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Abstract

Vertical and horizontal distribution of meiofauna was studied off
Goa coast . Bottom deposit included mainly fine sand and silt .
Total number of animals ranged from 250 to 2925/10 cm Z . High-
est faunal density was in the top 6 cm layer . The fauna consisted of
two main groups, nematodes and foraminiferans which together
formed 6o to 80% of the total meiofauna . Fine sand supported a
rich fauna . Interstitial water and organic content of the sediment
was found to be the limiting factor in the distribution of meio-
benthos .

Introduction

Quantitative studies of meiobenthos in marine sediments
have been attempted only recently in India and most of the
reports are from shallow sub-tidal regions (Damodaran,
1972, 1973 ; Parulekar et al., 1976 ; Ansari, 1978) . While
there is some information on the general distribution of
meiobenthos, the relationship between the type of sedi-
ments and the factors affecting the penetration of fauna in
the sediments are poorly known . In the present paper, an
attempt has been made to study the vertical and horizontal
distribution of meiofauna in relation to some of the envi-
ronmental factors of the Goa coast .

Material and methods

Data presented here are based on the samples taken off
Goa (central west coast of India) during the 46th cruise of
R. V. Gaveshani, the track of which is shown in Fig . I .
Seven stations in the depth range 20-840 m were covered
and from each station triplicate samples were taken using
a van Veen grab of o .1 mZ area (penetration 15 cm) . As
soon as the grab was hauled up, the top flap of the grab
was removed and the surface of the deposit was exposed .
After making sure the sample was undisturbed, a plastic

Hydrobiologia 74, 209-214 (1980) . oo18-8158/80/0743-0209$01 .20.
c Dr. W. Junk b. v. Publishers, The Hague. Printed in the Netherlands .

tube of 1o cm length and 4.5 cm' area was pushed in and a
core sample was taken . The sediment of the core was ex-
truded 2 cm at a time, thus giving five 2 cm layer sub-
samples of meiofauna . For determination of faunal com-
position, each sub-sample was preserved on board in 1
500 Rose Bengal-buffered sea water-formalin mixture
(Tietjen, 1971). Laboratory methods for the analysis of
meiofauna were the same as decribed elsewhere (Ansari,
1978). For the analysis of organic carbon, nitrogen, inter-
stitial water and sediment granulometry, samples were
taken separately from each grab .

Organic carbon in the sediment was determined by the
wet oxidation method (El Wakeel & Riley, 1956) . Total
organic nitrogen was determined by microkjeldhal diges-
tion followed by nesslarization (Johnson, 1941) . Granulo-
metric analysis was done by the method of Morgans (1956)
and the interstitial water was determined by the method of
Tietjen (1969) .

Results

The results of the granulometric analysis along with or-
ganic carbon and nitrogen values are given in Table i . The
median particle diametre ranged from 0 .013 mm at 840 m
depth (station 1027) to 0 .128 mm at station 1046 (107 m
depth). The substrates were predominantly fine sand ex-
cept at few stations (1027 and 1037) where muddy deposit
(clayey silt and sandy silt) was observed . The interstitial
water content varied from 21 .82 to 30 .36% and was more
in the fine sediment . The organic content showed a wide
range (0 .70-4.67%), the highest value being in the finest
sediment at station 1027 . The distribution of organic ni-
trogen with sediment was similar to that of organic carbon .
Lowest values (0 .62%) were observed in sand at station
1038 and the highest (2 .05%) were in the muddy deposit
(station 1027).

Meiofauna counts for the 1o cm long core are given in
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Fig . 1 . Map showing stations position .

Table 2 . Meiofauna numbers/io cm 2 varied between 250

and 2925 animals . The highest number of fauna was re-
corded in fine sand (median particle size 0.117 mm) at sta-
tion 1025 (depth 82 m) and the lowest number in mud (Md .
0.013 mm) at station 1027 (depth 840 m). The fauna was
dominated by nematodes and foraminiferans . Nematodes
were the dominant group at 20 m and 840 m depth, while
foraminiferans dominated between 2o and 840 m depth .
Other forms included polychaetes,copepods, kinorhynchs,
lamellibranchs, tubellarians, ostracods, gastrotrichs and
nauplii. Maximum density of fauna occurred in the shal-
low region (Table 2). There was a marked change in the
fauna at 840 m. Some of the groups were absent and the
fauna was significantly reduced at this depth .

Fig . 2 . shows the vertical distribution of some meio-
benthic groups at 20, 50, 107 and 840 m depth . The most
densely populated depth in the sediment was 0-2 cm at 50,

107 and 840 m while at 20 m it was 2-4 cm. Nematodes,
foraminiferans and polychaetes showed low vertical gra-
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dation although they were present in the entire 1o cm long
core at all stations except at the station 1027, where fauna
did not occur below 4 cm . Copepods were generally found
in higher numbers in the 0-2 cm layer of the sediment than
at lower depths . Other groups, like kinorhynchs, lamelli-
branchs, turbellarians, ostracods and gastrotrichs were
limited to the upper 4 cm layer of the sediment .

