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  In the Arabian Sea, organic matter produced during the upwelling period reaches the seafloor by the end of the 
monsoon and during the fall intermonsoon period (FIM). Studies on the benthic community is lacking during this 
period. Therefore, we predict that the FIM period is critical in structuring the coastal benthic community. Results 
indicated Coscinodiscus sp. and Thalassiosira sp. were dominant in the phytoplankton and the microphytobenthos 
community. Zooplankton was dominated by small sized calanoid copepods followed by larval forms of polychaete and 
fish. Macrofauna was dominated by the juveniles of interface feeding polychaete, Paraprionospio pinnata. The quality 
of food from the surface flux supported the macrofaunal community and explained the successful recruitment of 
dominant P. pinnata.  Therefore, species composition and dominance of juveniles among the macrofaunal community 
suggest that macrobenthic recruitment coincides with the timing of organic matter flux so that the benthic community 
benefits from the sinking detritus. 
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Introduction 

The Arabian Sea is one of the most 
productive regions among the world 
oceans, primarily due to the seasonal 
upwelling1. The seasons for the Arabian 
Seas are classified based on the 
oceanographic conditions as Spring 
Intermonsoon (SIM; March-May); 
southwest (SW)/ summer monsoon (June-
August); Fall Intermonsoon (FIM; 
September - October) and northeast (NE)/ 
winter monsoon2 (November-February). 
Elevated biological productivity in the 
Arabian Sea is observed during the SW 
and NE monsoon period. The high 
biological productivity during the SW 
monsoon is driven by coastal upwelling, 
wind-mixing, lateral advection, Ekman 
pumping, mesoscale eddies and 
filaments3,4. Winter-cooling and 
convective mixing, results in the high 
productivity during NE monsoon. These 
highly productive periods are interrupted 
by the FIM and SIM during which the 
Arabian Sea turns oligotrophic5. 
Upwelling leads to intense productivity 
and subsequent pulses of organic detritus 
to the seafloor during the intermonsoon 
period. As a result, though the 
intermonsoon period may show an 
oligotrophic condition in the surface 

water, the benthic system becomes 
enriched with the collapsed 
phytoplankton bloom. Many lines of 
evidence suggest that 6-60% of net annual 
primary production of phytoplankton 
reaches the seafloor providing a prime 
source of high-quality food for benthic 
organisms6. Fresh input of food supply 
has been shown to modify the growth, 
reproduction and behaviour of benthic 
invertebrates7.  

The time of delivery of organic matter 
to the seafloor can have a significant 
effect on the benthic community8. FIM 
period when the benthic system is rich 
with sinking organic matter will be one of 
the most critical factors that contribute 
towards the structuring of the benthic 
community.  Influence of organic matter 
flux in structuring the benthic community 
has been studied extensively in the deep 
sea and at higher latitudes7. Although the 
Arabian Sea is characterised by biannual 
peaks in primary productivity, most of the 
understanding of organic matter flux in 
the Arabian Sea is from deeper waters9 
(>500m) with a few studies conducted in 
the shallow waters10, 11. Furthermore, a lot 
of our understanding on the response of 
shallow water is based on experimental 
data7,11.   Present investigation is an 
attempt to study the macrobenthic 
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community patterns (composition, 
abundance, biomass, species diversity and 
feeding guilds) at two transects along the 
NE section of the Arabian Sea (17ºN and 
18ºN) during the FIM period. 
 
Materials and Methods 

Sampling was conducted on 7 and 8 
November 2009 on board CRV Sagar 
Sukti (cruise no. 189). Two transects 
perpendicular to the coast: south off 
Mumbai (18012N and 72043E) and off 
Ratnagiri (170 00N and 73009E) were 
sampled (Fig. 1). Five stations at each 
transect in the water depths of 10, 20, 30, 
40 and 50 m were sampled for various 
oceanographic parameters.  

