
Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Pablo Muniz,
Universidad de la República, Uruguay

REVIEWED BY

Rajamanickam Krishnamurthy,
Arignar Anna Government Arts and
Science College Chennai, India
Thilagam Harikrishnan,
Pachaiyappa’s College for Men, India
Helio Checon,
State University of Campinas, Brazil

*CORRESPONDENCE

Vikas Pandey
vicky2555@gmail.com
Gopal Dharani
dhara@niot.res.in

SPECIALTY SECTION

This article was submitted to
Marine Pollution,
a section of the journal
Frontiers in Marine Science

RECEIVED 29 July 2022
ACCEPTED 17 October 2022

PUBLISHED 15 November 2022

CITATION

Pandey V, Jha DK, Ratnam K,
Venkatnarayanan S, Sathish Kumar P,
Verma P and Dharani G (2022)
Seasonal variability and its impact on
the sub-tidal macrobenthic fauna of
Diu Island, north-eastern Arabian Sea:
A multivariate approach.
Front. Mar. Sci. 9:1006689.
doi: 10.3389/fmars.2022.1006689

COPYRIGHT

© 2022 Pandey, Jha, Ratnam,
Venkatnarayanan, Sathish Kumar, Verma
and Dharani. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Data Report
PUBLISHED 15 November 2022

DOI 10.3389/fmars.2022.1006689
Seasonal variability and its
impact on the sub-tidal
macrobenthic fauna of Diu
Island, north-eastern Arabian
Sea: A multivariate approach

Vikas Pandey*, Dilip Kumar Jha, Krupa Ratnam,
Srinivas Venkatnarayanan, Ponnusamy Sathish Kumar,
Pankaj Verma and Gopal Dharani*

Ocean Science and Technology for Islands, National Institute of Ocean Technology, Ministry of
Earth Sciences (Govt. of India), Chennai, India
KEYWORDS

macrofauna, temporal variation, Diu Island, nutrients, environmental relationship
Introduction

The productivity and sustainability of coastal, marine, and estuarine ecosystems are

heavily reliant on the quality of coastal waters (Jha et al., 2013; Jha et al., 2015; Dheenan et al.,

2016). These locations are thought to have greater biodiversity than open ocean zones (Gray,

1997). Among the biological components of soft bottom sediments, macrobenthic organisms

are essential for ecosystem functioning (Pandey et al., 2022). They play a vital role in

secondary production and nutrient exchange between the pelagic and benthic realms and

therefore constitute essential elements of estuarine and coastal habitats (Snelgrove, 1998) and

are a reliable indicator for assessing the biotic integrity of the coastal ecosystem (Ryu et al.,

2011; Pandey et al., 2021). Due to their sedentary lifestyle, long life cycle, and differential

response against the perturbation, they also serve as useful bio-indicator (Gesteira-Gomez

et al., 2003) for health monitoring and assessment of coastal ecosystems (Ganesh et al., 2014)

and evaluating the success of conservation efforts (Winberg et al., 2007).

Identification of factors responsible for spatiotemporal patterns in macrofaunal

assemblages is the primary goal amongst many marine benthic ecological studies

(Bolam et al., 2008; Dutertre et al., 2013; Pandey and Ganesh, 2019b). However, such

pattern in the benthic community is often hard to predict due to the complex interplay

between environmental parameters and biological interactions (Ellis et al., 2006). The

relationship between natural environmental factors and macrobenthos is reported to help

delineate faunal distribution patterns, characterising benthic habitats, establish baseline
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knowledge, and enabling the detection of spatial and temporal

variations (Bolam et al., 2008; Shumchenia and King, 2010;

Dutertre et al., 2013). Numerous studies (Van Hoey et al., 2004;

Hily et al., 2008; Dutertre et al., 2013; Pandey and Ganesh,

2019b) have identified sediment properties as a significant factor

for the distribution of macrofauna. However, hydrodynamic

conditions and physicochemical properties are also reported to

influence the presence and abundance of benthic species

(Ysebaert and Herman, 2002) as these factors control the food

supply, larval dispersion, and metabolism (Pearson and

Rosenberg, 1987; Shanks et al., 2003). At short temporal scale,

such as seasonal, monthly, or fortnightly, the physicochemical

properties of the water column can vary significantly while

sediment properties remain relatively stable (Dutertre et al.,

2013), therefore, in addition to sediment properties, evaluation

of physicochemical properties of the water column is equally

important for elucidating the distribution of benthic fauna.

