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ABSTRACT
Indian squid, Uroteuthis (Photololigo) duvaucelii (Loliginidae) con-
stitute an important component of the inshore cephalopod fisheries
along the eastern Arabian Sea. Local environmental variation plays
an important role in species–environment interactions in neritic
squids, which inhabit nearshore/coastal waters. Such ‘active’ and
‘passive’ responses of squids to environmental changes is crucial in
understanding their relationships and influence on the biological
processes, distribution and abundance of the fast-growing short-
lived coastal loliginids. The empirical relationship between squid
abundance and the variability in rainfall and sea surface temperature
(SST) were explored in a tropical monsoon fishery. Monthly catch
rates (catch per fishing hour) of squids in commercial trawl during
1987–2009 were used as the abundance index. Linear regression
models with ARIMA errors were fitted with catch per unit hour time
series as dependent variable and rainfall and SST as exogenous
variables. While rainfall was observed to have a negative effect on
squid abundance, the SST recorded a positive impact. ARIMAmodels
provided satisfactory fit to observed data and forecast of 22 months.
Given that the squid life-cycle is a function of their environment, this
result is relevant in forecasting squid biomass for themanagement of
tropical monsoon fisheries.
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Introduction

Indian squid, Uroteuthis (Photololigo) duvaucelii (F. Loliginidae) is a neritic species form-
ing a major component of the artisanal squid fishery in the Indo-Pacific region. The
species occurs on the continental shelf and constitutes a significant commercial fishery
in India, Thailand, the Andaman Sea and Gulf of Aden (Arkhipkin et al. 2015). The Indian
squid is the most important cephalopod species exploited by the bottom trawl fleets in
the eastern Arabian Sea bordering the west coast of India. Directed trawl fishery for
loliginids in this region emerged during the early 1990s, driven by the demand in global
export trade (Sasikumar and Mohamed 2012), with most of the frozen and value-added
products destined for Europe. The only regulation of fishing effort in the region at
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present is the implementation of yearly closure of mechanized fishing for a period of
47 days commencing from June 15 to July 31.

Loliginid squids are characterized by extreme plasticity in life-histories, with fast growth
rates and short life-span in response to environmental or oceanographic conditions
(Jackson and O’Dor 2001; Pecl and Jackson 2008). The environmental sensitivity of squids
is correlated to multiple drivers influencing distribution, abundance (Rowell et al. 1985)
and migration to favoured feeding environments (Martins et al. 2006; Martins and Perez
2007) or to areas which maximize spawning success (Sauer et al. 1991; Roberts and Sauer
1994; Cabanellas-Reboredo et al. 2012). The importance of environmental variability as a
potentially significant factor in determining the stock fluctuations in squids has been
highlighted in loliginids (Roberts 1998, 2005; Chen et al. 2006). Therefore, the analysis of
environmental variables to examine trends in abundance of squid has received greater
interest over the past few years (Postuma and Gasalla 2010; Rodhouse et al. 2014).

Typically, loliginids remain dispersed over the continental shelf during the major part of
their life cycle. Mature squids undertake spawning migrations to inshore spawning
grounds (Worms 1983) for congregation and egg laying, and commercial and artisanal
fisheries take advantage of these aggregations (Mohamed 1993; Schön et al. 2002; Iwata
et al. 2010; Postuma and Gasalla 2010). In the eastern Arabian Sea, U. (P.) duvaucelii
spawning occurs throughout the year with seasonally intense activity during September
to November (Silas et al. 1985; Mohamed 1993). A similar pattern in spawning migration is
reported for other loliginid species (L. reynaudii in South Africa – Sauer et al. 1991; Roberts
1998).

Spawning aggregations of fully mature animals (80% males) occur annually in near-
shore spawning grounds during September–October in varying intensities (Mohamed
1993). This species is subjected to heavy fishing pressure by trawl fishing fleets during
the critical spawning and post-spawning stages. The female squids spawn in shallow
waters with sandy or hard substratum immediately after the spawning congregation.
The occurrence of egg mops in gelatinous finger-like strands attached to the substratum
in shallow intertidal areas (Asokan and Kakati 1991) indicates reproduction in coastal
benthic habitats.

