calculated to correlate mean animal densities
with salinity and significance tests were performed.
Margalef's5 species diversity index was employed.
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Results and Discussion
Environmental parameters-Monthly vanatlons

in temperature, salinity and dissolved oxygen of sur
face and interstitial waters are given in Table 1. Sur
face water temperature ranged from 25.2°C (August
1978 at st 1) to 35.4°C (September 1978 at st 3); in
terstitial water temperature from 24.3°C (December
1979 at st 1) to 33°C (April 1978 at sts 1,2 and 3).
Comparatively salinity values, both for surface and
interstitial water, were low at st 1 and high at st 3.
This may be because of their location. The influence
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Table I-Monthly Averages of Temperature (DC), Salinity ( x 10-3) and Dissolved Oxygen (ml.l-1) at Sts 1 to 3 for
Surface and Interstitial Waters
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of freshwater is more at st 1, as it is situated near to
the freshwater source of Kakinada Bay and an irri
gation canal (Chollangi canal) enters Kakinada Bay
at st 1. The marine water influence is more at st 3, as
it is situated on an open coast. Values of dissolved
oxygen of interstitial water were low during summer
months (February to June); from July they gradually
increased and reached peak levels in August/Sep
tember and decreased to low level in November and

continued up to January. Dissolved oxygen values of
interstitial water were low at st 1, which may be at
tributed to the decomposing mangrove foliage ob
served at this station.

Sediments of sts 2 and 3 were moderate (sort
ing=0.6505) and well (sorting = 0.4994) sorted re
spectively. Fine sand was the principal component
at st 3, while silt was the major constituent at st 1
(Table 2). Seasonal variations in percentages of silt

and clay at st 1 and sand and silt at st 3 were not
significant. Fine ~and dornimrted the sediment in all
seasons followed by silt and clay at st 2. The sand
grain size did not fluctuate very widely either sea
sonally or spatially at sts 2 and 3. The mean grain
size was 0.14 mm for both these stations. Sedimen

tary organic matter ranged from 0.57% (September
1979 at st 3) to 2.37% (March 1978 at st 1). No sign
ificant and consistent seasonal variations in sedi-.

mentary organic matter were observed at sts 1 and
2. At st 3, the organic matter, from its relatively high
values in March, decreased gradually and registered
low values in September. In general, the sedimen
tary organic matter values were low at st 3 and high
at st 1. Probably the decomposing mangrove foliage
contributed to the high percentage of organic matter
at st 1 (Table 2).

The stations located in Kakinada Bay experi-
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Table 2-Sediment Parameters of Stations 1-3

Month

SandSiltClayMedianOrganic
(%)

(%)(%)grainmatter
size (mm)

(%)
St 1"1978 March

097.52.5 -2.37

June

097.03.0 -2.10

Sept.

094.55.5 1.89

1979 March
097.42.6 -2.23

June

098.02.0-2.17

Sept.

097.12.9 2.30

Mean

096.93.1 2.17

St 2b1978
March

71.225.53.30.131.15

June

62.434.33.30.140.68

Sept.

79.816.93.30.151.33

1979 March
74.417.58.10.151.02

June

74.116.39.60.131.31

Sept.

53.638.08.40.140.84

Mean

69.224.86.00.141.05

St 3c1978 March

97.92.100.130.81

June

98.61.400.150.75

Sept.

97.03.000.150.63
1979 March

96.73.300.150.79
June

96.43.600.140.66

Sept.

97.22.800.140.57

Mean

97.32.700.140.70

Sediment type: "-Clayey silt with mangrove foliage; b-fine sand with mud; and C-silt-free fine sand

enced the dilution effect due to freshwater influx

slightly later than in the main part of the estuary.
The estuary presents 3 very different environments
with reference to the hydrographic conditions,
which in their turn affect the biological characteris
tics. The duration of the 3 periods in Kakinada Bay
is: summer period from February to September,
flood period in October-November and post-flood
period in December-January.