Studies relating the environmental parameters and

macrobenthos has received global (Bolam et al., 2008;

Shumchenia and King, 2010; Cisneros et al., 2011; Dutertre

et al., 2013) as well as regional attention in India (Sivadas et al.,

2012; Equbal et al., 2018; Pandey and Ganesh, 2019a; Pandey

and Ganesh, 2019b; Rehitha et al., 2019). However, the sub-tidal

macrobenthic community dynamics concerning environmental

drivers are limited, particularly for Diu Island. The island

receives the majority of rainfall between June to September

due to the southwest monsoon. There are no industries but

tourist, domestic discharge, fishing, and port activities are the

major source of disturbances to the natural environment. The

lack of knowledge about temporal variability makes it difficult to

distinguish between natural and man-induced changes (Hewitt

and Thrush 2007; Sivadas et al., 2011). The present study was

undertaken to understand the temporal variability of

macrofaunal community composition and diversity, effects of

monsoon-mediated variability in the physicochemical

parameters of the water column as well as sediment and their

impacts on the macrofauna community.
Materials and methods

Diu (20.71°N and 70.98°E), a union territory of India, is a

small island with a geographical area of 40 Km2, situated in the

northeastern Arabian Sea. The average annual rainfall is

recorded 550 millimeters (https://diu.gov.in/about-diu.php),

while the average annual ambient atmospheric temperature

ranged between 15°C and 42°C (Jha et al., 2021; Kumar et al.,

2022). The benthic sampling was carried out at seven

predetermined stations (S-1,2,3,4,5,6, and 7) of Diu island in

February, September, and November during the year 2018

covering pre-monsoon (PRM), monsoon (MON), and post-

monsoon (POM) periods, respectively (Figure 1A). Each

season, triplicate samples were collected from all the stations
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to estimate the physiochemical properties of seawater and

sediments. Seawater samples were collected in polypropylene

bottles for nutrient estimation using a Niskin’s water sampler

from a boat. Samples for Dissolved Oxygen (DO) and

Biochemical Oxygen Demand (BOD) were analyzed by

Winkler’s titration method (Grasshoff et al., 1999). For BOD

estimation, before titration, samples were stored in a dark

chamber for 5 days at 20 ± 1°C (APHA 5210B). Salinity, pH,

and temperature were analyzed with a pre-calibrated handheld

water quality probe (Hanna HI9829). The nutrient parameters

namely nitrite, nitrate, inorganic phosphate (IP), silicate, total

nitrogen (TN), ammonia, and total phosphorus (TP) were

estimated by following the standard spectrophotometric

methods of Grasshoff et al. (1999). At each station, sediment

samples were taken for the analysis of organic matter (OM). The

sediment samples were dried at 60°C in a hot air oven for the

estimation of OM. The total organic carbon (TOC) was

estimated by following the modified Walkley Black wet

oxidation method (Gaudette et al., 1974) and multiplied with a

Van Bemmelen factor of 1.724 (Trask, 1939) and expressed as

OM in percentage (%).

Macrofaunal samples were collected in triplicates with a van

Veen grab (0.02 m2) at each station. To prevent movement and

distortion of the macrofauna during sieving, the collected

sediment samples were mixed with relaxant (magnesium

chloride solution, 73 g of MgCl2 in 1000 ml of filtered

seawater) before sieving. A test sieve with a mesh size of

0.5 mm was used to sieve the samples and retained content

was transferred to a sample container with 5% buffered formalin

mixed with Rose Bengal stain. In the laboratory, the samples

were again washed and macrofauna was picked up from the

residue, labelled, and stored in 70% ethanol (v/v). All taxa were

first segregated into different groups and then identified up to

the lowest possible taxonomic level followed by the count of

individuals. The species’ taxonomic information was validated

and authenticated by the WoRMS Editorial Board (2021) and

the density of the macrofauna was represented as individuals per

0.02 square meter area (ind/0.02m2).
Data analysis

The analysis of variance (ANOVA-one way) and Tukey’s

Honest Significant Difference (HSD) post hoc test were carried

out to find out the significance of spatial and temporal variation

for the univariate measures of macrofauna and environmental

parameters. The data were examined for normality with

Shapiro-Wilk’s W test before being subjected to ANOVA. In

case of data normality violation, non-parametric ANOVA

(Kruskal–Wallis H test) was used followed by pairwise

Wilcoxon tests with multiple testing corrections. The

univariate indices such as the number of taxa (S), abundance

(N, ind/0.02m2), Margalef’s species richness (d), Shannon-
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Wiener diversity index (H′, loge), and Pielou’s evenness (J′) were
estimated. Principal Component Analysis (PCA) after the

normalization of data was performed to identify the dominant

environmental factors responsible for sample segregation. To

examine how macrofauna and environmental variables were

related, BIOENV (Clarke and Ainsworth, 1993) and BVSTEP

(Clarke and Warwick, 1998) analyses were used. These analyses

helped to find out the best set of environmental variables and

taxa by examining all the possible subsets of variables showing

the maximum correlation with community dissimilarities.

