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Abstract

The study addressed the impact of the El Nifio 2015-16 on the ecosystem functioning and the
subsequent effects on the distribution and community structure of zooplankton in the Kavaratti reef,
a prominent coral atoll in the tropical Indian Ocean. The elevated ocean temperature (SST)
associated with El Nifio resulted in a mass bleaching event affecting > 60% of the live corals of the
Kavaratti atoll. The concomitant changes observed in the nutrient concentration, coral health, and
phytoplankton of the reef environment during the course of the EI Nifio led to discernible variations
in the zooplankton community with markedly higher abundance and heterogeneity in distribution
during the peak period of El Nifio compared to its waning phase. A notable shift was also evident in
the community structure of Copepoda, the dominant zooplankton taxon, with a predominance of
calanoids and poecilostomatoids in the peak period and by harpacticoid copepods in the waning
phase of the El Nifio. The harpacticoid, Macrosetella gracilis dominated in the waning phase
because of their unique adaptability in the utilization of Trichodesmium erythreaum, both as a
nutritional and physical substrate in the nutrient-depleted environment of the reef ecosystem.
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Introduction

Marine habitats ranging from shallow water reef ecosystems to deep ocean basins have a crucial role
in sustaining the life on earth (Costello and Chaudhary 2017). The climate changes imposed by both
natural and anthropogenic stresses severely affect the functioning and health of the marine habitats
(Walther et al. 2002) The shallow water reef ecosystems bordering the tropical-subtropical belts are
one such vulnerable oceanic habitats to the perils imposed by the climate variability (Baker et al.
2008). Alterations occurring in the physicochemical scenario of the reef habitats, like variations in
the water pH and nutrient loads, elevated sea surface temperature corresponding to global warming
and temporary weather anomalies often threaten the functioning and biodiversity of the reef

ecosystems (Diaz-Pulido et al. 2009).

El Nifio Southern Oscillation (ENSO), an irregular inter annual climate variability consisting of an
alternating warm (El Nifio) and cool (La Nifia) oceanic episodes, is one such weather anomaly that
brings about a sudden stress to the reef communities worldwide (Claar et al. 2018). Though it
originates in the equatorial Pacific Ocean, its environmental impact is felt worldwide (McPhaden et
al. 2006). The Lakshadweep group of islands in the Arabian Sea, is one of the prominent coral reef
ecosystems in the Indian subcontinent (James 2011). Similar to other reef ecosystems in the tropical
and subtropical regions, the Lakshadweep coral atolls are very sensitive to the elevated SST
associated with the recurrent EI Nifio climatic events (Arthur 2000). Hence, an extensive monitoring
of the reef environment, and associated biota is essential to manage the hazards induced by climatic
variability and also for planning effective measures for the restoration of this valued ecosystem in the

tropical Indian Ocean.

Zooplankton plays a pivotal role in the trophodynamics of reef ecosystems as an intermediary link
between primary producers and higher trophic levels including the corals and reef-associated fishes
(Heidelberg et al. 2010). Corals are polytrophic as they can ingest multiple food resources and rely
on zooplankton for the nitrogenous and mineral requirements needed for their growth and
reproduction (Houlbréque et al. 2004). In the reef ecosystem, zooplankton species can
bedemersal,epibenthic,pelagic reef residents and offshore migrants. These aid them in the effective
utilization of the diverse food resources in the reef ecosystem and in turn makes them a suitable
dietchoice for a wide range of consumers in the food web(Madhupratap et al. 1991). Being extremely
sensitive to subtle variations in its preferred habitat, zooplankton is often taken as an excellent
ecological indicator of many physical processes and perturbations of climatic and anthropogenic
origins (Richardson 2008). As evidenced in many studies, temperature, contingent to the tolerance

limits and physiological responses of the zooplankton community, often has a determining role in



shaping their abundance, phenology and distribution patterns (Edwards and Richardson 2004; Hays
et al. 2005). Hence the unprecedented rise in temperature associated with El Nifio events is
anticipated to exert a profound influence on the abundance and community structure of the
zooplankton in the reef ecosystems. As a major trophic resource of the reef corals and associated
biota, the EI Nifio induced variability in the zooplankton abundance may reinforce the havoc brought
about by the climatic event on the trophic ecology of the coral reef ecosystems. In view of this, a
comprehensive evaluation of the spatiotemporal variations of diversity, distribution and abundance
of the zooplankton community in concurrence to the El Nifioevent is necessary to estimate the
consequences brought about this interannual climatic variability on the trophic ecology and
functioning of the coral reef ecosystems. In spite of the researchers tacklingEl Nifio impacts on
corals (Arthur 2000; Glynn et al. 2017), primary producers and top predators of the reef ecosystem
(Wilson et al. 2001; Bakun and Broad 2003), studies related to its impact on the reef-associated
zooplankton community are often neglected. Though many studies have focussed on the diversity
and distribution of zooplankton in the Lakshadweep reef ecosystem (Achuthankutty et al. 1989;
Madhupratap et al. 1991), the perturbations generated by the climatic event on this important
plankton component remain hitherto unaddressed.

It is hypothesized that the EIl Nifio induced changes in the hydrographic characteristics and
biotic components (phytoplankton and coral community) will enunciate varied responses among the
diverse zooplankton taxa depending on their species-specific traits and in turn will have a crucial
influence on the reef ecosystem functioning.Based on the satellite observations and in situ cruise
data, the occurrence of a strong El Nifio was observed for the period from late 2015 to early 2016 in
the tropical Pacific Ocean (Stramma et al. 2016).Taking into consideration both the intensity of this
El Nifio event and the scarcity ofour knowledge on the response of the zooplankton community to
this climatic phenomenon, the present study was designed to evaluate the responses of the
zooplankton community to the variability generated in the reef habitat during the El Nifio 2015-16.

Materials and methods
Study area

Kavaratti atoll lies in the Lakshadweep group of islands in the northern Indian Ocean. A total of 12
atolls encompassing 27 small islands and having a total land area of 32 km? comprises the
Lakshadweep archipelago (8° - 12° N and 71° - 74° E). Kavaratti,located at about 400 km distance
from the mainland of India is one of the prominent atolls in this island group. The lagoon is 4500 m
length and hosts a rich coral and fish diversity (Arthur 2000; Vijay Anand and Pillai 2007).



