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An investigation was carried out to understand the effect of a cyclone Vardah on the functioning of macrobenthos. The assessment was accomplished by comparing before cyclone (BC) and after cyclone (AC) data of macrobenthos. Additionally, temporal changes in the faunal assemblages were evident through multivariate techniques. Five distinguished assemblages could be noticed through the Bray–Curtis similarity representing different phases of the cyclone. The cyclonic effect also resulted in the recruitment of some macrobenthic species and the loss of a few during the study period. Biological trait analysis identified subsurface deposit feeders, upward and downward conveyers, Ecological Group IV, mid-mobile macrobenthos and size class of 2–4 cm as the important groups that dominated the functioning of the macrobenthic community immediately after the cyclone. The resilience and recruitment of macrobenthos were explained using functional redundancy.
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Introduction

A storm or a tropical cyclone is one of the phenomena that frequently occur in the tropical region. The Arabian Sea and the Bay of Bengal of the Indian subcontinent account for about 4.8% of total storms worldwide (Aguttes et al., 2000). For example, between 2011 and 2016, the Arabian Sea and Bay of Bengal encountered 20 mild and severe tropical cyclones (Vasudha, 2017). Storms have a big impact on the coastal areas, especially the sedimentary shoreline, and can alter coastal community structure temporally (Balica et al., 2012). Storms cause drastic shifting in sediment, salinity changes in tidal flats, and redistribution of the macrobenthic community, resulting in low species diversity and distribution and dominance of opportunistic species (Posey et al., 1996; Sukumaran et al., 2016). The impacts of storm disturbance on the macrobenthic community vary depending on the time of disturbances, including frequency and timing relative to recruitment events and life histories of resident fauna (Levin, 1984). The majority of the studies on the storm impact on coastal community structure are focused on the diversity, distribution, and assemblage patterns of benthic communities (Sukumaran et al., 2016). Although a few studies attempted to define the functional nature of the coastal community in response to storms (Posey et al., 1996; Sukumaran et al., 2016), there was a lack of explanation for the ecosystem functioning and the impact of disruption. Species diversity, composition, and abundance have long been utilized in traditional biodiversity research (Reizopoulou & Nicolaidou, 2007). Its findings were insufficient to describe the functioning of the entire ecosystem. Functional diversity (FD) (Petchey & Gaston, 2002; Villéger et al., 2008; Linden et al., 2012; Delfan et al., 2021) was introduced to describe the diversity of functional traits found among a group of species in a given ecosystem (Petchey & Gaston, 2002; Villéger et al., 2008; Linden et al., 2012; Mouillot et al., 2013; Delfan et al., 2021). Functional redundancy is mainly used to describe the resilience of lost species due to any perturbation.

Biological trait analysis (BTA) (Bremner et al., 2006) was used to characterize how the macrobenthic population responds to the storm. The trait-based approach establishes a more systematic connection between ecosystem services and species traits, as the species trait is the primary characteristic by which the organism influences ecosystem processes (Petchey & Gaston, 2002). Most of the studies were based on the feeding habitat trait approach (Posey et al., 1996; Jumars et al., 2016; Sukumaran et al., 2016). Apart from the trophic structure, the functioning of the benthic community is dependent on bioturbation, habitat, mobility, mortality rate, and body size (Donadi et al., 2015). There have been few studies to validate the ecosystem functioning in India’s marine benthic system (Vijapure et al., 2019; Bhowmik & Mandal, 2021; Sivadas et al., 2021). This study is the first attempt to investigate the functioning of the marine benthic community in the Andaman and Nicobar Islands. The objective of the present study is to access the effects of the cyclone Vardah on the assemblage pattern and the functioning of intertidal soft-bottom macrofauna. We hypothesized that extreme weather events like cyclones can disrupt the functioning of the macrobenthic community by creating a void in niche space and giving the opportunity to other species to fill the niche space.



Sampling and methodology


Study area

The Andaman and Nicobar group of islands is a union territory of India, and its geographical position borders are the Southeast Asian countries (i.e., Thailand, Indonesia, and Myanmar). The archipelago is oriented north–south, coordinates between 6°N and 14°N, and 92°E and 94°E and also covers an area of 8,249 km2. The archipelago consists of 572 islands and islets, out of which 38 are permanently inhabited islands. The Andaman and Nicobar Islands comprise both critical and pristine intertidal ecosystems. On 4th December 2016, a low-pressure area developed over the south Andaman sea, later it turned into a very severe cyclonic storm Vardah. At midnight of 7th December, it became a cyclonic storm Vardah. On 8th December, it passed the Port Blair coast with a wind speed of 50–60 kph (IMD, 2017). Sampling was conducted at Chatham (CH), Port Blair coast; it was a part of an ongoing investigation on the efficiency of sampling gear (Nosad et al., 2021) for macrobenthic fauna. Hence, only biological samples were collected for the analysis. CH (N11°41´08˝ and E092°43´23˝) was selected for the collection of macrobenthic faunal samples (Figure 1). It is located in the northeast part of the Port Blair coast, characterized by the presence of a vast exposed intertidal area, very fine sand sediment, and dissipative beach (Pandey & Thiruchitrambalam, 2019). The lush vegetation of seagrasses (e.g., Halodule uninervis and Thalassia hemprichii) covers the mid and low tide zone.