Similarity matrices for taxonomic and environmental data

were computed based on Bray-Curtis similarity and Spearman

rank correlation coefficients between the two matrices. The

Spearman rank r values indicate the rank correlation between

the matrix; the macrofauna community composition and

similarity matrices from the environmental variables. The best

subset of taxa was identified by Mantel tests performed by the

BVSTEP and subjected to a permutation test to determine

significance. The vectors of the best correlated environmental

variables and macrofauna were overlaid on the NMDS plot. All

the statistical analyses were carried out in open-source software

R version 3.6.3 (R Core Team, 2020). Packages used for the

analyses were “vegan” (Oksanen et al., 2020), “tidyverse”

(Wickham, 2017), and “ggplot2” (Wickham et al., 2019).
Results and discussion

Environmental parameters

The overall seasonal variability of the physicochemical

parameters is given in Figure 1B. Salinity ranged between 30.05

and 35.16 PSUwithmaximummean salinity of 34.99 ± 0.32 PSU in

PRM and a minimum of 30.15 ± 0.06 PSU in MON. The lowering

of salinity values during theMONmay be attributed to the influx of

freshwater due to the high rainfall associated with this season

(Kumar et al., 2022). A Kruskal-Wallis H test showed that there

was a statistically significant difference in salinity between different

seasons, c2 = 17.853, p = 0.0001. The pairwise comparison revealed

that the salinity was significantly different in each season. Similarly,

dissolved oxygen, water temperature, and pH also followed the

same trend, showing higher values during the PRM and lower

values during the MON. The record of high DO (5.83 ± 0.05 mg/L)

values during the PRM is associated with the photosynthetic

activities of phytoplankton increasing the DO concentration of

seawater (Kumar et al., 2022). In contrast, BOD was higher during

the MON (1.12 ± 0.45 mg/L) and lower values were observed

during the PRM (0.86 ± 0.06 mg/L). Similarly, nutrients (nitrite,

nitrate, ammonia, TN, IP, TP, and silicate) in seawater also showed

higher values in MON (Figure 1B) whereas organic matter in

sediment also showed higher levels in MON (1.58 ± 0.86%)

followed by POM (0.95 ± 0.55%) and PRM (0.53 ± 0.3%). The

higher level of BOD, nutrients, and OM during the MON
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appropriately showed a decreasing trend from MON to the PRM.

The rainfall is known to impact the physicochemical properties of

seawater in tropical regions (Ratnam et al., 2022). The increased

OM during the MON was possibly due the land runoff resulting

from heavy rainfall that occur during this period (Pandey and

Ganesh, 2019b). The one-way parametric and non-parametric

ANOVA test showed that, except for BOD and IP (p > 0.05), all

the physicochemical parameters were significantly different (p <

0.05) between seasons. The post hoc pairwise comparison revealed

that the significant difference in ammonia was due to lower

concentration (0.11 ± 0.05 µL/L) during the PRM, whereas the

variation in nitrite, nitrate, TN, TP, and OM was due to their

significantly high concentration during the MON. In contrast, pH,

salinity, silicate, and water temperature were significantly different

for each season.

The eigenvalues (>1) showed three significant components

and explained 78.7% of the variance in the PCA plot (Figure 1C).

However, only the first two components were taken for the result

interpretation as they explained 68% of variations. Liu et al.