Fig. 3 . shows the vertical distribution of meiofauna in
relation to vertical distribution of interstitial water at 82 m
depth. Animal numbers dropped sharply below 4 cm along
with a proportionate decrease in the interstitial water con-
tent . Similar patterns would be expected at the other sta-
tions having similar substrate characteristics .

Table 3 shows the significant results of the linear regres-
sion analysis applied to some of the factors affecting meio-
fauna densities . The regression of the total number of
meiofauna against median particle size indicated a de-
crease in number of meiofauna as the substrate became
finer . Similar results were obtained with harpacticoids
against median particle size . However, harpacticoids and
nematodes showed inverse relation with total nitrogen .
Total meiofauna against substrate organic carbon and
C/N ratio also showed inverse relation . Nematodes were
directly correlated with the median particle size .

Discussion

The analyses for Morisita's index of dispersion (18) are
given in Table 4 . Total counts showed significant depar-
ture from randomness in most of the cases except at the
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Table 1 . Physical and chemical properties of sediments

St . NO . Depth
(m)

Median grain
size (mm)

Silt clay
%

Interstitial
water %

Sediment
type

Organic
carbon %

Total
nitrogen %

C/N ratio

1023 20 0.104 37.70 24.55 silty 1 .22 0.88 1 .38

1024 50 0.116 12.98 21 .82
sand
fine 0.77 0.67 1 .15

1025 82 0.117 11 .24 23.56
sand
fine 0.70 0.72 0.97

1027 840 0.013 95.30 30.36
sand
clayey 4.67 2.05 2 .27

1037 30 0.045 53.42 29.20
silt
sandy 3.42 1 .49 2.29

1038 52 0.122 19 .12 23.29
silt
fine 1 .12 0.62 1 .80

1046 107 0.128 20 .44 25 .42
sand
fine 1 .05 0.86 1 .22
sand



station 1027 . Total fauna was found to be more conta-
giously distributed . This is mainly caused by the nematode
population. Foraminiferans were more randomly distrib-
uted . Harpacticoids were found to be more regularly dis-
tributed than the other groups . McIntyre & Murison
(1973) have also found harpacticoids to be more uniform-
ly distributed and suggested that this may be a result of
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Fig . 2 . Mean meiofauna numbers per 2 cm vertical section in 1o

cm cores taken at A-2o, B-5o, C-1o7 and D-84o m depths .

their utilising fewer environmental niches .
The bulk of the fauna (approx . 80%) was found to be

concentrated in the top 6 cm layer of fine sand . This is in
contrast to the observations made by Ansari (1978) on
muddy substrate, where 70% of the fauna has been re-
ported in the top 2 cm layer . The concentration of fauna
reported from other studies on sandy bottom are 91% in
the top 5 cm layer (Coull, 1970), 95% in the top 2 cm layer
(Tietjen, 1971) and 80% in the top 12 cm layer (McIntyre &
Murison, 1973) . Ganapati & Rao (1962) however, have re-
ported interstitial fauna to be more concentrated below
the 5 cm layer on a tropical sandy beach . The availability
of oxygen and food was thought to be the main factor for
the concentration of fauna in the top layers (McIntyre,
1969). The penetration of fauna below 6 cm layer was very
low and was composed of nematodes and foraminiferans .

Fig . 3 . Vertical distribution of meiofauna and interstitial water at
station 1025 .
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Table 2. Number of meiobenthic fauna 10 cm -2 sediment . Each value is the average of counts
of three samples .

Faunal group 1023 1024 1025

STATIONS

1027 1037 1038 1046

Foraminifera 220 1185 1968 28 28 358 551
Nematoda 654 441 487 111 193 331 331
Polychaeta 83 55 83 55 28 28
Copepoda 83 83 138 28 110 83
Kinorhyncha 28 - 28 28 - 28
Lamellibranchiata - 55 28 - 28 - -
Turbellaria 28 55 - 28 -
Ostracoda 28 28 28 -
Gastrotricha 83 - 28
Nauplii 28 55 - 28 55 28

Total 1096 1931 2925 250 361 910 1049
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The stream lined shape of nematodes favours deeper pene-
tration where they can remain for long period without ox-
ygen (Moore, 1931) .

In the present study, a reduction in the number of meio-
fauna and decrease in the interstitial water was observed
with increasing depth (Fig . 3) . It is not known whether
decreased water content in the substrate has any effect on
the meiofauna . However, two environmental factors, ox-
ygen content and availability of living space are reported
to be affected by the decrease in water content of the sub-
strate (Tietjen, 1969) . Bradfield (1964) has shown that the
oxygen content of the interstitial water decreases signifi-
cantly with depth in the sediments . The downward reduc-
tion in the oxygen content of the interstitial water could
lead to significant anoxia at depths in the sediment and
could be the critical factor in allowing deep penetration of
the fauna . The presence of some meiobenthic groups in

Table 4. Values of Morisita's index (IS) for population count data .

* = Contagious . ** = Random. *** = Regular (x 2 , P<0.05) .

deeper layers, therefore, suggests their ability to withstand
such critical conditions .