 

 
Fig. 1— Location of the sampling sites 

 

Water samples were collected with 5 
lit. Niskin bottles from 1 m below the 
surface and 2 m above the sea bed.  For 
chlorophyll-a (Chl-a), 1 lit. of water was 
filtered through GF/F filters (pore size 
0.45 m)  and extracted with 10 ml of 90% 
acetone12. Column Chl-a (mg m-2) was 
calculated by integrating the depth values. 
For phytoplankton study, 500 ml of 
seawater sample was fixed with Lugol’s 
solution and 3% buffered formalin.  
Samples were concentrated to 25 ml with 
a mesh of 20 µm and 1 ml of concentrate 
was used for analysis on a Sedgwick-
Rafter. A triplicate count was taken from 
each sample and mean densities were 
calculated from it. Zooplankton samples 

were collected with a modified Heron-
Tranter net (mouth area 0.25 m2) of 330 
m mesh size fitted with calibrated TSK 
flow meter at the mouth area. The net was 
towed horizontally at a uniform speed of 
1.5 knots for five minutes. Zooplankton 
samples were preserved in 10% formalin 
solution. In the laboratory, the sample 
was split by Folsom splitter and 25% 
aliquots were used for enumeration 
(abundance) and identification.  

             Sediment samples were collected in 
replicates with van Veen grab (0.10 m2). 
For macrofauna, sub-sampling was done 
using a metallic quadrate (0.018 m2) and  

        preserved in 10% buffered formalin-Rose 
Bengal solution. In the laboratory, all the 
samples were sieved on 500 µm mesh, 
sorted and preserved in 5% formalin. 
Fauna were counted and identified up to 
the lowest possible taxonomic level and 
wet weight was recorded. Feeding guilds 
of macrofauna used in this study were 
surface deposit feeders (SDF), 
subsurface-deposit feeders (SSDF), filter 
feeders (FF), IF (interface feeders) and 
carnivores (C)13,14. For taxa not 
determined to species level, the 
information was deduced from closely 
related species.  About 9% of the taxa 
could not be assigned to any categories 
and these species were rare in occurrence 
(contribute to <1% of the abundance). 
  Meiofauna samples were taken in 
triplicate with an acrylic core (4.5 cm). 
All samples were immediately preserved 
in 5% formalin Rose Bengal solution.  
Samples were sieved with 500 and 45 µm 
sieves. Material retained on the 45 µm 
sieve was used for meiofaunal analyses. 
Meiofauna was identified up to the group 
level.  Total count was converted to ind. 
10 cm-2. Microphytobenthic samples were 
collected using a 2 cm acrylic core and 
preserved with Lugol’s solution.  Samples 
were sieved by 25 µm mesh and 
transferred to a Sedgwick-Rafter counting 
chamber and counted for cell counts and 
taxonomic identification.  
 Sediment samples were taken with 
acrylic core (4.5 cm) for the analysis of 
sediment texture, Chlorophyll a (Chl-a), 
phaeopigment (Phaeo) and total organic 
matter (TOM). Chl-a and phaeo were 
analysed by acetone extraction method12. 
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Organic carbon was estimated by ignition 
method and converted to TOM using 
conversion factor 1.815.  
 The normality of the data was verified  
using the Kolmogorov-Smirnov test and 
the homogeneity of variances using the 
Cochran C test, when necessary data was 
log transformed to achieve normality. 
Shannon – Wiener diversity (loge H’), 
Pielou’s evenness (J’), and Margalef’s 
species richness were calculated.  
Significance of variation was tested by 
analysis of variance (ANOVA) on the log 
transformed data. When a significant 
difference for the main effect was 
observed (p<0.05), Student-Newman-
Keuls (SNK test) pair-wise comparison 
test was performed. The spatial pattern of 
macrofaunal community was analysed by 
hierarchical agglomerative clustering with 
group-average linking on the Bray-Curtis 
coefficient on the log transformed 
abundance data of species and functional 
groups16. Non-metric multidimensional 
scaling (nMDS) was also performed using 
the Bray-Curtis similarity matrix to 
produce an ordination plot. Similarity 
percentage programme (SIMPER) was 
then used to identify the species 
contributing to within group similarity 
and those species responsible for 
dissimilarity between groups. A similarity 
profile (SIMPROF) test was carried out 
for detecting statistically significant 
cluster17,18.  Relationship between 
environmental and biotic variables was 
investigated by calculating Pearson’s 
correlation (r).   Statistical analyses were 
carried out using Primer E and Statistica 
10 software packages.  