The Arabian Sea, the north-western part of Indian Ocean (Western Indian Ocean) is a
tropical basin known to experience a monsoon wind force and corresponding semi-
annually reversing surface circulation. Corresponding to the regular monsoon, this near-
shore fishing area in the Arabian Sea experiences changes in physical, chemical and
biological parameters. During summer monsoon, starting from May/June the direction
of the monsoon wind is south-westerly and in winter, from November, it is north-
easterly. In comparison with the rest of the Indian Ocean, the western Indian Ocean
generally has cooler mean sea surface temperatures (SSTs) in summer, owing to the
strong monsoon winds and upwelling over the west (Roxy et al. 2015). The processes
associated with monsoons make the Arabian Sea one of the most biologically produc-
tive regions of the worlds’ oceans (Ryther et al. 1966). On a regional scale, the eastern
Arabian Sea (west coast of India) has high mean and high variability in rainfall (Goswami
et al. 2006). The local orography of coastal areas also has a strong influence on the
rainfall. The region experiences winter from December to February.

The coastal upwelling during the summer monsoon in the Arabian Sea is well documen-
ted (Johannessen et al. 1981), and is characterized by decreased SSTs, increased
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concentrations of nutrients and reduction in dissolved oxygen levels. Besides the reduction
in SST, upwelling and the related horizontal advection alter the physical and chemical
properties of water due to the offshore transport of coastal waters, and the occurrence of
more saline and denser hypoxic water (<0.5 ml dissolved oxygen/litre) in the surface. The
neritic Indian squid populations in these near-shore coastal waters are therefore exposed to
the highly dynamic environmental conditions prevailing in the region.

Considering the short life-span of the Indian squids and their exploitation in the
highly dynamic inshore region, it is imperative to understand the effect of environmen-
tal changes on the level of inter-annual abundance. Among environmental factors, the
seawater temperature is considered as the key influencing parameter, as large changes
in growth patterns are indicated by small changes in water temperature (Forsythe 1993;
Moreno et al. 2007). The influence of temperature has been related to the variability in
squid abundance, availability of spawning grounds (Augustyn 1990; Pierce and Boyle
2003; Postuma and Gasalla 2010) the strength of the spawning activity (Sauer et al.
1991) the onset of migrations (Sims et al. 2001) and many other aspects in squid life
histories (see Pierce et al. 2008).

Correlations of SST and other environmental parameters with catch rates are poten-
tially important for developing forecasts to support the management of fisheries (Pierce
et al. 2008). Furthermore, in the context of changing oceanic conditions due to climate
change, such analysis is relevant in defining the role of environmental variables in the
regulation of year-class strength. Therefore, the focus of this study was to understand
the empirical relationship between the effect of the variability in rainfall and SST on
neritic squid abundance in order to envisage the response of squid catches in changing
environmental conditions.

Materials and methods

Squid samples were collected from trawls operating in the eastern Arabian Sea. The data
were collected by recording the catch and fishing hours from the two major and five
minor fishing harbours located between Karwar and Mangalore (Figure 1) during
January 1987–October 2011. Monthly catch and effort were estimated following a
multi-stage random sampling design (Srinath et al. 2005). Briefly, the method involves
observations of catch (kg/trawl) and effort (h) for a 24 h period in a randomly selected
sampling day. These squid daily catches and effort from at least 10% of the vessels were
multiplied with the number of vessels on the observation day to arrive at the daily
estimate. To obtain the monthly catch and effort estimates, the daily data from the
sampling days in a month were pooled and multiplied by the number of fishing days in
a month. The catch-per-unit-hour, in terms of catch (kg) per trawling hours (CPH) was
used as an index of abundance.

A regression model with autoregressive integrated moving average (ARIMA) errors
was used to study the influence of SST and rainfall on the squid abundance. The
existence of collinearity between the variables (SST and Rainfall) was evaluated by
estimating the variance inflation factor (VIF). The VIF represents the proportion of
variance in one predictor explained by all the other predictors in the model
(Heiberger and Holland 2004). A VIF = 1 indicates no collinearity, whereas increasingly
higher values suggest collinearity.
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The monthly mean SST (°C) dataset in the Arabian Sea (12–16°N and 73–75°E) was
extracted for the period 1985–2011 from International Comprehensive Ocean-
Atmosphere Data Set (ICOADS: Release 2.4). Rainfall (mm) data was procured from

Figure 1. Map showing the trawling ground (hatched area) of U. (P.) duvaucelii off Karnataka.
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India Meteorological Department (IMD). As an index of abundance, data on monthly
catch (kg) per trawling hours (CPH) of squids was used. Since there is no abundance data
during the fishery closure, the data in July were not considered for model building.