Figure 1 | (A) Study area map. Macrobenthic community attributes: (B) number of individuals, (C) number of species, (D) Margalef’s index, (E) Shannon–Wiener index, (F) BC similarity dendrogram, and (G) nMDS plot. Sample size, n = 9 for panels (B–E). The color shades on the x-axis of line diagram depict cyclonic phases as shown in dendrogram and nMDS plot. BC, before cyclone; AC1, after cyclone phase 1; AC2, after cyclone phase 2; AC3, after cyclone phase 3; AC4, after cyclone phase 4.





Sampling methods

Initial sampling was conducted monthly for 7 months (September 2016–March 2017). Bimonthly sampling was conducted to assess the recruitment time for the macrobenthos for 2 years (April 2017–March 2019) because the recruitment time for the lost species due to perturbation may take several months to years. A total of 171 samples (1 station × 3 replicates × 3 waterlines × 19 samplings) were collected using a 25 × 25 cm quadrate during the study period. The collected sediment was screened through a test sieve with a mesh size of 0.5 mm, Magnesium chloride solution was added as a relaxant. Fixation was done with 5% buffered formalin mixed with rose bengal stain. Faunal groups were separated from the residue, enumerated, labeled, and stored in 70% ethanol for further examination. All taxa were identified up to a possible lower level of Linnaean classification (genus or species).



Data analysis

Univariate measures include the number of individuals (N ind.m−2), number of species (S), Margalef’s species richness (d), Shannon–Wiener diversity (H′ log2), and Evenness (j ′) and Simpson’s dominance index (1-Lambda). The collected raw data were pooled into time-series data of 19 samplings (mean of replicates per waterlines). The Bray–Curtis similarity resemblance matrix (after root transformed abundance data) was used to construct a dendrogram and non-metric multidimensional scaling (nMDS) plot. ANOSIM was used to determine the significant difference between the groups. All the analyses were performed using PRIMER v.6 (Clarke and Gorley, 2015). Six biological traits (i.e., bioturbation, ecological group, habitat, mobility, size, and feeding guild) were used for BTA and further subdivided into several modalities according to individual traits (Supplementary Table 1). The Fuzzy coding (Chevene et al., 1994) was implemented to process the abundance data for BTA. Trait data were collected from the online library and online software (e.g., AMBI; MarLIN BIOTIC; http://www.species-identification.org/) and literature (Queirós et al., 2013; Jumars et al., 2016; Ríos-Jara et al., 2009). Principal components analysis (PCA) bi-plot was constructed using CANOCO v4.5. FD was estimated using Rao’s quadratic entropy (RaoQ) (Rao, 1982). FD analysis was performed using “FD Package” (Laliberté et al., 2014) in R studio v 4.0.1. Functional redundancy was estimated by taking the ratio between FD and the Shannon–Wiener diversity index (FD/H`) (Linden et al., 2012). Linear regression was applied between FD and H` (Micheli & Halpern, 2005). All the line diagrams and linear regression were done using the “ggplot2” package in R studio v 4.0.1.




Results


Macrobenthic community structure

A total of 96 taxa belonging to 37 families under seven phyla were recorded during the study. Among the groups, Polychaeta contributed the highest number of taxa (73 taxa) followed by Amphipoda (8 taxa) and Gastropoda (6 taxa). A reduction in the species richness of total macrofauna from 45 into 42 taxa and an increase in the number of polychaete taxa from 29 to 35 taxa were noted immediately after the cyclone (AC1). The reduction in the number of taxa was observed immediately after the cyclone in Decapoda and Bivalvia. The number of taxa was increased from the fifth sampling after cyclone (AC) due to the recruitment of additional species in the area (Table 1). A total of 19,949 individuals were recorded during the study. Overall, the number of individuals ranged between 469 and 1,709 ind.m−2 (mean: 1050 ± 354 ind.m−2). Polychaetes were numerically important contributing 71% of the total population. The number of individuals increased up to 4% just after the cyclone occurred. Values of diversity indices were decreased after the cyclone; in contrast, the number of individuals increased (5.11%). H` was recorded lowest (5.13 ± 0.12) during the cyclone compared to other sampling periods. Margalef’s d values were recorded at all-time low during the cyclone. The number of species, Margalef’s d, and Shannon–Wiener diversity showed an increasing trend after AC1 (Figures 1B–D).


