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Abstract:

Fishery along the west coast of India largely depends on pelagic fish such as oil sardines which
are dominant during the south-west monsoon. However, the response of sardine population to the
warming caused by the climatic events such as El Nifio/Southern Oscillation (ENSO) and Indian
Ocean Dipole (IOD) is poorly studied. Here we hypothesize that the ENSO related changes in
biogeochemistry can adversely affect the oil sardines. We have used biogeochemical data
collected along the Kerala coast during September 2015 (ENSO year) and September 2017 (a
normal year) supported with catch per unit effort (CPUE) and fishery landing data to show the
ENSO-related bio-physical dynamics and its impact on the oil sardine population along the
south-west coast of India. During the 2015 ENSO year, upwelling velocity decreased minimizing
cooling of surface waters and resulted with an increase in sea surface temperature (SST)
(~1.8°C). Consequent decrease in nutrient levels favoured nano-phytoplankton and pico-
phytoplankton. On the other hand, during September 2017 when the ENSO effect was nullified,
the decreased SST and availability of nutrients in the euphotic zone resulted in the dominance of
micro-phytoplankton. The hydrographic conditions (reduction in upwelling intensity), and
reduction in micro-phytoplankton abundance and zooplankton density in turn perhaps affected
the fishery potential of the region. Oil sardines population (along the west coast) collapsed from
1.55 lakh tones (2014) to 0.46 lakh tones during 2015-2016 ENSO event, while in 2017 the
conditions become favourable and their population was back to normal (1.27 lakh tones). Our
results are in close agreement with our hypothesis and suggest that ENSO events could reduce
phytoplankton productivity and disrupt the food chain, which in turn can affect the oil sardine

population along the west coast of India.
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1. Introduction

Ocean warming is known to affect primary productivity (PP) through processes such as nutrient
supply, stratification and acidification [Masotti et al., 2011]. Ocean warming is predicted to
lower PP in low and middle-latitude coastal areas [Bakun et al., 2015]. Recently, Roxy et al.
(2016) reported a 20% reduction in phytoplankton in the Indian Ocean as a response to warming.
The El Nifo-Southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) are the major
climatic events affecting the tropical Indian Ocean [Murtugudde et al., 2000]. These processes
can result in warming of the oceanic water column and can affect the biogeochemical processes.
Such climatic events, apart from lowering the chlorophyll [Sarma 2006], also affect
phytoplankton composition [Vidya and Kurian 2018]. However, its impact on biological

components of coastal and marine ecosystems is poorly known.

The decreasing trends in PP over the upwelling areas can be detrimental to the marine food webs
and the fishery potential of the region. Fishery production largely depends on the variability in

phytoplankton biomass and primary productivity [Friedland et al. 2012]. Phytoplankton being
the base of the food chain transfer energy to higher trophic levels thereby affecting fisheries and
in turn the dependent human societies [Racault et al., 2017]. The Indian oil sardine (Sardinella
longiceps) is one of the most important commercial fishes in India feeding on both
phytoplankton (diatoms and dinoflagellates) and zooplankton (copepods) [Purusothaman et al.,
2014]. In view of global warming and declining PP in the Indian Ocean, the response of oil

sardines to these climatic changes needs to be explored further.

Studying how the processes such as ENSO and IOD affects phytoplankton via nutrient
availability and in turn on fishery may help in predicting the impact of global warming on marine
ecosystem [Racault et al., 2017]. IOD events are mostly triggered by ENSO events and
frequently co-occur with them, however they also occur independently [Annamalai et al., 2003;
Yamagata et al., 2004]. Sarma et al. [2006] showed a significant reduction in surface chlorophyll
and also 30% decrease in photic zone integrated primary production in the Arabian Sea and was

attributed to 1997 ENSO/IOD event. The reduction in chlorophyll was stronger during 1997



