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ABSTRACT
The catch pattern of Penaeus indicus H. Milne-Edwards, 1837 in coastal lagoons is influenced by seasonal changes in 
physicochemical parameters of the lagoon ecosystem. In this study the effects of seasonality, salinity and water temperature 
of lagoon on P. indicus catch were analysed using Structural Time Series Model (STSM) and ARIMAX (Auto Regressive 
Integrated Moving Average with explanatory variables) modeling approach using monthly time series catch, salinity and 
water temperature data of the Chilika Lagoon (a Ramsar site) in India for the period from 2001 to 2015. Results showed a 
significant (p<0.05) increasing stochastic upward trend and two seasonal cycles for P. indicus catch in the lagoon. Salinity 
was found to have significant positive influence (p<0.05) and temperature to have insignificant positive influence on 
P. indicus catch in the lagoon. 
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Introduction
Coastal lagoons which form confluence of fresh and 

marine water serve as highly productive areas for many 
dependent estuarine species (Elliot and Hemingway, 
2002). Environmental and water quality parameters such 
as water temperature and salinity of coastal lagoons are 
found to affect fish distribution (Blaber and Blaber, 1980; 
Cyrus, 1996; Marshall and Elliot, 1998; Pombo et al., 
2005; Bruno et al., 2013). Coastal lagoon water bodies  
serve as  grounds for biological and reproductive cycles 
of several marine species (Galvan-pina et al., 2003) 
and  exhibit mainly physical variation in salinity and 
temperature (Isla, 1995). The fish community changes 
with changes in temperature and salinity in the estuarine 
systems (Palwan et al., 2010).  

The Chilika Lake is the largest brackishwater lagoon 
in Asia, a Ramsar site of international importance situated 
in India. It is a hotspot of biodiversity which harbours 
more than 29 species of shrimps (Mohapatra et al., 2015). 
The Indian white shrimp, Penaeus indicus H. Milne 
Edwards, 1837  forms the most important penaeid shrimp 
fishery in India (Mohamed, 1969) with high commercial 
value, particularly as one of the most sought for exportable 
seafood items. The species completes its life cycle in 
estuarine and marine habitats (Mohamed, 1969; FAO, 
1980). Restoration of the fragile ecosystem of Chilika 
Lagoon through hydrological intervention by opening a 

new lake mouth in the outer channel in September 2000 
witnessed spectacular enhancement of fisheries in general 
and shrimp fisheries in particular (Mohapatra et al., 2007; 
Mohanty et al., 2008). The fishery of this species takes a 
dominant place among penaeids in Chilika Lake though 
it shows extreme fluctuations from year to year (Rao, 
1967; Subrahmanyam, 1967; Jhingran and Natarajan, 
1969). The average annual yield of P. indicus from Chilika 
Lake during the last 15 years of post-restoration period 
(2001-02 to 2015-16) fluctuated between 318 and 1964 t 
showing high degree of fluctuation and contributed 
28.46% to the total yield of penaeid shrimps. The average 
annual yield registered 476.9% increase in comparison 
to the average annual yield during the 15 years of pre-
restoration period. Thus annual yield of P. indicus in 
Chilika Lake shows a clear trend of fluctuation.  

Monthly time series of P. indicus catch data of Chilika 
is influenced by a number of unobserved components 
such as trend, cycle, seasonality and irregularity, which 
are not that easy to understand directly by visualising 
the long term time series catch data. Time series analysis 
produces a model defining the stochastic processes, which 
governs periodic trends over time. Box and Jenkins (1976) 
described  the well known Auto-Regressive Integrated 
Moving Average (ARIMA) time series forecasting model. 
ARIMA model is used for short term fisheries forecasting 
(Stergiou, 1991). ARIMA model with exogenous variable 
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Fig. 1. Map of Chilika Lagoon, Odisha, India

is known as ARIMAX model, which is capable of 
identifying the underlying patterns in time series data and 
to quantify the impact of environmental influence (Bruce 
et al., 2013). Structural Time Series Model (STSM) 
(Harvey, 1996) is an alternative of ARIMA model. 
STSM  analyses the univariate time series data using 
an unobserved components model (UCM). Freeman 
and Kirkwood (1995) estimated stock of biomass and 
recruitment from catch effort data using STSM model. 
Trend analysis was performed on fisheries data of Nephrops 
norvegicus in European waters (Zuur et al., 2003) of 
southern Portugal to explore possible environmental 
variables (Erzini et al., 2005) and also of Loligo sp. in 
the North-east Atlantic (Zuur and Pierce, 2004). Works  
have been carried out to correlate the influence of water 
quality parameters on fish assemblage and distribution 
in the estuaries using multivariate dimension reduction 
techniques such as principal component analysis (PCA), 
canonical correspondence analysis (CCA) and non-metric 
multidimensional scaling (nMDS)  (Blaber and Blaber, 
1980; Marshall and Elliot, 1998; Selleslagh and Amara, 
2008; Bruno et al., 2013).