(2003) criteria were followed for factor loadings classification as

strong (> 0.75), moderate (0.75-0.50), and weak (0.50-0.30). The

first principal component (PC1) explained 56.1% variance and

showed strong negative loadings of salinity (-0.95), DO (-0.91),

and pH (-0.92) which prevailed during PRM. The second

principal component (PC2) explained 11.8% of the variance

and showed strong positive loading of water temperature (0.79)

and weak negative loadings for BOD (-0.14) and ammonia

(-0.34). Overall, the PCA showed a strong temporal variability

of physicochemical parameters during the study period. The

factor loading matrix, eigenvalues, total & cumulative variance

values, and variable loadings (communality) are presented in

Table S1 (Supplemental Material).
Macrobenthos structure

Thirty-seven taxa were recorded from the sampling stations

covered during the present study at the Diu coast. The majority

of taxa belonged to two major faunal groups namely Polychaeta

(24 taxa) and Amphipoda (8 taxa), whereas one representative

taxa of Tanaidacea, Nemertea, Ophiuroidea, Sipuncula, and

Scaphopoda were also observed. Overall, 1083 individuals were

recorded during the study, of which 66.94% of the total

abundance belonged to Polychaeta and 22.06% to Amphipoda.

Numerically, Cirratulidae (12.83%) dominated the community

followed by Spionidae (10.24%), Maldanidae (7.66%),

Tanaissuidae (7.47%), and Urothoidae (5.63%). The detail on

the mean abundance of all the taxa recorded during the study is

given in Table S2. The overall abundance of macrofauna ranged

between 18 and 100 ind/0.02m2 with maximum mean

abundance recorded during the MON (59 ± 27 ind/0.02m2)

and the minimum was recorded during the POM (40.71 ± 5.64

ind/0.02m2). However, the difference in the abundance was
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FIGURE 1

(A) Study area map, red points in enlarged map show the sampling stations along the coastal region of Diu island, (B) Box plots showing the
variations in physicochemical parameters during different seasons. The central line of each boxes represents the median, the rectangle gives the
interval between 25% and 75% percentiles, whiskers indicate the range and black dots represent outliers. Y- axis represents the value of each
parameter namely DO and BOD are in mg/L, Salinity (PSU), WT (°C) and OM in %, whereas Ammonia, IP, Nitrate, Nitrite, Silicate, TN and TP are
in µL/L. X-axis represents different seasons, (C) PCA biplot illustrating the variability in the environmental parameters between three seasons.
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insignificant between all the seasons (ANOVA; F = 1.663,

p = 0.21).

The number of macrofaunal taxa (S) ranged between 13 and 29,

species richness (Margalef’s d) (3.03 to 7.53), and evenness (J’) (0.84

to 0.97), Shannon-Wiener diversity index (H′ loge) (2.36 to 3.26).

All the indices showed higher values during the PRM (Figure 2A).

Except for the evenness (c2 = 2.278, p = 0.32), all the indices showed

a significant difference (p < 0.05) between the seasons. The Tukey

pairwise HSD post hoc test revealed that the significant difference

was due to lower values during the MON, whereas, there was no

significant difference between PRM and POM (Table S3). The

results of ANOVA and pairwise seasonal comparison of

environmental as well as univariate measures of macrofauna is

summarised in Table S3. Taken together, the results indicate that

the PRM and POM period harbored a rather diverse and stable

macrobenthic faunal community compared to that of MON.

Generally, in tropical conditions, the abundance of macrofauna

tends to decrease during the monsoon due to the variation in the

environmental parameters (Alongi, 1990; Sivadas et al., 2011;

Sivadas et al., 2012). However, in the island ecosystem, this

general pattern varies as our results did not show significant

variation in the abundance between seasons which is in

agreement with the macrofaunal community pattern in the

Andaman Islands (Pandey and Ganesh, 2019b). Since, all

macrofauna are not equally adapted to withstand the salinity

fluctuation and organic matter influx that happens during the

monsoon (Gray et al., 2002), therefore, as the monsoon

progresses, sensitive species that are susceptible to such

disturbances start to diminish in abundance and are replaced by

tolerant species in greater numbers. As a result, overall abundance

increases while diversity begins to decrease. Further, heavy metals

are also known to impact the benthic fauna and may limit the

species composition or defaunate the sediment (Pandey et al., 2021).

A comparatively higher concentration of cadmium metal was

reported from the same region in the MON (Jha et al., 2021).