Sampling

To evaluate the hydrographic characteristics and the biotic community of the Kavaratti
atoll,sampling was done at ten sites covering the entire lagoon (Fig. 1). Giving emphasis to the
varied nature of the lagoon substratum,four sampling stations (St 3, 5, 8 and 10) were fixed at
regions where corals were present whereas the remaining 6 stations (St 1,2, 4, 6, 7 and 9) were set in
areas characterised by sandy substratum (Fig.1). As the primary aim of the study was to assess the
impact of El Nifio on the zooplankton community, the sampling period was fixed based on the El
Nifio forecast of the Earth Institute, Colorado University
(http://iri.columbia.edu/ourexpertise/climate/forecasts/enso/2016). The first sampling was done
during the EI Nifio peak phase(1% week of March 2016) where as the second sampling was carried
out in its waning phase (last week of May 2016). To have a detail perception on the influence of this
climatic event on the SST around the Lakshadweep archipelago, the satellite-based SST of the
Lakshadweep Sea, in the vicinity of the coral atolls (8° N -12° N and 71° E - 74° E) was computed
(monthly composite) for the last ENSO cycle of 2010-2016. The ENSO cycle was determined
following the Oceanic Nifio Index, the de-facto standard used to monitor the El Nifio Southern
Oscillation(http://ggweather.com/enso/oni.htm) in the tropical Pacific Ocean, covering the La Nifia
year 2010-11, neutral years 2011-15 and EIl Nifio year 2015-16. The necessary SST data for the
period of the ENSO cycle was extracted from the GAC in NOAA Ocean Watch LAS (Jun 2010 -
Dec 2015) and MODISA_L3m_SST (Jan 2016 — May 2016). Concurrent to the satellite retrieval, the
in situ SST of the sampling locations inside the lagoon during both the sampling periods were

monitored using a bucket thermometer.

For determining the hydrographic characteristics of the reef water and also the phytoplankton
community, surface water samples were collected using a Niskin sampler (5 L capacity). The surface
salinity of the reef waters was measured using an Autosal (DIGI-AUTO Model-5, accuracy + 0.005)
whereas the pH was estimated using a calibrated pH meter (ELICO LI610, accuracy + 0.01).
Nutrients (nitrate, nitrite, ammonium, phosphate, and silicate) were analyzed following the standard
colorimetric techniques (Grasshoff, 1983), using an Auto Analyzer (SKALAR San++ System,
Netherland). The precision of nutrient measurements was + 0.15 umol N 1" for nitrate, + 0.04 pumol P
I* for phosphate, and = 0.05 pmol Si 1 for silicate respectively. For the estimation of the size-
fractionated phytoplankton biomass (chlorophyll a),2 L of the surface water samples were collected
using Niskin sampler for the sequential filtration procedure. The water samples were first passed
through a 200-um mesh and concurrently through a 20-um mesh for the biomass estimation of the

macro and microplankton respectively. Subsequent to the filtration process, the water samples were
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again re-filtered through 2- and 0.2-um polycarbonate filters for the biomass estimation of the nano-
and picophytoplankton fractions respectively. After the sequential filtration process, the pigment
extraction of all the size classes was carried out using 90% acetone at 4°C for 24 h in the dark, and
the respective concentration was estimated fluorometrically (Turner Designs, 7200) (Parsons
1984).For the phytoplankton species identification, 2 L of the surface water samples were fixed
immediately with 1% acid Lugol’s iodine and after the settling and siphoning procedure, the
phytoplankton species were identified and enumerated under a binocular inverted microscope
(OLYMPUS, CK-30) in a Sedgewick—Rafter counting chamber following the standard identification
protocols(Tomas 1997).

Zooplankton samples were collected using a Working Party net-2 (mesh size 200um) with a
mouth area of 0.28 m?. The net was towed horizontally just below the surface for 10 minutes at a
consistent speed (~1 knot) to minimize the net avoidance by the larger zooplankton. A digital
flowmeter (Hydro-Bios, Model- 438110) was attached across the mouth of the net to estimate the
amount of water filtered. After the collection, the zooplankton samples were passed through 200 um
net, excess water removed using an absorbent paper and the biomass estimated following the
displacement volume method (Hagen 2000). The samples were immediately preserved in 4%
formaldehyde solution (Harris et al. 2000), and zooplankton was sorted into groups, identified, and
their abundance estimated and expressed as individuals/cubic meter (ind. m?®). The species-level
identification of the dominant taxon, Copepoda was carried out following the standard identification
keys (Sewell 1999; Conway et al. 2003).

Reef corals being the fundamental community in the reef ecosystem whose growth and
vigour have a vital influence on the ecosystem functioning,the line intercept transects (LIT) method
was carried out during October 2015 and May 2016, to have a better perception of the reef status and
the coral percentage cover in the lagoon (Loya 1972). The transects were laid horizontally along the
substratum, and the status of the reef coral was evaluated along each transect. The projected length
of each substrate category or coral species beneath the 50 m line was recorded to the nearest
centimeter. The live corals were identified to genusand/ or species level and the periodic changes
occurring in the substrate type were recorded. Percentage of coral cover in the Kavarattiatoll was
monitored by snorkeling and SCUBA diving. Taxonomic identification of the corals was carried out

following the Indo Pacific Coral Finder robust underwater plastic book (Kelley 2009).

Statistical analyses : To have a better understanding of the significance of variation existing
between the two sampling periods, a paired t-test (parametric or non-parametric Wilcoxon test) with

two-tailed P values and 95 % confidence intervals was performed for the abiotic variables. The
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parametric or non-parametric t-test was determined based on the D’Agostino and Pearson omnibus
normality test of the dataset. Similarly, the paired t-test was performed on the biomass and
abundance of both phytoplankton and zooplankton community. The correlation analysis was
performed between the zooplankton abundance and the various size-structured phytoplankton

biomass to assess their interrelation.

Non-metric multidimensional scaling (NMDS) was carried out based on the abundance of
various zooplankton taxa of the sampling locations to assess the distinctness in the community
structure between the two sampling periods using PRIMER (Clarke and Gorley 2015). NMDS helps
to visualize the data points in a two-dimensional plane so that highly similar sets are plotted close
together. Hence, the analysis was further done for the dominant zooplankton taxon,Copepoda, based
on the Bray-Curtis similarity index (Clifford and Stephensen 1975) applied on the fourth root
transformed abundance of the copepod species.

The analysis of similarity (one-way ANOSIM) was carried out to describe (dis)-similarities
of the zooplankton community between the two sampling phases using PRIMER (Clarke and Gorley
2015). The analysis was further done in the copepod community to identify the (dis)-similarities of
the copepod community to get a better precision of the zooplankton community structure between
the two periods. Also, the community indices, i.e., species diversity (H') and evenness (J) were
analyzed to assess the spatiotemporal variation in the copepod species diversity and distribution

pattern.

Along with the community indices, the ranked species abundance curves, which rank the
species in terms of the decreasing order of their abundance aids to provide a better understanding of
the species dominance and diversity in an ecosystem (Warwick et al. 2008). Hence, the k-dominance
curve was plotted using the copepod species abundance of both the sampling periods. Additionally,
the characterizing copepod species of each sampling period were identified using SIMPER analysis

based on their fourth root transformed abundance (Clarke and Gorley 2015).

The redundancy analysis (RDA), which explains the linear relationships existing between the
response variables and explanatory variables, was used to understand the interrelation of the
zooplankton taxa (response variables) with other biotic and abiotic variables during both the
sampling periods (Van den Wollenberg 1977). The RDA was further carried out to identify the
interrelation existing between the copepod species (response variables) and the phytoplankton

community (explanatory variables).



