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साराांश 

समुद्री मात्स्यिकी पर जलवायु पररवर्तन के दृष्टिकोण को ध्यान में रखरे् हुए, भारर् के दष्टिण-पष्टिमी र्ट 

पर वर्तमान अध्ययन ष्टकया गया र्ाष्टक यह पर्ा लगाया जा सके ष्टक जलवायु पररवर्तन का ष्टवष्टभन्न 

जलवायु-महासागरीय कारक और छोटे-छोटे वेलापवर्ी संसाधनो ं पर ष्टकर्ना प्रभाव है। भारर् के 

दष्टिण-पष्टिमी र्ट का कुल 8 पयातवरणीय मापदंडो ंपर माष्टसक आँकड़ो ंका एकत्रन ष्टवष्टभन्न स्रोर्ो ं से 

कर जलवायु-महासागरीय मानको ंका ष्टनरीिण ष्टकया गया। इसके अलावा, भारर् के दष्टिण-पष्टिमी र्ट 

के चयष्टनर् मछष्टलयो ंजैसे र्ारली, भारर्ीय बाँगड़ा, स्टॉलीफोरस एसपीपी और ष्टिस्सा एसपीपी का कुल 

उत्पाद और इसके मिन प्रयास का आँकड़ा माहवार र्रीका से कोत्स्यि के कें द्रीय समुद्री मि 

अनुसंधान संस्थान से एकत्र ष्टकया गया। प्रते्यक मछली के ष्टलए भारर् के पूरे दष्टिण-पष्टिमी र्ट के ष्टलए 

प्रष्टर् यूष्टनट प्रयास (कैच प्रष्टर् घंटा, सीपीएच) का मानकीकृर् कैच ष्टनकला गया । इसके अलावा, सभी 

पयातवरणीय मानको ंऔर सीपीएच आँकड़ो ंको दष्टिणी िेत्र (सतह_1), मध्य िेत्र (सतह_2) और उत्तरी 

िेत्र सतह_3) के रूप में र्ीन िेत्रो ंमें अलग ष्टकया गया, और पूवतवर्ी-मानसून, मानसून और मनसूनोत्तर 

जैसे र्ीन मौसमो ंमें बाँटकर स्थाष्टनक और काष्टलक रूप से ष्टनरीिण ष्टकया गया। इसके अलावा, सभी 

चयष्टनर् मछष्टलयो ंके ष्टलए संभार द्वारा इसके पकड़ की प्रवृष्टत्त का अध्ययन ष्टकया गया। समय शंृ्खला 

ष्टवशे्लषण के ष्टलए र्ीन मरूपर्ा परीिणो ं(पेष्टटट के परीिण, बुशंड ष्टवस्तार परीिण और मानक सामान्य 

समरूपर्ा परीिण) और पररवर्तन ष्टवशे्लषण ष्टकया गया र्ाष्टक यह पर्ा लगाया जा सके ष्टक पयातवरणीय 

मापदंडो ंऔर मछली के सीपीएच के समय शंृ्खला       में ष्टकसी प्रकार का पररवर्तन हुआ है ष्टक 

नही।ं जलवायु-महासागरीय कारक और और छोटे-छोटे वेलापवर्ी संसाधनो ं के बीच गष्टर्शीलर्ा में 

संबंध स्थाष्टपर् करने के ष्टलए वृत्स्यिघार् समाश्यण और पदशः समाश्यण का उपयोग ष्टकया गया। इस 

अध्ययन से पर्ा चला है ष्टक समुद्र का र्ापमान (एस एस टी) भारर् के दष्टिण-पष्टिमी र्ट पर लगार्ार 

बढ़ रहा है। एस एस टी के कारण भारर् के दष्टिण-पष्टिमी र्ट के समुद्री    ह  त, वायु और समुद्री 

प्रवाह, उत्प्रवाह सूचकांक, समुद्र र्ल ष्टवसंगष्टर् और वषात दर में बदलाव आया है। भारर् के दष्टिण-पष्टिम 

र्ट पर    ह  त में स्थानांर्रण 2011-13 की अवष्टध के दौरान    है। जलवायु पररवर्तन ने र्ारली, 

भारर्ीय बाँगड़ा, स्टॉलीफोरस एसपीपी और ष्टिस्सा एसपीपी के िैष्टर्ज और ऊर्ध्ातधर ष्टवस्तार का ष्टकया 

है। ष्टिस्सा एसपीपी के ष्टलए 63% सीपीएच र्क की भष्टवष्यवाणी पणतहररर्-ए एकाग्रर्ा, दाष्टिणात्य समुद्री 

प्रवाह, समुद्र र्ल ष्टवसंगष्टर् और वषात दर का उपयोग करके पदशः समाश्यण की मदद से की जा सकर्ी 

है। 



Abstract 

Keeping the view of climate change on marine fisheries, the present 

study was conducted along the south west coast of India to ascertain the extent of the 

impact of the change in climato-oceanographic features and biological aspect of the 

small pelagic resources. The monthly data on total 8 environmental parameters were 

collected from various open access sources to observe the climate-oceanographic 

features along the south west coast of India. Further, the monthly data on catch and 

effort data for selected fishes such as Indian oil sardine, Indian mackerel, Stolephorus 

spp. and Thryssa spp. along the south west coast of India were collected from Central 

Marine Fisheries Research Institute, Kochi. Standardized catch per unit effort (catch 

per hour, CPH) for the entire south west coast of India in relation to selected fish was 

estimated. Further, data on all environmental parameters and CPH was segregated 

into three regions as southern region (Stratum_1), middle region (Stratum_2) and 

northern region (Stratum_3), and three seasons like pre-monsoon, monsoon and 

post-monsoon to observe the trend both spatially and seasonally. Also, the trend for 

gear-wise catch for all selected fishes was conducted in the present study. Time 

series analysis with the help of three homogeneity tests (Pettitt’s test, Buishand range 

test and Standard normal homogeneity test) and changepoint analysis was performed 

to detect the change in the time series data of both environmental parameters and 

CPH of fish. Logistic regression and stepwise regression model were applied to 

establish the relationship in dynamics between climato-oceanographic features and 

small pelagic resources. This study revealed that the sea surface temperature (SST) 

is continuously rising over the south west coast of India. The rising SST led to a 

change in the trend of chlorophyll-a, wind and current speed, upwelling index, sea 

level anomaly and precipitation rate along the south west coast of India. Shifting in  

chlorophyll-a at the south west coast of India have been taken place during the period 

2011-13. Climate change led both horizontal and vertical expansion of Indian oil 

sardine, Indian mackerel, Stolephorus spp. and Thryssa spp. The CPH of Thryssa 

spp. might be predicted up to 63% with the help of the stepwise regression model by 

using chlorophyll-a concentration, meridional current speed, sea level anomaly and 

precipitation rate. 
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1. INTRODUCTION 

In recent epochs, climate change has emerged as an important area of 

both international as well as domestic reaserch, policy making and development 

planning. Climate change refers to significant and long-term changes in the global 

climate. It is a large-scale, long-term shift in the planet‟s weather patterns or 

average weather condition (Nwankwoala, 2015). Understanding the energy flows 

through the climate system is imperative for interpreting climate variability and 

change in the context of the observational record (Trenberth et al., 2009). Changes 

in these flows can have profound effects on global surface temperature and 

perceptions of climate change. Climate change refers to the gradual change in the 

Earth's climate and physical geography that accompany an increase in the Earth's 

temperature. It is one of the greatest challenges facing life on the earth (Chan, 

2018).  

Climate is the most important part of nature, the basis for human 

survival and development, a crucial resource, and the basic condition for 

sustainable economic and social development (Chao and Feng, 2018). A 

systematic observation, recording and processing of the climatic elements such as 

temperature, rainfall, atmosphere, pressure, humidity, wind, sunshine and clouds 

are essential steps to ascertain the climatic condition of a place (IPCC, 2007b; 

Nwankwoala, 2015). The earth‟s climate has demonstrably changed on global and 

regional scales since the pre-industrial era, with some of these changes 

attributable to human activities (Seneviratne et al., 2016). Also, the changes in the 

regional climate affect the physical and biological properties of ecosystems, which 

disturbs the social and economic condition of the ecosystems (IPCC, 2007b). 

Earth‟s temperature depends on the heat balance mechanism between 

energy entering and leaving the planet‟s system. When incoming energy from the 

sun is absorbed by the Earth surface, Earth warms. On the other hand, if the sun‟s 

energy is reflected back into space, Earth avoids warming (Fig.1). In a broad 

sense, changes in Earth‟s energy balance are the aftermath of so many human 

activities and some natural occurrences. As natural level, variations in the Earth‟s 
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orbital characteristics, volcanic eruptions, variation in solar output, plate tectonics 

and thermohaline circulation are considered the important factors for climate 

change (Nwankwoala, 2015). Increasingly, the international and national studies 

have pointed towards damage to the climate due to anthropogenic causes 

including emissions of greenhouse gases, the various appearance being increased 

in global average earth surface temperature, increases in global average sea level, 

and decrease in the northern hemisphere snow cover. Greenhouse gases absorb 

thermal radiation emitted from the Earth‟s surface, thereby acting as a „blanket‟ to 

keep the planet warm (Houghton, 2004). The main greenhouse gases are water 

vapour and carbon dioxide, which exist naturally in the atmosphere. However, 

while the natural greenhouse effect is necessary for supporting life on the Earth, 

the enhanced greenhouse effect (also referred to as human-induced climate 

change or global warming) has been identified as a potentially damaging outcome 

of the increased amount of carbon dioxide in the atmosphere since the industrial 

revolution. 

The industrialization of human society from 1750, has coupled with the 

marked increase in human activities causes for accelerating in rising in global 

temperature, influences significantly the climate of the Earth and, finally 

significantly affecting natural ecosystems and the economic society at the global 

level (Chao and Feng, 2018). The continued increase in the atmospheric 

concentration of carbon dioxide due to anthropogenic emissions is predicted for 

significant changes in the global climate. About half of the current greenhouse 

gases emissions are being absorbed by the ocean and land ecosystems, but this 

absorption is sensitive to climate as well as to atmospheric carbon dioxide 

concentrations, creating a feedback loop (Cox et al., 2000). The main reason for 

global warming is the emission of Green House Gases (GHG) like carbon dioxide, 

methane and other gases from different sources and these emitted gases are 

responsible for increasing the temperature of the earth‟s surface (Ahmad and 

Hossain, 2015).  

Human activities are the main reasons for GHG emission, which 

includes the burning of fossil fuels, cutting and burning the trees in the forest. 
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Adverse of climate change including seasonal change affecting the ecosystem by 

abrupting many unfavourable weather events like storms, flood and a rise in the 

sea level due to ice melt in the polar areas (Bebbington and Larrinaga-Gonzalez, 

2008). The Intergovernmental Panel on Climate Change (IPCC) reports that recent 

decades have witnessed a continued increase in the emissions of carbon dioxide 

(IPCC, 2013). The global mean atmospheric carbon dioxide concentration 

increased by 40% from a pre-industrial value of 278 ppm to 390.5 ppm in 2011. 

There is convincing evidence that increases in global atmospheric carbon dioxide 

and other GHG concentration levels have resulted in rising global average surface 

air temperature. Water temperature and dissolved oxygen (DO) are two pivotal 

environmental factors for marine lives. The solubility of DO decreases with 

increased temperature, thus heat stress is commonly accompanied by hypoxia 

stress (Parthasarathy et al., 1992).  

According to NASA, the Earth average temperature has increased by 

about 1° Fahrenheit during the 20th century. However, it sounds like not a great 

change, but its effects on our environment have proven as the impacts of this small 

change in the temperature leads longer drought seasons and more aggressive 

hurricanes (IPCC, 2007a; Kaddo, 2016). Global warming is the slow process, 

where the average temperature of the earth‟s atmosphere is increased because a 

high amount of the energy (heat) striking the earth from the sun is being trapped in 

the atmosphere, instead of radiation out into space. Global warming may be 

defined as the phenomenon of increasing average surface temperatures of the 

Earth over the past one to two centuries. Over the past century (1906-2005), global 

average surface temperatures have increased by 0.74 ± 0.18°C (IPCC, 2007a). 

Temperature projections for the end of the 21st century range from 1.1 to 6.4°C, 

compared to end of the 20th century, based on the „Special Report on Emission 

Scenarios‟ for GHG emissions (IPCC, 2000 & 2007a). Global climate change is the 

best estimates of ocean warming in the top 100 m are about 0.6°C (RCP 2.6) to 

2.0°C (RCP 8.5) by the end of the 21st century (IPCC, 2013). This exceptional rise 

in temperature is expected to have severe impacts on the global hydrological 

system, ecosystems, sea level, crop production and related processes. The 
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impacts are severe in tropical region, where mainly developing countries, including 

India are existing. However, global warming generally considers the anthropogenic 

component of climate change alone, where surface warming associated with it 

(Barton, 2017). Besides the changes in mean climate, the extreme climate is also 

of great importance to society, which is more sensitive to global warming (Knutti et 

al., 2016). 

A warmer atmosphere makes melting of glaciers and mountain snow 

packs, the polar ice cap, and the great ice shield of Antarctica leads raising sea 

levels. Changes in atmospheric temperature alter the great patterns of wind affect 

monsoon precipitation in Asia, making drought and frequent unpredictable weather. 