 
Result 
Environmental variables  

 The environmental variables in the 
study area are given in Table 1.  Highest 
Chl-a in surface water was found at 
Mumbai (avg. 2.27 mg l-1), whereas 
bottom water Chl-a was high in Ratnagiri 
(avg. 2.5 mg l-1). Chl-a in surface and 
bottom water showed a decrease from 
shallow to deeper depths. ANOVA and 
SNK post hoc test detected significantly 
high values of Chl-a in bottom waters of 
Ratnagiri (F=37.61; p=0.0035). Average 

surface water Phaeo ranged from 0.06 - 
0.8 mg l-1 and 0.08 - 0.98 mg l-1 in 
Ratnagiri and Mumbai, respectively. 
ANOVA detected significant depth 
variation (F=7.82; p=0.035) in surface 
water Phaeo with lowest values at 40 and 
50m depth (SNK test). Bottom water 
Phaeo was much higher at Mumbai (avg. 
0.78 mg l-1) compared to Ratnagiri (avg. 
0.52 mg l-1). However, there was no 
significant spatial variation in bottom 
water Phaeo. Sediment Chl-a was higher 
(avg. 0.53 mg g-1) at Mumbai compared 
to Ratnagiri (avg. 0.45 mg g-1). Sediment 
Phaeo followed a similar trend at 
Ratnagiri, with highest value recorded at 
50 m (6.3 mg g-1). The difference in 
sediment Chl-a and Phaeo between the 
transect was not significant. The 
availability of fresh organic matter, 
generally measured by Phaeo/Chl-a ratios 
and value of 3.5 - 8, is considered as low 
in fresh OM. 
 In the present case, the Phaeo/Chl-a 
ratio ranged from 5.8 - 12 in Ratnagiri 
(avg. 9.10) and 5.2 - 11 (avg. 8.45) for 
Mumbai. Sediment TOM was high at 
Ratnagiri (avg. 36 mg g-1) compared to 
Mumbai (avg. 26 mg g-1) however, no 
significant spatial variation was observed. 
 Sediment texture was homogeneous 
and dominated by sand and clay except at 
Mumbai 40 m where silt was the most 
dominant sediment type (50.93%). 
ANOVA showed significant depth 
variation (F=13.56; p=0.013) in clay 
content with significantly low values at 
40 m. 

 
Phytoplankton  

 Surface water phytoplankton was 
significantly high at Ratnagiri (F=15.18; 
p=0.017; Table 2). Thalassiosira sp. 
(25%), Pyrophacus sp. (16%), Navicula 
sp. (12%) Coscinodiscus sp (11%) were 
the dominant phytoplankton. 
Phytoplankton in the bottom water was 
dominated by Coscinodiscus sp (42%), 
Thalassiosira sp. (31%) and Pleurosigma 
sp. (12%). Thalassiosira sp. (32%), 
Rhizosolenia sp. (24%) and Navicula sp. 
(11%), dominated the surface water 
phytoplankton community of Mumbai. 
Thalassiosira sp. (40%), Coscinodiscus 
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sp. (21%), Rhizosolenia sp. (12%) was 
the most dominant phytoplankton in 
bottom waters, respectively.   

 
                                                                                                                             

 
 Table 1. Environmental variables in the study area. S- surface; B- bottom. 

  Water Parameters Sediment Parameters 

  Temperatureº C 
Salinity 
(PSU) 

Chl a (mg l-

1) 
Phae (mg l-

1) Sediment texture (%)       

Station S B S B S B S B Sand Clay  Silt TOM 

Chl a 
(mg 
g-1) 

Phae  
(mg 
g-1) 

Ratnagiri 
 10 m 27.79 27.56 34.35 34.69 1.58 5.06 0.79 0.81 26.03 63.87 10.1 37.67 0.49 2.83 

 20 m - - - - 1.03 1.49 0.8 0.43 42.92 53.45 3.63 43.33 0.23 1.65 

 30 m - - - - 2.4 2.29 0.44 0.61 30.35 65.77 3.88 22.78 0.43 4.6 

 40 m - - - - 1.52 2.01 0.13 0.16 68.92 27.92 3.16 25.97 0.44 5.35 

 50 m 28.21 23.2 33.99 35.5 0.84 2.08 0.06 0.63 32.04 65.22 2.74 50.23 0.66 6.28 

Mumbai 
 10 m 27.13 26.61 35.67 35.72 7.33 1.5 0.98 0.88 55.31 42.08 2.61 34.38 0.31 3.01 