Meiofauna- They comprised 13 groups (Nema
toda, harpacticoid copepoda, Ostracoda, Kinor
hyncha, Turbellaria, Mollusca, Polychaeta, Halacar
ina, Oligochaeta, Tardigrada, crustacean larvae, in
sect larvae and Amphipoda) and 22 species of har
pacticoid copepods belonging to 18 genera and 8
families. Seasonal variations of meiofauna and im

portant harpacticoid copepods of sts 1-3 are given
in Figs 2-4 respectively. Values of correlation coeffi
cient (r) and significant tests (t) of meiofauna and di
versity index values of harpacticoid copepods are
presented in Table 3.
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St 1: Mean total number of animals [nos. (lOcm)-2]
ranged from 491 (September 1979) to 5924 (Oc
tober 1978) and averaged 2130. At st 1 the meiofau
na registered 2 peaks of abundance, one in October
1978 and the other in April 1978 (Fig. 2). The sea
sonal pattern of abundance showed irregular fluctu
ations from February to September. From the lowest
abundance of September, the meiofauna gradually
increased in density (Fig. 2). The observed seasonal
variations in total meiofauna were significant
(P= 0.05) except for those observed in February, Ju
ly, December 1979 and January 1980. Nematoda
was the most dominant (88.2%) group and governed
the trend of seasonal fluctuations of the total meio

fauna with maximum density [4850.(lOcm2)-1] re
corded in October 1978. Ostracods, ranking second
in abundance, were found at peak abundance in
February 1978 [790.(lOcm2)-1]. However, during
1979-80, their density was relatively very low. Har
pacticoid copepods comprised 5.3% of total meio
fauna. Eleven species belonging to 9 genera and 6
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Fig. 3-SeasonaJ variation of meiofauna (A-D) and dominant
harpacticoid copepods E-Sunaristes sp, F-Laophontopsis secu~

da at station 2

1978) and averaged 1599. In 1978-79, the meiofau
na was at a high level of abundance during most 0f
the summer (February-September) except in June,
when there was a sudden but slight decrease in the
abundance. The density of total meiofauna was re
latively low during 1979-80 (Fig. 3). The observed
seasonal variations in total meiofauna were signifi
cant (P= 0.05) except for those observed in August,
October 1978 and April 1979. Nematodes were
again the dominant forms comprising 83.3% of the
total meiofauna. The trend of seasonal abundance

of nematodes closely followed that of total meiofau
na. Maximum density [2928.(10cm2)-I] was re
corded in April 1978. Ostracods, ranking second in
order of abundance constituted an important group,
comprising as much as 13.6% of the total meiofau
na. They were recorded in highest percentage of
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Fig. 2-Seasonal variation of meiofauna (A-D) and dominant
harpacticoid copepods E- Pseudostenhelia secunda, F-Stenhelia
(Delavalia) longifurca G- Halectinosoma curticorne, at station 1

families were recorded. Pseudostenhelia secunda

was the most abundant (78.4%) in copepods. The
copepod seasonal fluctuations showed that in both
years peaks of abundance alternated with a sharp
fall of density. Kinorhynchs occurred mostly during
February-April and again in September-November;
comprising 0.3% of the total meiofauna. Poly
chaetes, turbellarians and larval forms sporadically
appeared in the samples during February-May and
constituted 1% of the total meiofauna.

St 2: Mean total number (nos.(lOcm)-2] of animals
ranged from 302 (September 1979) to 4199 (March
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A. TOTAL fAUNA

Fig. 4-Seasonal variation of meiofauna (A-D) and dominant
harpacticoid copepods E-Amphiascoides sp, F-Hastigerella sp,
G-Halectinosoma curticorne, H-Laophontopsis secunda, I-Ta-

chidius discipes at station 3

1.3% of the total meiofauna and never reached 4%.