The consequences of climate change for ecological communities accelerated in the 

mid-1990′s, when “climate change” was colloquially referred to as “global 

warming”,  but it is not surprising that initial ecological studies emphasized the 

effects of temperature. However, the phrase is misleading, as some areas are 

cooling or not changing at all (Barton, 2017). This is why researchers have stopped 

focusing just on global warming and now focus on the larger topic of climate 

change.  

The impacts of climate change are being differed at the regional and 

seasonal level since regional climate affects regional environmental (PBL, 2009). In 

many cases, the impacts are detrimental, although some regions welcome slight 

changes, e.g. in cold-limited regions limited warming are useful for agriculture or 

access to mineral reserves. The impacts are, however, associated with large 

uncertainties. Climate change is driven by elevated concentrations of GHG, in 

particular, carbon dioxide. The changes in the global average temperature have a 

wide variety of effects on global, regional and local levels, such as changes 

(average and extremes) in temperature, sea levels, precipitation rate, drought, wind 

patterns, food production, ecosystem health, species distributions and phenology, 

and human health (IPCC, 2007b).  

Marine fisheries supports to nutritional security, livelihood and income 

generation to a large population in India. But the sustainability of marine fisheries is 

under critical condition due to the growth of the human population, over-fishing, 
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global climate change, pollution and habitat degradation (Klemas, 2013). Recently, 

environmental issues particularly climate change has been recognized as one of 

the critical issues in fisheries (Vivekanandan, 2011). The biological characteristics 

of the marine organism depend on climate-oceanographic features and these 

features vary regionally and seasonally in the ocean (Martino et al., 2019). The 

hydrographic features represent a dynamic equilibrium between the sea and the 

atmospheric conditions. The conditions in the aquatic environment and their short 

and long-term variations exert a profound influence on the periodic and seasonal 

migrations, the spawning, recruitment, survival, feeding, growth, abundance and 

distributional pattern of marine fish (Jayaprakash, 2002).  

An early or late onset of southwest monsoon or its failure affects the 

abundance of various fishery resources. Thus, the long period trends in climate 

and hydrography affect the distribution, changes in abundance and composition 

fishery resources as influenced by the physical, chemical and biological 

characteristics of the given area (Jayaprakash, 2002). Recently, species have 

changed the timing of their life cycles during the year and shifted their geographic 

distributions toward higher latitudes and elevations (Chen et al., 2011). The 

systematic changes in plankton abundance and community structure over recent 

decades have been observed worldwide (Hays et al., 2005). However, besides 

climate change, fishing pressure also influences the age, size, and geographic 

diversity of populations fish and the biodiversity of marine ecosystems (Brander, 

2007). Since the last two decades, mackerel landing has increased along the 

southeast coast due to effect of changing climatic conditions (Vivekanandan, 

2011). 

The total marine fish landings from the mainland of India during the year 

2015 were estimated at 3.40 million tonnes registering a 5.3% decline compared to 

3.59 million tonnes in 2014. Indian oil sardine (Sardinella longiceps), the major 

single species fishery along the Indian coast witnessed a drastic decline in its 

landings. A drastic reduction (17%) in marine landing in the southwest coast 

comprising Kerala, Karnataka and Goa was recorded in 2015 compared to 2014 

(CMFRI, 2016).  Considering the parameters such as temperatures, salinity, wind, 
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current, water mass movement, upwelling and sunspot have the vital role in the 

spawning, recruitment and abundance of small pelagic (Vivekanandan and 

Krishnakumar, 2010). It is important to understand the mechanism of interactions 

between global change events and localized distribution, which is the driver of 

change the distribution of marine organisms, to the sustainable management of 

marine fisheries (Vivekanandan, 2010). So far, little is known about how species 

respond physiologically to climate variation in the southwest coast of India. 

Catches of Indian oil sardine (Sardinella longiceps) and Indian mackerel 

(Rastrelliger kanagurta) are not only caught at the south west coast in last two 

decades but also their recognizable catches come from the northwest coast and 

east coast of India due to the effect of climate change (Vivekanandan, 2010). 

Therefore, this study has been proposed with the following objectives: 

 To ascertain the extent of the impact of the change in climato-

oceanographic features between epochs  

 To study the impact of climate change on the biological aspect of the small 

pelagic resources 

 To establish the relation in dynamics between climato-oceanographic 

features and small pelagic resources 

 

            

Fig.1. Heat balance in the Earth surface 
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2.REVIEW OF LITERATURE 

2.1. Marine ecosystem 

Marine communities are biological networks, where a large number of 

species is linked directly or indirectly through various biological interactions such as 

predator-prey relationships, competition and mutualism. The aggregate effect of these 

interactions constitutes a functional ecosystem by nutrient cycling, primary and 

secondary productivity, and this ecosystem provides the natural benefits to society 

depends upon, such as fisheries and aquaculture production (Doney et al., 2012). 

Marine biodiversity, ecosystem health and fisheries are currently threatened not only 

by overfishing but also by pollution and other anthropogenic impacts (Pitcher and 

Cheung, 2013).  

Climate impacts on the ocean biota have widespread economic 

implications since the biota of the oceans has huge socio-economic value, estimated 

at US$21 trillion y-1 globally, through food production, recreation, nutrient recycling 

and gas regulation (Costanza et al., 1997). Climate change and ocean warming 

resulting from GHG emissions are directly altering species distributions and disrupting 

ecosystem functions (Loarie et al., 2009; Genner et al., 2010; Cheung et al., 2013). 

Marine fishes and invertebrates change their distribution range (Perry et al., 2005; 

Dulvy et al., 2008) and phenology (Genner et al., 2010) to cope with changing 

temperature. 

2.2. Global warming and climate change  

Climate change denotes longer-term shifts in the mean values of 

temperature, wind fields, hydrological cycles and biogeochemical cycles (Brander, 

2010; Wang et al., 2014). The CO2 concentration fluctuated from a pre-industrial level 

of 280 ppm to 370 ppm in the year 2000 (Fortunato, 2015). Predictions indicate a 

further rise up to 560 ppm (i.e. the double the pre-industrial level) by 2070 (Caldwell 

et al., 2015). Heat-trapping GHG (CO2, CH4, N2O, tropospheric ozone, and 

chlorofluorocarbons) warm the planet‟s surface globally (Doney et al., 2012). The best 
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estimates of projected global mean surface temperature increase over the twenty-

first-century range from approximately 1.8°C to 4.0°C, depending on the emission 

scenario (IPCC, 2007a). The average temperature on Earth has risen by 0.7°C since 

the beginning of industrial revolution (from the second half of the 18th century), and “a 

large proportion of the warming observed in the last 50 years, attributable to human 

activities” (IPCC, 2013). Sathaye et al. (2006) observed a rapid rise in global 

greenhouse gas sharing of India by booming developmental and industrialization 

activities after 1990 onwards. 

Upper-ocean heat content has been growing substantially since the 

1950s decade, in the tune with mean global sea surface temperature (SST) is 

increasing (Levitus et al., 2009). The world oceans act as CO2 sink and absorbed 

over 48% of anthropogenically derived CO2, thus reduces the pace of global warming 

with serious consequences for ocean chemistry (Le Quéré et al., 2009). Surface 

ocean pH has already decreased by 0.1 units since 1800, and current estimates 

predict an additional drop of 0.2-0.4 pH units by the year 2100 (Doney et al., 2009; 

Feely et al., 2009). Under the conditions of global warming, climatic changes in 

different parts of the world reveal different characters, and the nature of regional 

climate changes is determined by the features of physical-geographical and 

landscape-climatic conditions (Elizbarashvili et al., 2017). Climbing temperatures 

create additional changes, such as rising sea level, increased ocean stratification, 

decreased sea-ice extent, and altered patterns of ocean circulation, precipitation and 

freshwater input (Hoegh-Guldberg and Bruno, 2010). Both warmings as well as 

altered ocean circulation reduce subsurface oxygen (O2) concentrations (Keeling et 

al., 2010).  

Warming is not spatially uniform due to ocean circulation, spatial 

changes in winds pattern and interaction with natural modes of climate variability such 

as El Niño Southern Oscillation (ENSO) (Ishii et al., 2005). Climate warming affects 

regional wind patterns and thus ocean circulation in multiple dimensions (Roemmich 

et al., 2007). The change in oceanographic phenomena especially the impact of sea 

level rise is considered as the indication of climate change has gained momentum in 
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recent years (Mimura, 2013). Besides its global effects, climate change is manifested 

in many regionally pronounced features, resulting from changes in the atmospheric 

and oceanic circulation (Hand et al., 2018). Important climate variables linked to 

ocean circulation and productivity are sea-level pressure, surface winds, SST, surface 

air temperature, and cloudiness and also these physical factors have been combined 

into a Multivariate ENSO Index (MEI) for evaluating the strength of El Niño Southern 

Oscillation cycles (Behrenfeld et al., 2006). Strong El Niño/Southern Oscillation 

events have major impacts on phytoplankton, fisheries, marine birds and mammals 

(Behrenfeld et al., 2006).  

Phenology  (the study of the annually recurring life cycle) of a living 

being can provide a sensitive indicator of climate change. The marine pelagic 

community responds to climate changes, where the level of response differs 

throughout the community and the seasonal cycle, leading to a mismatch between 

trophic levels and functional groups (Edwards and Richardson, 2004). The impacts of 

GHG induced climate change in the marine ecosystem included decrease in ocean 

productivity, alteration in food web dynamics, reduction in abundance of species and 

diversity, shifting species distributions and a greater incidence of disease are 

observed worldwide (Hoegh-Guldberg and Bruno, 2010; Poloczanska et al., 2013; 

Wabnitz et al., 2018).  

In the open ocean, rising atmospheric CO2 and the resulting increased 

oceanic CO2 uptake are the predominant driving factors for ocean acidification. Also, 

in the marine environment, nutritional status, thermal tolerance, oxygen availability, 

environmental chemistry, food availability, or other factors may limit growth and 

production, or other biological processes, regardless of metabolic rate (Doney et al., 

2012), which leads to alter the patterns of species richness, changes in community 

structure and ecosystem functions, and consequential changes in marine goods and 

services (Wabnitz et al., 2018). Climate change has been linked to parallel changes in 

pelagic fish populations and production (Zhang et al., 2000; Gattuso et al., 2015). The 

phytoplankton biomass changes along the Kerala coast under the changing strength 
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of physical parameters such as sea surface temperature, alongshore wind stress, 

Ekman mass transport, sea level anomaly and rainfall (Menon et al., 2019). 

2.3. Climate-oceanic parameters 

Effects of climate change on the ocean include increasing ocean 

temperatures, ocean acidification, changing patterns of ocean currents and 

productivity, sea level rise, and decreasing dissolved oxygen have been observed 

(IPCC, 2013).  

2.3.1. Sea surface temperature  

Though the mean global sea surface temperature has increased of 

0.67°C over the past century, it is predicted to increase between 1.0 and 3.3°C over 

the next century (Pachauri et al., 2014). Sea surface environmental conditions are 

used for the study of pelagic fish distribution (Wabnitz et al., 2018; Menon et al., 

2019). Sea surface temperature is one of the oceanographic characteristics with the 

strongest link to biotic impacts of climate change, as temperature influences the 

physiologies, phenologies, and distributions of species (Hansen et al., 2006; Cheung 

et al., 2010). Rising atmospheric CO2 is one of the most critical problems because its 

effects are globally pervasive and irreversible in ecological transformation due to 

increasing ocean temperatures (Hoegh-Guldberg and Bruno, 2010). Lima and 

Wethey (2012) analyzed changes in SST worldwide at a scale of 0.25°C over the last 

three decades (1982 - 2010) and rates of change have been highly heterogeneous in 

both spatial and seasonal. 

The changes in phsyco-chemical properties of the ocean alter the 

physiological functioning, behaviour, and demographic traits (e.g., productivity) of 

organisms, leading to shifts in the size structure, spatial range, and seasonal 

abundance of populations (Hoegh-Guldberg and Bruno, 2010). Over the next 50 

years, the temperature in the Indian seas is expected to rise by 1 to 3°C and also it is 

predicted that ocean will acidify, become more saline, the sea level will rise, and 

currents pattern will change (Vivekanandan, 2010). The Arabian Sea is experiencing 
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a regional climate-shift after 1995, resulted in five-fold increase in the occurrence of 

intense cyclones, progressively warmer winters and decreased decadal monsoon 

rainfall (Prasanna Kumar et al., 2009). Warming signal in terms of rise in sea surface 

temperature (0.1°C/decade) as well as rise in surface air temperature 

(0.05°C/decade) are observed over Arabian Sea and central India, respectively (Shah 

and Srivastava, 2019).  

2.3.2. Productivity 

Plankton is considered as an indicator of climate change in the marine 

environment for three reasons. First, unlike other marine species, such as fish and 

many intertidal organisms, few species of plankton are commercially exploited, and 

hence, any long-term changes can be attributed to climate change. Second, most 

species are short-lived and so population size is less influenced by the persistence of 

individuals from previous years. Third, plankton shows dramatic changes in its 

distribution due to free-floating behavior, and also responds easily to changes in 

temperature and oceanic current systems by expanding and contracting its 

distributional ranges (Hays et al., 2005). Chlorophyll-a concentration has a close 

direct relationship with primary  production  (Gopinathan et al.,  1994). Sometimes 

rising in SST enhances the proliferation of phytoplankton via increasing metabolic 

rates of phytoplankton (Lewandowska et. al., 2014). 