 20 m - - - - 1.6 0.92 0.35 0.6 40.88 56.02 3.1 28.48 0.38 3.3 

 30 m - - - - 0.95 0.67 0.67 0.67 42.97 53.79 3.24 29.76 1.27 6.72 

 40 m - - - - 0.62 0.61 0.08 1.28 22.7 26.37 50.93 12.41 0.2 1.53 
 50 m 28.49 22.71 35.89 35.77 0.91 0.5 0.11 0.51 45.6 51.93 2.47 26.93 0.48 5.37 

 1 
 2 

Table 2. Summary of the biotic parameters (Average values). S-surface; B-bottom; A- abundance; B-Biomass;   

 
Phytoplankton 

(cells l-1) Zooplankton  Benthos Macrofauna 

Station  S B 
A 

(ind 100m-3) 

B 
(g 100m-

3) 
PB 

( ind cm-2) 
MeioA 

( ind 10 cm-2) 
A 

(ind m-2) 
B 

(g m-2) 

Ratnagiri         

 10 m  2986 2826 2772 277 2380 737 24830 33 

 20 m  1453 1826 1087 95 11220 3478 27700 53 

 30 m 1693 4733 2013 74 1050 325 5443 7 

 40 m  853 2533 532 110 4090 1267 3832 14 

 50 m  853 3560 868 255 8925 857 2833 2 

Mumbai         

10 m 1400 2920 1664 77 4445 1377 33626 49 

 20 m 373 866 955 109 30010 9303 31367 31 

 30 m 666 400 5167 183 8800 2728 20775 14 

 40 m 226 1520 1339 106 650 201 13257 40 

 50 m 773 653 7970 211 2450 759 10974 32 

 
Zooplankton  

A total of 37 zooplankton taxa were  
identified dominated by Copepoda (24 
taxa). Zooplankton abundance at Mumbai 
ranged from 955 – 7970 ind. 100 m-3 and 
from 532 - 2772 ind. 100 m-3 in Ratnagiri 
(Table 2). Paracalanus parvus was the 
most dominant copepod species (13%). 
Sagitta sp. (11%) was next in the order of 
dominance followed by Oithona sp. 
(10%), Polychaete larvae (7%) and 
immature copepods (8%). Zooplankton 
biomass in Ratnagiri was highest at 10 m 
(277 g 100 m-3) and lowest at 30 m (74 g 
100 m-3). A reverse trend was observed  at 

Mumbai, biomass was lowest (77 g 100 
m-3) at shallow depth (10 m) and highest  
 
(211 g 100 m-3) at deeper depth (50 m).  

 
Microphytobenthos (MPB) 

A total of 25 genera represented the 
microphytobenthic community and was 
dominated by diatoms. Overall, 
abundance was highest at Mumbai (avg. 
2874 ± 3715 cells cm-2) compared to 
Ratnagiri (avg. 1333 ± 1245 cells cm-2). 
In Mumbai, MPB cell count varied from 
202 (40 m) - 9303 (20 m) cells cm-2. The 
MPB count at Ratnagiri ranged from 326 
(30 m) - 3478 (20 m) cells cm-2 (Table 2).  
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Abundance of dominant taxa showed a 
higher degree of fluctuation at both 
transects. Thalassiosira sp. was dominant 
at Mumbai (50%) with maximum value of 
6650 cells cm-2 at 20 m depth. 
Coscinodiscus sp. was second in order of 
dominance (36%). Cell count of 
Coscinodiscus sp. was also highest at 20 
m (1953 cells cm-2) and lower value of 
188 cells cm-2 was observed at 40 m (avg. 
1039 ± 669sd). A reverse trend was 
observed at Ratnagiri with Coscinodiscus 
sp. (57%) being the most dominant 
followed by Thalassiosira sp. (35%). The 
cell count of Coscinodiscus sp. ranged 
from 161 - 1993 (avg. 764 ± 709sd) and 
87 - 1292 (avg. 467 ± 509sd) for 
Thalassiosira sp. 