Very little work has been conducted to find out the 
catch trend and seasonal (cyclic) catch behaviour of fish 
species in general and shrimps in particular, as well as the 
influence of salinity and temperature on their catch trend 
using statistical time series modelling approach. The aim 
of this study was to get the information on (i) catch trend 
of P. indicus on which large number of fishers around 
Chilika Lagoon depend  for their livelihood and (ii) the 
influence of salinity and water temperature on P. indicus 

catch in the coastal lagoon, which is a Ramsar site in India.  
Catch prediction is  important  for appropriate planning 
and designing of the national fishery development plan 
and to secure the livelihood of the fishers living in/and 
around the water bodies. This two way approach would 
provide way to assess the potential of P. indicus fishery 
for sustainable exploitation as well as for decision making 
and future planning. 

Materials and methods

Study area

Chilika Lagoon (Fig. 1) lying between latitudes 19º 
20′13.06′′ N and 19º 54′47.02′′ N and longitudes 085º 
06′49.15′′ E and 085º 35′32.87′′ E is the second largest lake 
in the world with estuarine character. The water spread 
area fluctuates between a monsoon maximum of 1165 km2 
and dry season minimum of 906 km2 (World Bank, 2005; 
Mohapatra et al., 2007). The lake is influenced by three 
hydrologic sub-systems viz., the Mahanadi distributaries, 
the rivers draining into the lake from the western catchment 
and influx of seawater from Bay of Bengal. Depending on 
the salinity gradient and depth profile, the lake is divided 
into four ecological sectors namely, northern, central, 
southern and outer channel sectors (Jhingran, 1963). The 
lake is connected with the sea by a long outer channel and 
the 14 km long Palur canal in the southern part. Chilika 
Lake is an assemblage of marine, brackish and freshwater 
ecosystems which characterised the lake fishery with fish 
and shellfish fauna from marine, brackish and freshwater 
environments. The rich fish and shellfish fisheries of the 
lake support the livelihood of more than 0.2 million local 
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where, (α2 + β2)  is the amplitude and tan-1       is the 
phase. Like the linear trend, the cycle can be built up 
recursively, leading to the stochastic model:

                                                                        …(6)

where, kt and kt are mutually uncorrelated with a 
common variance,  σ2   and ρ is a damping factor, such that 
0 ≤ ρ ≥ 1. The model is stationary if ρ is strictly less than 
one and if λc is equal to 0 or π it reduced to a first-order auto 
regressive process. The developed model parameters are 
estimated by Kalman filter (Meinhold and Singpurwalla, 
1983) recursive procedure. 

Further, ARIMAX model is developed using well 
known model by Box-Jenkins (1976), Auto-Regressive 
Integrated Moving Average (ARIMA) with external 
regressors i.e., salinity and temperature associated with the 
time series catch data. SARIMA model included ARIMA 
with seasonal parameters. It can be written as: SARIMA 
(p, d,q) (P, D, Q) s, where the first term is non-seasonal 
component and the second is seasonal component. Here, 
p, d and q respectively represent the autoregressive order 
(AR), difference order to make data stationary and order 
of moving average (MA) and S represents seasonality 
(periods) with P, D, Q  seasonal order AR, difference 
order  and MA terms. 

ARIMA model is expressed as:

Wt = µ +           at,     …(7)

where, t: indexes time, Wt: is the response series 
or difference of the response series, µ is the mean, B 
is the backshift operator, that is BXt = Xt-1,  φ(B) is the 
autoregressive operator, represented  as polynomial in the 
backshift operator : φ (B) = 1- φ1B- . . .  - φpBp, θ(B) is the 
moving-average operator, represented  as polynomial in 
the backshift operator : θ(B) = 1- θ1B - . . . - θq B

q and  at is 
the independent disturbance, also called the random error.