Thirteen species were recorded belonging to 12
genera and 8 families. Sunaristes sp. was the most
abundant (43.4%) in copepods. The total copepod
stock showed large scale fluctuations with peak pe
riods of abundance alternated with periods of very
low abundance. In general, the higher levels of
abundance were relatively more during March to
July than those observed from August to February.
The copepod fauna registered its peak abundance
[94.(lOcm2)-1] in April 1978. Polychaetes, kinor
hynchs and molluscan juveniles although recorded
in most of the samples in a year, occurred in very
small numbers constituting 1% of total meiofauna.
St 3: Mean total number [nos.(10cm2)-I] of animals
ranged from 680 (March 1979) to 4095 (February
1978) and averaged 1766. The seasonal abundance
of the meiofauna showed that the fauna occurred at
a relatively high level of abundance throughout the
year, with small scale fluctuations in numbers (Fig.
4) and these variations were significant (P= 0.05) in
February, March, September 1978; March, June
and September 1979. Nematodes were again the
most dominant (81%) forms. Their seasonal fluctu
ations in abundance closely followed that of total
meiofauna. Overall the copepods averaged 4.7% of
the total meiofauna, ranking second in order of
abundance. Sixteen species were recorded belong
ing to 14 genera and 7 families. Amphiascoides sp.
was the most dominant (48.5%) in copepods. Sea
sonally the abundance of copepoda showed large
scale fluctuations, with alternating. periods of rise
and fall in density. In general, their density was relat
ively low during 1979-80. TurbeUarians (3.8%), os
tracods (3.5%) and tardigrades (3.6%), more or less,
equally contributed in their percentage abundance
to the total meiofauna. Tardigrades were observed
in highest percentage abundance only at this station
during the present survey and they constituted 23%
of the total meiofauna collected in May 1978. Os
tracods registered a major peak of abundance
[248.(lOcm2)-1] in February 1978. An increase in
density was noticed in October, May 1978 and in
April 1979. During the remaining period, they were
relatively at a low level of abundance. Turbellarians
were collected abundantly from September to De
cember in both years and in January 1980.

The harpacticoid copepods [Halectinosoma curti
corne, Tachidius discipes, Stenhelia (Delavalia) Ion
gifurca, S. (D.) madrasensis, Pseudostenhelia secun
da, Nitocra spinipes, Enhydrosoma buccholtzi and
Nannopus palustris] exhibited a decrease in density
in low saline waters; and many species totally disap
peared during flood period. However, correlation
between salinity and meiofauna density revealed
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abundance at this station; contributing in some
months (February, March and June 1978) more
than 40% to the total meiofauna. They were present
in large numbers in summer from February to July
and in low abundance during the remaining period
of the survey. The harpacticoid copepods averaged
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Table 3-Valuesof Correlation Coefficients (r) and SignificanceTests (t) of Meiofauna and Diversity
Index Values of Harpacticoid Copepods at Stations 1-3

Meiofauna Study period Summer Flood period Post-flood period

rt rt rt r

Station 1Total meiofauna

0.12160.60.02260.10.88473.8-0.14560.3
Nematoda

0.15790.80.04300.20.89664.00.05000.1
Copepoda

0.D4300.20.16780.60.60571.5-0.31680.7
Ostracoda

-0.05180.2-0.15160.60.82382.9-0.83733.1

Kinorhyncha
-0.34041.7-0.42911.80.9085*4.30.08730.2

Pseudostenhelia secunda
0.12790.60.01180.0-0.55141.3-0.63521.6

Stenhelia (Delavalia) longifurca
-0.31951.60.21860.80.80852.7-0.20740.4

Diversity Index value
2.92.21.13.0

Station 2Total meiofauna

0.21971.1-0.18010.7-0.60941.10.42390.7
Nematoda

0.24591.2- 0.09110.3-0.59521.00.42040.7
Copepoda

0.13590.6-0.22450.9-0.94684.20.06280.1
Ostracoda

0.13620.7-0.24550.9-0.56761.0-0.23300.3
Sunaristes sp

0.11730.6-0.13620.50.00.0-0.31050.5

Laophontopsis secunda
-0.26731.3-0.41lI1.7-0.52430.90.00.0

Diversity index value
4.44.12.04.2

Station 3Total meiofauna

-0.36271.8-0.5230*2.3-0.47620.8-0.67721.3
Nematoda

-0.35231.8-0.49782.1-0.04220.1-0.50560.8

Copepoda

-0.02700.1-0.42:121.7-0.79391.80.30210.4
Ostracoda

- 0.05520.3-0.25241.0-0.66241.3-0.46770.7
Turbellaria

- 0.4621 *2.4- 0.13990.5-0.59841.1-0.66851.3

Tardigrada

0.03550.2-0.31361.2-0.44230.70.71311.4

A mphiascoides sp

-0.01060.1-0.25041.0-0.88022.00.22890.3

Hastigerella sp

-0.15370.7-0.36961.5-0.15310.20.23310.3
Halectinosoma cunicome

0.21581.00.13710.50.01320.0-0.70001.9

Laophontopsis secunda

-0.16910.8-0.49482.10.9990* 15.60.75401.6

Diversity index value

4.62.82.85.5

Table tvalue (p =0.05)