 
Benthic community    

Meiofauna was represented by 11 
taxa. The faunal abundance was low and 
ranged from 9 - 42 inds. 10 cm-2 (Table 
2). Numerically, Nematoda dominated at 
both the transects and represent to > 69% 
of the total meiofaunal abundance.  
 A total of 67 macro-invertebrates 
belonging to 16 major groups were 
identified from the two transects. The 
faunal abundance in Ratnagiri ranged 
from 2833 - 27701 ind. m-2 with with 
maximum value at 20 m and lowest at 50 
m.  While at Mumbai transect abundance 
varied from 10974 - 33626 ind. m-2 
highest at 10 m and low were found at 50 
m (Table 2). Two-way ANOVA showed 
significant variation in faunal abundance 
between transects (F= 10.35; p=0.032) 
and station (F=6.6; p= 0.047). SNK post 
hoc test showed significantly high values 
of macrofaunal abundance at Mumbai. 
The nMDS based on macrofaunal 
abundance showed four groups (Fig. 2a). 
The species that contributed to the 
clustering based on SIMPER is given in 
(Table 3). The clustering was due to the 
difference in abundance of the dominant 
species (Table 3). Ratnagiri (30 m) did 
not cluster due to the dominance of 
Staurocephalus incertus. Cluster analysis 
with SIMPROF tests determines whether 
the grouping is significant. Although the 
station at Mumbai 30-50 m showed 
clustering in nMDS, SIMPROF showed 

the significant variability among the 
groups in macrofaunal community (Fig. 
2b). 
 Macrobenthic biomass ranged from 2 - 
53 g m-2 at Ratnagiri (21.46    21.05sd) 
and 14 - 49 g m-2 in Mumbai (33.7  
12.9sd; Table 2), however this was not 
statistically significant. The macrofaunal  

 
Fig. 2— nMDS based on log transformed (log x+1) data 
of total macrofaunal abundance (a) SIMPROF tests on 
dendrogram from standard hierarchial clustering. Dashed 
lines indicate groups of samples not separated (P<0.05). 
R - Ratnagiri; M -Mumbai. 

 
biomass was dominated by polychaete 
(73%), followed by crustacean (10%) and 
other minor phyla. 
 Species number in Ratnagiri ranged 
from 17 (40 m) – 27 (30 m) whereas 
diversity was generally low at the 
Mumbai transect (16 taxa). However, the 
maximum diversity was at a deeper depth 
(44 taxa at 50 m). Overall, the evenness 
was low at both transects. In Ratnagiri the 
values ranged from 0.1 - 0.6 (0.47  0.30) 
and from 0.1 - 0.4 in Mumbai (0.29  
0.23). Similarly, Shannon-Wiener species 
diversity was low at shallower depths. In 
Ratnagiri, species diversity (H’) was 0.3 –
2.7 (1.1  0.8).  Shannon-Wiener 
diversity index at Mumbai was also low 
and values ranged from 0.3 to 1.6 (0.80  
0.72). Statistically, species diversity 
indices did not vary much between the 
two transects.     
 The composition of feeding guilds was 
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similar in both transects. The surface 
deposit feeders (SDF) and carnivores (C) 

were the most diverse group (Fig. 3a). At  
 

 Table 3 Results of SIMPER analyses 
  

Species 
Avg. 

Abundance 
Avg. 

Similarity Contribution (%) Cumulative % 

Group 1 (Average similarity: 82.03) 

P. pinnata 10.12 11.06 13.48 13.48 

Nemertenia 5.64 5.78 7.05 20.53 

Medioastus sp. 5.26 5.63 6.87 27.4 

Magelona sp. 5.23 5.36 6.53 33.93 

Nematode 4.92 4.75 5.79 39.72 

Amphipoda 4.51 4.55 5.55 45.27 

Prionospio sp. 4.04 4.44 5.41 50.68 

Group 2 (Average similarity: 81.00) 