compared to 2006 ENSO/IOD year [Wiggert et al., 2009]. Their study showed that Arabian Sea
experienced basin-wide primary production changes of -9% during 1997 and +15% during 2006
IOD/ENSO events. This indicates that each ENSO/IOD event behave differently; hence its
biological impact as well. In 2015, the tropical Pacific experienced a strong El Nifio event, which
was one of the strongest El Nifio events in the history. However, the tropical Indian Ocean did
not show a strong positive IOD event in 2015, unlike 1997 [Liu et al., 2017]. The impact of
ENSO and 10D on the physical structure of the Indian Ocean has been explored extensively, but
its impacts on the biological production and associated fisheries received less attention. Based on
hydrographic, biogeochemical and fisheries data from the south-west coast of India during
September 2015 (strong ENSO) and September 2017 (normal year), the present study explores
the impact of 2015-16 ENSO on phytoplankton, zooplankton and in turn on oil sardine
population. Here we hypothesize that the 2015-16 ENSO adversely affected the oil sardines

along the Kerala coast.

2. Material and Method

2.1 Sample collection

Water column measurements were carried out along the south-west coast of India, eastern
Arabian Sea, during two oceanographic cruises onboard RV Sindhu Sadhana (SSD 14;
September 2015 and SSD 41; September 2017). Sampling was carried out along a perpendicular
transect off Kochi (Kots) where water depth ranged from 27 m to 1800m (Fig 1). Samples were
taken from discrete depths using Niskin bottles mounted on a rosette frame fitted with a Sea-Bird

Electronics conductivity-temperature-depth profiler (CTD).

2.2 Total Organic Carbon (TOC) and Total Nitrogen (TN)

Seawater was collected into acid-cleaned 30 mL glass vials and immediately frozen upright at -
20 °C. A Shimadzu TOC-LCPH analyzer coupled with a Total N analyzer was used to determine
TOC and TN concentrations (Dickson et al., 2007). Total Organic Carbon (TOC) was analyzed
at 680°C following combustion catalytic oxidation method. TN was analyzed at 720°C following
chemi-luminescence method, wherein the N oxidation product nitric oxide (NO) is quantified by
reaction with ozone and detection of the resulting chemi-luminescence (Badr et al., 2003;

Letscher et al., 2013). A 5-point calibration curve was generated before each batch. Triplicate



analysis was done for each sample. CRM (Deep Sea standard; 41-44 uM for TOC and 33 puM
for TN) procured from University of Miami was run in each batch and the accuracy of the
analysis was £1 pM.

2.3 Phytoplankton pigment analysis

Phytoplankton pigments were extracted and analyzed by HPLC following the modified method
of Van Heukelem [2002], as detailed in Kurian et al., [2012]. Calibration standards were
procured from DHI, Denmark. Size fractionated contributions of phytoplankton (fmicro, fnano,
and fpico) were calculated following Uitz et al. [2006]. In the present study, we used seven
pigments (Fucoxanthin, Peridinin, Alloxanthin, 19’-Hexanoyloxyfucoxanthin (19°HF), 19’
Butanoyloxyfucoxanthin (19°’BF), Zeaxanthin and TChlb (Chlb+divinyl chlorophyll b
(DivChlb)) as markers of phytoplankton taxa (diagnostic pigments; DP).

Size fractionated contributions of phytoplankton were calculated as follows:

fmicro = 100 x (1.41[Fuco] + 1.41[Per])/ =DP (>20 pm)
fnano = 100 x (0.60[Alloxanthin] + 0.35[19°BF] + 1.27[19°HF])/ XDP (2 to 20 um)
fpico = 100 x (0.86[Zea] + 1.01[TChlb])/ =DP (<2 um)

2.4 Zooplankton analysis

Mesozooplankton were collected using a Heron Tranternet (200um mesh size and mouth area of
0.25m”) equipped with a calibrated digital flowmeter (Hydrobios) to quantify the volume of
filtered seawater. Vertical hauls were collected from the epi-pelagic realm (0-150 m) for the
deeper stations, whereas the entire water column was sampled for the shallow stations. Samples
were concentrated onboard through a 200um nylon mesh and split using a Folsom splitter to get
a sub-sample (50%) containing ~300 individuals. These sub-samples were preserved in 4%
buffered (sodium borate) formalin in seawater for further analysis. In the laboratory, an
individual sample was placed in Bogorow's chamber and enumeration and morphological
identification was done under a stereoscopic microscope (Olympus SZX 09). The sample was
sorted to the group level, and the abundance of each group was calculated following standard
procedure [Goswami, 2004]. All the samples were identified at broad taxonomic groups [Harris

et al., 2000; Conway et al., 2003].