The catch per unit hour data of monthly observations (anomalies) were fitted to an
additive linear regression model:

yt¼ β0þβ1 x1;t þnt (1)

where yt is the catch per unit hour for the month t and it is a linear function of the
predictor variable SST or rainfall denoted as x1;t , β values are regression coefficients and
nt is the error term. The error series nt was assumed to follow an ARIMA model and it
was expressed as 1� φ1B� . . .� φp B

p
� �

nt = 1þ θ1Bþ . . .þ θq Bq
� �

et , where et is the

uncorrelated error term. An in-depth discussion on ARIMA models is given in Box et al.
(2015), Pankratz (1983) and Wei (1994). ARIMA model requires a stationary data series. In
practice, stationarity means that the data series has a constant mean and variance
through time. The mean of a non-stationary series can often achieve stationarity by
differencing and the variance by means of a logarithmic or other transforming algorithm
(Hanson et al. 2006).

Verification of model assumptions was carried out by evaluating the normal distribu-
tion of the residuals. The time series were tested for stationarity using popular unit root
test Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test (Kwiatkowski et al. 1992). Based on
the test it was found that CPH series was non-stationary while stationarity was accepted
for SST and rainfall series. Since CPH series was non-stationary, differencing of the series
was done and KPSS test was repeated. The resulting series was stationary and was used
for model building. Validation of the model was made using data for the period January
2010 to October 2011. The statistical procedures mentioned in the present study were
implemented using the statistical computing environment R (R Core Team 2015).

Models with different orders of autoregressive coefficient (AR) and moving average
coefficient (MA) were evaluated by comparing bias-corrected Akaike’s information cri-
terion (AICc). Various diagnostic checks were performed to test the assumption of
uncorrelated random residuals with a zero mean and constant variance and accuracy
measures to evaluate the forecasting power of the models. Assumptions of independent
and identically distributed residuals were verified using the Ljung–Box test (Ljung and
Box 1978). Forecasting accuracy was assessed based on root of the mean square error
(RMSE) and mean absolute error (MAE).

Results

Annual catch of U. (P.) duvaucelii recorded an increase from an average of 2,393 t during
1987–1991 to an average of 8,406 t during 2007–2011 (Figure 2). The annual average
SST ranged between 28.08 and 29.14°C (Figure 3). A gradual warming of seawater was
observed after winter (December–February) from March, and this continued to increase
till May. Relatively warmer SST prevailed during April–May. This was followed by a dip
from June to August, with August recording the lowest temperature. A gradual warming
of seawater was yet again recorded from September, and this continued to increase until
the drop in SST from December to February (Figure 4). The mean monthly rainfall was
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highest during June–August (Figure 5). An increasing trend in catch rate of squids was
apparent from 2.8 kg h–1 in February to 5.1 kg h–1 in March; similarly, from 1.4 kg h–1 in
August to 3.7 kg h–1 in September.

The linear regression model with SST as dependent variable and rainfall as indepen-
dent variable, fitted using least squares approach and VIF, was calculated as 1.019,
indicating that there is no correlation between the two variables.

Figure 2. Annual time series of squid catch during 1987–2011 indicating the catch trend.

Figure 3. Time series of sea surface temperature (°C) during 1987–2011.
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The regression model with ARIMA (2,1,2) was found suitable for representing CPH,
when the linear regression model with ARIMA errors were fitted using CPH as dependent
variable and SST and rainfall series as independent variables. The models with one
independent variable at a time performed well, when compared to the one combining
SST and rainfall. Hence SST or rainfall was independently considered for further analysis.

Figure 4. Monthly mean squid CPH and sea surface temperature (°C) with error bar denoting
temperature maximum and temperature minimum.

Figure 5. Monthly mean squid CPH and rainfall (mm) with error bar denoting rainfall maximum and
rainfall minimum.
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The most suitable model for representing CPH using rainfall was ARIMA (3,0,1) [Model
1] and with SST was ARIMA (5,1,0) [Model 2]. For the selected models, the minimum AICc
value corresponded to model 1 (Table 1). In model 1, the coefficient measuring the
effect of rainfall on CPH was negative. Based on this, an estimated reduction of
0.0018 kg on squid abundance has been predicted for every 1 mm increase in rainfall.
In the case of model 2, the effect of SST on squid abundance is positive. The predicted
impact of increase in an extra degree of SST can be modelled to have an increase in
abundance (CPH) by 0.073 kg in a given month.