The general ARIMA model with predictor series 
known as ARIMAX model is written as:

Wt = µ +Σi      Bki Xi
,
t+         at,    …(8)

where, Xi
,
t  is the input series or difference of the 

input series at time t. ki is the pure time delay for the effect 
of ith input series. ωi (B) is the numerator polynomial 
of transfer function for ith input series and δi (B) is the 
denominator polynomial of transfer function for ith input 
series. The popular minimisation criterion (smaller is 
better), proposed by Akaike (1979), AIC criterion and 
the Schwartz-Bayesian Information Criterion (SBC) 
proposed by Schwartz (1978), were used for best fit model 
selection. The criterion is AIC = -2logL + 2n, where L 
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fishers (Mohanty et al., 2015). Opening of the new lake 
mouth as a part of hydrological intervention for eco-
restoration of the lake in September 2000 witnessed an 
immediate positive impact with spectacular enhancement 
in fisheries with significant contribution of shrimp fisheries 
to the commercial landings (Mohapatra et al., 2007). 

Source of data

In this study, monthly estimated time series catch 
data of P. indicus of Chilika Lagoon for the period from 
April 2001 to March 2015 was collected from the Chilika 
Development Authority (CDA), Bhubaneswar, Odisha, 
India. A random sampling design with landing centre 
approach (Gupta et al., 1991), modified for site specific 
conditions (Jhingran and Natarajan, 1969)  was followed 
for  catch estimation. Monthly water quality parameters of 
the lagoon  viz., salinity (ppt) and water temperature (0C) 
for the study period from April 2001 to March 2015 were 
also collected from CDA. 

Methodology for model development

The unobserved components of response series was 
decomposed by Structural Time Series Model (STSM) 
for monthly observations which comprised trend, cycle, 
seasonal and irregular components given by Harvey 
(1989):

 yt =µt+ Ψt+ γt+εt , t = 1,…,T  …(1)

If, trend and cyclical components are present, then 
(1) can be written as:

yt =µt+ Ψt+ εt , t = 1,…, T  …(2) 

since, µt  depends over time; let, 

µt = µt-1 + βt-1 + ηt ,                                            …(3)

where, βt =  βt-1+ ςt  ,t= -1,0,1                             …(4)

Here, µt is the trend, Ψt is the cycle, γt is the seasonal 
component and εt is the irregular component. All four 
components are stochastic and the disturbances driving 
them are mutually uncorrelated and follow N(0,      ), N(0,        
      ) and N(0,     ) distributions. The trend, season and cycle 
are all derived from deterministic functions of time and 
reduce to these functions as limiting cases. The irregular 
component is white noise.

Let Ψt be a cyclical function of time with frequency 
λc, which is measured in radians. The period of the cycle, 
which is the time taken to go through its complete sequence 
of values, is     . A cycle can be expressed as a mixture 
of sine and cosine waves, depending on two parameters, 
α and β, thus:

Ψt = αcosλct+ βsinλct   …(5)

σ2
η σ2

ς

2π
λc

θ(B)
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Fig. 2. Monthly catch of P. indicus from Chilika Lagoon during April 2001 to March 2015
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is the likelihood function expressed as one step ahead 
prediction error and n is the number of hyper parameters 
estimated from the model and the SBC criterion is given 
by SBC = -2logL +n log T, where T is the total number of 
observations. The goodness of fit statistics i.e., R-Square 
(R2), Adjusted-R-Square (R2) and Mean Absolute Percent 
Error (MAPE) were also taken for accessing the developed 
model. 

At first, the data sets were divided into two parts, 
training and testing data sets for model development 
followed by validation of the best model. The catch data 
for the period 2001 to 2012 was used for training data 
sets and rest of the data for the period from 2013 to 2015 
was used for testing data. Only catch data was used for 
cyclic and trend analysis by STSM modelling approach. 
Further, catch data with salinity and temperature was used 
for the ARIMAX model development. Finally, best model 
was selected using model selection criteria. The SAS 9.3 
software was used for data analysis.

Results 

Monthly average catch of P. indicus in the lagoon 
was observed to be 91.53±122.96 t for the period from 
2001 to 2015.  Therefore a large variation in monthly catch 
was observed in the lagoon (Fig. 2). Seasonal (monthly) 
variation in salinity and temperature were also observed 
(Fig. 3). The mean temperature in the lagoon during the 
study period was found to be 28.65±2.740C and average 
salinity was 11.53±6.13 ppt (Fig. 3).