The Humboldt Current is hugely impacted by the El Niño Southern 

Oscillation (ENSO), with phases of warm water leading to reduced plankton 

production due to restricted nutrient upwelling (Alheit and Niquen, 2004). Climate 

change influencing phytoplankton growth and bottom-up processes (i.e. the role of 

members of one trophic level as food items for higher trophic levels) throughout the 

pelagic food chain (Richardson and Schoeman, 2004). Physiological performance is 

the determinant factor of a specie tolerance to environmental variability and change. 

As climate or other conditions shift, organisms initially respond based on physiological 

and behavioral adaptations molded through their evolutionary history (Somero, 2012). 
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Many species of the genus Ceratium, important primary producers in tropical and 

temperate waters, have expanded their distributional range (Hays et al., 2005).  

Growth-limiting factors for phytoplankton are regulated by physical 

processes of ocean circulation, mixed-layer dynamics, upwelling, atmospheric dust 

deposition and the solar cycle (Behrenfeld et al., 2006). Chlorophyll concentration at 

upper-ocean is be used to estimate phytoplankton standing stocks and productivity 

throughout the photic zone (Behrenfeld et al., 2006). Behrenfeld et al. (2006) have 

reported a strong correspondence between MEI variability and chlorophyll, where an 

increase in the MEI (warmer conditions) results in a decrease in Chlorophyll, and vice 

versa. The variation in chlorophyll-a concentration caused by environmental 

fluctuations has impact the India oil sardine catch along south west coast of India 

(Menon et al., 2019).  

2.3.3. El Niño Southern Oscillation (ENSO) 

The El Niño Southern Oscillation (ENSO) is now recognized as a 

climatic event of global significance and this periodic variation in oceanic and climatic 

conditions influences the abundance and distribution of pelagic marine fishes (Bakun 

and Broad, 2003). The strongest El Niño of the 20th century occurred in 1997 - 98 due 

to significant positive correlation between the ENSO events and sea surface 

temperature (Yu and Lau, 2005). The Indian Ocean response to ENSO is well known 

to surface warming/cooling with a lag of about a season, whereas the subsurface 

response appears to be simultaneous, forced by ENSO-related wind anomalies (Yu 

and Lau, 2005). The intense El Niño is associated with high sea surface temperature, 

resulting in weaken of coastal upwelling along the coastal region (Krishnakumar and 

Bhat, 2008).  

The sudden fluctuations in SST, sea-level pressure and scalar wind 

associated with these extreme climate transitions resulted in a regime shift in the 

Malabar upwelling system during 1997-98 (Krishnakumar et al., 2006). Scombroid 

fishes like mackerel are very sensitive to temperature, as they maintain higher body 

temperature than the ambient temperature (Yohannan and Abdulrahiman, 1998). 
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Hence, the extreme oceanographic events as El Niño of 1997-98 adversely affected 

the spawning and recruitment of most of the mackerel, resulted in the failure of 

pelagic fishery along the southwest coast of India (Krishnakumar and Bhat, 2008). 

During 1990‟s decade, sardine catch had downward sliding trend in the effect of 

intense El Niño (Srinath et al., 2003).  

The Southern Oscillation is considered as the single most prominent 

signal in year-to-year climate variability in the marine ecosystem, which is associated 

with fluctuations in atmospheric pressure at sea level in the tropics, monsoon rainfall, 

and winter time circulation over North America and other parts of the extratropics 

(Rasmusson and Wallace, 1983). The influence El Niño /La Niña on local weather 

also very high, it significantly modifies the local weather/monsoon system. During this 

period Indian landmass has to experience droughts/floods. ENSO manifests in the 

anomalies of the zonal distribution of convection which are triggered by El Niño, La 

Niña and SST anomalies in the central and eastern Pacific. However, the SST 

anomalies typically peak during a particular season, but prolonged events may last for 

months or years (Yan et al., 2018). A positive DMI ends up with severe droughts over  

eastern Indian Ocean (Clark et al., 2003). The positive DMI cause delay in summer 

monsoon over Kerala  region (Bala and Singh, 2008). The DMI index implied abrupt 

changes in its dynamics in the year 2000 (Piontkovski and Al-Jufaili, 2013). 

2.3.4. Precipitation rate 

Precipitation pattern varies from year to year and over decades, where 

changes in its amount, intensity, frequency and type (e.g. snow vs. rain) affect the 

coastal environment (Trenberth, 2011). The precipitable water and SST over the 

oceans in both the overall patterns and their variations over time have been observed 

by Trenberth et al. (2005). The largest decrease in precipitation trend is characteristic 

for the Greater Caucasus and amounts to 9 mm per year, and with the rate of 6 mm 

per year rainfall increased in the coastal zone, in the Colchis Lowlands and Adjara 

mountains (Elizbarashvili et al., 2017). In the 20th century, droughts and floods are 

more common compared to the previous period (Karl et al., 1995).  
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Along Kerala coast, the seasonal variation in precipitation has been 

observed due to the impact of climate change, where to increasing probability of 

water scarcity in the pre-monsoon time and a delaying monsoon onset (Pal and Al-

Tabbaa, 2009). During pre-monsoon, a significantly decreasing trend in rainfall affects 

the nutrient in flow from land to coastal water (Bera, 2017). Arabian Sea shows 

coherent variation with precipitation extremes with rising sea surface temperature 

over India, where significant changes in it are sensed from cold to warm years, with 

increases in heavy precipitation and decreases in light and/or moderate precipitation 

(Mishra et al., 2018).  

There is a seasonal shift in the precipiataion rate over Indian 

atmosphere as the precipiataion rate has been decreased in the summer monsoon, 

but it shows an increasing trend in the precipiataion rate during pre-monsoon and 

post-monsoon season (Dash  et al., 2007). Shah and  Srivastava (2019) has found an  

increasing (0.5 µm/decade) trend in the precipiataion rate over Arabian Sea, whereas 

it decreases (0.1 µm/decade) over central India due to climate change. Palghat gap in 

Western Ghat range is responsible for heavy rain fall at the immediate northern 

southwest coast of 10° N (Dahanukar et al., 2004).  

2.3.5. Sea surface wind speed  

Sea surface wind speed is observed from satellite sensors, starting with 

a US Defense Meteorological Satellite Program satellite F08 in July 1987, which is 

marked the beginning of the modern period of remote sensing over the global oceans. 

Winds at the ocean surface are a key element in the Earth system and critically 

important to oceanographic and atmospheric applications because ocean surface 

winds are crucial to determining fluxes of momentum, energy, and mass between the 

atmosphere and ocean (Atlas et al., 2011). Time-resolved ocean surface wind 

datasets are needed to better understand, assess, and predict ocean circulation and 

wave generation, as well as to document any changes that occur because of   

long-term fluctuations in El Niño-Southern Oscillation (ENSO) as the climate changes 

(Atlas et al., 2011).  
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Two atmospheric wind conditions i. e. alongshore wind stress and wind-

stress curl induce different types of upwelling in the coastal ecosystems, resulting in 

rapid and slow upwelling (Rykaczewski and Checkley, 2008). A decreasing trend in 

both zonal and meridional wind speed during monsoon period at arabian  along the 

coast of India was found by Rashmi et al. (2016). A reduction in speed of zonal wind 

with respect to greenhouse gas-induced SST warming has been investigated by 

Palipane et al.  (2017). The changes in the surface wind affect the sea surface 

currents, which cause the occurrence of coastal upwelling (Haryanto, 2018). The 

warming is negatively correlated with wind speed change over the tropics (Xie, 2004; 

Xie et al., 2010). The SST-induced modification of the surface wind stress depends 

on the orientation of the wind stress relative to perturbations of the SST gradient 

vector (Chelton et al., 2001). The Study on the interannual scale fluctuations of SLA 

showed a diminishing SLA from 1993 to 2000, and a switch in tendency later on, with 

a subsequent rising trend from 2000 to 2008 (Piontkovski and Al-Jufaili, 2013). 

2.3.6. Upwelling 

Winds supply surface waters with the nutrients required for biological 

production, „„coastal upwelling‟‟ and the importance of coastal upwelling to major 

fisheries production has long been recognized, therefore it is used to investigate the 

relationship between climate and fish catch in the coastal water (Ryther, 1969). The 

coastal upwelling is induced by winds force water away from the coastal boundary, a 

process known as Ekman transport, where nutrient-rich waters are drawn up into the 

euphotic zone to replace the surface waters (Rykaczewski and Checkley, 2008). 

Coastal upwelling is defined by the characteristic wind patterns that push surface 

waters offshore and thus pump (i.e., „upwell‟) nutrient-rich deeper waters into the 

illuminated surface layers, where they are available to support photosynthesis. 

Coastal upwelling ecosystems generally represents the most productive 

large marine ecosystems of the world‟s oceans, in terms of both primary production 

rates and massive populations of small pelagic fishes such as sardines and 

anchovies (Bakun et al., 2010). Global greenhouse warning intensifies the alongshore 

wind stress on the ocean surface, which accelerates coastal upwelling (Bacun, 1990). 
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But, Varela et al. (2016) found that that a decrease in upwelling index along the South 

Coast of Java due to even small coastal warming over the last three decades  

(1982 - 2015).  

In the Indian Ocean, phytoplankton distribution is influenced by the 

seasonally reversing monsoon winds, which are southwesterly with strong during the 

summer monsoon and northeasterly with weak during the winter monsoon (George et 

al., 2013). Smitha et al. (2008) found the strong northerly winds, which are 

responsible for highest upwelling during monsoon season along the south west coast 

of India. Coastal upwelling index is presumably governed by the direction of the 

upwelling-favorable winds and the local configuration of the coast (Dabuleviciene et 

al., 2018). The dynamic medium of the ocean produces sea surface height anomaly, 

hence sea surface height can be used as a proxy for detection of many of the 

phenomena such as upwelling or eddy (Lumban-Gaol et al., 2015). Low sea surface 

height (SSH) along the coastal ecosystem is indicative of the occurrence of upwelling 

(Xu et al., 1982; Ho et al., 2000).  

Smitha et al. (2008) found  three different patterns of upwelling along 

south west coast of India viz. moderate upwelling occurs between 9° N to 13° N due 

to the combined action of the alongshore wind stress, the coastally trapped Kelvin 

waves, and the offshore propagating Rossby waves. The northern part of the south 

west coast of India between 13° N to 15° N, upwelling is weak due to weak wind 

stress and also closely confined to the coastal belt. 

2.3.7. Ocean Currents 

Wind change leads to variations of the oceanic circulation with some 

regions experiencing a complete reversal of the circulation (Kämpf and Kavi, 2018). 

Currents are part of the major wind-driven circulations of the oceans, and they play an 

important role in the global thermohaline circulation. In addition, currents mediate the 

fluxes of biogeochemical properties and planktonic organism in the oceanic biomes, 

in so doing, the intensity, duration and timing of Indian Ocean currents influence the 

nutrient inputs and productivity responses, resulting, these currents have impacts on 
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both lower (e.g., copepods, decapods) and higher (e.g., fishes) trophic level 

recruitment, production and behavior (Hood et al., 2017). Changes in the meridional 

ocean current are most pronounced via changes in sea surface temperature (Stouffer 

et al., 2006).  

During the northeast monsoon, there is a north equatorial current, while 

during the south west monsoon the circulation in the northern Indian Ocean largely 

reverses and the westward north equatorial current is replaced by an eastward south 

west monsoon current, flowing with the equatorial counter-current (Vivekanandan et 

al., 2003). Seasonal changes in winds and currents induce an annual cycle of 

hydrographic events along the south west coast of India. During the monsoon, the 

southerly current spreads over the entire continental shelf force to upwell the water 

along the south west coast, resulting in dense and cool water with low dissolved 

oxygen occupy the surface near the coast (Vivekanandan et al., 2003). Dispersal of 

fish eggs and larvae that cannot yet swim of pelagic fishes is supported  by ocean 

currents (Ramesh et  al., 2019).  

2.3.8. Sea surface height 

The rise in sea level shows changes in patterns in ocean circulation 

(Wilson, 2001; Li and Clarke, 2007). Local sea surface height (SSH) maxima indicate 

convergent flow (downwelling) and minima indicate divergence (upwelling), and 

upwelling area are known as a nutrient-rich region (Grantham et al., 2004; Ban et al., 

2016). Climate change also associated with complex and variable effects on 

upwelling and downwelling patterns (Doney et al., 2012; Ban et al., 2016). Schneider 

et al. (2005) have suggested that random eddies and winds were the primary forcings 

for California Current System salinity variations. Broad-scale temperature fluctuations 

in the California Current System (CCS) act strongly in controlling upwelling in the 

northern CCS and salinity variations in the CCS and controlled upwelling in the 

southern part of the CCS (Miller et al., 2015).  

Long‐term sea level trends are induced by steric contributions global 

warming (Suzuki and Ishii, 2011). The wind anomalies also have strongly impact on 
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sea level anomaly (Rao et al., 2002). Long time scales both wind stress and salinity 

variability, in addition to ocean heat content variability, are important in causing sea 

level anomay variability at many locations across the global oceans (Fasullo and 

Gent, 2017). Over the equatorial Indian Ocean, SLA is consistent with ocean wave 

response to easterly wind change, with an upwelling Kelvin wave wedge in the east 

and downwelling Rossby waves with an off-equatorial peak on either side of the 

equator (Xie et al., 2010). Intensification of upwelling from 8° N to 16° N along the 

south-west coast of India during July and August is observed with more dominant 

along the southern latitudes ( Shah et al., 2019). 

