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Abstract

Macroinvertebrate community in the intertidal setup plays an important role in coastal ecosystem functions and biogeo-
chemical cycle. However, different land use pattern may influence on their community structure, diversity, and composition
in the coastal ecosystems. Using Van-Veen grab sampler, 60 sediment samples were seasonally collected from mangroves-
dominated, aquaculture-dominated, and anthropogenically affected area in the lower intertidal zone of the Kohelia channel
of Bangladesh, the Northern Bay of Bengal. We have tasted the variation in sediment properties across three land-use types
in this intertidal habitat. To understand the patterns of benthic macroinvertebrate distribution, a neutral community model
was applied. Our results showed that community composition and biodiversity of the benthic macroinvertebrate communities
varied significantly between mangrove-dominated area with anthropogenically affected areas among the four seasons. The
neutral community model revealed that community assembly of benthic macroinvertebrates in the lower intertidal habitats
is structured by stochastic processes while sediment properties have significant influence on species distribution and interac-
tions. Results suggested that land-use changes altered sediment properties and could change the diversity and distribution
of the macroinvertebrate communities in the lower intertidal habitats.
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Introduction community ecology (Platt and Lambshead 1985; Chave

2004; Zhou et al. 2014). These models are used to test the
The null and neutral models are powerful tools for under-  pattern of species distribution in the environment (Sloan
standing the fundamental ecological processes of commu- et al. 2006; Stegen et al. 2013). Previous studies in the field
nity assembly and their use has become a core concept in  of benthic macroinvertebrates stated that both stochastic
and deterministic processes have simultaneous influence
on the community assembly of local communities (Quiroz-
Responsible Editor: V.V.S.S. Sarma Martinez et al. 2011; Verberk et al. 2010). Deterministic
processes, particularly environmental selection, species

Aysha Akhtar and Hillol Barua are co-first author.

< Mamun Abdullah Al 3 Institute of Marine Sciences, University of Chittagong,
mamun.imsfcul6@gmail.com Chittagong 4331, Bangladesh

Faculty of Fisheries and Food Science, Universiti Malaysia

Aquatic Eco-Health Group, Fujian Key Laboratory Terengganu, Kuala Nerus, 21030 Terengganu, Malaysia

of Watershed Ecology, Key Laboratory of Urban

Environment and Health, Institute of Urban Environment, Department of Marine Biology, Faculty of Marine Sciences,

Chinese Academy of Sciences, 1799 Jimei Road, King Abdul Aziz University, Jeddah 21589, Saudi Arabia

Xiamen 361021, China 6 Department of Biology, University of Pisa, Via A. Volta 4/6,
2 University of Chinese Academy of Sciences, Beijing 100049, 56026 Pisa, Italy

China

@ Springer


http://orcid.org/0000-0002-0944-3444
http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-022-20471-z&domain=pdf

66402

Environmental Science and Pollution Research (2022) 29:66389-66404

carbon, NO,-N and SiO;-Si roughly accounted for 49.6%
of variation in community structure of the benthic macroin-
vertebrates (Fig. 4). Consistently with our findings, other
studies have previously reported that sediment particle size,
salinity, pH, organic carbon and sediment nutrients influence
the taxonomic structure and functionality of benthic mac-
roinvertebrate communities (Ysebaert and Herman 2002;
Chainho et al. 2006; Otani et al. 2010; Joydas et al. 2011;
Silva et al. 2011; Pravinkumar 2013). Overall, the results
suggest that sediment properties, particularly the percent-
age of sand and clay, sediment pore water salinity, sediment
temperature and sediment nutrients constitute the main driv-
ing forces in shaping the macroinvertebrate communities.

We found that roughly 52% of benthic macroinvertebrates
species were neutrally distributed and 35% of communities
were changed by dispersal/or ecological drift, which indicated
the influence of stochastic processes on macroinvertebrates
community assembly. Josefson (2016) reported that dispersal
limiting factors such as species shorting and salinity in estua-
rine habitats were the main drivers of community assembly
for benthic macroinvertebrates. Furthermore, the distance
between the sampling sites had a significant effect on random
distribution of nematodes species (Ptatscheck et al. 2020).
The study in the North Sea, English Channel, and Irish Sea
shown that water depth and sediment parameters were the
main factors affecting the distribution of benthic polychaetes
(Quiroz-Martinez et al. 2011). Our results showed that sedi-
ment temperature, sediment pore water salinity, percentage of
sand and clay, and sediment nutrients had significant effect on
benthic macroinvertebrate community assembly. In compari-
son to previous studies using neutral model analysis (Platt and
Lambshead 1985), our results provided a better explanation of
macroinvertebrates assembly and distribution in the intertidal
habitats than marine benthic species diversity. In addition, co-
occurrence-based network analysis revealed that variability of
sediment properties has a negative influence on species-spe-
cies interactions of benthic macroinvertebrate communities
in the intertidal habitats. Altogether, these findings suggest
that variability of sediment properties and limited dispersion
drove the community assembly of benthic macroinvertebrate
communities in this intertidal habitat.

Conclusion

The intertidal habitats of the Kohelia channel exhibited diverse
communities of macroinvertebrates. Overall, the phylum
Arthropoda dominated the communities showing significant
seasonal and spatial variations in composition. Macroinver-
tebrate biodiversity was higher in monsoon in the mangrove-
dominated area than those of anthropogenically affected
areas. Our study demonstrated that the community structure
of the macroinvertebrates significantly differed between the
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four seasons and across three land-use types. The seasonal
and spatial variability of sediment properties, especially sedi-
ment temperature, sediment pore water salinity, percentage of
sand and clay, bulk density, porosity, particle density, NO,-N
and SiO;-Si were proven to the influencial variables for benthic
macroinvertebrate community structure. Importantly, majority
of the species were neutrally distributed; however, sediment
properties were responsible for increasing the diversification
of the macroinvertebrates in these intertidal habitats. In our
study, land-use-driven changes in sediment properties resulted
in benthic macroinvertebrate community structure and species
interactions. However, how historical land-use changes can
alter the functional structure of macroinvertebrates commu-
nities in such habitats is one of the interesting topics highly
recommended for a further in-depth study.
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