Results
Hydrography

The monthly mean SST of the Lakshadweep Sea around the coral atolls exhibited a negative
anomaly during the moderate La-Nifia year (2010-11) and positive anomaly during the current El
Nifio year (2015-16) (Fig. 2). In the in situ observation,during the peak phase of EI Nifio (1% week of
March 2016; winter monsoon) the SST varied between 30 and 31.4°C (av. 30.6 £+ 0.5°C; Fig. 3a) and
in the waning phase (4th week of May 2016; late spring intermonsoon), it ranged between 30.6° and
31.7° C (av.31.1 = 0.4° C;Fig. 3b). The seasonal interference on the temperature was evident as in
both in situ and satellite observation, the SST was relatively high during waning phase with
significant variation (P < 0.05). The surface salinity showed less spatial variation during both peak
and waning phases (Fig. 3b). However, along with a temporal scale,the salinity was relatively high
during waning phase (av. 34.79 + 0.03, range 34.7-34.8) compared to the peak phase (av. 34.53 £
0.09, range 34.4 — 34.7).

Nutrients

Although the reef was oligotrophic during both phases of the El Nifio event, a temporal variation was
observed in the nutrient concentration in the lagoon water. The peak phase nitrate concentration (av.
0.46 = 0.52 uM) was 2.9 times higher than the waning phase (av. 0.16 + 0.13 uM), and the variation
was statistically significant (P < 0.05) (Fig. 4a). In the case of nitrite also, the peak phase
concentration (av. 0.22 + 0.06 uM) was significantly higher (2.4 times, P < 0.05) than the waning
phase (av. 0.09 + 0.03 uM) (Fig. 4b). Compared to the other nitrogenous sources, the concentration
of ammonium was higher in the reef water during both the peak (av. 8.7 = 1 uM) and waning phases
(av. 54 £ 0.4 uM) (Fig. 4c). In accordance with the nitrogenous nutrients, the other essential
nutrients, phosphate, and silicate also exhibited a similar mode in their temporal distribution. During
the peak phase, the phosphate (av. 0.26 = 0.15 uM) concentration was observed to be twice higher
than that observed during the waning period (av. 0.13 £ 0.3 pM) (Fig. 4d). Similarly, the silicate
concentration during peak phase (av. 4.7 = 0.8 uM) was ~3 times higher than that of the waning
phase (av. 1.59 £ 0.2 uM) (P < 0.05) (Fig.4e).

Coral community

Taxonomically, a total of 23 genera of corals were identified in the lagoon (Table. 1). Based on the
line intercept transect method, massive hermatypic coralsPorites sp. was found to be the dominant
genera (22.41%). The other abundant (> 5%) genus were Pocillopora,Oulophyllia, Lobophyllia, and

Pavona.The coral community of Kavaratti atoll experienced severe bleaching,meaning a rapid loss of
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pigmentation eventually leading to whitening of coral colonyconcurrent with the unprecedented rise
in the SST with the EI Nifio event. More than 60% of the corals experienced bleaching during May
2016, and both fast-growing (Acropora sps.) and slower growing corals (Porites sps.) were severely
affected. This led toa marked difference in the percentage of both live and dead coral cover in the
lagoon.The live corals cover of the pre-bleaching period (October 2015) of the lagoon (21.34%)
drastically decreased to 9.89%during the waning phase of the El Nifio (May 2016). In contrast, the
dead and near dead coral reef area cover of the lagoon increased from 45.96% (only dead corals, pre-
bleaching period) to 57.3% % (50.7% dead + 6.6% pale colored weak).

Phytoplankton biomass and abundance

Prominent spatiotemporal variation was observed in the phytoplankton biomass (chlorophyll a) and
abundance (Fig. 5a,b). The total chlorophyll a during the peak EI Nifio phase (av. 0.17 £ 0.11 mg m"
%) dropped significantly (P<0.05) in the waning phase(av. 0.095 + 0.04 mg m=). Considering the
size-fractionated phytoplankton biomass distribution, all the size groups of the phytoplankton
community except macroplankton exhibited higher biomass during the peak phase (Fig. 5a).
Irrespective of the sampling periods,the nanophytoplankton contributed a major share of the
phytoplankton biomass with 69.9% and 57.2%, during the peak and waning phase, respectively. The
microphytoplankton also had a notable contribution towards the phytoplankton biomass during both
the sampling periods(16.6% and 21.5 %, in the peak and waning phase, respectively).In the case of
the contribution by the picophytoplankton, not much variation was evident between the peak (10.6%)
and waning phase (12.4%). Interestingly, the macrophytoplankton which shared a minor percentage
of the biomass in the peak phase (2.9%) contributed a good share (8.4%) to the phytoplankton
biomass in the waning phase of the El Nifio event (Fig. 5a).The phytoplankton abundance during the
waning phase (1408 + 802 cells L) was significantly lower (P < 0.05)than the peak phase (3968 +
2540 cells L™Y).

A notable change was also observed in the contribution of the different phytoplankton functional
groups between the two sampling periods. In the peak phase, dinoflagellate (56.5%) formed the
major contributor to the phytoplankton population followed by the diatoms (36.3%) and the higher
abundance of Prorocentrum lima at station 7 and 9 had an important contribution in the higher
abundance of dinoflagellates.In the waning phase, diatom formed the dominant group (54.5%) and a
remarkable drop was noticed in the percentage contribution of the dinoflagellates (8.2%). Another
note worthy feature observed in the waning phase was the predominance of the blue-green algae,
contributing 33.2%ofthe phytoplankton population (Table 2). The blue-green algae, Trichodesmium
erythraeum, which had contributed only 2.4% of the total phytoplankton population during peak
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phase, occurred throughout the sampling locations in the waning phase and became predominant
(33.2%) to the total phytoplankton population. Thalassiosira sp., Diploneis sp., Prorocentrum lima
and Protoperidinium sp. were the dominant species during the peak phase. Except forT. erythraeum,
the abundant species in the waning phase were Navicula delicatula (24.4%) and Licmophora
abbreviata (9.7%).

Zooplankton biomass and abundance

The zooplankton biomass and abundance exhibited both spatial and temporal variations in the study
region (Fig. 5¢,d). In the peak El Nifio phase, zooplankton biomass ranged between 0.009 and 0.2 ml
m3(av.0.05 + 0.06 ml m™3),while the abundance ranged between 38 and 1042 ind m= (av. 288 + 314
ind m®) (Fig. 5¢). In the corresponding waning phase, both the biomass and the abundance dropped
throughout the sampling locations (except station 2) with a significant statistical variation (P<0.05)
(Fig. 5¢,d). The biomass in the waning phase varied between 0.006 and 0.04 ml m3(av. 0.02 + 0.01
ml m®whereas the abundance ranged between 26 and 201 ind m=(av. 108 + 59 ind m™). However,
spatially both the biomass and abundance were high at sampling stations characterized by live coral
cover(biomass 0.09 + 0.08 and 0.03 = 0.02 ml m™, abundance 414 + 441 and 132 * 73 ind m?3,
during peak and waning phase, respectively) compared to other locations with predominant sandy
bottom(biomass 0.03 + 0.03 and 0.02 + 0.01 ml m?3, abundance 205 + 199 and 92 + 48 ind m™
during peak and waning period, respectively).In the waning phase, though a significant drop in
zooplankton biomass and abundance was evident in sampling sites characterized by coral and sandy
substratum, the variation was more conspicuous in regions where the coral community predominated
(Fig. 5c¢,d).