2.5 Physical parameters



2.5a Sea Surface Temperature (SST)
The daily averaged Optimally Interpolated (OI) SST with spatial resolution 0.25 degree was

taken from NOAA National Climatic Data Centre (https://www.ncdc.noaa.gov/oisst).

2.5b Ekman Pumping Velocity (EPV)

The daily wind speed with 25 km resolution was obtained from ASCAT
(http://manati.star.nesdis.noaa.gov/products/ASCAT.php). Using the above data Ekman pumping
velocity (EPV) was calculated following Smith (1968).

EPv=i VXt
g

where ¥ X T is the curl of the daily wind stress vector, g is the density of the sea water and f'is

the coriolis parameter. EPV (ms™), is used as an index for upwelling in the ocean with the

positive values indicate upwelling and negative values indicate downwelling.

2.5¢ Nino3.4and DMI index
To characterize the ENSO variability, we used the Nino3.4 index, whereas DMI index was used
to characterize the 10D, and both were obtained from

http://stateoftheocean.osmc.noaa.gov/sur/ind/.

2.6 Statistical analysis
Spearman rank correlation was performed between Nino3.4 index, DMI index and oil sardine

landing data. The correlation was also performed between oil sardine CPUE and landing data.

2.7 Fishery data

The oil sardine standardized data (CPUE) has been used from Kripa et al. [2018], while the
landing data has been used from Prathiba et al. [2018] and FRAD, CMFRI [2015, 2016, 2017,
2018]. The details of methodology, gears and boats are detailed in Kripa et al. [2018]

3. Results and Discussion
The biogeochemical properties in the south-west coast of India during the September 2015 and

2017 were measured, in which the former year (September 2015) is a strong ENSO year



accompanied with weak I0D; while the latter (September 2017) year is the weak 10D event.
Both the years (2015 and 2017) showed similar positive Dipole Mode Index (DMI) ( Figure 2a)
while the Nifio3.4 index was distinctly different (strong ENSO event during September 2015
compared to 2017). Hence, we assume that the major variability during 2015 might be
contributed by the ENSO rather than IOD. The Nifio 3.4 index was 2.1 and -0.5 during
September 2015 and 2017 (Fig 2a) respectively. This indicates that September 2015 is a strong
ENSO year, while 2017 is a normal year. This seems to have affected the Chl a distribution
showing low phytoplankton biomass during ENSO year (Fig 2b). The average surface Chl a
concentrations were 619 and 887 ngL" during ENSO and normal year, respectively. The 2015-
16 ENSO is one of the strongest on record, comparable to the 1982-83 and 1997-98 events that
triggered widespread ecosystem changes in the northeast Pacific [Jacox et al., 2016]. These
events alsoresulted in a warming of surface waters and depressed Chl a concentrations across a
broad region of the California Current System [McClatchie et al., 2016]. Few studies have
already reported coral bleaching in the Indo-Pacific [Normile 2016], along the Great Barrier Reef
[Hughes et al., 2017] and also widespread bleaching in global waters [DeCarlo et al., 2017]
associated with 2015-16 ENSO. Recently DeCarlo et al. [2017] showed an increase in SST by
2°C in the South China Sea during June 2015 associated with ENSO. Similarly, our
measurements during 2015 and 2017 along the Kerala coast show a considerable increase in SST
(1.8°C) and sea surface salinity (SSS; 0.61) during the former year. The average SST and SSS
were 29.3°C and 34.65 during September 2015 (ENSO) and 27.5°C and 34.03 during September
2017 (normal year). During 2015, the upper 30m water column showed average temperature
~28.5°C (Fig. 3a), whereas it was much cooler (~24.4°C) during 2017 (Fig. 3b). The salinity in
the upper 30 m was higher during 2015 compared to 2017 (Fig. 3b & c). This we attribute to the
less rainfall over the region during the EINifio year (Kumar et al., 2006). In addition, the
intrusion of Arabian Sea high-salinity (ASHSW) water is also more at subsurface depth during
the ENSO year (Fig. Sla) compared to the normal year (Fig. S1b). The weak open ocean
circulation in the Arabian Sea during the ENSO event, allows more transport of ASHSW

[Prasanna Kumar and Prasad, 1999].