Table 1 | Summary of numerically important species, species that lost due to cyclone and recovered, and new recruit to the station.



At 58% Bray–Curtis similarity, the resulting dendrogram showed five groups representing before the cyclone (BC), after the cyclone phase 1 (AC1), phase 2 (AC2), phase 3 (AC3), and phase 4 (AC4) (Figure 1F). ANOSIM showed a significant difference between these groups (Global R = 0.868, p < 0.001), implying distinct assemblages occurred during the timeline of the cyclone. On the nMDS plot, a trajectory was drawn from the first sampling to the last and showed a clear temporal pattern in the macrobenthic faunal assemblages (Figure 1G). The discriminating and characterizing species for each group were listed (Supplementary Table 2).



Biological trait analysis

The results of BTA showed that all traits exhibited more than 80% of the variation in the first two axes of PCA (Supplementary Table 3). Overall crawlers, bio-diffusors, surface deposit feeders, ecological group I, low mobile macrobenthos, and size class of <2cm were characteristics of BC, which were replaced by subsurface deposit feeders, upward and downward conveyers, ecological group IV, mid-mobile macrobenthos, and size class of 2–4 cm immediately after the cyclone (AC1). From the PCA analysis, it was observed that the feeding trait and ecological groups were the important traits for explaining the changes in BC and AC (Figures 2A, B). The most notable observation was that the predominant opportunistic Sub-surface deposit feeders (Ssdf) was represented by Capitellidae BC, which was replaced by Spionidae immediately AC. Similarly, the predominant bio-diffusors BC was replaced by UC/DC (Prionospio cirrifera, Prionospio pinnata, etc.) AC. The PCA results for all the traits showed a mixed pattern of trait distribution indicating that the traits in the area are contributing collectively to the functioning of macrobenthos community and are not affected by the temporal variations (Figures 2A–F). Although the trait distribution did not show any changes, variation in faunal assemblages was noticed, implying that the niche spaces of lost species were being filled by new recruits. For example, Sub-surface deposit feeders (Ssdf) was the dominant feeding modality in both the AC3 and AC4 phases where Sub-surface deposit feeders (Ssdf) was represented by Paradonis armata and Orbinia sp.1 in AC3 and were replaced by Boccardia cf. polybranchia and M.indicus in the AC4 phase. Sometimes, changes in assemblage patterns are reflected in the modalities for a few traits such as bioturbation. In the PCA, the assemblage of AC2 is dominated by UC/DC but replaced by surface depositors and BD in AC3 (Figure 2E).




Figure 2 | PCA bi-plot of different traits. (A) Feeding trait, (B) ecological groups, (C) locomotion, (D) habitat, (E) bioturbation, and (F) size. BC, before cyclone; AC1, after cyclone phase 1; AC2, after cyclone phase 2; AC3, after cyclone phase 3; AC4, after cyclone phase 4.





Functional diversity, functional redundancy, and recovery

The FD decreased immediately after the cyclone; moreover, the FD was showing a declining trend after the cyclone. However, the FD value was increased after the phase of AC2 (Supplementary Figure 1A). Similarly, the ratio between FD and H` showed a declining pattern immediately after the cyclone until the AC2 phase, it tends to increase afterward, and the highest value was recorded during AC4 (Supplementary Figure 1B). The low FD/H` value indicates high redundancy after the cyclone and the redundancy decreased during the AC4 phase. The linear regression model (Supplementary Figure 1C) showed a positive relationship between H` and FD (R Square: 0.387) with a low slope value of 0.057, indicating the high functional redundancy of macrobenthos during the study period. The high functional redundancy supports the resilience of species in an ecosystem, which was seen during the study. A total of 32 macrobenthos were recruited out of which three opportunistic species were recruited immediately and 29 were recruited in AC2. Seventeen macrobenthos species were lost when the cyclone encountered out of which 10 recovered immediately, whereas 7 species took 4–5 months for recovery. Two species Spio sp. and Prionospio sp. were encountered for a very short period (only in AC1) and lost throughout the study period (Table 1).