Zooplankton composition and distribution

A total of 21 zooplankton taxa were observed during the study period among which Copepoda
dominated contributing 94% and 93.5% of the total zooplankton population during the peak and
waning phase. Though the number of taxa observed did not vary between two phases (18 each), there
was an evident change in the community composition, abundance and relative contribution to the
total zooplankton population (Table 3). During peak phase, except copepod, the other abundant taxa
(>1% of the total zooplankton population) were Copelata, decapod larvae and barnacle larvae, and in
the case of waning phase, the other abundant taxon was bivalve larvae (Table 3). The carnivorous
taxon Chaetognatha was present in all the station locations during both phases but had 10.6 times
higher abundance in the peak phase. Except for Chaetogntha, the other exclusively carnivorous

gelatinous taxa like Hydromedusae and Siphonophora also had relatively higher abundance in the



peak phase compared to the waning phase (Table 3). The economically important meroplanktonic
groups, especially decapod larvae, fish egg and fish larvae had markedly higher abundance in the
peak phase compared to the waning phase (10.8, 10.9 and 353.6 times greater for decapod larvae,

fish egg and fish larvae, respectively).
Copepoda composition and distribution

A total of 60 copepod species belonging to orders Calanoida, Cyclopoida, Poecilostomatoida, and
Harpacticoida were observed in the study region during the two sampling periods. Similar to the
phytoplankton community, though the number of copepod species found in the peak (56) and waning
phase (50) did not differ much, a conspicuous variation was evident in the community composition,
abundance and percentage contribution between the two sampling periods (Table 4). Though
calanoids dominated the copepod community during both the periods, their percentage contribution
was relatively high in the peak phase (62 and 48% during peak and waning phase, respectively).
Contrastingly, the harpacticoids which shared a minor percentage of the copepod population in the
peak phase (1.3%)had a considerably higher contribution in the waning phase (19.7%) (Table 4).
Bestiolina similis, Acrocalanus gracilis, and Oncaea venusta remained the dominant species (based
on dominancy analysis) throughout the study period. Of the other copepod species observed during
the study, Acartia dweepi, Oithona plumifera, and Oithona brevicornis predominatedduring the peak
phase, whereas Paracalanus aculeatus, Calanopia minor, Corycaeus speciosus, and Macrosetella
gracilis formed the dominant species of the waning phase. Although majority of the copepod species
exhibited lower abundance in the waning phase, copepods belonging to the order Harpacticoida and
most prominently the species Macrosetella gracilishad relatively highabundance in the waning phase
of the El Nifio event (Table 4).

Data analyses
NMDS

A marked difference in the position of the sampling locations between the peak and waning phases
were observed in the NMDS plot based on the Bray-Curtis similarity indices using the abundance of
the zooplankton taxa(stress 0.17, Fig. 6). The NMDS plot based on the abundance data of the
copepod species also exhibited a similar scenario to that of the zooplankton community (stress 0.17).

Analysis of similarity

The analysis of similarity indicated a significantly distinguishable zooplankton community in the
peak phase from that of the waning phase (one-way ANOSIM, Global R = 0.395, p = 0.001). The
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result of this statistical analysis based on the copepod species abundance also exhibited a similar
output (Global R = 0.405, p = 0.001).

Community indices

Although copepod species composition and their abundance exhibited a conspicuous variation
between the two sampling phases, no significant variation (P > 0.05) was observed in the species
diversity (H") (Fig. 7). However, a marked spatial variation was evident in the H during the peak
phase, as it ranged between 1.84 and 4.44 (av. 3.72 = 0.75), whereas in the waning phase, the spatial
variation in diversity was negligible (range, 3.13 - 4.2; av. 3.89 £ 0.33). Similar to H", species
evenness (J°) also did not show significant temporal variation (P > 0.05). In the peak phase, J* varied
between 0.53 and 0.89 (av. 0.79 = 0.1) whereas during waning phase it ranged between 0.76 and 0.89
(0.84 £ 0.03) (Fig. 7).

Dominance index

In the case of the k-dominance plot, it was observed that both the maximum and minimum diversity
of species was observed during the peak phase indicating towards heterogeneity in the spatial
distribution of copepod (Fig. 8). Contrastingly, in the waning phase,the dominance curve exhibited

less variation.
Similarity percentage routine (SIMPER) analysis

The SIMPER analysis helped to identify the characterizing and discriminating species of Copepoda
during both the peak and waning phase. The average similarity observed for the Copepoda species
was relatively low in the peak phase (51.5) compared to the waning phase (58.6) (Table 5). A total of
6 species were identified as the characterizing species of the peak phase, whereas in the waning
phase the number was 10 (Table 5). The copepod species, Oithona plumifera,Macrosetella gracilis,
Calanopia minor, Acartia danae, Centropages furcatus and Urocorycaeus longistylis were the
important discriminating species between the peak and waning phases, and the average dissimilarity
value was 52.4 (Table 5).

Correlation

Irrespective of the sampling periods, the interrelation of the zooplankton abundance with the various
size-structured phytoplankton biomass exhibited a positive correlation with the nanophytoplankton
(Supplementary Fig. 1). The macrophytoplankton exerted a strong positive influence only in the
waning period. Though the micro size class maintained a positive influence on zooplankton

abundance during both the sampling phases, the interrelation between the zooplankton and
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picophytoplankton was observed to beminimum during both the sampling phases (Supplementary
Fig. 1).

Redundancy analysis

The interrelation of the zooplankton taxa with other biotic (phytoplankton biomass and
abundance) and abiotic variables was displayed in the RDA triplot (Fig. 9). During peak phase,
zooplankton biomass and abundance were positively correlated with chlorophyll a, phytoplankton
abundance and nutrients especially phosphate and silicate, and in the waning phase also the scenario
remained mostly similar (Fig. 9). During both phases, the taxa Copepoda and Copelata were
positively correlated with chlorophyll a and the phytoplankton abundance. Fish larvae, which had
relatively good abundance in the peak phase, were positively correlated with chlorophyll a, and with
the abundance of both phytoplankton and Copepoda (Fig. 9). A notable feature observed in the
waning phase was the negative interrelation of most of the zooplankton taxa with temperature. The
RDA triplots depicted in Fig.10 delineated the interrelations between the abiotic variables,
phytoplankton species,and copepods. Among the abiotic variables, a majority of the copepod species
had a negative relation with temperature especially during waning phase (Fig. 10). During the peak
phase of El Nifio, the calanoid copepods like Canthocalanus pauper,Undinula vulgaris,Acrocalanus
gracilisand the cyclopoid copepod Oithona plumifera were positively correlated with the Diploneis
sp, Fragilaria crotonensis, Pleurosigma sp, Prorocentrum compressumand Protoperidinium sp (Fig.
10). The copepod, Bestiolina simils, Paracalanus aculeatus, and Corycaeous sps had a positive
affinity to the diatoms Navicula delicatula andOdontella mobilensis. The carnivorous
copepod,Oncaea venusta, was positively correlated with herbivorous copepods, Bestiolina simils and
Paracalanus aculeatus (Fig. 10). The copepod endemicto Lakshadweep,Acartia dweepi hada strong
positive affinity with temperature, salinity and the dinoflagellate Prorocentrum lima (Fig. 10). In the
waning phase, the harpacticoid copepod,Macrosetella gracilis was strongly correlated with the blue-