2.12.24.34.3

*Significant correlation at p =0.05

weak positive and inverse correlations (Table 3). An
analysis of diversity of copepod fauna indicated the
existence of a correlation between salinity and di
versity; the diversity of copepods decreased at all
stations during flood period and high diversity in
dices were found during post-flood and/or summer
periods (Table 3).

The clayey-silt sediment of st 1 with decomposing
mangrove foliage supported high population densit
ies of meiofauna. The fine sand/mud sediments with

large amounts of detritus are known to support rich
meiofaunal densities6,7. The clayey-silt sediments of
st 1 also registered highest mean density
[102.( 1Ocm2)-1] of harpacticoid copepods. A further
analysis of species composition and abundance re
veals that a single species Pseudostenhelia secunda
was responsible for the high abundance and it con
tributed as much as 78% to the total copepod stock
at st 1, while at other stations its contribution was
less.

All the 3 known species of the genus Pseudosten
helia (P.prima, P.secunda and P.wellsi) were re
corded from similar biotopes (intertidal muds of
detrital origin). In the pre.sent study numerous males
and females of P.secunda were collected at st 1. Al

though it has an ubiquitous distribution occurring at
all stations in the estuarine system, it was recorded
in maximum abundance at st 1 and in minimum
abundance in the fine sands of st 3, where the silt
content was very less. The dominance of this species
in the harpacticoid copepod community in the clay
ey silt sediments of st 1 indicates its preference tow
ard such substrata.

At st 3, where fine sands constituted the sedimentl
the harpacticoid copepod fauna was made up by an
assemblage of interstitial dwellers like Amphias
coides sp., Hastigerella sp., Halectinosoma curti
corne, Laophontopsis secunda, Halectinosoma
gothiceps, Tachidius discipes, Robertsonia propin
qua and Sunaristes sp. These interstitial harpacti-
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coid copepods contributed as much as 99% to the
copepod community. The copepod fauna of st 3
represents a typical COllection of sandy shore fauna
and predominated by typical sand dwellers like Am
phiascoides sp. and Hastigerella sp. constituting as
much as 70% of the total copepod stock. These 2
forms were, however, not recorded from other
stations, where the sediment is dominated by silt
mixed with fine sand or silt and clay. They are most
ly present in fine sands, which are relatively free
from silt and clay. It is evident from the above ob
servations that the sediments with similar particles
in their composition (i.e. silt dominated sediment of
st 1 and fine sand dominated sediment of st 3, unlike
the sediment of st 2 with an admixture of particles of
fine sand, silt and clay) supported high densities of
harpacticoid copepods with 1 or 2 species dominat
ing in the copepod community.

Harpacticoid copepods, in their spatial distribu
tion are associatd with certain sediment types and
can be regarded as 'indicators' of those sediment bi
otopes. The present investigation provides exam
ples to substantiate the fact that the copepods indic
ate the nature of substratum. Pseudostenhelia indi
cated the occurrence of clayey silt sediments en
riched with detritus. Amphiascoides and Hastigerel
la indicated the preference of silt-free fine sand sed
iments. Besides individual species, a community of
species can indicate the sediment biotopes8.9. In the
present investigation, the harpactocoids Pseudos
tenhelia secunda, Stenhelia (Delavalia) longifurca, S.
(D) madrasensis, Halectinosoma curticorne, Nanncr
pus palustris, Nitocra spinipes and Enhydrosoma
buccholtzi preferred clayey silt sediments enriched
with detritus. The Amphiascoides sp., Hastigerella

sp., Laophontopsis secunda, Halectinosoma gothi
ceps and Tachidius discipes were found ubiquitously
in the silt-free fine sand sediments. The following
harpacticoid copepod assemblages were recognized
based on salinity and sediment distribution in the
estuarine system:
i. A mangrove, detritic, clayey silt assemblage char
acterized by Pseudostenhelia secunda and Stenhelia
(Delavalia) longifurca
ii: A coastal, silt-free fine sand assemblage charac
terized by Amphiascoides sp. and Hastigerella sp.