2.4. Climate change and marine fisheries  

Marine organisms have been repeatedly exposed to considerable 

environmental changes, including dramatic changes in ocean chemistry (Martin, 

1995; Zeebe, 2012). Long-term natural variability in climate, oceanography and 

marine ecosystems leads to fluctuations on the periodic and seasonal migration of 

marine fishes (Francis and Hare, 1994; Lehodey et al., 2006; Brander, 2007; 

Krishnakumar and Bhat, 2008; Hare et al., 2010; Doney et al., 2012; menon et. al., 

2019). The variation on pelagic fish catch to environmental parameters such as SST, 

salinity, rainfall, upwelling, chlorophyll distribution are well studied in Indian coast  

(Banse, 1959; Johannessen et al., 1981; Longhurst and Wooster, 1990; 

Madhuprathap et al., 1994; Yohannan and Abdulrahiman, 1998; Jayaprakash, 2002; 

Mukhopadhyay et al., 2019).  

In the absence of adaptation or acclimatize ability in pace to 

changingclimatic conditions in Indian oil sardine lead to a reduction in its distribution 

and abundance along the Kerala coast (Sajna et al., 2019).  n increase in 

temperature results in a decrease in the length and age at first maturation, thus 

affecting the growth of adults as surplus energy is channeled into reproduction at an 

earlier age and smaller size (P  ortner and Peck, 2010). Anchovy show changes 

associated with environmental variability, indicators such as abundance, 
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trophodynamics are also affected by predators, competitors, and parasites (Yáñez et 

al., 2017). 

Ocean warming initially prompts physiological or behavioural responses 

of fishes (Caldwell et al., 2015), which are likely to be species-specific (Sunday et al., 

2015). Warming waters increase metabolic activity and locomotory performance in 

the ectothermic marine organisms (Ober et al., 2016). Physiological responses to 

climate change are species-specific, changes in the timing of life-history events 

(phenology) induced by climate change often differ between interacting species at 

different trophic levels, leading to mismatches in trophic synchrony and effects on 

prey-predator relationships (Sims et al., 2004; Brander, 2010). The change in climato-

oceanographic features negatively effects on physiological (growth, reproduction, 

respiration, larval development and tissue damage) and ecological (larval settlement, 

competition and predation) aspects of aquatic organisms and their populations 

(Riebesell et al., 2000; Gazeau et al., 2007; Kuffner et al., 2008; de Moel et al., 2009; 

Widdicombe et al., 2010, Sajna et al., 2019). Eggs are one of the most thermally 

sensitive life stages in fishes, and small increases in temperature dramatically 

increases egg mortality, especially in tropical species (Pankhurst and Munday, 2011). 

If the appearance of new conditions due to climate change are 

physiologically tolerable, allowing acclimatization (an adjustment of physiology within 

individuals) or adaptation (increased abundance and reproduction of tolerant 

genotypes over generations), or else  intolerable environment  promotes migration (by 

individuals or populations), change in phenology, or death and local extinction 

(Parmesan, 2006; Pörtner and Farrell, 2008). Global climate change is the driving 

force for rapid distributional and seasonal shifts in the marine ecosystem (Parmesan, 

2006; Chen et al., 2011), which are well established for the marine animal atlower 

trophic levels, where many species currently shifting their range poleward  (Parmesan 

and Yohe, 2003; Jump et al., 2009; Sumaila et al., 2011).  

However, the influence of human activities such as commercial fishing 

also observes on life-history traits of commercially harvested fish, but it has been 

determined to be as low as 0.1 - 0.6% per year on life-history parameters such as 
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size at maturation, consumption, and gonad investment (Andersen and Brander, 

2009). Global warming leads to a widespread reduction in the maximal size of natural 

fish (van Rijn  et al., 2017). Raybaud et al. (2017) has observed the substantial 

poleward shifts in stolephorus occurrence of the warming scenario, resulting in an 

increase in the catch in more northern areas. 

In the northeast Atlantic, rising SST is thought to be the major control 

behind northwards distribution shift at a variety of trophic levels, from phytoplankton 

(Reid et al., 1998; Beaugrand and Reid, 2003; Richardson and Schoeman, 2004) 

through to zooplankton (Beaugrand et al., 2002; Beaugrand and Reid, 2003) and fish 

(Genner et al., 2004; Beare et al., 2004; Perry et al., 2005). The growth and 

reproduction of marine fishes decrease with increasing of ocean temperatures, 

ultimately reducing their abundance (Pörtner and Knust, 2007). On the other hand, 

some fishes colonize and flourish in areas previously unsuitable for their survival due 

to shifting their distribution toward higher-latitudes (Perry et al., 2005), which is 

expected to affect the availability of exploited populations (Cheung et al., 2013). Liang 

et al. (2018) suggest that ocean warming is already having an impact on China's 

marine fisheries, where required to curtail GHG emissions are urgently needed to 

minimize the increase of these impacts on fisheries.  

A number of anthropogenic perturbations have been suggested as 

potential causes of abnormal jellyfish mass occurrence, including global warming, 

eutrophication, overfishing and the increase of artificial hard substrates (Purcell et al., 

2007; Richardson et al., 2009; Purcell, 2012). The enhance jellyfish populations and 

blooms have the likelihood of negative jellyfish impacts on human activities (Purcell et 

al., 2007). Jellyfish populations also compete with fish for resource utilization and 

prey upon fish eggs and juveniles, which lead to reduced fish stocks (Purcell and 

Arai, 2001). Chlorophyll is both a direct and indirect measure of biological 

productivity, although its biological mechanisms are influenced by climate change 

(Henson et al., 2009). The sardine and anchovy fluctuations are associated with 

large-scale changes in ocean temperatures (Chavez et al., 2003).  



21 
 

2.5. Influences of climate change on Indian marine fisheries 

The SST has increased by 0.2°C along the northwest, southwest and 

northeast coasts, and by 0.3°C along the southeast coast of India during 45 years‟ 

period from 1961 to 2005 (Vivekanandan, 2010). Since last two decades, Indian oil 

sardine and Indian mackerel are not only caught by the southwest coast of India but 

also their recognizable catches come from the northwest coast and east coast of 

India due to the effect of climate change (Vivekanandan, 2010; Rao, 2011). Being 

poikilothermic, most fish species have a fairly narrow range of optimum temperatures, 

i.e. even a difference of 1°C in SST or 0.1 unit pH in seawater affects their distribution 

and life processes. Therefore, to nullify change in optimum physico-chemical 

properties of water, Indian marine fishes are showing the extension of the 

distributional boundary, shift in latitudinal distribution, shifting in depth of occurrence 

and phenological changes (Rao, 2011). Rao (2011) also found that the catches from 

the Malabar upwelling zone have not decreased indicating the distributional 

"extension" and not distributional "shift".  

In the case of catfishes, the region between 8° N - 14° N latitude was 

considered as the major zone during 1970 - 2007, but at the present scenario, 

distributional shift in catfish resulted to increase the catches from the northwest and 

northeast coasts (latitude 15° N - 22° N), which showed the positive correlation with 

SST. The Indian mackerel, in addition to the extension of its northern boundary, is 

also found to descend to deeper waters in the last two decades (Rao, 2011). Due to 

climate changes leads the extension of Indian oil sardine fishery even along the 

Saurashtra coast from October to March (Fotedar and Savaria, 1988; Gopal and 

Savaria, 1991). 

The early stages of larval history are considered to be the critical stages 

with respect to mortality rate, since larval survival rate is mediated through 

environmental changes (Antony Raja, 1973). A study of marine fish landing trends 

during the period 1980-84 and 1990-95 had revealed the remarkable changes in 

resource composition in catch, because during in the 1980's small pelagic fishes such 
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as Indian oil sardine, Indian mackerel and anchovies made up 50% in total marine 

catch, but in the 1990's their sharing in catch drastically reduced due to dynamics in 

oceanic features such as sunspot activity, rainfall, ENSO effects, sea level pressure, 

upwelling and currents (Nair, 1953; Murty and Edelman, 1970; Antony Raja, 1973; 

Madhupratap et al., 1994; Srinath, 1998; Ganga, 2000). A positive correlation 

between plankton and the abundance of pelagic fisheries composed of clupeids and 

the mackerel is demonstrated by Panikkar (1949). Manjusha et al. (2013) have been 

reported that the climatic and oceanographic factors play an important role in the 

catch marine fish in off Kerala coast.  

The distribution of the Indian oil sardine has responded markedly to 

increase in sea temperature because able to establish itself in the new territories and 

support to the fisheries along the northwest and northeast coasts of India. Indian 

mackerel shows a shift in the depth of distribution and are now caught by bottom 

trawlers. Threadfin bream (Nemipterus japonicus) shows shifting in the month of peak 

spawning toward colder months. Copepod abundance is shifting toward colder 

months off Mangalore. These findings indicate that the adaptable species able to 

adjust to the immediate challenge of the rise in temperature for a shorter or longer 

duration (Vivekanandan, 2006).  

Indian oil sardine fishery along Kerala coast has shown a phenomenal 

increase in landings after the year 2000 and has reached a record high during 2012, 

due to major changes observed in different oceanographic parameters caused by the 

global warming process resulting in comparatively higher sea water temperature and 

subsequent increase in primary productivity leading to the availability of preferred 

food for Indian oil sardine (Kripa et al., 2015). Therefore, the problems of immediate 

concern regarding the small pelagic fishery over climate variations can be easily 

understood by studies through analysis of the distributional and spawning behaviour 

patterns of the fish in relation to the environment. Under both climate change of 

Representative Concentration Pathway (RCP) scenarios 4.5 and 6.0, both catch and 

catch per unit effort decrease even with increasing of fishing effort along Kerala Coast 

(Sajna et al., 2019).  
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6. South west coast of India 

The south west coast of India (Malabar Coast) is one of the important 

upwelling systems of the world (Bakun et al., 1998; Krishnakumar and Bhat, 2008), 

which supports Indian marine fisheries at that region (Rajagopalan et al., 1992). The 

south west coast of India having only 16% of the Indian coastline, contributing 32.2% 

of total Indian marine fish landings during 2017 (CMFRI, 2018). This region extends 

from about 8° N to 16° N with a total coastline of 994 km, comprising three maritime 

states namely, Kerala, Karnataka and Goa (Vivekanandan et al., 2003), where 

pelagic fishes were the most abundant and accounted about 8 lakh tonnes in 2017 

(CMFRI, 2018). The total continental shelf area off the south west coast is 75400 km2, 

and 31% of the area is situated within less than 50 m depth (Vivekanandan et al., 

2003). In this region, about 2.79 lakh fisher populations are directly or indirectly 

involved in the marine fisheries sector (Kuriakose et al., 2012). Upwelling is appeared 

from 8° N to 15° N along south west of India during the onset of the south west 

monsoon, by the large scale, wind-driven, clockwise circulation, causing a south-

flowing current along the west coast of India (Banse, 1959; Ramamirtham and Rao, 

1973; Johannessen et al., 1981).  

The strong coastal upwelling along the southwest coast of India occurs 

during July-September with a peak in August (Ramamirtham and Patil, 1964; 

Krishnakumar and Bhat, 2008). Upwelling along the southwest coast of India during 

July-September is mainly caused by strong southerly current, which is supported by 

local wind (Krishnakumar and Bhat, 2008). The onset of south west monsoon 

generates the Somali current resulting in a general clockwise circulation in the 

Arabian Sea, which in turn develops into a relatively strong southerly current at the 

surface levels along the west coast of India (Johannessen et al., 1981).  

Coinciding with upwelling, chlorophyll-a concentration increases during 

August-October from the inshore south west coast of India (Banse, 1959; 

Ramamirtham and Rao, 1973; Johannessen et al., 1981; Smith and Madhupratap, 

2005; Marra and Barber, 2005; Krishnakumar and Bhat, 2008). Relatively higher 
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zooplankton biomass is observed in during October immediately after the upwelling 

period (Smith and Madhupratap, 2005; Krishnakumar and Bhat, 2008). The SST in 

the south west coast of India has been reported as low (21-27ºC) and high (29 -31°C) 

during monsoon and pre-monsoon period, respectively (Devaraj et al., 1997; 

Vivekanandan et al., 2003). 

2.7. Small pelagic fisheries  

The marine fisheries of India can be broadly grouped under two major 

categories, namely pelagic fisheries and demersal fisheries. Pelagic species are 

found near the surface or in the water column but not on or near the seafloor; they 

undertake both horizontal and vertical migrations and are mostly aggregating species 

(Cochrane and Japp, 2015). Small pelagic fishes is defined as the group of pelagic 

fishes having shorter life span with shoaling behaviour, swim on the surface water, 

performing limited migratory journeys and small size limit of less than a foot in length, 

which provide the bulk of the catches within short period of their growth (Panikkar, 

1949; Cury et al., 2000).  

The small pelagic resources are the shoal forming resources like 

anchovies, Indian oil sardine and Indian mackerel, and these species are commonly 

caught by coastal fishers. In most cases, they are a staple food source and may also 

be used for animal feed (Cochrane and Japp, 2015). These small pelagic fish are 

mainly planktivorous, which is an important source of food for predators and typically 

dominated by only one, or at most a few, species (Bakun, 1996; Cury et al., 2000), 

thus their populations are crucial to the transfer of energy and biomass from lower to 

higher trophic levels (Cury et al., 2000). Small pelagic fish populations have exhibited 

a substantial degree of global synchrony that is believed to be driven by global 

climatic teleconnections (Klyashtorin, 1997).  