We also compared our insitu measurements with satellite-derived SST for the region. During
September 2015, the satellite-derived average SST was 29.2°C while it reduced to 27.5°C in
September 2017 (Fig. 1 a-b). Consistent with insitu measurements, satellite derived SST also
showed a significant reduction in its value (~1.7°C reduction) during the normal year (2017)
compared to ENSO year (2015). In order to understand the reason for comparatively lower SST
during 2017, we have computed the Ekman Pumping Velocity (EPV) over the region. During
September 2015, the study region showed negative (close to zero) EPV values indicating down-
welling (ENSO driven), whereas positive values during 2017 supported intense upwelling over
the region (Fig. 1 c-d). As nutrient concentrations in the oceans generally increase with depth,
even the mild difference in the magnitude of the upwelling intensity can cause significant effect
on the biological production. Earlier, Gomez et al. [2012] reported similar observations from the

eastern tropical pacific, wherein they observed inhibition of upwelling during ENSO.

In the present study, we tried to understand the impact of 2015 ENSO (resultant increased
temperature of 1.8°C) on the phytoplankton biomass and higher trophic levels. Here we used
photosynthetic marker pigments to characterize the phytoplankton communities. Fucoxanthin is
generally used as a marker pigment for diatoms (though it is present in some haptophytes and
chrysophytes), and peridinin for dinoflagellates, both representing micro-phytoplankton. 19°-
hexanoylfucoxanthin (19°HF) represent haptophytes (nano-phytoplankton), whereas zeaxanthin
represents cyanobacteria (Synechococus) and divinyl Chl a is a marker for Prochlorococus, both
representing pico-phytoplankton. The marker pigments of micro-phytoplankton showed
contrasting trends to that of nano-phytoplankton and pico- phytoplankton (Fig.4). Fucoxanthin
and peridinin concentrations in the upper 50 m were very low during ENSO year, while 19°HF,
zeaxanthin and div Chl a were low during the normal year (Fig 4). Size fractionated analysis of
phytoplankton showed an average of only 30% contribution by micro-phytoplankton (fmicro) in
ENSO year which increased to 78% during the normal year (Fig 5). This indicates that micro-
phytoplankton (mainly diatoms, and to some extend dinoflagellates) doubled once the ENSO
effect was nullified. In contrast, nano-phytoplankton and pico-phytoplankton contribution to the
total phytoplankton (fnano & fpico) reduced from 24% and 46% in ENSO year to 8% and 14%
during the normal year (Fig 5). Recently, Vidya and Kurian [2018] reported 50% reduction in
micro-phytoplankton abundance in the north-eastern Arabian Sea during the 2015-16 ENSO



event. Similar to our results, Moye and Borrego [1985] reported higher nano-phytoplankton
abundance in the warmer waters off south Mexico during the summer of the El Nifio year 1983,
whereas nutrients, Chl a, diatom and dinoflagellate abundance were lower than those reported
for previous summers with no El Nifo events. Cota and Borrego [1988] also reported similar
changes along with the abundance of cyanobacteria during the1983 El Nifo. Earlier, Lenz [1992]
reported that small cells of phytoplankton with a high surface to volume ratio grow more rapidly

at higher temperatures.