green algae, Trichodesmium erythraeum (Fig. 10).
Discussion

The conceptual framework is beyond doubt that shifts in the rainfall patterns during El Nifio leads to
atmospheric teleconnections, that is, changes in the wind circulation affects patterns of weather
variability worldwide (Trenberth et al. 1998; McPhaden 2004). However, the teleconnections vary
based on the amplitude of the SST anomaly (McPhaden et al. 2006) and in the Indian Ocean, the
resultant effect is complex due to its interaction with the Indian Ocean Dipole (Luo et al. 2010).

Hence, a ground truth evidence for the SST anomaly in this region of Indian Ocean was analyzed for
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the present ENSO cycle (2010-16) and the observed positive SST anomaly during the present year
(2015-16) signifies the effect of EI Nifioon this part of Indian Ocean (Fig. 2). As this current El Nifio
event is one of the strongest in the last 50 years(https://www.climate.gov/news-
features/blogs/enso/february-2016-el-ni%C3%B1o0-update-g-a%E2%80%A6and-some-thursday-

morning-quarterbacking), the strong teleconnections might have induced remarkable variability in
the SSTof the Lakshadweep sea surrounding the Lakshadweep group of islands. The observed higher
in situ temperature in the waning phase compared to that in the peak phase might have happened by
the combined effect of both El Nifio and the seasonal impact. In general, monsoons have a strong
influence in regulating the climatology of the tropical northern Indian Ocean and the SST during
February-March (winter monsoon) period is generally less than that observed during May (spring
intermonsoon, Shenoi et al. 1999). Thus the relatively high SST during the waning period (last week
of May 2016) compared to the peak period (1% week of March 2016) in both in situ and satellite

observation might be the resultant effect of this seasonal intervention in the temperature distribution.

The increase in the percentage contribution of dead and weak corals as a result of the severe
bleaching affecting more than 60% of the live corals indicates the severe impact of the EI Nifio 2015-
16 on the coral community of the reef ecosystem. The observed “Whitening of corals” or the coral
bleaching is often accounted as a stress response of the coral species in which they turn white or pale
white due to the expulsion of the intracellular symbionts or zooxanthellae upon the unprecedented
rise in SST associated with climatic events or global warming. Recent reports on the EI Nifio induced
mass bleaching incidents in the Great Barrier Reef of the Pacific Ocean authenticates the global
impact of this atmospheric event on the coral reef ecosystems worldwide
(http://www.gbrmpa.gov.au/media-room/coral-bleaching). The detail information of Eakin 2016
(www.coralreef.gov/meeting35/pdf/7_2016_Outlook_on_Coral_Bleaching) also shows the impact of
El Nifio 2015-16 on the coral community. Hence, considering the intensity of the El Nifio 2015
(Chen et al. 2016) along with the persistent positive SST anomaly observed throughout the year in
the Lakshadweep Sea region, mass bleaching seems to be a much-anticipated incident whose severity

is determined by the duration of the higher SST in this region.

In contrast to the productive upwelling zones characterized by higher nutrient concentrations (Kampf
and Chapman 2016), the coral reef ecosystems,despite being the most productive and diverse
ecosystem are renowned for their oligotrophic nature (de Goeij et al. 2013). Thus, the oligotrophic
environment witnessed in the reef environment during both the sampling phases in our study
substantiates the view on the trophic status of reef ecosystems in the global ocean. In the waning

phase, a significant drop was observed in the concentration of all the major nutrients in the study
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region (Fig. 4). In general, the advection of offshore water playsa prime role in the nutrient
replenishment process in reef ecosystems (Hancock et al. 2006). For this,the concentration of
nutrients in the source water is crucial for enhancing the nutrient status and hence,the oligotrophic
condition reported earlier for the Lakshadweep Sea in the vicinity of the coral islands during the
study period (Sengupta et al. 1979) might have a negligible role in the nutrient enhancement process
of the reef ecosystem.Nutrient enrichment in conjunction with the physical process like upwelling is
also known to augment the nutrient levels of the reef ecosystem. However, as upwelling is reported
to occur in conjunction with the summer monsoon (June — September)(Muraleedharan and
Prasannakumar1996),its contribution to the nutrient enrichment process of the reef waters during the
study period gets invalidated. Thus, the bioavailable nutrients in the oceanic waters might have
gradually been utilized by the biotic community and subsequently led to the significant drop in the

concentration in the waning phase.

The nutrient status of an environment often provides the conceptual explanation of the nature of the
productivity and the phytoplankton functional group and community structure in the reef ecosystem
(Sommer 2000). The lower nutrient concentration during the waning phase might have been
transformed into the lower chlorophyll a as the phytoplankton biomass and abundance is primarily
controlled by the availability of nutrients (Hecky and Kilham 1988). Though diatoms were abundant
during both phases, their abundance was ~2 times higher in the peak phase. Diatoms are an
ecologically diverse phytoplankton community and are known to flourish in all aquatic systems due
to their well refined cellular processes for the efficient acquisition of nutrients and sunlight
(Seckbach and Kociolek 2011). However, their growth and proliferation rely greatly on the
sufficient supply of bioavailable inorganic nitrogen, phosphorus, silicon and trace elements
(Armbrust 2009). Hence, the markedly lower concentration of all the major nutrients in the waning
phase might have restricted their abundances in the reef ecosystem (Karati et al. 2017). An
interesting feature observed during the study was the predominance of the blue-green
algae, Trichodesmium erythraeum,in the waning phase when all the nutrients were found to be in the
traceconcentrations. In the nutrient-depleted ecosystem, Trichodesmium, thenon-heterocystous
filamentous blue-green algae is known to play a significant role in fixing atmospheric nitrogen
(Carpenter and Price 1977; Bergman et al. 2013) and hence the lower nitrate concentration observed
in the waning phase might not have affected the proliferation of this diazotroph in the Kavaratti reef
waters. Furthermore, their unique capability to utilize the dissolved organic phosphorous (not
analyzed in the present study) in the water column along with the dissolved inorganic phosphorous,