The catch of small pelagic fishes by the mechanized sector showed an 

upward trend along the south west coast of India, which accounted about three-fourth 

of the total landings during 2010. At the same time, the proportion of its landings in 

the motorized sector was decreased from 28% in 2009 to 25% in 2010 (Kuriakose et 
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al., 2012). Among the mechanized sector, the bulk of the landings are by trawlers, 

purse seiners and ring seiners (powered by the inboard engine), whereas ring seiners 

(powered by outboard motors) and gillnetters are the major contributors in the 

motorized sector. Therefore, major gears are trawl nets, seine nets and gillnet for the 

landings of small pelagic along the south west coast of India (Kuriakose et al., 2012). 

Small pelagic fishes like Indian oil sardine, Indian mackerel and anchovies are 

distributed with high biomass between 8° N and 14° N latitudinal and 75° E and 77° E 

longitudinal along Malabar upwelling zone of India, where annual SST range from 27 

to 29°C (Panikkar, 1949; Vivekanandan et al., 2005; Rao 2011). Historically, small 

pelagic fishery in the south west coast of India has shown wide fluctuations during the 

last 100 years of the time period (Krishnakumar and Bhat, 2008; Manjusha et al., 

2013). 

Although the pelagic fish landings in the south west region comprised 

100 different species, more than half of the landings are constituted by Indian oil 

sardine, Indian mackerel and anchovies (Kuriakose et al., 2012). The major portions 

of landings for these small pelagic fishes are accounted from Cochin, Munambum, 

Sakthikulangara and Neendakara Fishing Harbours in Kerala. Similarly, Mangalore 

and Malpe are the major fish harbours that play a vital role in their landings of 

Karnataka (Kuriakose et al., 2012). Fluctuations in landings of the small pelagic 

fisheries are caused by physical factors like temperature, salinity, rainfall, ocean 

currents, availability of nutrients and biological factors like availability of food items 

(Sahadevan, 2017). Wind speed and SST are known to influence the nutrient levels 

and productivity in the coastal waters (Krishnakumar and Bhat, 2008). Higher 

productivity results in an abundant supply of food leading to a higher probability of 

larval survival and recruitment, ultimately leading to an increase in fish abundance 

and catch (Cury et al., 2000; Ghosh et al., 2016). The changes in the abundance of  

small pelagic fishes in coastal ecosystem during the past century have been taken 

place due to natural environmental variability (Hsieh et al., 2006). The length at first 

maturity of fishes depends upon changes in the climatic conditions, food availability, 

fishing removals and growth rates (Hood and Johnson, 2000; Potts and Manooch, 

2001).   
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2.8. Indian oil sardine   

Indian oil sardine, Sardinella longiceps (Valenciennes, 1847) ranks top 

position in Indian marine fisheries and one of the best known commercially exploited 

fish of India, which is extensively used as food in the fresh and cured conditions. It is 

known to restrict its distribution in India to Malabar coasts (Panikkar, 1949; Rao, 

2011). The annual fluctuation of the Indian oil sardine fishery is very well known, and 

Day (1889) observed that fishery of indian oil sardine is cyclic in nature under the 

influence of environmental variation. Indian oil sardine (thereafter as sardine) 

distinguished easily from other Indian sardine by its relatively long head and grows to 

a maximum size of 22-23 cm (Nair and Chidambaram, 1951).  

Diverse factors are responsible for reduction of survival and recruitment 

to the stock such as unsuitable hydrological conditions, low survival rate of the larvae 

and lack of the necessary food for the fry and juvenile, periodical migration into 

offshore waters, heavy natural mortality and overfishing (Nair and Chidambaram, 

1951; Panikkar, 1952; Nair 1953; Nair and Subrahmanyan, 1955). Being a plankton 

feeder with a population doubling time of fewer than 15 months, its role in the marine 

ecosystem as forage fish for larger predators is significant (Krishnakumar et al., 2008; 

Froese and Pauly, 2011). Thara (2011) found an inverse relationship of mackerel to 

sardine fisheries. However, Sahadevan (2017) did not obseverd negative relationship 

between the landings of sardine and mackerel in India. 

2.8.1. Fishery  

The fishery of sardine has a regular pattern which starts with the 

appearance of the spawners and juveniles every year in the coastal waters, which are 

mainly influenced by the changes in the hydrological conditions brought about by the 

south west monsoon (Nair, 1959). The fishery starts immediately after, the 

commencement of the south west monsoon, and lasts from August to March; the 

September - December portion being the best period for the fishery also its fisheries 

are restricted to a narrow belt within 50 m depth (Deshmukh et al., 2010). Normally its 

landings decline considerably after March, with the rise of salinity and temperature to 
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high values (Sekharan and Dhulkhed, 1963). The nets used in the sardine fishery are 

the seines, including the large shore seines, and the gillnets (Panikkar, 1949). 

Occasionally, sardine in small quantity was landed by trawl nets and a bottom gillnets 

during the period of 1957-63 (Sekharan and Dhulkhed, 1963).  

During monsoon months the catches are composed mainly of mature 

fish, which are more than two years old. On the other hand, from October to March, 

when salinity and temperature have intermediate values, one-year-olds comprise the 

bulk of the catches (Sekharan and Dhulkhed, 1963). The commercial fishery of 

sardine belongs to O-year class, those born during June to August manifest 

themselves strongly in the fishery, while those result from September or October 

spawning fail to establish a fishery by them (Antony Raja, 1970). According to Antony 

Raja (1970), the success of any season's fishery for sardine is largely dependent on 

the successful spawning and the survival rate in that year. During the months of 

October 2012 to February 2013, a high catch is recorded even in the Raigad coast of 

Maharashtra (Rao, 2013). Kamble et al. (2017) revealed that sardine shared 28.58% 

in the total fish landings of purse seine operated from Mirkarwada fish landing center 

at Ratnagiri coast. 

2.8.2. Growth and maturity  

Hornell and Nayudu (1924) found a very rapid rate of growth of sardine 

in the early stages resulting in a length of about 15 to 17 cm at the end of first year, 

19 cm at the end of second year and 19.5 cm at the end of 2.5 years, which they 

considered as the normal life span of the fish, while Chidambaram (1950) and Nair 

(1960) suggested that the average life span of sardine is about 3 to 4 years. 

Chidambaram (1950), on the other hand, estimated an average length of 10.0, 14.5, 

18.3 and 20.5 cm at the end of the first to the fourth year, respectively. Balan (1964) 

concluded that the average lengths of 1, 2 and 3-year-old fish are 13, 16 and 17.5 

cm, respectively. Although in rare instances the fish lives up to 3 years, the normal life 

span is found to be about 2.5 years (Nair and Chidambaram, 1951; Antony Raja, 

1970; Antony Raja 1973). The L∞  (19.8 cm) and K (1.14 yr-1) obtained in the Nair et 
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al. (2016) are lower than the values of 20.8 cm and 0.6 yr-1 reported by Antony Raja 

(1972). The growth rates of sardine was obtained by Nair et al. (2016) were higher 

than the values reported by Nair (1958), who reported a length of 10,15 and 19 cm in 

the first, second and third years, respectively.  

The length at first maturity has been reported by various researchers as 

16 - 17 cm (Dhulkhed, 1964), 15.6 - 15.8 cm (Kumar and Balasubramanian, 1987) 

and 15.2 - 15.7 cm (Nair et al., 2016). The size of juvenile size ranges from 95 - 135 

mm with the maturity stages of I and II from October to February. Also, immature size 

of sardine is considered as 16 - 18 cm from September to December (Radhakrishnan, 

1965).  

Factors like external appearance, extent of gonads in relation to body 

cavity length, length and weight of gonads, gonad and body weight ratio, maximum 

and modal size of ova and their general appearance under a microscope are taken 

into consideration to describe the sexual stages (Antony Raja, 1967). Antony Raja 

(1966) described about seven stages of sexual maturity with two subdivisions under 

Stage II to distinguish the virgin developing and spent-resting conditions and two 

other subdivisions for Stage VII to differentiate between the partially spent and 

completely spent nature, both for male and female of sardine. The study on the 

developmental stage of sardine has been conducted by Nair (1959) and found during 

September, the ovaries of almost all the females show the development stages V and 

VI, while the maturity stage I, II, III (maturing stage) and IV & V (mature) are 

dominated during September to December, November to February, March to April 

and in May to July, respectively. During July - September period, fish in various 

degrees of spent condition (Sekharan and Dhulkhed, 1963; Dhulkhed, 1964).  

A high gonado somatic index (GSI) during August - September indicates 

the maturity period of sardine (Deshmukh et al., 2010). Majority of the females are 

immature (stage II) during October - November, while they were in maturing stage 

(stage III, 60%; stage IV, 31%) in December - January and most of them were in 

stage IV (66.6%) during February - March (Ahirwal et al., 2017). On the basis GSI, 
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Deshmukh et al. (2016) suggested that sardine gonad matures from June to 

September, when the spawning takes place once in a year. Gonadal maturity stage 

IV, V, VI, VII, VII and spent stages are found during June to October along the the 

south west coast of India, thus spawning season is June to September (Deshmukh et 

al., 2016).  

2.8.3. Spawning season 

Hornell and Nayudu (1924) have found that a considerable percentage 

of males and females with gonads varying from half to three-quarters the mature size 

during September and October. Sardine spawns during June - August (Kumaran et 

al., 1988), June - October (Antony Raja, 1967), June - September (Dhulkhed, 1964), 

June - December (Prabhu and Dhulkhed, 1970) and June - August with peak in July 

(Rohit and Bhat, 2003). Antony Raja (1964) reported that sardine normally spawns 

twice in their lifetime. Sekharan (1965) and Antony Raja (1967) made one significant 

remark as the possibility of being two broods in a year. The study by Nair et al. (2016) 

shows two peak recruitment periods, one in February or March and the other from in 

May-August. The spawning of sardine in the Sohar region occurred during two 

seasons, the first one during February - March and the second season being 

September - October (Al-Jufaily, 2011; Zaki et al., 2012). However, sardine spawns 

only once a year along the Maharashtra coast (Deshmukh et al., 2010).  

Sardines are serial batch spawners (as are anchovies, sprats, tunas, 

etc.) and they spawn for many days during extended spawning seasons (George et 

al., 2012). Sardines spawn in shallow water mainly in the nearshore areas during the 

peak of southwest monsoon along the southwest coast of India (Pillai, 1991). The 

earliest spawned surviving individuals are recruited to the fishery by the end of the 

spawning period, which in turn determines the yearly landings. Thus, larval ecology 

decides the recruitment, abundance and fishery of sardine (Hornell, 1910; Hornell and 

Nayudu, 1924; John and Menon, 1942; Devanesan, 1943). 
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2.8.4. Feeding habit  

Observation on the food of sardine shows that the diet consists mostly 

of phytoplankton, especially diatoms. The important forms were Fragilaria oceanica 

and species of Coscinodiscus, Biddulphia, Pleurosigma, Nitzschia and Rhizosolinia 

(Nair, 1959; Kuthalingam, 1960; Sekharan and Dhulkhed, 1963). Sardine depends 

mainly on pelagic organisms for its food and therefore, is a surface and column 

feeder (Devavesan, 1943; Nair, 1959; Kuthalingam, 1960). In the case of sardine 

larvae, the phytoplankton bloom that decides its biology is an upwelling-induced 

bloom, the variations in initiation time and intensity of the bloom account for changes 

in the food supply to sardine larvae (George et al., 2012). Larval development is rapid 

in sardines, with yolk sac absorption taking place within 3 days (Nair, 1960). These 

larvae undergoes in their critical stage at first feeding period almost immediately after 

yolk absorption (Lasker, 1975; Lasker, 1981; Hunter, 1981). The high K-value was in 

April with high feeding activity and lower K-value from August due to spawning stress 

and decrease in feeding activity (Ahirwal et al., 2017).    

2.8.5. Migration 

Deshmukh et al. (2010) has reported that the average values of total 

length of sardine in the north west coast is similar to that of the south west coast of 

India, but north west coast shows larger fish compare to south west coast of India as 

major spawning grounds are available along the south west coast of India and the 

fishes then migrate towards the north west coast of India due to which larger size fish 

ranging from 17 - 20 cm are found along Ratnagiri coast. Sardine remains in offshore 

water prior to spawning period, while spawners move to inshore water in August and 

September to feed their young ones on the abundant plankton biomass during the 

post-monsoon season (Nair and Chidambaram, 1951). The shoreward migration of 

spawners during monsoon months and their outward migration to deeper waters 

during post-monsoon months are reported for feeding on the luxuriant growth of 

phytoplankton that blooms up during the onset of monsoon (Hornell, 1910; Hornell 

and Nayudu, 1924; Chidambaram, 1950; Nair, 1953; Nair, 1959).  
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Sardines perform a normal migration from offshore to coastal waters 

and vice versa coinciding with the customary wind conditions (Hornell, 1910). A 

gradual increase in temperature within the range of 26 to 28°C is favourable for the 

inshore migration of sardine, and with increasing temperatures (above 29°C) during 

March to May they disappear to deeper waters (Chidambaram, 1950). The 

longitudinal migration is an excursion from offshore to inshore waters and vice versa 

due to the availability of food and favourable hydrographic conditions (Devanesan, 

1943). From April to September, the shoals of spawners and juveniles migrate from 

offshore to inshore all along the west coast of India following the onset of bloom 

(Antony Raja, 1972), where low salinity and temperature are perhaps favourable for 

spawners (Sekharan and Dhulkhed, 1963). 