Discussion

An immediate effect of cyclone Vardah was observed in both the structure and the function of the macrobenthic community. The resilience of species was observed in the form of shared niches between species. Several studies have concluded that disturbances such as cyclones or tsunamis alter the sediment texture, grain size, and availability of organic matter and other environmental parameters, which are essential factors for stabilizing the benthic faunal community (Lomovasky et al., 2011; Sukumaran et al., 2016; Sugumaran et al., 2019). The physical disturbance may cause defaunation effects on a large area (Lu & Wu, 2000), which led to the dominance of opportunistic species. The present study found immediate recruitment of opportunistic species such as P. cirifera, P. pinnata, and Spio sp. After the cyclone, which leads to a reduction of species diversity, a similar increase in opportunistic species due to perturbation was recorded elsewhere (Lomovasky et al., 2011; Sukumaran et al., 2016).

Feeding traits and ecological groups were the characterizing functions working immediately AC. It is already established that feeding traits can explain the resource utilization post cyclone (Sukumaran et al., 2016); however, the use of more traits gives a better picture of ecosystem functioning (Bremner et al., 2006). In most of the studies, it was noticed that the dominance of opportunistic species often leads to a decrease in the number of feeding modalities (Peng et al., 2013). In the current study, feeding modalities were high immediately after the cyclone suggesting opportunistic species performing multiple functions in the ecosystem. Bioturbation is mainly influenced by the size of the organisms, density, and the mode of bioturbation of the residence macrofaunal group (Griffiths et al., 2017). An increase in a large size class, which was mostly predator glycerids, was observed immediately AC, which may be the reason for the increase in the bioturbation trait. All opportunistic species were Ssdf and SDF, and Karlson et al. (2010) have suggested an increase in Ssdf and SDF prevalence in the secondary producers. An increase in secondary producers lures the predators; hence, there was an increase in large size carnivorous group AC. The burrowing activity of organisms can disrupt the sediment and allow the oxygen and detritus penetration to go deep inside the sediment, which further helps in enriching the sediment with organic matter (Aller, 1983). The present study noted an increase in burrowing activities suggesting the reworking of sediment. Moreover, the burrowing activities support other organisms to settle which may be reflected in an increase in diversity in the AC2 phase.

FD is an essential tool to understand the ecosystem functioning (Degen et al., 2018); several studies have been carried out to understand the ecosystem functioning in response to any disturbance or habitat heterogeneity or environmental changes (Micheli & Halpern, 2005; Delfan et al., 2021). The dominance of opportunistic species with the same trait in the community and low species richness can cause a decrease in FD (Leung & Cheung, 2017). A similar reduction in FD was observed immediately AC due to an increase in the number of opportunistic species. Species diversity and FD are linearly correlated (Wong & Dowd, 2015; Leung & Cheung, 2017), so a decrease in species diversity can also cause a decrease in FD. The low FD can also define that the community relies on local retention rather than dispersal species from other areas (Boström et al., 2010). This can lead to the recovery of lost species due to the cyclone. Functional redundancy positively affects species resilience due to any perturbation (Biggs et al., 2020). The present study showed a high FD/H` value during AC4 and a low value up to the AC2 phase which means that the redundancy was highest immediately after the cyclone and gradually reduced in time. The value of slope obtained from the linear regression was close to zero, which denotes a high-redundancy value. High redundancy suggests that the availability of niche space is also high and multiple species have similar functions (Mason et al., 2005; Micheli & Halpern, 2005). The low FD and high redundancy during the cyclone imply an immediate effect of the cyclone on the macrobenthic community. The retention of local species made the platform for the resilience of lost species. Ecological communities with more redundant species are more likely to display resilience or gather stability than the community having low redundant species (Biggs et al., 2020). Although there are limited studies on the impact of the cyclone on the ecosystem functioning of the benthic organisms, we can still relate a part of our results to Sukumaran et al. (2016), where the cyclone Phyan affected the feeding trait of the polychaete community. The present study found similar results where feeding traits shifted due to the effect of cyclone Vardah. Gamito et al. (2012) suggested that a large-scale meteorological disturbance can cause recolonization by introducing larvae, juveniles, or adults from a faraway area to the location and can alter the species composition of the area. Similar results were observed during the study where six species were recruited newly to the location in the AC1 phase.



Conclusion

An immediate reduction in the diversity indices and shifting assemblage pattern of macrobenthos was observed, suggesting that cyclone has an immediate effect on macrobenthos rather than the long term. The effect resulted in the loss of species and a new recruit of species to the station. The dominant of opportunistic species demonstrated performing multiple functions aiming to occupy the niche space of lost species. Overall, the functional approach was more evident and explanatory in detecting the impact than general community attributes; hence, the use of the functional approach is recommended in similar studies. Finally, the recovery time for the lost species differs for different species as some recovered immediately, some took 4–5 months, and some species never recovered. The lack of environmental variables is a limitation of this study.
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