(Sohm et al. 2006), might have also supported their higher proliferation in the waning phase.
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The variations brought about by the EIl Nifioin the physiological status of reef corals and also in the
phytoplankton community structure were found to have a marked influenceon the abundance and
distribution of the zooplankton community of the reef ecosystem. The observed negative relation of
the most of the zooplankton taxa with temperature in the waning phase indicates towards their less
preference for the higher SST associated with the EI Nifio (Fig. 9). The positive relation between the
phytoplankton and zooplankton (both biomass and abundance) evident in the RDA analysis signifies
the vital role played by the phytoplankton in the sustenance of the reef zooplankton community. The
lower biomass and abundance of the zooplankton community in the waning phase of EI Nifiomight
be the effect of the significant drop in the abundance of the primary producer community.Despite the
prominent temporal variation witnessed in the zooplankton biomass and abundance in reef
ecosystem, higherzooplankton abundance was always observed in the sampling locations
predominated by the live coral community.Though the mutualistic association with the microscopic
intracellular algal symbionts are known to provide the corals with a majority of their nutritional
requirements, corals generallyrely greatly on the zooplankton community for their essential
aminoacids, vitamins, mineral and nitrogenous requirements critical for their tissue growth and
reproductive processes (Houlbréque et al. 2004). Hence, the higher abundance of zooplankton in the
live coral region appeared as a paradox which could only be better explained by the predator
avoidance strategy by seeking shelter between the coral branches and crevices. The Kavaratti reef is
known as an abode of a diversecoral reef fish community represented by 27 families and 65 species
of which majority of the species are considered omnivorous in their dietary habit (Vijay Anand and
Pillai 2007). Hence, the reef zooplankton might have utilized the coral structures as a potential
hideout from the predators,in particular from the reef fishes thus resulting in their enhanced
abundance in regions having good coral cover compared to the regions with the sandy substratum.
Moreover,studies pertaining to the coral mucous being a potential energy source of reef zooplankton
(Gerber and Gerber 1979; Gottfried and Roman 1983) further authenticates the higher zooplankton
incidence near the corals. Corals are known to secrete a high energy complex polysaccharide-
protein-lipid mucous material as a protective physicochemical barrier against a wide variety of
environmental stresses (Brown and Bythell 2005). The mucopolysaccharide matrix of the coral
mucus mostly contains high energy compounds such as fatty acids, triglycerides, wax esters (Coles
and Strathmann 1973; Ducklow and Mitchell 1979). Hence, the higher incidence of the primarily
heterotrophic zooplankton community, at regions of healthy corals can be attributed to a strategy for
the utilization of coral mucous as an important food source (Richman et al. 1975; Gottfried and
Roman 1983). However, the heterogeneity in the abundance of the zooplankton community in the

study region between regions having coral cover and sandy substratum was more conspicuous during
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the peak El Nifio phase compared to the waning period. As the production and composition of
mucous vary greatly according to the health of corals, the remarkable bleaching and mortality of the
coral community in the waning phase subsequent to the El Nifio event might have reduced mucus
production and in turn,resulted in a relatively homogenous zooplankton distribution pattern in the

study region.

The decline in the abundance of many carnivorous zooplankton taxa specifically in the waning phase
might have been stemmed by the lower abundance of their most preferred prey item, Copepoda in
the study region. The positive relation identified between the fish larvae and both phytoplankton and
zooplankton abundance indicates towards their omnivorous dietary habits. Studies of Vijay Anand
and Pillai 2007, suggesting the omnivorous diet preferences of the majority of the reef fishes of the
Kavaratti atoll further substantiates the above observation. The concomitant decline in fish larval
abundance with the drop in phytoplankton and Copepoda population in the waning phase point to the
less productive environment constraining the reproductive success and population growth of reef
fishes and ultimately leading to the reduced fishery potential of the ecosystem (Glynn 1988).
Moreover, fishes are considered to thrive well within a specific range of environmental conditions
favorable for their growth and reproduction and any deviations from their acclimatized environment
especially in the temperature may have a potential impact on their survival and reproductive rates
(Barton et al. 2002). Hence, the negative relation observed between the temperature and
ichthyoplankton in the waning period suggests towards the impact of higher SST on their breeding
and recruitment. Thus, the variability in the status of the reef health in terms of the water chemistry,
nutrient concentration, phytoplankton abundance and community composition between the peak and
waning phases led towards discernible changes in both community composition and the abundances
of the zooplankton taxa resulting into the significantly distinguishable community structures (Global
R =0.395, p = 0.001) between the two periods.

Although the abundance of the dominant zooplankton Copepoda decreased in accordance with the
phytoplankton abundance during the waning phase, a detailed study of their spatiotemporal
distribution and diversity pattern was a prerequisite to reveal the adaptability of the copepod
community, as in any ecosystem, the diverse species characterized by specific traits responds
differently in the effective functioning of an ecosystem (Lefcheck et al. 2015). Thus, the observed
variation in the copepod community composition, abundance and percentage contribution between
the two sampling periods might have happened by the differential responses of the diverse copepod
species towards the varied physicochemical and biotic scenario in the reef environment during the

two phases of the El Nifio event. During the peak period, the positive interrelation of the diatoms
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(Diploneis sp, Fragilaria crotonensis, Pleurosigma sp) and the calanoids (Canthocalanus pauper,
Undinula vulgaris, Acrocalanus gracilis) indicates the vital trophic link existing between them (Fig.
10).

In contrast to the higher abundance of the majority of copepods belonging to the order Calanoida and
Poecilostomatoida in the peak phase, most of the copepod species belonging to Harpacticoida
exhibited increased abundance in the waning period. Many pelagic harpacticoid species are known to
utilize the diazotroph,Trichodesmium as their nutritional source (O’Neil and Roman1994), and the
predominance of this diazotroph in the nutrient-poor environment during the waning phase might
have helped in the sustenance of their population. Among the harpacticoids, the increase in
abundance during waning phase was most prominent in Macrosetella gracilis, as this species is best
known to effectively utilize the Trichodesmiumboth as a physical substrate and as a potential food
source (Bjornberg 1965; O’Neil 1998). Most of the calanoids and poecilostomatoids avoid this
diazotroph as a food source due to the slight toxicity which is proven to have a lethal effect on them
(O’Neil andRoman1994). However, Macrosetella gracilis is considered to be resistant to this toxin
and need only less energy expenditure for the detoxification process and hence can effectively graze
upon them as a dietary resource. Also, the use of Trichodesmium as a “skate” often increase their
mate encounter chances, which again is very much crucial for the regulation of their population
dynamics (Bjornberg 1965). The attachment of eggs and hatched nauplii by M.gracilisto the floating
Trichodesmium mats are known to provide them more protection and nutritional requirements, and
thus often act as a better nursery ground for the developing stages (O’Neil 1998; Eberl et al. 2007).
These benefits might have resulted in the strong positive correlation observed between the
abundance of M. gracilis with Trichodesmium (Fig. 10) in the study region. A similar observation in
oligotrophic reef ecosystems of the Red Sea (Bottger-Schnack and Schnack1989) substantiates the
above view. The notable positive correlation observed between the zooplankton and the
macrophytoplankton biomass in the waning phase might have happened due to the association
between the copepod,M. gracilis, and phytoplankton, Trichodesmium erythraeum. The size of
Trichodesmiumerythraeumis usually>200 uM (Fig. 2 in Bergman et al. 2013), and also due to their
colonial nature,there is a definite possibility of this phytoplankton contributing a prominent share of

the macrophytoplankton biomass in the study region.