The catch cycle and trend was analysed by STSM 
approach for P. indicus following equation (2) i.e., 
Catch = Trend + Cycle + Irregular. Trend and cycle 
components were estimated in the model by the Kalman 

filter using monthly time series data. Parameter estimates 
for trend and cycles are presented in Table 1. Two catch 
cycles were estimated as cycle 1 and 2. Both the cycles 
showed stationary since damping factor was found less 
than one. The catch cycle period for cycle 1 is of 12.03 
months (one year approximate) (Fig. 4) and cycle 2 is 
of 5.77 months (half year approximately) (Fig. 5). Both 
cycles were significant (p<0.001). It is evident that, the 
cycle formation as building blocks constructs more 
complex periodic pattern. The superimposing cycles 
of different periods and amplitudes produced complex 
periodic pattern. Specially, the sums of cycles can be 
created by the seasonal patterns, general periodic patterns 
with integer periods. Level and slope components 
variances were found significant (p<0.001)  indicating 
significant stochastic upward trend for P. indicus catch 
(Fig. 6). The significant stochastic trend means the trend 
explains most of the model’s variation that leads to high 
degree of flexibility causing difficulty in forecasting the 
future movement. That means the smooth trend will 
allow the cycle to explain most of model’s variation. Here 
the developed model has adequate accuracy measures 
for goodness of fit i.e., R2=0.65, showed good fitting 
(Table 1). Other fit statistics are also shown in Table 1. 
The significant upward trend in P. indicus catch indicated 
increase in catch in near future, provided the present 
environmental conditions of the lagoon are maintained.

ARIMAX model was fitted on P. indicus catch, 
salinity and water temperature data of the Chilika Lagoon 
using well-known model by Box-Jenkins (1976). The 
ARIMAX model showed influence of salinity and 
temperature on P. indicus catch in Chilika (Table 2). 
The ARIMAX model, ARIMA (2,0,0)(1,0,0)s + salinity 
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Fig. 3. Monthly variation in salinity (ppm) and temperature (0C) of Chilika Lagoon for the period April 2001 to March 2015

Table 1. Final estimate of free parameters (Irregular, Cycle 1 and Cycle 2) and significance of parameters with fit statistics [AIC, SBC, 
R square (R2), Adjusted R2 and MAPE] of P. indicus catch using STSM approach in Chilika for the period 2001-2005

Approx                      

Component Parameter Esr. Pr> |t|                    Fit Statistics

Irregular Error variance 0.0000615 0.083 AIC 1863.2
Cycle 1 Damping factor 0.99 <.0001 SBC 1894
Cycle 1 Period 12.03 <.0001 R square (R2) 0.65
Cycle 1 Error variance 106.19 0.12 Adjusted R2 0.63
Cycle 2 Damping factor 0.73 <.0001 MAPE 377.05
Cycle 2 Period 5.58 <.0001
Cycle 2 Error variance 2577.98 <.0001
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+ temperature found best fitted for P. indicus catch. The 
fit statistics i.e., R-square (0.75) is maximum and  AIC 
(1364.9) and mean absolute percent error (379.79) were 

observed to be minimum for the best fitted ARIMAX 
model. The model for P. indicus catch showed that salinity  
has significant positive influence (3.64, p=0.03) on the 
catch. Temperature (0.74, p= 0.76) also showed positive 
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Table 2. Best filled ARIMAX model parameter estimates and 
their significance for P. indicus catch in Chilika for the 
period 2001-2015

Model parameter Estimate Std. Error p value
Intercept 20.21 73.83 0.78
Autoregressive, Lag 1 0.80 0.08 <.0001
Autoregressive, Lag 2 -0.30 0.08 <.0002
Seasonal autoregressive, Lag 12 0.44 0.07 <.0001
Salinity 3.64 1.71 0.03
Temperature 0.74 2.48 0.76
R-square 0.75
AIC 1364.9
Mean absolute % error 379.79
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influence but was statistically insignificant. Annual 
seasonality (0.44, p<0.001) was found to be positive and 
significant, implying existence of annual seasonality in 
P. indicus catch. Two outliers of P. indicus catch in June 
2003 and May 2011 were also estimated in the model. 