A northward migration of sardines during the south west monsoon 

period and retrogression from north to south in the northeast monsoon phase has 

been recorded (George et al., 2012). Therefore, the fact that sardines employ a 

combination of migrating capabilities, ability to feed on very small particles and serial 

spawning habits (Pillai, 1991). During April - June, the warmest part of the year, the 

higher temperature and salinity values coincide with the absence of the fish in the 

coastal water, and the fish make their appearance in the inshore areas soon after the 

commencement of the rains in July - August when temperature and salinity values are 

lowered with the appearance of adults first (Bensam, 1970).  

Factors such as feeding and spawning impulses seem to play a role, if 

any, secondary to temperature and salinity in influencing the movements of the 

sardine. Landings of sardine trend are increasing along the Karwar coast, which 

indicates its shifting from southern to northern region along the southwest coast of 

India (Deshmukh et al., 2016). The spwaners with a modal size of 19 cm enter the 

coastal waters in July and remained up to September, but disappeared from the 

inshore waters by the end of September (Nair, 1959). It shows a typical schooling 

species, which occurred within 40 km offshore and Its schooling is associated with 

upwelling on the shelf (Pillai, 1991). Hornell and Nayudu (1924) have stated that the 

shoreward migration of the spawners is to feed upon the immense quantities of 
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unicellular plants and animals which develop and concentrate in the sheltered coastal 

waters towards the close of the southwest monsoon. Nair (1959) and Bensam (1970) 

noted the empty stomachs of the spawners, believed that their shoreward migration is 

for "spawning only". 

2.8.6. Oceano-climatic parameters 

Both short term and long term abundance of sardine are influenced by 

oceanographic and meteorological conditions (Longhurst and Wooster, 1990; 

Madhupratap et al., 1992; Jayaprakash and Pillai, 2000; Menon et al., 2019). The role 

of temperature and salinity on sardine biology and fishery appears to be very 

significant, and the fishing mortality does not influence the future stock so much as 

the variations in the hydrographical conditions (Bensam, 1970). The south west 

monsoon is an important factor influencing the entry of spawners into the coastal 

waters (Nair, 1959; Deshmukh et al., 2010).  

The shorter fishing duration of south west monsoon is observed by 

rising in salinity and temperature more than 35‰ and 30°C, respectively in very early 

during the season i.e. by November, while such high values are normally expected 

only after March (Sekharan and Dhulkhed, 1963). The optimal conditions of 

temperature (27 - 28°C) and salinity (34 - 35‰) influence the appearance of stronger 

shoals into the fishery (Nair, 1953; Bensam, 1970). Temperature and salinity during 

July - September period, when catches of sardine are smaller, are generally lower 

and range within the values of 25.5 - 26.9°C and 22.8 - 33.5‰ (Bensam, 1970). 

Therefore, temperature and salinity values towards the end of the season, during 

March-May period, show increasing trends from the optimum conditions, sardine 

landings are decreasing or totally absence during May - June period due to high 

temperature and salinity during this period range between 29.1 - 30.8°C and   

34.3 - 36.3‰.  

The amount of rainfall during the spawning period influences the 

spawning pattern on sardine (Antony Raja, 1970). The daily rainfall along the 

southwest coast during monsoon has been considered useful for good recruitment to 
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the fishery (Antony Raja, 1972 &1970; Kumaran et al., 1992; Pillai, 2011). Delays in 

the onset of monsoons on Indian coasts are often followed by delays in the fishing 

seasons for sardines, Indian mackerel and anchovies (Panikkar, 1949). A weak or 

erratic monsoon is suspected to bring fluctuation in sardine fisheries, which are not 

conducive to successful reproduction and survival of the young fish (Antony Raja, 

1973). Dhulkhed (1964) found that the spawning period of sardine is from June to 

September coinciding with the southwest monsoon period when the hydrological 

conditions viz., temperature and salinity of the inshore waters are low due to the influx 

of flood waters. Temperature, salinity and availability of food as factors are controlling 

sardine abundance (Chacko and Mathew, 1955; Jadhav et al., 1989).  

Murty (1974) has established the relation of sardine landings to wind 

drift. Since, El Niño phenomenon directly or indirectly influences solar activity and 

manifested with an abnormal increase in sea temperature and related changes in 

hydrographic parameters are also responsible for fluctuations in its abundance 

(Jayaprakash and Pillai, 2000). The unusual occurrence of young sardine in large 

proportions in the inshore waters of Bombay was observed during 1971, which was 

explained due to variations in water temperature and salinity (Devadoss, 1973). Wind 

patterns and water circulation in the Arabian Sea differ drastically from patterns in 

similar latitudes, where there is a seasonal change in the winds north of the equator 

(Wyrtki, 1973). Winds blow over the equatorial ocean between November and March 

causing the northeast monsoon. From May to September, the system reverses and 

the southeast trade winds extend across the equator and blow across the northern 

Indian Ocean as the southwest monsoon (Tomczak and Godfrey, 1994).  
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2.8.7. Summary of biological characteristics 

The summary of biological characteristics for sardine has been depicted 

in table1. 

Table 1. Summary of biological characteristics for Indian oil sardine 

Biological 

parameters  

Characteristics References 

Maximum size 22-23 cm (22.5 cm)  Nair and Chidambaram, 

1951 

20.8 cm  Antony Raja, 1972 

19.8 cm Nair et al., 2016 

Sexual maturity 

size  

16 -17 cm  (16.5 cm) Dhulkhed, 1964 

15.6 cm for male and 15.8 cm for female 

(15.7 cm) 

Kumar and 

Balasubramanian, 1987 

15.2 cm Nair et al., 2016 

Sexual maturity 

season 

During September, almost all ovaries show 

the development stages V and VI 

Nair, 1959 

July - September period fish in various 

degrees of the spent condition is caught in 

large numbers  

Dhulkhed, 1964 

Juvenile (95 - 135 mm) is found during 

October - February and immature stage (16 

- 18 cm) is from September to December  

Radhakrishnan, 1965 

August - September indicates the maturity 

period of sardine;  Immature (stage II) during 

October-November, while maturing stage 

(stage III) in December-January 

Deshmukh et al., 2010 

Spawning 

season 

September - October  Hornell and Nayudu, 1924 

August - November Panikkar, 1949 

August - September  Nair, 1959 

July - September  Antony Raja, 1964 

June - October  Antony Raja, 1967 
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June - September  Dhulkhed, 1964 

June - December  Prabhu and Dhulkhed, 

1970 

June - August with a peak in July  Rohit and Bhat, 2003 

August - September along Maharashtra 

coast 

Deshmukh et al., 2010 

May - August Nair et al., 2016 

Fishery  Commencement of the south west monsoon 

lasts from August to March; the September-

December portion being the best period for 

the fishery  

Panikkar, 1949 

Short term and long term abundance of 

sardine in relation to the oceanographic and 

meteorological conditions 

Longhurst and Wooster, 

1990; Madhupratap et al., 

1992 

Ovaries stage  V and VI during September  Nair, 1959 

Stage I - September to December  

Stage II - November to February 

Stage III - March and April for maturing   

Stage IV & V -  May to July period for mature  

and  

July - September period for Spent  

Dhulkhed, 1964 

Environmental 

factors 

 

Sunspot activity, rainfall, ENSO effects, sea 

level pressure, upwelling and currents  

Nair, 1953; Murty and 

Edelman, 1970; Antony 

Raja, 1972; Madhupratap 

et al., 1994; Srinath, 1998; 

Ganga, 2000  

Migration Sardine remains in offshore water prior to 

spawning period, while spawners move to 

inshore water in August - September to feed 

their young ones on the abundant plankton 

biomass during post-monsoon season  

Nair and Chidambaram, 

1951 

 The shoreward migration of spawners during 

monsoon months and their outward 

Nair, 1959 
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migration to deeper waters during post-

monsoon months is for feeding. The 

spwaners with a modal size of 19 cm enter 

the coastal waters in July and remained up 

to September, but disappeared from the 

inshore waters by the end of September 

 The shoreward migration of sardine is for 

spawning only 

Nair, 1959; Bensam,1970 

From April - September, the shoals of 

spawners and juveniles migrate from 

offshore to inshore all along the west coast 

following the onset of bloom  

Antony Raja, 1972 

During April - June, the warmest part of the 

year, the higher temperature and salinity 

values coincide with the absence of the fish 

in the coastal water, and the fish make their 

appearance in the inshore areas rather 

suddenly, soon after the commencement of 

the rains in July - August when temperature 

and salinity values are lowered with the 

appearance of adults first  

Bensam, 1970 

Fishes then migrate towards the northwest 

coast of India 

Deshmukh et al.,2010 

The increasing temperature and salinity are 

felt by the juveniles rather immediately, while 

the adults appear to have a higher range of 

tolerance, leave the coastal waters a little 

later 

Deshmukh et al., 2016 

Larval feeding 

habit 

Predominantly surface and column feeders, 

with phytoplankton forming a major group, 

dominated by diatoms like Fragillaria 

oceanica, Pleurosignia sp. and 

Coscinodiscus sp.  

Nair, 1959; Kuthalingam, 

1960 
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The phytoplankton bloom that decides larval 

biology is an upwelling-induced bloom, the 

bloom initiation time and intensity is the only 

variation that could account for changes in 

the food supply to sardine larvae  

Grinson et al., 2012 

Adult feeding 

habit 

Sardine depends mainly on pelagic 

organisms for its food  

Devanesan, 1943 

Diet consists mostly of phytoplankton, 

especially diatoms (Fragilaria oceanica), 

Coscinodiscus, Biddulphia, pleurosigma, 

Nitzschia and  Rhizosolinia   

Sekharan and Dhulkhed, 

1963 

Feeding activity decreases in August due to 

spawning stress 

Ahirwal et al., 2017 

Water quality  Southwest monsoon influencing the entry of 

spawners into the coastal waters  

Nair, 1959; Deshmukh et 

al., 2010  

Low salinity and temperature are favourable 

for spawners 

Sekharan and Dhulkhed, 

1963 

Optimum temperature is 25.9 - 29.6°C and 

salinity within the range 29 -35‰ 

Nair,1953; Sekharan and 

Dhulkhed, 1963 

Rainfall during the spawning fortnights 

influences the spawning pattern  

Antony Raja, 1970; 

Kumaran et al., 1992 

Spawning period of sardine is from June to 

September coinciding with the south west 

monsoon period when the hydrological 

conditions viz., temperature and salinity of 

the inshore waters are low due to the influx 

of flood waters 

Dhulkhed, 1964 

 

2.9. Indian mackerel 

The general features for Indian mackerel, Rastrelliger kanagurta 

(Cuvier, 1817) are well separated dorsal fins, the first dorsal with 8 to 11 spines; the 

second dorsal and anal fins with 12 rays, followed by five finlets; pectoral fins very 
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short with 19 to 20 rays; gill rakers very long, visible when mouth is open, 30 to 46 on 

lower limb of first arch; front and hind margins of eye covered by adipose eyelid; 

scales behind head and around pectoral fins larger and more conspicuous than those 

covering rest of body, generally silver; usually a double longitudinal raw of small 

dusky spots on upper back; a prominent black spot on body under lower margin of 

pectoral fin; dorsal fins yellowish with black tips; caudal and pectoral fin often 

yellowish. The Indian mackerel (thereafter as mackerel) is considered as pelagic 

shoaling fish that forms commercial fisheries along the coasts of the countries 

bordering the Red Sea, Oman Sea, Arabian Gulf, Pakistan, India, Sri Lanka, 

Bangladesh, Myanmar, Thailand and Malaysia (Collette and Nauen, 1983).  

India shares 90% of the world Indian mackerel production, out of which 

77% is from the west coast and 23% is from the east coast of India (Das et al., 2016). 

Its fishery plays a pivotal role in Indian marine catch after the fishery of sardine. To 

facilitate the formulation of such appropriate exploitation and management strategies 

on local/ regional scales a holistic knowledge-base on biology, life history and 

behaviour of major commercial fish species in the region is crucial (Adams, 1980; 

Begg and Waldman, 1999). With regard to studies on food and feeding habits, 

maturity and spawning on mackerel, have carried out along the Malabar Coast by 

various researchers (Kutty, 1962; Rao, 1967; Noble, 1974; Gopakumar et al., 1991; 

Noble and Geetha, 1992). According to FSI (2014), there is evidence that mackerel 

moves away from inshore waters and become demersal especially when there is a 

paucity of food in the surface waters, resulted in presence of mackerel in significant 

quantities beyond conventional zone along the west coast of India.   

2.9.1. Fishery 

Dense shoals occur in the coastal waters up to 50 m depths forming a 

major fishery along the west coast of India, while along the east coast, distribution 

and maximum abundance recorded at about 70 - 100 m depths (Ganga, 2011). 