P. pinnata 7.53 9.82 12.12 12.12 

Cossura sp. 5.69 7.5 9.26 21.38 

Prionospio sp. 5.69 7.17 8.86 30.24 

Aricidae sp. 4.68 5.93 7.32 37.55 

Cirratulus sp. 4.68 5.54 6.84 44.39 

Ancistrasyllis constricta 4.23 5.38 6.64 51.03 

Group 3 (Average similarity: 64.61) 

P. pinnata 10.32 14.24 22.04 22.04 

Magelona sp. 6.87 9.14 14.14 36.18 

Cossura sp. 5.07 5.97 9.24 45.43 

Aricidae sp. 4.29 5.58 8.64 54.06 

Group 4 (Average similarity: 73.69) 

P. pinnata 9.31 6.63 9 9 

Lumbrineries sp. 4.92 3.53 4.79 13.78 

Cossura sp. 5.01 3.49 4.73 18.52 

Sipuncula 5.16 3.42 4.64 23.15 

Cirratulus sp. 5.46 3.25 4.42 27.57 

Aricidae sp. 5 3.25 4.41 31.98 

Ophiuroidae 4.82 3.25 4.41 36.39 

Magelona sp. 5.12 3.18 4.32 40.71 

Nemertenia 4.26 2.97 4.04 44.74 

Bivalvia 4.16 2.92 3.96 48.71 

Prionospio sp. 4.81 2.72 3.69 52.4 

 
Ratnagiri, SDF and C were equally 
dominated. In terms of abundance the 
interface feeders (IF) represented by 
P.pinnata were the most important group 
at both transects and in general showed a 
decrease with depth. SDF was next in 
dominance and increased with depth. 
However at Ratnagiri (30 m), S. incertus, 
a carnivorous polychaete was the most 
dominant species and contributed to 57% 
(Fig. 3c) of the total abundance.   
Pearson’s correlation analysis was carried 

out between biotic and abiotic 
component. Macrofauna abundance 
showed significant positive correlation 
with surface water Phaeo (r=0.72; 
p=0.018) and negative with sediment  

 
Phaeo (r=-0.74; p=0.02). MPB showed 

a MPB showed a significant correlation 
with meiofaunal abundance (r = 0.94, p < 
0.001). Abundance of IF showed 
significant positive relation with Chl-a 
(r= 0.78; p = 0.05).  
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Discussion 
   Coastal upwelling along with 

riverine inputs result in the availability of 
nutrients in the surface water that 
supports high primary production in the 
coastal waters of the Arabian Sea during 

 

 
Fig. 3— Percent composition (%) of feeding guilds based 
on abundance (a) and species number (a) in Mumbai and 
Ratnagiri  (b and b). 

 
the SW monsoon period 19-21. The end of 
the monsoon leads to the collapse of the 
phytoplankton bloom22 and the sinking 
detritus enriches the benthic system 
during the FIM period. Therefore, the 
time and quality of organic matter 
reaching the seafloor will play an 
important role in structuring the 
macrobenthic community of a region. 

 
 The macrofaunal abundance declined 
from shallower to deeper stations and was 
dominated by polychaetes, a general trend 
along the west coast of India23- 25.  
Macrofaunal abundance reported in the 

present study was higher compared to 
previous studies along the NW coast of 
India24. However, it was within the range 
reported from the Pakistan side of the NE 
Arabian Sea26 but low compared to 
sublittoral bottoms off central Chile27 
from similar depths. However, 
macrofaunal biomass values were higher 
(2.5 - 52 g m-2) compared to the Pakistan 
coast26 and comparable to values 
observed in the Chile coast27.  High 
organic matter from the sinking detritus 
may have supported the high macrofaunal 
abundance in the study area. During the 
present study, high values of TOM and 
sediment Chl-a and Phaeo were observed 
at both transects. The Chl-a: Phaeo ratio 
indicates low fresh organic matter 
indicating that the TOM was derived from 
the primary productivity. This was also 
evident from the SeaWifs Chl-a data (Fig. 
4). The Chl-a data showed a decrease in 
surface water Chl-a from September, 
October and November (avg. 2.1mg m-3). 
Studies in coastal waters have shown a 
direct control of phytoplankton on the 
macrofaunal community 28, 29.  
   High amount of sediment Chl-a can 
be found commonly near shore and shelf 
sediments due to its lower degradation in 
the water column30. Another possible 
reason for the high Chl-a in bottom water 
and sediment could be the development of 
deep chlorophyll maxima (DCM). 
According to Brock et al.31 the 
intermonsoon is more than a quiescent 
period since the euphotic zone extends 
into the thermocline which leads to the 
development of DCM. Brock et al.31 
further suggested that the DCM should be 
more widespread during FIM and is that 
the centre of production during this 
period32. This was evident from the higher 
phytoplankton abundance in the bottom 
water compared to the surface. Further, 
the phytoplankton community was 
dominated by small sized Coscinodiscus 
sp. and Thalassiosira sp. and corroborates 
earlier studies33-35.  Role of bottom 
phytoplankton community was further 
evident from the MPB community. The 
community was dominated by the same 
phytoplankton genera found in the surface 
water. It is well known that planktonic 
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algae can sink to the bottom under calm 
conditions where they can live and 
synthesize and ultimately become part of 
the MPB community36. Therefore, the  