For a good forecasting model, the residuals left over after fitting the model should be
white noise. The Ljung–Box test is applied to the residuals of the fitted models and
results indicated acceptance of accuracy of models at 95% significant levels. Model 1 is
the preferred model according to the four evaluative measures, i.e. root mean squared
error (RMSE), mean absolute error (MAE), mean percentage error (MPE) and mean
absolute percentage error (MAPE) (Table 2). Based on these values, model 1 performed
better than model 2. The forecasted series using the developed model 1 is presented in
Figure 6.

The present study shows that the fitted models have the capacity to capture the
fluctuations in the series and are thus appropriate for modelling, although model 1 has
more forecasting accuracy than the other.

Table 1. Summary of results for the fitted ARIMA model for the 1995–2008 dataset.
Explanatory variable Parameter Estimate SE AIC AICc & BIC

SST (Model 2) AR1 −0.3969 0.0807 878.21
AR2 −0.5444 0.0864 878.69
AR3 −0.3105 0.091 902.54
AR4 −0.191 0.0731
AR5 −0.1536 0.0688
SST 0.0731 0.1573

Rainfall (Model 1) AR1 0.3765 0.5032 832.37
AR2 −0.2736 0.23 832.85
AR3 0.0899 0.1486 856.73
MA1 0.0938 0.0005
RAIN −0.0018 0.1726
Intercept −0.383 0.2515

AR1: autoregressive coefficient of order 1; MA1: moving average coefficient of order 1; AIC: Akaike’s information
criterion; AICc: bias-corrected Akaike’s information criterion; BIC: Bayesian information criterion.

Table 2. Forecasting accuracy parameters for the fitted ARIMA model.
Explanatory variable Accuracy statistics

SST RMSE 1.9938
MAE 1.3676
MPE 73.514
MAPE 255.29

Rainfall RMSE 1.7874
MAE 1.2231
MPE 31.28
MAPE 156.2

RMSE: root mean squared error; MAE: mean absolute error; MPE: mean percentage error; MAPE:
mean absolute percentage error.
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Discussion

The analysis of variability in catch rates of U. (P.) duvaucelii in relation to the environ-
mental parameters highlighted the influence of rainfall and SST on squid abundance.
The trends in neritic squid abundance, in near-shore fishing grounds were negatively
related to rainfall, and positively with SST.

In the Arabian Sea, the south-west monsoon winds of oceanic origin get established
in May and are strengthened in June. During July and August, the winds are further
strengthened (~7 m s−1) over the entire coast and continue up to the end of September,
until the withdrawal of the summer monsoon along the west coast of India (Naidu et al.
1999). The onset of monsoon is associated with overcast skies, precipitation, strong
winds and turbulence. In addition, the shelf regions are subjected to increased river
discharge, resulting in monsoon associated changes in physical, chemical and biological
properties. The synoptic patterns and atmospheric dynamics of summer monsoon are
highly complex and have been the subject of numerous studies (Goswami et al. 2011;
Turner and Annamalai 2012; Sooraj et al. 2014; Roxy et al. 2015).

In upwelling areas, the oceanographic events can be an important factor determining
cephalopod distribution and abundance. The relationship between coastal upwelling
events and squid abundance have been reported for Loligo reynaudii in the south-
eastern coast of Africa (Roberts and Sauer 1994). The SST is suggested to be the most
reliable indicator of the coastal upwelling in the Arabian Sea (Prell and Curry 1981).
Reduction in SST with the incursion of upwelled water into the surface layers was
evident in the study area, indicating the occurrence of coastal upwelling during the
summer monsoon. The occurrence of cold upwelling water can restrict distribution of
warm water species in the area. Squid may select an optimum temperature range to

Figure 6. The forecasted series of catch (kg) per hour (CPH) using the developed model 1.
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spawn by undertaking spawning migrations in an attempt to maximize hatching success
(Cabanellas-Reboredo et al. 2012). Studies of Loligo reynaudii off South Africa highlight
the importance of turbidity and dissolved oxygen in determining the availability of squid
on the ground and in locating the preferred conditions for spawning sites (Augustyn
et al. 1994). Oxygen tension is considered important for egg development and survival
in loliginid squids, where the large size of egg masses is likely to restrict water flow in
embryos located near the attachment point, causing hypoxic conditions and higher
occurrence of developmental abnormalities (Murray 1999). It is likely that there is similar
strong link between recruitment of Indian squids and favourable oceanographic condi-
tions, mainly temperature, as emphasized in several studies (Pierce et al. 2008).