High micro-phytoplankton counts during normal year resulted in higher organic carbon
production (TOC: 129 uM) as compared to ENSO year (90 uM; Fig. 6 a,b). The increase in
diatom abundance during the normal year could be due to high nutrient availability as seen from
the higher TN concentration (Fig 6¢c, d). Variation in the size fractions of phytoplankton may be
a consequence of variation in nitrogen availability during both the years. TN concentrations were
low (<15 uM in top 20 m) during ENSO year as compared to the normal year (>30 uM in top 20
m). During the ENSO year, the down-welling reduced the nutrient availability in the surface
waters. Apart from the reduced vertical fluxes, the fresh water influx was also low with limited

horizontal fluxes of nitrogen as it was a drought year.

ENSO driven variations in both horizontal and vertical input of nutrient-rich water can affect
micro-phytoplankton abundance, and in-turn the zooplankton and larval fish productivity
[McGowan et al., 1998]. Zooplankton of the eastern Arabian Sea is typically characterized by the
abundance of copepods that support rapid growth and survival of commercially valued fishes
such as sardines. Zooplankton abundance during the ENSO year was also low as compared to the
normal year (Fig 7), indicating the response of zooplankton to the warm waters. Few studies
from the Alaskan Gyre and the California Current [Fulton and Le Brasseur, 1985; Garcia and
Gutiérrez 1996] have reported structural changes in the composition of the zooplankton as a

consequence of ENSO.

As the micro-phytoplankton and zooplankton being at the base of the food chain/web, it can
directly/indirectly affect the organisms that are dependent on it including fishes. Recently,

Shankar et al. [2019] suggested that the south eastern Arabian Sea has stronger upwelling that



leads to microplankton that can be directly fed by fish such as the oil sardine. Thomas et al.
[2016] suggest that zooplankton such as copepod plays an important role in the distribution of
pelagic fishes along the southeastern Arabian Sea. As sardines are known to feed on micro-
phytoplankton (especially diatoms) and zooplankton (copepods), we believe that the decline in
the micro-phytoplankton and zooplankton during the ENSO year reduced the oil sardine
population. In order to differentiate between the effect of ENSO and IOD, we did spearman rank
correlation (2014 to 2017) between the Nino3.4 index, DMI and the oil sardine landings. Nino3.4
index showed moderate negative correlation (r = -0.43) with oil sardines, whereas DMI showed
very weak positive relation (r = 0.19). This indicates that the oil sardine populations are mainly
influenced by ENSO rather than 10D. The oil sardine CPUE [Kripa et al., 2018] and the oil
sardine landing [Pratibha et al., 2018] shows a very strong positive correlation with r = 0.85 for
fishing boats with mechanized units using ring seines (MRS) and r =0.99 for fishing boats with
outboard engines using ring seines (OBRS) for the period 2011 to 2015. CPUE for MRS reduced
from 312 kg/hour during 2014 to 159 kg/hour during 2015 [Kripa et al., 2018]. The fish landing
data also followed similar trend as CPUE and reduced from 1.55 lakh tonnes in 2014 to 0.68 lakh
tonnes in 2015 and 0.45 lakh tonnes in 2016 [FRAD, CMFRI (2015, 2016, 2017 2018)](Fig 8).
In fact oil sardines catch percentage during 2015 was only ~16% of that during 2012 [Kripa et
al., 2018]. Such a drop of fish landings was also reported in the Pacific Ocean after the 1958 to
1960 El Nifio and the 1983 to 1984 El Nifio [McGowan et al. 1998]. While in 2017, when the
ENSO effects were nullified and the micro-phytoplankton dominated along the Kerala coast, the
zooplankton abundance increased and in turn the oil sardines population increased to 1.27 lakh
tonnes (Fig 8). In fact, during 2017 oil sardines were the most dominant species in marine fish
landings throughout India with 8.8% contribution (3.37 lakh tonnes) [FRAD, CMFRI (2018)].
Oil sardine landings recorded an increase of 38% in 2017 mainly due to the recovery of sardine

fishery along the south-west coast of India [FRAD, CMFRI, 2018] (Fig 8).