Maximum exploitation of the resource has been recorded from the south west coast 

of India using seines, gillnets and trawl nets (Ganga, 2011; Nair, 2015). By the late 
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90s decade a sizeable portion of mackerel caught by ring seines along the Malabar 

Coast was executed during the monsoon period (Yohannan and Nair, 2002). The 

post-monsoon period is considered as the peak fishing season along the south west 

coast of India (Sekharan, 1958). However, the variations in the marine environment 

such as SST have impacted the mackerel and sardine stocks leading to the 

northward extension of their distribution ranges resulting in the development of new 

fisheries targeting mackerel especially along the north west coast of India (Asokan et 

al., 2009). Mackerel exhibited seasonal and annual fluctuation at the south west coast 

of India with peak production by all gears together during September-October (Rohit 

and Gupta, 2004).  

In recent years, mackerel fishery has undergone various changes in 

regards to fishing grounds. The landing of mackerel has recorded in multi-day fishing 

by trawlers operated 50 - 70 km away from the shore at a depth up to 120 m, 

indicates both horizontal and vertical extension of the fishing beyond the conventional 

fishing ground (Sivadas and Bhaskaran, 2009). Among the various gears, the seines 

(purse seine and boat seine) are the most efficient in mackerel fishery, which 

accounted 85% landing in the total catch of that species (Rohit and Gupta, 2004). 

Around 27% of marine fish was caught  by multi-day trawlers and 51% by ring seiner 

along the south west coast of India (Sivadas and Bhaskaran, 2009). Sudarsan et al. 

(1988) have observed that mackerel form only 1 to 10% of the demersal catches 

along the west coast especially between 8° and 18° N. Again, Sudarsan et al. (1988) 

reported an abundance of mackerel in deeper waters with abundance increasing from 

20 - 150 m depths. Therefore, mackerel exhibit its expansion of fishing ground to the 

distant and deeper area compared to earlier periods (Nath et al., 2015).  

In West Bengal, mackerel are showing an increasing catch trend over 

the last decade, resulting the catch has increased 130% during 2011-2014 compared 

to that of during 2001-2010 (Das et al., 2016). The intrusion of an immature 

generation in the fishery has an adverse effect on the fishery of subsequent years 

(Devanesan and Chidambaram, 1948). Large scale exploitation of spawners during 
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the peak spawning period is bound to have a deleterious impact on recruitment and 

fishery in the subsequent years (Rohit and Gupta, 2004).  

Although the fishery occurred throughout the year, peak catches were 

recorded during the monsoon period followed by the post-monsoon period (Qasim, 

1973). The ring seine is a surface gear dominated by its fishery during July - October 

with peak catches in August - September catch of mackerel, but its catches start by 

bottom trawls from October and the catches gradually increase and reach a peak in 

May and end by June (Yohannan and Abdurahiman, 1998). The fishing season 

extends from August to May with peak landings during September - November and  

April - May by purse seiners, trawlers, gillnetters, ring seiners and indigenous non-

mechanized crafts (Yohannan and Abdurahiman, 1998; Supraba et al., 2013). 

Recruitment of young ones 120 - 150 mm to the fishery are seen during most of the 

years in August - September (Radhakrishnan, 1962). The juveniles measuring   

3.0 - 6.0 cm occurred in the inshore waters during the October to February (Rao, 

1962). Since the commercial fishery mainly depends on fish ranging in size from 18 to 

22 cm i.e. fish are in the 0-year completing its 1st year of life (George and Banarji, 

1964).  

2.9.2. Growth and maturity 

The life span of mackerel is believed to be about two years and growth 

is very fast especially in the juvenile stages, thus fishes reaching a length of about 

190 mm by the end of the first year (Devaraj et al., 1997). The larva of mackerel 

prefers the above 30 m of the coastal water column with the temperature, salinity and 

dissolved oxygen range 28.60 - 29.89°C, 35.08 - 35.13‰ and 4.50 - 5.55 ml/l, 

respectively (Kramer, 1960). Larvae and juveniles were most frequently observed 

between 09° and 13° N at depths of about 13 m (Pillai, 1991). 

Among the tropical marine fishes, maturation of mackerel is a 

continuous process resulting in the occurrence of mature fishes throughout the year 

(Longhurst and Pauly, 1987). However, oceano-climatic factors such as rainfall, water 

temperature and wind act independently or in combination as a kind of stimulus for 
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gonad development, maturation and spawning to create peak spawning in certain 

months of the years (Radhakrishnan, 1965; Rao, 1967; Weber, 1974; Sundararaj, 

1981; Lam, 1983; Peter and Yu, 1997; Nath et al., 2007; Ganga, 2010). The weight of 

mature gonads of mackerel decreases from February to March by lowering of 

plankton abundance along the south west coast of India but by May as the plankton 

availability increases the gonads also increases (Yohannan and Abdurahiman, 1998). 

Kutty (1962) found immature gonad of mackerel during in November and December 

along west coast of India, he also stated that the gonadal maturity of female during 

August and September showed the stages I, II, III, IV, V, VI (a) and VI (b) with most 

prominent stage of V and VI (a), while predominant stages I and II in October to 

February.   

According to Hulkoti et al. (2013), III stage was dominant in June and 

stage V and VI (a) were dominant in July. Advanced stages of maturity (stage IV and 

above) are observed from February to October with a maximum in period May - 

October, and stage V is observed in fairly good numbers during October. Spent and 

spent-recovering stages along with stage IV are found during the January - March 

period (Rao, 1967). During August to September, all mackerel mature with gonad in 

stage VII a & b (Supraba el al., 2013). For the sake of convenience, the different 

stages of maturity observed are grouped into the following five categories, i.e., 

immature (I-Il), maturing (III), Mature (IV-V), Spawning (VI-VI b) and spent (VII) by 

Rao (1962). Sekharan (1958) found that the gonads with immature stage I and II in 

November and December and with the maturing stage III and above in February, but 

a very advance state of maturity in March. The fishery of the mackerel is during 

October - March when the catch is composed of mainly immature specimens 

(Radhakrishnan, 1962). 

Devanesan and John (1940) have remarked that mackerel attain 

maturity at about a length of 190 mm. The minimum size at first maturity, as 

determined by Pradhan (1956), is 224 mm. Radhakrishnan (1964) stated that Indian 

mackerel mature for the first time when it was measured 210 - 220 mm in total length. 

Fish matures at a size of around 21 cm (Yohannan and Abdurahiman, 1998). Later, 
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the study reported that size at sexual maturity (170 - 180 mm) is lower along the west 

coast of India (Sivadas et al., 2006 and Rohit and Gupta, 2004).  

Mackerel during November, December and January comprised mostly 

of mature and spawning fish with some individuals in spent condition having maturity 

size of 22 - 24 cm along the southwest coast of India (Rao, 1962). The individual is 

found with 140 to 170 mm in September, 165 to 180 mm in October and 180 to 195 

mm in November, 190 to 225 mm in March and 210  to 220 mm in April and  120 to 

160 mm in the month of July - August (Rao, 1962). Mackerel is dominated in the 

inshore water of size 40 - 70 mm during May and June (Balakrishnan, 1957). During 

February, April and May, a large-sized fish with ranging from 30 - 35 mm has been 

recorded by Sivadas and Bhaskaran (2009). The post larvae and juvenile size are   

5 - 6 mm and 25 mm, respectively (Kuthalingam, 1956). According to Sekharan 

(1958), mackerel of 120 to 140 mm length is seen in July, supports the fishery of the 

same year for the months of October to March. 

2.9.3. Feeding habit 

The diet of fishes changes with a number of factors which are extrinsic 

(biotope, region) or intrinsic such as species, size, behavior (Nath et al., 2015). 

Therefore, the study on feeding habit of fish provides true information on distribution 

pattern and the feeding ground of both local and regional. In the inshore waters, the 

food of mackerel consists of phytoplankton and zooplankton elements strained from 

the surrounding waters by the well developed and feathery gill rakers. The 

phytoplankton elements comprising the food are the diatoms represented chiefly by 

Coscinodiscus, Pleurosigma, Chaetoceros, Fragilaria, Thalassionema, Nitzschia, 

Rizosolena, Skeletonema, Thalassiothrix, Biddulphia, and Asterionella and the 

Dinophyceae by Ceratium, Peridinium and Dinophysis. The preferred zooplankton 

items are made of varied groups of organisms as the crustaceans form the major 

portion with copepods and the other organisms in smaller proportions constituted by 

tintinids, foramniferans, polychaete larvae, molluscan larvae, chaetognaths, 



43 
 

appendicularians, fish eggs and fish larvae (Bhimachar and George, 1952; 

Vivekanandan et al., 2009; Ganga, 2010; Sahdevan, 2017).  

Mackerel is a plankton feeder and feeds chiefly on diatoms, 

dinoflagellates, copepods, rotifers, fish eggs, dead and decaying state at the bottom, 

etc, therefore, higher density of these constituents provides better health condition 

and gonadal maturity of the fish (Devanesan and Chidambaram, 1948; Bhimachar 

and George, 1952; Pradhan, 1956; Venketaraman, 1961; Kutty, 1962; Rao, 1965; 

Noble, 1962; Sivadas and Bhaskaran, 2009; Das et al., 2016). The occurrence of 

macroscopic organisms such as fish larvae and juveniles occasionally found in the 

stomach of mackerel (Venkataraman and Mukundan, 1971; James and Santha, 1976; 

Sivdas and Bhaskaran, 2009). Mackerel along south west coast India is not 

carnivorous, but is exclusively plankton feeder as fish larvae and vertebrate materials 

are totally absent in the guts and normally feed at the surface (Hardenberg, 1956).  

However, mackerel is basically planktivorous, feeding mostly on 

zooplankton especially copepods, but copepods in the stomach content decreased 

due to rise in SST. Therefore, with the impact of global warming, mackerel substitutes 

from small-sized phytoplankton to macroplankton and juveniles of fish by resorting to 

bottom feeding (Supraba et al., 2016; Sahdevan, 2017). Young mackerel feeds on the 

fish stolephorus (Chidambaram, 1944; Devanesan and Chidambaram, 1948; 

Venketaraman and Mukundan, 1971), which indicates the carnivorous habit of the 

young fish (Chidambaram, 1944; Devanesan and Chidambaram, 1948 Kutty, 1962), 

while there was no trace of fish larvae in the food of the adults (Rao and Rao, 1957; 

Rao, 1964). Mackerel shows selectivity in feeding habit and avoid non-edible items in 

the water (Bhimachar and George, 1952; Pradhan, 1956; Kutty, 1962).  

Diet composition in relation to size groups; group size 16 - 18 cm (total 

length) has the highest intestinal length 67 cm so possibly their prey preference could 

be plant matter or detritus. But, size group 18 - 21 cm has intestinal length 56 cm; this 

indicates that the larger ones are carnivores (Kuthalingam, 1956; Venkataraman and 

Mukundan, 1971, Nath et al., 2015). Feeding is good in immature specimens while 
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maturing it is intense, and during mature feeding is poor (Pradhan, 1956; Noble, 

1962). Therefore, availability of food controls the local migration and abundance of a 

different stage of mackerel in the ecosystem (Rao, 1962). The gut of mackerel is 

almost directly proportional to the production of plankton in the inshore area as 

(Chidambaram and Menon, 1945; Bhimachar and George; 1952; Chidambaram et al., 

1952; Noble, 1962).  

2.9.4. Spawning 

The peak of spawning is confined to a few months in the year i.e. a 

major peak during June - August and a minor one during March - April (Devanesan 

and John, 1940; Devanesan and Chidambaram, 1948; Bhimachar and George,1952; 

Chidambaram et al., 1952; Panikkar; 1952; Pradhan,1956; Balakrishnan, 1957; 

Radhakrishnan, 1962; Bal and Rao, 1984; Pillai, 1991; Yohannan and Abdurahiman, 

1998; Rohit and Gupta, 2004; Ganga, 2010; Das et al., 2016; Sahadevan, 2017). 

However, mackerel is a prolific breeder starting spawning at the age of 8 months and 

continuing it for at least 6 months (Radhakrishnan, 1962; Yohannan and 

Abdurahiman, 1998). The spawning might synchronize with the onset of the south 

west monsoon (Nath et al., 2015). A subsidiary spawning season was observed on 

the south west coast of India during January and February (George et al., 1959). 

Mackerel spawns nearshore water, therefore the occurrence of juveniles 

measuring 3.0 - 6.0 cm may be seen the inshore (Rao, 1962; Silas, 1974). The 

occurrence of small-sized mackerel during September indicates that they are 

spawned a few months earlier (Pradhan, 1956; George and Annigeri, 1960; George 

and Banarji, 1964). The spawning area is outside of the present fishing limits, but not 

too far from the 30 fathom area which is about 3 miles from the shore (Balakrishnan, 

1957; Radhakrishnan, 1962). The fish occurring through May - November is almost 

immature and in stage I of sexual maturity. Though fish in stage II starts occurring 

then, their number increases to about one-fourth only by December and later during 

January - March above two-thirds is observed in this stage. Maturing individuals in 

stage III, in turn, make their appearance in January and increase to one-third by 
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March - April. But, further advancement in maturity is noticed in the fish as in May 

among adults 76% are in stage IV. Stage VII and spent recovering fish (Stage II) have 

been noticed in the landings in June - July and October (Noble, 1974).   