Discussion

In Chilika, shrimp catches play major role in 
stabilising livelihoods of majority of the fishermen fishing 
in the lake. Large variation observed in  the monthly 
shrimp catch in the Chilika Lagoon, could be due to 
indirect influence of salinity and temperature. Salinity 
and temperature varies seasonally and provide  favourable 
environment for assemblage of shrimps in the lagoon. 
Seasonal and spatial environmental variation both directly 
or indirectly influences the fish species assemblage 
within the lagoon system.  Seasonal differences in fish 
assemblage composition have been studied in estuaries 
(Balber and Balber, 1980; Elliot et al., 1990; Morin 

et al., 1992) and spatial trend within estuaries have been 
studied by Elliott and Taylor (1989) and Pomfret et al. 
(1991).  Among several water quality parameters, salinity 
to a greater extent and water temperature to lesser extent 
influence distribution of various penaeid shrimps (Walsh 
and Mitchell, 1998) and fish assemblages in estuaries 
(Marshall and Elliott, 1998). The trend in shrimp catch 
of Chilika follows seasonal hike instead of a uniform or 
stable catch pattern. Such trend is directly associated with 
the migratory behaviour of the species, as this marine 
species follow a strong migration pattern like other 
penaeid shrimps usually do. The monthly catch pattern 
of the species is also reflected in commercial fishery of 
Chilika. Annual production of P. indicus from the lake is 
nearly 1500 t (2010-11 to 2015-16), which is more than 
10% of the total commercial fish catch from Chilika. 
A large monthly variation in catch of P. indicus was found 
during the study period, which shows the dynamic catch 
pattern in the lagoon. 

As part of its life cycle, juveniles of P. indicus enters 
into Chilika from the Bay of Bengal during March-April 
(Bhatta and Panda, 2008). It continues every year along 
with other penaeid shrimps. As a consequence, its annual 
cycles are also observed around 12 months estimated 
in Cycle-1 (Fig. 2). The whole life cycle more or less 
depends upon the salinity variability in the ecosystem 
and as a result, estuarine ecosystem plays a major role. In 
general, P. indicus spawns in the deeper marine waters at  
depths of over 7 to 37 m (Hall, 1962; FAO, 1985) and the 
post-larvae move towards shorelines and enters estuaries 
during  nursery phase (FAO, 1980). Post-larvae of 
P. indicus prefer the estuarine nature of Chilika for nursery 
purpose which also acts as a potential nursery ground for 
several other penaeid shrimp species  (Bhatta and Panda, 
2008).

Salinity plays a major role in the habitat and 
behaviour of P. indicus throughout its life stages. Although 
the species tolerates a wide range of salinity ranging from 
5 to 50 ppt (Branford, 1981; Macia, 2004), particularly 
in the juvenile stage, it prefers habitat salinity of around 
10-15 ppt (FAO, 1980). The mean salinity of Chilika Lagoon  
reaches around 15-18 ppt during summer (Mohapatra 
et al., 2007; Mohanty et al., 2016), which turns the estuarine 
water a preferable destination for juveniles. As a result, a 
large quantity of P. indicus juveniles ingresses into Chilika 
and stay there for at least 4-5 months until the salinity 
of Chilika water drops. Furthermore, water salinity of 
15 ppt is suitable for highest growth increment in 
P. indicus (Vijayan and Diwan, 1995). Water temperature 
also plays a major role in the growth and moulting of the 
species (Vijayan and Diwan, 1995). Vijayan and Diwan 
(1995) also reported that higher temperature accelerates 
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growth of P. indicus and 31oC is the ideal temperature. 
This finding also corroborated the present findings as 
water temperature of Chilika gradually starts increasing 
from February and reaches maximum in May (Mohapatra 
et al., 2007). Following a similar pattern, in general, the 
catch also increased from March to May every year. 

The significant upward trend in P. indicus catch 
revealed the probability of increasing catch in the 
upcoming years, if the present environmental conditions 
of the lagoon are conserved. Seasonal (cyclic) behaviour 
of P. indicus catch of six months and twelve months 
indicated two peaks in catch yearly in the lagoon. Salinity 
and water temperature were found to have significant 
influence on  catch of P. indicus. Increased salinity 
directly influences the abundance of P. indicus fishery in 
the Chilika Lagoon. Water temperature  also has positive 
correlation in catch trend of P. indicus  Therefore the 
cyclic catch of this fishery as modelled with STSM and 
ARIMAX could be a best suitable model for prediction 
of catch trend and also could be extended for estimation 
and prediction of any other fishery of the lake/lagoon and 
estuary. Results of the study will be helpful in formulation 
of fishery management plans for the Chilika Lagoon and 
opens up scope for strengthening further studies in similar 
lines in the lagoon system.   
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