Another noteworthy feature observed during the study was the predominance of Acartia dweepi,an
endemic copepod of the Lakshadweep atolls (Haridas and Madhupratap 1977) in the sandy
substratum (station 7 and 9) in concurrence with the dinoflagellate, Prorocentrum lima, during the

peak phase of El Nifio.P. lima is a primarily benthic dinoflagellate common in tropical and temperate
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waters. Generally, found in epiphytic association with the seagrass community in coral reef
ecosystem(Forden et al. 2005),these species are also known to behave as a tachyplankton in
environments characterized with the sandy substratum. Being a toxic algae known to produce both
intra- and extracellular toxins (okadaic acid, dinophysistoxin and their derivatives)(Morton and
Tindall 1995; Bravo et al. 2001), the reduced palatability of this toxic dinoflagellate to majority of
the copepod species might have contributed to the lower abundance of the other copepod grazers in
sampling locations where this dinoflagellate dominated. Though a detailed dietary evaluation of A.
dweepiwas not carried out;it is assumed that this copepod species might be either resistant to the
toxin produced by P. limaor might have dominated at station 7and 9 where there was less

competitive pressure from the other grazing copepod species.

The difference in the position of the sampling locations between the peak phases and waning phases
in the MDS plot might have happened due to the variation observed in the copepod abundance and
community structure between the two sampling phases. The discriminating species identified through
SIMPER played a determining role in maintaining the discreteness in the copepod community
structure of the two sampling periods. The significantly distinguishable community structure (Global
R = 0.405, p = 0.001) of the two periods might have happened by the resultant effect of the species-
specific responses towards the varied physicochemical and biotic scenario in the reef ecosystem with

the progression of El Nifio from its peak to waning phase.

Although the overall species diversity in the reef ecosystem along two periods did not exhibit
significant variation in both H' (av. 3.72 + 0.75 and 3.89 % 0.33 during peak and waning phase,
respectively) and J' (av. 0.79 + 0.1 and 0.84 £ 0.03 during peak and waning phase, respectively), the
spatial analysis helped to identify the discrete nature between two sampling periods. The varied
nature of substratum (live coral, and sandy) and the spatiotemporal variability in phytoplankton
community structure have led to pronounced variability in the copepod diversity pattern during peak
phase (both minimum and maximum diversity during this period) (Fig. 7). On the contrary, when the
corals were severely bleached and when a nutrient impoverished environment prevailed in the reef
waters with a marked predominance of the diazotrophic cyanobacterium, Trichodesmium in all the
sampling locations, the relatively homogenous condition resulted in less variation in the copepod
diversity in the waning phase. Thus the differential response of the copepod species towards the
changing abiotic and biotic nature of the El Nifio induced ecosystem, in turn, influenced the structure

and function of the reef ecosystem.
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Conclusion

The monthly mean SST of the Lakshadweep Sea around the coral atolls exhibited a positive anomaly
during the current El Nifio year (2015-16), and the observed higher SST in the lagoon affected the
reef ecology.The changes in the hydrography, variability insize-structured phytoplankton biomass
and community structure and the decline in the coral health had a significant effect on both
zooplankton abundance and community structure. The drop in the zooplankton abundance during the
waning phase was in accordance with the decline in phytoplankton abundance during this period, and
this variation was more prominent in the locations with coral-cover than with sandy bottom. The
dominant zooplankton taxon Copepoda also experienced a significant change in their abundance and
population structure between the peak phase and waning phases. The harpacticoid,Macrosetella
gracilishad an important role in the copepod community dynamics during the waning phase. Their
capability to effectively utilize the cyanobacterium,Trichodesmiumerythraeum both as a physical
substrate and as a potential food source enabled them to increase their population in the waning
phase when the abundance of calanoids and poecilostomatoids were less. The study first time
depicting the detailed responses of the zooplankton community towards the EI Nifio affected reef
ecosystem in the Indian Ocean will be helpful in understanding the sensitive reef ecology in similar

environments worldwide.
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Table.1. Percentage contribution of coral genera in the Kavaratti atoll

GENUS %
Acropora 2.1
Montipora 1.3
Astreopora 0.9
Fungia 0.39
Cyphastrea 0.8
Favites 0.4
Favia 4.6
Galaxea 0.2
Gardineroseris 0.5
Goniastrea 1.13
Hydnophora 4.6
Leptastrea 3.16
Oulophyllia 12.45
Lobophyllia 8.47
Pachyseris 0.7
Pavona 6.25
Platygyra 1.96
Plesiastrea 0.3
Pocillopora 19.37
Porites 2241
Psammocora 2.92
Symphyllia 4.8
Trachyphyllia 0.3
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Table 2: Percentage contribution of the phytoplankton species during the peak and waning phases of
El Nifio (+ indicates <1%, ++ indicates 1 — 5%, +++ indicates 5 — 10%, ++++ indicates >10 — 20%,

+++++ indicates >20%)

Species Peak | Waning
Thalassiosira sp. ++ ++
Thalassiosira subtilis + -
Leptocylindrus danicus - +
Bacteriastrum furcatum - +
Chaetoceros sp. - +
Odontella mobiliensis +++ +
Fragilaria crotonensis ++ +
Asterionellopsis glacialis - +
Pleurosigma sp. ++ ++
Pleurosigma normanii - +
Pleurosigma elongatum - ++
Gyrosigma sp. + ++
Diploneis sp. +++ ++
Diploneis smithii ++ -
Diploneis didyma + -
Diploneis puella + -
Navicula sp. + ++
Navicula delicatula ++ +++++
Mastogloia sp. + +
Mastogloia linearis + -
Entemoneis sp. - +
Amphora obtusa + -
Licmophora abbreviata ++ +4++
Cylindrotheca closterium - ++
Surirella fastuosa - +
Paralia sulcata - +
Prorocentrum lima +++++ | ++
Prorocentrum rhathymum + -
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Prorocentrum compressum ++++ |+
Gyrodinium sp. ++ -
Ceratium declinatum + -
Diplopsalis sp. ++ ++
Protoperidinium sp. e+ ++
Protoperidinium quinguecorne ++ -
Trichodesmium erythraeum ++ +++++
Dictyocha fibula - +
Unidentified ++ +

Table 3: Abundance of the zooplankton taxa during the peak and waning phases of EI Nifio

Zooplankton taxa | Peak Waning
Chaetognatha 129+14 0.12 £ 0.09
Hydromedusae 0.006 +0.02 0
Siphonophora 0.023 £ 0.07 0.002 =
Doliolida 0.022 +0.07 0

Copelata 2.81+2.83 0.14 £ 0.27
Copepoda 271 £ 295 101 £ 57
Amphipoda 0.006 + 0.02 0.061 + 0.08
Ostracoda 0 0.006 = 0.02
Stomatopoda 0.023 £ 0.07 0.005 + 0.008
Lucifer 0.007 £0.01 0.014 £ 0.02
Cephalopoda 0.001 +0.002 | 0.002 +0.006
Cladocera 0.273+0.34 0.179 £ 0.29
Foraminifera 051+£0.8 012+1.2
Decapoda larave 6.5+ 6.85 0.6+0.9
Gastropoda larvae 0.756 £ 1.1 0.758 £ 0.78
Bivalve larvae 048 +0.7 3.38 £4.25
Polychaete larvae 0.016 £0.03 0.011 £0.01
Barnacle larvae 2.99 +8.93 0.19+0.34
Echinoderm larvae 0 0.03