Ostracods showed a relationship between their
abundance and nature of sediment. High densities
of ostracods were found in the muddy sands of st 2,
while they were present in low numbers in the relat
ively silt-free fine sands of st 3. Wieser7 and McIn
tyrelO observed high densities of ostracods in fine
sand-silt sediments in their subtidal studies.

Kinorhynchs were found at sts 1 and 2 and were
absent at st 3, where the sand fraction dominates the

sediment composition. They were common at st 1,
where the sediments composed of silt and clay with
decomposing mangrove foliage. The great majority
of kinorhynch taxa associate with subtidal sedi
ments particularly soft sediments - mud or mud
mixed with sand - with a relatively high organic con
tentll. Kinorhynch populations were recordedl2-15
in the muddy or in the fine sandy sediments. How
ever, Rao and Ganapati16 observed kinorhynchs al
so in medium sand and coarse sand sediments along
Waltair coast.

High densities of tardigrades [66.(lOcm2)-I] were
observed in the relatively silt-free fine sands of st 3
and were rarely represented at st 2. Probably the
sandy sediments or sand dominated muddy sand

Table 4-Comparison of Meiofauna Densities (no.lOcm-2) of Intertidal Estuarine Habitats

Locality

NatureCopepodaNematodaTotal meiofauna
of substrarum Min

MaxAvMinMaxAvMinMaxAv

Blyth estuary (UK) i. Middle reaches
Mud---8081848

ii. Upper reaches
Mud-- 203799

Southampton (UK)
Mud811021

Salt marsh, Mass. (USA)
Mud--144021301830

Salt mash, Georgia (USA)
Mud---260124005940

Salt marsh, North Inlet Estuary (USA)
Mud11927650950-1751000

Yellar estuary (India)
Fine sand54221803073240223242038152625

Pitchavaram mangroves (India)
Mud---2052782

Present study-
Clayey silt +83091024834850184349159242130

St 1
mangrove

foliageSt 2
Fine sand +294232952928119830241491599

Mud St 3
Fine sand14331835443425141668040951766
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sediments are more congenial for colonization by
tardigrades. Rao and GanapatP6 recorded tardi
grades in medium sands near mid water level at Wal
tair coast. Very tight packing of sediment particles
and clogging of interstices by fine elements are unfa
vourable to the existence oftardigradesl7.

Particulate organic matter is abundant in the estu
arine systems. It serves as a food source for many
meiobenthic organisms 18. It has been well esta
blished that the meiofauna aid in decomposition19
and play an important role in recycling of nutrients
at a lower trophic levelI8,2o.The occurrence of high
percentage of organic matter at st 1,which is located
in the mangrove biotope, may probably be responsi
ble for the existence of high densities of meiofauna
at st 1during the present survey.

An attempt has been made in the present study to
compare the densities of meiofauna of Kakinada
Bay with the densities of meiofauna reported for
other intertidal estuarine habitats (Table 4). The
densities of total meiofauna and nematoda at st 3
are comparable with the densities reported for fine
sand habitats in Vellar estuaryJ2. The total meiofau
na density of st 1, located in the mangrove habitat,
was higher than the density recorded for high marsh
habitat in North Inlet estuary21. The nematode den
sities recorded at st 1were higher than the densities
recorded in muddy sediments22-24 and lower than
the densities reported for Georgia salt marsh25. The
copepod densities recorded at st 1were higher than
the densities reported for high marsh habitat in
North Inlet esttlary21 and lower than the densities
reported for muddy sediments of Southampton26.
However the copepod densities recorded at st 3,
composed of fine sands were lower than the densit
ies reported for fine sand habitat of Vellar estuaryl2.
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