Under such a scenario, sensitive taxa get eliminated which paves the

way for tolerant and opportunistic fauna to proliferate. However, in

present study, the abundance of macrofauna was not different from

a random pattern but the relative abundance of tolerance and

opportunistic taxa such as Cirriformia filigera, C. tentaculata,

Dodecaceria sp., Paraprionospio cordifolia, P. patiens, Cossura

coasta, Maldanella capensis, and Notomastus aberans was higher

during the MON (Table S2). These opportunistic faunas have

remarkable tolerance to organic enrichment and other pollutants

(Levin et al., 1996; Chandler et al., 1997; Holmer et al., 1997) and

proliferate in a reduced environment which was evident from their

higher numbers during the MON. As the monsoon passes and the

environment progresses towards stability, the abundance of tolerant

species declines due to competition for food and space leading to

increased evenness, higher diversity, and a stable benthic

environment during the post-monsoon condition (Parulekar

et al., 1980; Harkantra and Rodrigues, 2003). The post-monsoon

period in the present study also showed significant improvement in
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terms of richness and diversity indicating the faster recovery of the

macrobenthic faunal community during the stable POM and PRM.

The NMDS ordination revealed temporal variability in the

macrobenthic assemblage pattern. However, the major differences

in the assemblage were observed between the MON and the non-

monsoon periods including PRM and POM. A distinct assemblage

composition was not observed between PRM and POM. BIOENV

analysis showed a relatively weak correlation between the

environmental parameters and macrofauna. However, the best

subset of environmental parameters with the highest rank

correlation was obtained with a combination of salinity,

temperature, nitrite, total nitrogen, total phosphate, silicate, and

OM (r = 0.42). Environmental parameters namely nitrite, total

nitrogen, total phosphate, silicate, and OMwere important variables

associated with differences in macrofaunal community structure

between monsoon (MON) and non-monsoon (PRM and POM)

seasons (Figure 2B). The best subset of taxa identified by BVSTEP

routine were Cossura coasta, Sigambra robusta, Goniada emerita,

Notomastus aberans, Armandia intermedia, Ophelina acuminata,

Paraprinospio patiens, Sabella fusca, Urothoe marina, and Aoroides

sp., with a rank correlation of 0.89. Among the identified fauna,

except S. robusta, O. acuminata, and Aoroides sp., all were

significantly correlated with community dissimilarity (Table S4).

Macrobenthic community is structured by a combination of

different parameters rather than being controlled by any single

parameter alone (Snelgrove and Butman, 1994). This was also

reflected in the marofaunal community pattern of the Diu coast

which was supported by the integrated NMDS and BIOENV results

which revealed a combination of parameters plays different roles in

different seasons. The different assemblage pattern during theMON

was governed by the increased concentration of nitrite, total

nitrogen, total phosphate, silicate, and OM. In contrast, increased

salinity and temperature were responsible for the assemblage

pattern during PRM and POM. Likewise, taxa that showed

significant association with the corresponding seasons were

identified by BVSTEP. The analysis revealed three species, namely

Cossura coasta, Notomastus aberans, and Paraprinospio patiens

showing significant association with the MON (Figure 2B). These

species may be indicators given their prevalence in the MON with

increased organic concentration. The significant association of these

taxa with the MON justified the prevailing notion of disturbance

caused by monsoon turbulence along the west coast of the Indian

Peninsula. The current assessment is a preliminary investigation

that will be useful to assess the health of the local benthic and

associated aquatic fauna, which in turn will help in coastal

conservation and fisheries management (Murugan et al., 2005;

Kumar et al., 2009; Jha et al., 2017).
Conclusion

The environmental perturbation during the monsoon season

in Diu Island brings significant changes in physicochemical and
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A

B

FIGURE 2

(A) Box plots showing the variations in community characteristics of macrobenthic fauna during different season. In each boxplot, the central line
represents the median, the rectangle gives the interval between 25% and 75% percentiles, whiskers indicate the range and black dots represent
outliers. Abundance is represented as ind/0.02m2. (B) NMDS ordination of the correlation between the macrofaunal community composition and
the best subset of environmental variables and taxa with maximum correlation with community dissimilarities plotted as vectors. The vectors
represented in green correspond to environmental variable whereas grey vectors represent taxa (abbreviation as per Table S4).
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biological characteristics. The study revealed that nutrient and

organic enrichment during the monsoon season were the main

drivers of the community pattern observed along the Diu coast.

These community drivers were stable and did not show significant

variation during the post and pre-monsoon periods thereby

justifying the healthy benthic environment. The influence of

these variables was evidenced on the macrofaunal community

during the monsoon which resulted in lower diversity and higher

relative abundance of tolerant and opportunistic taxa which is

consistent with the community pattern of other tropical islands.

This could also be attributed to organic enrichment and nutrient

influx resulting from land runoff and natural upwelling incidents

on the west coast of India. The result will be significant for

comparing benthic diversity and its impact on the ecosystem to

other tropical coastal environments.
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