 
Fig. 4— SeaWiFS images of surface water chl-a (mg m-

3) during September (a), October (b) and November (c) 
2009. 

 
MPB community also account for the 
observed high Chl-a values in the 
sediment. The importance of FIM in life 
history for the shallow water benthic 
community of the Arabian Sea was 
evident from the dominance of juveniles 
of P. pinnata in the macrobenthic 
community. Along the west coast of 
India, the major recruitment period 

coincides with the southwest monsoon 
period so that the planktonic larvae are 
ensured abundant planktonic food 
resulting from the seasonal upwelling 37.  
Planktonic larvae settle into the benthic 
system by the end of the monsoon period 
which coincides with time when the 
collapsed phytoplankton also reaches the 
seafloor. There are strong evidences that 
availability of high quality food such as 
phytodetritus and TOM is critical for the 
survival of juveniles and population 
dynamics of benthic species29. The first 
species to colonize are those with an 
opportunistic life history species such as 
P. pinnat 38 which is one of the dominant 
polychaete species along the west coast of 
India at shallow depths and is related to 
sediment texture and organic matter24,25,39. 
Therefore, the organic matter coming 
from the pelagic system provides an ideal 
habitat for P. pinnata to successfully 
recruit. This opportunistic species makes 
the conditions favourable for the next 
species to colonize.  Importance of FIM 
in life history of benthic organisms was 
also evident from the meiofaunal and 
zooplankton community composition. 
Polychaete larvae contributed 
significantly to the zooplankton 
community, while juvenile Polychaetes 
were the second dominant group in the 
meiofauna.  
 Further, P. pinnata are interface 
feeders/SDF which can switch its feeding 
mode depending upon the food 
availability.  SDF are the first to respond 
to the phytodetrital flux in the sediment. 
The carnivores were the second most 
dominant feeding type and are 
presumably representing a response to 
increase food in terms of deposit 
feeders40. The SSDF was low in the 
present study in terms of abundance and 
diversity. High quality food will be 
consumed and elapsed before it reaches 
the deeper parts of the ocean floor41 and 
therefore less matter reaches these depths 
which accounts for the lower SSDF 
feeders.  
 Macrofaunal species diversity and 
evenness was low due to the complete 
dominance of P. pinnata9 reported that 
pigment negatively correlated with 
species richness and evenness and 
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positively correlated with dominance. In 
general, the macrofauna abundance 
declined with depth, whereas diversity 
indices showed a reverse trend which is 
consistent with earlier studies9, 24,25. 

 
 
Conclusion 

The phytoplankton bloom formed 
during the SW monsoon upwelling 
period, collapse and sink to the benthic 
system during the FIM period. This 
productive period coincides with the time 
when the benthic fauna are settling after a 
brief planktonic larval stage was evident 
from the present study as larval and 
juvenile population dominated the 
macrobenthic, meiofaunal and 
zooplankton community. Therefore, 
timing of high biological productivity in 
the water column and the organic matter 
flux in the sediment coincides with the 
recruitment period of the benthic 
organisms. The availability of high 
quality food during their crucial period of 
recruitment enhances their survival. Thus, 
the FIM period is important for 
structuring the macrobenthic community 
of the coastal Arabian Sea.  
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