Fish egg 1.01+1.35 0.09+0.11
Fish larvae 0.561 +1.05 0.002 = 0.005
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Table 4: Abundance of the copepod species during the peak and waning phases of El Nifio (* indicates

<0.01, ** indicates 0.01 — 0.1, *** indicates >0.1 — 1, **** indicates >1 — 10, ***** indicates >10 ind m®)

Copepod species Peak | Waning
Undinula vulgaris *kkk *kkk
Canthocalanus pauper Tk | kkkk
Cosmocalanus darwinii ek *kk
Bestiolina similis P
Paracalanus aculeatus R IS
Acrocalanus gracilis FkdAK | kR
Acrocalanus monachus ek *
Subeucalanus subcrassus FhxK Kk
Subeucalanus mucronatus folaiel -
Acartia erythraea *Hx -
Acartia danae Fokkk pa—
Acartia dweepi KxxxK | ek
Acartia amboinensis Hkkk *kk
Acartia spinicauda *k -
Temora discaudata Kkkk Fkok
Euchaeta rimana ek o
Euchaeta marina *k *k
Euchaeta longicornis * -
Centropages gracilis Fekok kK
Centropages furcatus Kkkk *kok
Centropages orsini Kkkk *kkk
Centropages calaninus ek Fkkk
Labidocera pectinata ok *k
Labidocera detruncata *kx *
Labidocera pavo * Xk
Labidocera sp *kk -
Pontellina plumata *kk *k
Pontellopsis sps *xx -
Calanopia minor *kk .
Candacia bradyi *k ke
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Candacia catula

*kk*k

*kkk

Candacia curta

*hkk

*k*k

Candacia discaudata

Lucicutia flavicornis

**

**

Oithona plumifera

*hkkkk

*kkk

Oithona brevicornis

*khkkk

*kkk

Oithona similis

*kk*k

*kkk

Oncaea media

*hkk

*kkk

Oncaea venusta

*hkkkikk

*kk*k

Oncaea conifera

*kkk

**k*

Oncaea mediterranea

*hkk

*kk*k

Corycaeus speciosus

*hkkkk

*kk*k

Onychocorycaeus agilis

*kkk

**k*

Monocorycaeus robustus

*hkk

Urocorycaeus longistylis

*hkk

*kk*k

Onychocorycaeus catus

*kk*k

**k*

Urocorycaeus latus

*k*k

Ditrichocorycaeus asiaticus

*k*k

**k*

Corycaeus vitreus

**k*

Copilia mirabilis

*k*k

**

Sapphirinia ovatolanceolata

Sapphirinia angusta

*kkk

Sapphirinia sp

**

**

Farranula gibbula

*kkk

*kkk

Macrosetella gracilis

**k*k

*kkkk

Microsetella norvegica

*kkk

*kkk

Euterpina acutiforns

*kkk

Clytemnestra scutellata

*kkk

**

Metis jousseaumei

**k*

Longipedia sp

**

unidentified copepodite

*kkk

*kkk
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Table 5: (a) Characterizing species of Copepoda during peak and waning phase of El Nifio, and (b)

discriminating species of Copepoda between two phases

(a)
Species Av.Abund Av.Sim | Sim/SD | Contrib% | Cum.%
Peak phase
Oithona plumifera 2.03 5.24 4.06 10.03 10.03
Bestiolina similis 1.97 4.35 1.81 8.32 18.34
Acrocalanus gracilis 1.68 4.24 4.83 8.1 26.44
Canthocalanus pauper 1.51 3.65 3.06 6.98 33.42
Undinula vulgaris 1.44 3.56 3.47 6.8 40.22
Corycaeus speciosus 1.42 3.2 1.78 6.12 46.34
Waning phase
Macrosetella gracilis 1.87 5.99 6.36 10.23 10.23
Bestiolina similis 1.67 5.28 6.55 9 19.23
Corycaeus speciosus 1.53 4.76 6.72 8.13 27.37
Oncaea venusta 1.37 4.04 1.86 6.9 34.26
Acrocalanus gracilis 1.3 3.81 1.89 6.5 40.76
Paracalanus aculeatus 1.35 3.65 1.89 6.22 46.98
Calanopia minor 1.29 3.56 1.83 6.07 53.05
Oithona brevicornis 1.17 3.17 1.8 5.42 58.47
Undinula vulgaris 1.04 2.72 1.85 4.64 63.1
Urocorycaeus longistylis 0.94 2.63 1.87 4.48 67.59
(b)
Species Av.Abund | Av.Abund | Av.Diss | Diss/SD | Contrib%
Oithona plumifera 2.03 0.14 3.08 2.41 5.87
Macrosetella gracilis 0.4 1.87 2.42 3.01 4.61
Calanopia minor 0.16 1.29 2.06 1.99 3.93
Acartia danae 1.11 0.34 1.44 1.75 2.75
Centropages furcatus 1.02 0.43 1.31 1.50 2.49
Urocorycaeus longistylis 0.48 0.94 1.3 1.87 2.48
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List of Figures:

Figure 1: Sampling locations in the Kavaratti lagoon in the northern Indian Ocean.
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Figure 2: SST anomaly of the Lakshadweep Sea, in the vicinity of the coral atolls (8° N to 12° N
and 71° E to 74° E) during the moderate La-Nifia year 2010-11 and EI Nifio year 2015-16.
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Figure 3: Spatial distribution of (a) temperature (°C), and (b) salinity at the surface water of

Kavaratti lagoon during the peak (red color) and waning phase (blue color) of El Nifio
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Figure 4: Spatial distribution of nutrients in the Kavaratti lagoon during the peak (red color) and

waning phase (blue color) of El Nifio.
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Figure 5: Distribution of (a) size fractionated chlorophyll a (mg m™) (b) phytoplankton abundance

(cells L) (c) zooplankton biomass (ml m™) and (d) zooplanktion abundance (ind m™) in the

Kavaratti lagoon during the peak and waning phase of El Nifio. For biotic variables, different

shapes were used for the coralline and sandy substratum (b —e).
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Figure 6: Non-metric multidimensional scaling (NMDS) plot of sampling locations based on the

abundance of (a) zooplankton taxa, and (b) copepod species.
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Figure 7: Species diversity (H") and species evenness of Copepoda (J) along the sampling

locations.
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Figure 8: k-dominance plot of the copepod species for both the sampling periods.
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Figure 9: RDA triplot showing interrelations between the abiotic variables and zooplankton taxa

during (a) peak and (b) waning phases.
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Figure 10: The interrelation between the abiotic variables, phytoplankton species and copepods (a)

peak and (b) waning phases.
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List of Supplementary Figure
Supplementary Figure 1: The interrelation of the zooplankton abundance with the various size

structured phytoplankton biomass.
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