Living space also seems to be affected by interstitial
water content of the sediment. The porosity may affect the
movement of interstitial organisms (Wieser, 1959) . The
sliders, such as harpacticoids, will prefer sand where
enough living space is available for their movement . The
burrowing forms, on the other hand, because of their bur-
rowing ability, will find fine sediment more favourable
than coarse sand . However, their movement will be af-
fected by the compactness of the substratum except in the
case of nematodes which are able to move in the fine inter-
stices (Wieser, 1960) . The harpacticoids were restricted to
the top 4 cm layer . McLachlan (1978) has reported that
harpacticoids are very sensitive to the effect of decreasing
oxygen tension in the substrate and this maybe the reason
for their presence only in the top layer. The interstitial

1023 1024 1025

STATIONS

1027 1037 1038 1046

Total fauna 1.108* 1.102* 1.114* 0.972*** 1 .167* 1 .220* 1.105*
Nematodes 1 .149* 1.089* 1 .116* 1 .101* 0.996** 1 .262* 1.162*
Foraminiferans 1 .599* 1.014** 1.004** 1 .082* 1 .154* 1 .033** 1 .021**
Harpacticoids 1.092* 0.881*** 0.942* ** 0.00** 0.872*** 1 .061* 0.920***

Table 3 . Significant results of linear regression analyses

XY Regression equation r SE

X = Median particle diameter (mm)
Y = Total number of meiofauna 10 cm _2 Y = 241 .88 + 11358 .144 X 0 .75 0.338

X = Median particle size (mm) Y = 23 .22 + 646 .785 X 0.86 0.192Y = Number of harpacticoids

X = Median particle size
0 .73 0 .341Y = 154.37 + 2429 .353 XY = Number of nematodes

X = Total nitrogen Y = 146 .04 - 64.375 X -0.85 0.178Y = Number of harpacticoids

X = Total nitrogen Y = 626 .58 - 252.276 X -0.74 0.353Y = Number of nematodes

X = Organic carbon -0.73 0 .344Y = 2038 .06 - 441 .499 X
Y = Total meiofauna

X = C/N ratio Y = 3566 .87 - 1481 .871 X -0.86 0.193Y = Total meiofauna



water, therefore, appears to be an important factor in con-
trolling the vertical distribution of meiofauna . McIntyre
(1969) has also emphasized the importance of interstitial
water content in the vertical distribution of meiofauna .

The total meiofauna was significantly correlated (r =
0.75) to substrate median particle size, suggesting that
medium size particles (o.117 mm) are suitable for high
meiobenthic population . Wieser (1959) while working on
beach fauna, has suggested a median particle diametre of
0.120 mm as the finest in which interstitial life including
nematodes can occur . In the present study, although the
richest station was 1025, the occurrence of fauna in the
fine sediments at other stations suggests that interstitial
fauna may occur in sediments finer than that reported ear-
lier . This is supported by the observations of McLachlan
et al. (1977) . The significant relation of harpacticoids with
median particle size suggests their preference for coarser
sediments. Wigley & McIntyre (1964) found higher num-
bers of harpacticoids in the coarse sediments . Tietjen
(1969) also recorded a large number of harpacticoids in
coarser sediments .

The nitrogen content of the sediment is reported to indi-
cate the availability of digestible food (Newell, 1965) . The
numbers of both harpacticoids and nematodes were inver-
sely related to the amount of nitrogen, suggesting that
nitrogen may act as limiting factor in the distribution of
meiofauna. Similarly, total meiofauna showed a negative
correlation with the organic carbon of the sediment and
C/N ratio (Table 3). This suggests the limiting effect of
food on meiofauna . Remani (1979) has observed a propor-
tionate correlation between organic carbon, nitrogen and
number of benthic organisms only upto a certain level
beyond which the benthic organisms showed a decreasing
trend with increasing organic carbon and nitrogen . Bader
(1954) also observed a decline in benthic bivalve popula-
tion density in sediments having more than 3% organic
matter. However, McLachlan et al. (1977) stated that it is
unlikely that food could be limiting and the above signifi-
cant relationships may be due to the interaction of other
factors . Such observations necessitate the need for detailed
study of the chemical composition of organic constituents
of the sediment which might show a close agreement be-
tween the amount of labile organics available and density
of benthic population .

Summary

Changes in the vertical and horizontal distribution of
meiobenthos in the depth range 20-840 m was studied off
Goa (central west coast of India) . The sediment was main-
ly fine sand and silt . Fine sediment was rich in organic
carbon and nitrogen. Population density was high in shal-
low regions . Nematodes and foraminiferans dominated
the fauna followed by polychaetes, copepods, kino-
rhynchs, lamellibranchs, turbellarians, ostracods, gastro-
trichs and nauplii . Vertical distribution of fauna showed
that approximately 8o% of the meiofauna occurred in the
top 6 cm layer . Nematodes and foraminiferans were found
in the entire length of the core . The fauna was contagious-
ly distributed. Total fauna, nematodes and harpacticoids
were significantly related to organic carbon and nitrogen
in the sediment .
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