The sandy bottom of inshore waters is subjected to strong monsoon waves and upwel-
ling. The cumulative effect of this process exerts heavy siltation (Fernandez 1996) and
physical changes under monsoon conditions. Though fully mature squids are caught
throughout, signifying protracted recruitment to the fishery, peak spawning pulse and
major recruitment in post-monsoon seems to be influenced by the intensity and/or duration
of rainfall events. Rainfall also indirectly affects the availability of squids in inshore waters
due to changes in salinity (Lefkaditou et al. 1998). The prolonged duration or increased
rainfall intensity and continuous turbulent sea condition may prevent spawners from
reaching their preferred spawning locations that are suitable for egg laying, development
of eggs or survival of paralarvae, or a combination of all these. It has been reported that
loliginids have a preferred spawning habitat (Cabanellas-Reboredo et al. 2014), havingmore
favourable environmental conditions, which may enhance paralarval survival. Eventually,
the variability and unexpected changes in the ecosystem could either weaken or strengthen
the inherent biological advantages, and ultimately impact recruitment (Roberts 2005).
Though the movement of squid within the inshore waters, as documented in other
loliginids (Pecl et al. 2006; Downey et al. 2009; Cabanellas-Reboredo et al. 2012), is currently
not subjected to any detailed investigation in Arabian Sea, the occurrence of juvenile squids
was reported by fishermen from commercial fishing grounds in considerable quantities at
depths ranging from 60–65 m during late November to January months.

The retreat of summer monsoon and associated environmental changes from
September, including decrease in cloud cover, upwelling, river discharge and precipita-
tion, result in a marked increase in both primary and secondary productivity. This in turn
could alter the pattern in abundance of Indian squid in coastal waters and set the stage
for spawning aggregation and egg laying. A similar pattern has been documented in the
temperate loliginid Loligo reynaudii, where a synchronization of egg laying and produc-
tivity occurs so that the hatchlings emerge at the peak of production, also coinciding
with an increase in temperatures. Similarly, depending on the sea temperature,
European squids are reported to move from deeper waters to inshore waters
(Cabanellas-Reboredo et al. 2014). This may enable the hatchlings to grow, by taking
advantage of the abundance of prey (Sauer et al. 1992; Roberts 2005). For eggs spawned
at this period, the embryonic phase is associated with a gradual warming of water
temperature, facilitating reduced incubation period and early hatching. Such timing in
spawning suggests adaptation of reproductive strategy to suit local environmental
process. Any de-synchronization of peak spawning and peak productivity may therefore
have implications for juvenile growth rate and survival (Pecl and Jackson 2008), affecting
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recruitment. The variability in rainfall patterns, relating to duration, intensity and fre-
quency appear to have a direct influence on the extent of inshore spawning.

Correlations between fishery yield and temperature in different seasons has been
related to the effect of temperature variability on paralarval survival, growth rate,
benthic settlement and timing of reproduction (Caballero-Alfonso et al. 2010).
Recruitment strength of cephalopods is often related to environmental temperatures
during the earlier part of life (Pierce and Boyle 2003). The peaks in Indian squid
abundance occur while the temperatures are increasing in near-shore waters, coinciding
with the retreating monsoons in September and during the transition from winter to
summer in March. During September–October, congregation of larger mature squids
(dorsal mantle length, 105–245 mm) in the near-shore waters suggests near-shore
migration to spawning grounds for pre-spawning aggregations (Mohamed 1993). The
presence of squid mops in the coastal waters during the same period provides evidence
of egg laying on the nearshore substratum (Asokan and Kakati 1991). Therefore, the
variations in squid abundance in near-shore regions are more likely due to the direct
influence of temperature on the biological processes such as spawning, migrations and
egg/larval survival, leading to recruitment success. The negative influence of rainfall
indicates, to some extent, the indirect effect of monsoon on the habitat characteristics as
well as on the environmental variables, especially SST and dissolved oxygen, indirectly
influencing the squid availability.