From figure 8 it is clearly seen that the decline in the oil sardine along the Kerala coast is not
compensated by an increase along the east coast or towards the northern states of the west coast.
Comparing the landings data between 2014 and 2015, although there is a slight increase in Tamil
Nadu and Andhra Pradesh (+0.2 lakh tonnes), it’s minimal when compared to the drop in oil

sardines in Kerala alone (-0.87 lakh tonnes). Other states along the west coast (Gujarat,



Mabharashtra, Karnataka and Goa) also do not show any increase during 2015. This indicates that
only a small fraction (~23%) of the total sardine population might have migrated to the east coast
during the ENSO year. While majority of the drop in number could be due to scarcity of food
and the extra energy being utilized to find the food especially during the juvenile and first year
stages. Considering that the 0-year class forms a major component of the sardines [Kripa et al.,

2018], hence the effects of the ENSO on the oil sardines were more rapid.

The recruitment and growth of the fishes depend on the oceanic environment in which water
column temperature is the most easily determined environmental factor which can be used as an
indicator of the changing ecological conditions. Warmer temperatures are known to affect fish
abundance through phenological changes [Kuczynski et al., 2017]. Recently, Kripa et al. [2018]
reported that ENSO driven rise in temperature negatively impacted maturation process.
Although, ENSO driven rise in temperature is expected to increase larval production [Niquen
and Bouchen 2004], more importantly it can also affect the food availability [Thara 2011]. She
reported that primary production is less in the eastern Arabian Sea during ENSO years as
compared to LaNifa years, and this negatively affects the oil sardine populations. Kripa et al.
[2018] also highlighted the possible role of jelly fishes in the recruitment failure since they

predate on zooplankton and fish larvae.

The present study highlights the impact of ENSO on the water masses, nutrient availability,
phytoplankton, zooplankton and in-turn on fish (oil sardine) population along the Kerala coast.
The warmer temperature and decrease in food availability (mainly diatoms) during ENSO year
might have adversely affected the oil sardine population. In view of climate change scenario,
understanding of such impacts on the fishery potential will help in better utilizing our fishery

resources in the future.

4. Conclusion

The present study investigated the impact of 2015-16 ENSO on the water masses, nutrient
availability, primary and secondary producers and in turn on the oil sardine population. The
2015-16 ENSO lowered the Chl a biomass across the Kerala coast mainly due to reduced
nutrient supply. The high temperatures and low nutrients during the ENSO year favored the



smaller plankton such as pico-phytoplankton and nano-phytoplankton, which in turn might have
decreased the abundance of zooplankton, principally copepods. The reduced abundance of both
micro-phytoplankton and zooplankton during the ENSO year consecutively affected the oil
sardine population. While during the normal year with the intrusion of more nutrients from the
upwelling and the fresh water influx, the micro-phytoplankton, zooplankton and oil sardine
population increased. These results are consistent with our hypothesis that the 2015-16 ENSO
might have affected the oil sardine population. Considering that oil sardines are the most
dominant species in marine fish landings in India, this study attains great importance. These
results could also be considered as an assessment of global warming effect on oil sardines in

future warming scenarios.
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Figure 1: Satellite derived images of SST during September 2015 and 2017 (a and b), Ekman
Pumping velocity computed from wind stress during September 2015 and 2017(c and d).
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Figure 2: (a) Time series of Nino 3.4 index (black line) and dipole mode index (red line);

Vertical structure of Chl a during (b) September 2015 and (c) September 2017.
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Figure 3: Vertical structure of temperature (a and b) and salinity (c and d) along the Kots
transect during September 2015 and 2017.
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Figure 4: Vertical cross shelf variations in fucoxanthin, peridinin, 19’HF, zeaxanthin and divinyl

Chl a during El Nifio year (2015) and normal year (2017) along the Kerala coast.
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Figure 5: Percentage contribution of micro-phytoplankton, nano-phytoplankton and pico-

phytoplankton during September 2015 and 2017 along the Kerala coast.
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Figure 6: Vertical cross shelf variations in TOC and TN during El Nifio year (2015) and normal

year (2017) along the Kerala coast.
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Figure 7: Zooplankton abundance during September 2015 and 2017 along the Kots transect.
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Figure 8: Fisheries data of oil sardine landings along the west and east coasts of India
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Fig: S1: Watermasses at the KOTS transect during the (a) ENSO year and (b) normal year