The variability in abundance reinforces the influence of environmental changes on
squid population. The temperature limits of Indian squids are not known exactly. In
general, the inshore loliginids are exposed to fluctuating environmental conditions and
appear to be more adaptable to changes in the environment. Squids are known for the
extreme plasticity in their life-cycle. This is principally due to the response of squid
physiology to environmental variables, among which temperature has been cited as a
key driving element (Moreno et al. 2007; Pecl and Jackson 2008). Growth strategies in
loliginid squids are subject to fluctuating near-shore environments, as apparent in
seasonal statolith ageing studies (see Pecl and Jackson 2008). Therefore, as evidenced
in the present study, a tentative assessment can be made on the response of squid
stocks to modelled predictions, based on the negative effect of rainfall and associated
reduction in temperature or on positive effect of SST on catch rates.

The consequences of overall variability in environment associated with rainfall was
observed to be a better predictor of squid abundance, rather than the changes in
temperature.

This primary analysis of environmental variations in Arabian Sea in relation to the
abundance of U. (P.) duvaucelii is an initial step in the development of predictive tools
useful for resource management in this tropical region. Assessing and managing squid
stocks using classical stock assessment requires precise ageing of the short-lived assem-
blage of fast growing micro-cohorts. Furthermore, in contrast to the conventional stock
management methods involving multi-age structured fishery resources, the short-lived
cephalopods require assessment and management on a shorter time-scale, often neces-
sitating in-season assessment and real-time management of cephalopod populations
(Pierce and Guerra 1994).

Currently the resource specific management is limited to the minimum legal size at
harvest (Mohamed et al. 2014), apart from the seasonal fishery closure. The most

JOURNAL OF NATURAL HISTORY 761



common means of managing cephalopod fisheries is by regulating fishing effort, which
will reduce the risk of recruitment overfishing (Rosenberg et al. 1990). Although some
approaches to stock assessment are not applicable in cephalopods, Pierce and Guerra
(1994) indicated the usage of time-series models incorporating environmental informa-
tion for successfully managing this fishery. The existing mechanized fishery closure may
not be an effective method for regulation of fishing effort as it coincides with the period
of reduced squid abundance during monsoon. The annual fluctuations in catches and
catch rates, especially during periods of low biomasses, can impact the squid stocks. An
understanding of the relationship between squid catches and the environment might
enable to forecast these fluctuations, to regulate fishing effort for the advantage of
biological and economical objectives.

Squid landings are closely related to environmental conditions in many squid species
(Robin and Denis 1999; Sakurai et al. 2000). However, the indirect effect of monsoon on
tropical squids is not well documented, and our understanding on the long-term sustain-
ability of these commercial species in a changing climate scenario is limited. Analysis of rain
gauge data shows that Indian monsoon rainfall has remained stable over the past century
even though the global mean surface temperature has risen steadily. Though there is strong
evidence of an increase in the number of extreme monsoon weather events over India
during the past half century, the seasonal mean monsoon rainfall remains stable, because
the contribution from increasing heavy events is offset by decrease in moderate rainfall
events (Goswami et al. 2006). A recent study comparing present observations and future
regional climate model projections of the summer monsoon suggests a further weakening
of the monsoon circulation and Indian peninsular rainfall in the future (Dash et al. 2015).
Meanwhile, studies based on the Coupled Model Inter-comparison Project phase 5 (CMIP5)
projections suggest an increase in rainfall over the central Indian subcontinent (Sharmila
et al. 2015). The Intergovernmental Panel on Climate Change (IPCC) suggests that there are
uncertainties looming over the status and fate of the monsoons (Christensen et al. 2013),
despite the advancement in analysis and modelling of the variability in monsoons. Within
these complexities and uncertainties, the overall squid abundance is predicted to reduce
with increase in rainfall (Model 1) and squid biomass is predicted to increase with SST
(Model 2). Such linearity in response observed in theoretical modelling between the
physical and biological processes may not prove that squid abundance is merely controlled
by rainfall and temperature. Further research is needed for a better understanding of the
changes in distribution and migration patterns, and in the reproduction process under
different environmental regimes, integrating social, economic and ecological
considerations.
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