2.9.5. Migration  

Hydrological and meteorological features seem to play an important role 

in the migration of the shoals of mackerel. Therefore, mackerel migrates to the 

deeper waters from coastal water during the summer season when SST increases to 

33°C (Luther, 1995; Pour et al., 2014). Yohannan and Abdurahiman, (1998) also 

reported that mackerel moves towards the bottom from surface water on increasing of 

temperature above 28°C and this fish become vulnerable to trawl fishing. Mackerel 

seems to have a higher susceptibility to variations in temperature than to salinity. It 

has been noticed that north easterly and easterly winds drive the mackerel shoals to 

inshore and close shore waters and that the movement of the shoals is usually along 

with the water current at high tides (Pradhan, 1956). Food and feeding habits support 

migratory and shoaling behavior of mackerel (Nath et al., 2015). Devanesan and John 

(1940) and Radhakrishnan (1962) believed that the fish after spawning does not 

permanently retire to the deep sea but seek coastal waters and their spawning 

grounds are not very far from the coast. As Pradhan (1956) stated, the wind and 

current also influence their shoreward migration.  

The fish performs a spawning migration to offshore regions after March 

(Radhakrishnan, 1962) and small juvenile of mackerel are found in the inshore water 

in the Arabian Sea (Rao, 1962). The large scale occurrence of juvenile mackerel in 

the inshore region during the period immediately following the monsoon is suggestive 

of migration of this fish from offshore to inshore waters (Venkataraman, 1970). After 

the monsoon, the upwelling ceases and plankton become less abundant, mackerel 

stock disperses. The juveniles move closer to the shore, but evidently, much of the 

adult stock remains in offshore waters (Pillai, 1991). Mackerel feeds intensely in the 

inshore areas, where they are fished and remains offshore to liberate their eggs 

(Vijayaraghavan, 1962). 
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2.9.6. Oceano-climatic parameters  

Mackerel prefers temperatures lower than 28°C provided the oxygen 

concentration is 4 ml/l (Yohannan and Abdurahiman, 1998). Environmental 

parameters are known to influence the fishery of mackerel, often leading to wide 

seasonal and annual fluctuations in landings (Krishnakumar et al., 2008). Climate 

change induces a progressive increase in SST, resulted in the northward extension of 

the distributional range of mackerel (Gosh et al., 2016). Seasonal changes in the food 

constituents with salinity and rainfall has observed where green algae, copepod and 

rotifers show a significant positive correlation with salinity and negatively correlated 

with rainfall (Das et al., 2016).  However, Blue green algae (BGA), dinoflagellates and 

other algae and fish egg showed a significant positive and negative correlation with 

rainfall and salinity, respectively (Das et al., 2016). Temperature, salinity and 

availability of food as factors, controlling mackerel abundance have also been 

indicated by Rao (1962).  

The relation between the mackerel catches and annual rainfall shows 

that a good monsoon is followed by a season of good catch (Yohannan, 1977). 

Rainfall and ENSO not significantly correlating with mackerel catches, negative 

correlation between precipitation and catch rate in gillnets have been observed by 

Ghosh et al. (2016). Increase in precipitations, temperature and salinity adversely 

affect the catches of mackerel shoals (Pradhan and Reddy, 1962; Bennet, 1967; 

Ghosh et al., 2016). The intensity of upwelling and plankton bloom plays a major role 

in the recruitment of mackerel to the fishery at the Malabar region with the 

corresponding intensity of spawning and survival of the larvae (Yohannan and 

Abdurahiman, 1998). Water temperature and salinity govern the migration of 

mackerel (Venkataraman, 1970). When the wind is in a north-easterly direction, 

mackerel shoals enter the inshore waters and when a strong wind is in easterly 

direction mackerel shoals come close to the shore through deeper layers of waters. 

But, the shoals normally move along the current of water at high tide (Pradhan, 1956). 

Younger fish have a narrower range of tolerance when compared with older fish 

(Pradhan and Reddy, 1962).  
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2.9.7. Summary on biological characteristics 

The summary on biological characteristics for Indian mackerel is shown 

in table 2.  

Table 2. Summary of biological characteristics for Indian mackerel 

Biological 

parameters 

Characteristics References 

Size of the first 

maturity 

190 mm Devanesan and John,1940 

224 cm Pradhan,1956 

210 - 220 mm Radhakrishnan, 1964 

210 mm Yohannan and 

Abdurahiman, 1998 

170 - 180 mm Sivadas et al., 2006 and 

Rohit and Gupta, 2004 

Environment 

factors for the 

larva 

Prefers the above 30 m of the coastal water 

column with the temperature, salinity and 

dissolved oxygen range  28.6 - 29.89°C, 35.08- 

35.13‰ and 4.50 - 5.55 ml/l, respectively  

 Kramer, 1960; Silas, 1974 

Larvae and juveniles are most frequently 

observed between 09° and 13° N at depths of 

about 13 m  

Pillai, 1991 

 

Dominated in the inshore water of size 

40 - 70 mm 

Balakrishnan, 1957 

Sexual maturity  

 

Oceano- climatic factors such as rainfall, 

salinity, water temperature, wind, act 

independently or in combination as a kind of 

stimulus for gonad development  

Weber, 1974; Sundararaj, 

1981; Lam, 1983; Peter and 

Yu, 1997; Nath et al., 2007; 

Ganga 2010 

Gonadal maturity of mackerel may be observed 

during July - September 

Hulkoti et al., 2013 
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The gonads with immature stage I and II in 

November and December and with the maturing 

stage III and above in February, but a very 

advance state of maturity in March 

Sekharan,1958 

August to September, all mackerel were mature 

with gonad in stage VII 

Supraba et al., 2013 

Changes in feeding rate in their life cycle as 

quantitative feeding increases from immature to 

mature stage, but in an advanced stage of 

sexual maturity (stage V) feeding is poor  

Noble,1962 

The juvenile grows to about 7 cm in 3 months 

between July - September  

George and Banarji, 1964 

The fish occurring through May - November are 

almost immature (stage I). Though fish in stage 

II starts occurring then their number increases to 

about one-fourth only by December and later 

during January - March above two-thirds are 

observed in this stage. Maturing individuals in 

stage III, in turn, to make their appearance in 

January and increase to one-third by March - 

April 

Noble, 1974 

Spawning 

season 

 

Intensive spawning during June - September Yohannan and 

Abdurahiman, 1998; 

Prathibha and Gupta, 2004; 

Ganga 2010; Das et al., 

2016  

Fishery 

 

The spawning is synchronized with the onset of 

the southwest monsoon  

Nath et al., 2015 

Spawn nearshore water and juveniles 

measuring 3.0 - 6.0 cm at the inshore  

Balakrishnan,1957; 

Radhakrishnan, 1962; Rao, 

1962;  Silas, 1974 
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 Dense shoals occur in 20 - 150 m depths 

forming a major fishery along the west coast of 

India 

Sudarsan et al., 1988; 

Ganga, 2010 

The post-monsoon period is considered as the 

peak fishing season along the southwest coast 

of India  

Sekharan, 1958; Kutty 1962; 

Radhakrishnan 1962; 

Qasim, 1973; Prathibha and 

Gupta, 2004; Supraba et al., 

2013 

Migration Fish after spawning do not permanently retire to 

the deep sea but seek coastal waters and their 

spawning grounds are not very far from the 

coast 

Devanesan and John,1940 

Shoreward migration of mackerel observed 

during spawning season due to rich plankton 

production near the shore. A seasonal 

movement of mackerel shoals between 

nearshore and deeper waters are observed 

Bhimachar and 

George,1952; Panikkar, 

1952; Luther,1995 

 

Small juvenile of mackerel are found in the 

inshore water in the Arabian sea  

Rao, 1962 and 

Venkataraman, 1970 

Mackerel feeds intensely in the inshore areas 

where they are fished and remains offshore to 

liberate their eggs 

Vijayaraghavan, 1962 

Feeding habitat 

 

Mackerel is a plankton feeder and feeds chiefly 

on diatoms, BGA, copepods dinoflagellates, 

rotifers, fish egg etc, therefore, a higher density 

of these constituents provides better health 

condition and gonadal maturity of the fish  

Bhimachar and George, 

1952; Venketaraman, 1961; 

Kutty, 1962; Noble, 1962; 

Rao, 1965; Das et al., 2016  

Mackerel is basically surface feeder and 

planktivorous, feeding mostly on zooplankton 

especially copepods and occasionally resorting 

to bottom feeding 

Hardenberg, 1956; Sivadas 

and Bhaskaran, 2009;  

Supraba et al., 2016; 

Sahadevan, 2017  
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Stomach content analysis of mackerel 

southwest coast showed a dominant component 

of foraminifera, algae, sand and detritus during 

pre-monsoon season  

Pradhan,1956; Ganga, 2010 

 

2.10. Stolephorus spp. 

Anchovy fisheries are constituted by five genera belonging to 

Engraulidae family, but maximum catch is accounted by genus stolephorus in indian 

marine fishery  (Luther, 1972). Genus stolephorus is commonly known as whitebait, 

which comprises about seven species in fishery along south west coast of India 

(Luther 1972; Rao, 1988a). Stolephorus spp. (hereafter referred to as stolephorus) 

inhabiting all tropical and subtropical waters supports a lucrative fishery along with 

three southern maritime states of India, namely, Andhra Pradesh and Tamil Nadu and 

Kerala along east and west coast of India, respectively (Luther, 1979). During 80's 

decades, about 70% of total landed stolephorus along the south west coast 

comprised from the coast extending from Cape Comorin to Quilon (Luther, 1979).  

The importance of the anchovies in the fisheries along the south west 

coast of India with the biology and fishery of stolephorus were briefly reported by 

Luther (1972) and Menon and George (1975), have pointed out the existence of 

stolephorus in the sea not far from the shore. Stolephorus is found usually never grow 

larger than 20 cm. Stolephorus prefer the warmer waters around the world, where 

they swim in massive schools with varying production widely from year to year 

(Siriskar et al., 2013). The variations in anchovy abundance are linked to 

environmental changes at spatial and temporal scales such as short, medium and 

long term changes (Silva et al., 2015).   

2.10.1. Fishery  

Shore seine is the main gear operated along the coast and it lands the 

bulk of the stolephorus catches. Boat seine is the next important gear, but gillnet 



51 
 

locally known as Netholi vala is operated at many fishing centers during peak fishing 

season. It is, in fact, the main gear for this fishery at places where the shore is rocky 

as at Cape Comorin, Muttom, Vizhinjam, Poonthura, Anjanko, etc, in the southern 

region. The fishery for anchovies is based mainly on '0' year class fish. The shore 

seine covers a maximum distance of about 1 km from the shore during its operation, 

while the boat seine is operated between 1 km and 6 km distance from the shore, at 

depths of 14 - 40 m depending on the availability of fish. The gillnet is operated up to 

a distance of 5 km from the shore (Luther, 1979). The principal fishery season is 

September - October along south west coast with small quantity during January -

March (Menon and George, 1975; Luther, 1979). Menon and George (1975) stated 

that the inshore fishing region north of Quilon is hardly significant for the fisher. 

Landing is shared by mainly Purse seines (53.6%) and trawls 46.3%) along the 

Karnataka coast (Rohit and Gupta, 2008).  

The major peak fishing season along the coast between cap Comorin 

and Quilon were September - November period whereas minor peak period were 

considered as January - April/ May (Luther, 1979). However, stolephorus fishery 

shifts from south to north with progress in time (Luther, 1979). Therefore, peak 

landings is observed during November - April, which is coincided with the peak 

spawning period of the fish (Rohit and Gupta, 2008). The high concentration of 

stolephorus are found generally in two areas, 9° to 11° N and 13° to 14° N with vary 

from month to month (Menon and George, 1975). Mostly stolephorus are found in the 

areas with a bottom depth between 10 and 50 m and only occasionally in deeper 

waters (Pillai, 1991).  

2.10.2. Growth and Maturity 

Size ranging between 25 mm and 40 mm length are available in the 

inshore catches sporadically during November - July. While mature, partially spent-

recovering and spent fish are dominant in the inshore catches, only immature and 

early maturing fish predominate in offshore or deep sea fishery, indicating its exitance 

in an offshore or deep sea area (Luther, 1979). According to Rohit and Gupta (2008), 
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the gonads of stolephorus is classified into five groups and seven stages as follows: 

immature (stages I and II), developing (stages III and IV), mature or gravid (stages (V 

and VI), spent (stage VII) and resting.  

Stolephorus are recruited into the fishing ground at about 30 - 35 mm 

total length at 2 - 3 months old. The fish from 40 - 55 mm length onwards (3 - 5 

months old) are caught in greater abundance (Luther 1979; Rao, 1988 a & b; Luther 

et al., 1992). Patadiya et al. (2018) reported the smallest and largest size of 

stolephorus indicus are 8.4 cm and 15.3 cm, respectively along the south west coast 

of India. According to Abdurahiman et al. (2004), the maximum length for male and 

female of S. waitei was 9.7 and 10.0 cm and for S. commersoni  are 14.0 and 14.4 

cm, respectively. Gopakumar and Pillai (2000) and Rohit and Gupta (2008) reported 

that the fishery of S. waitei supported by 35 - 133 mm length group, while fishery of E. 

devisi supported by 20 - 105 mm length group. S. commersoni is exploited along the 

south west coast of India has a maximum length 15.5 cm (Luther, 1979; Nair et al., 

2015).  

2.10.3. Spawning  

The continuous distribution of immature, maturing and mature groups of 

ova, and the occurrence of the two types of partially spent-recovering ovaries indicate 

that stolephorus are multiple spawners, an individual fish spawning about three 

successive batches of egg in a spawning season. Sexes are generally equally 

distributed. The spawning season is a prolonged one. The spawning activity is 

generally low during July - September, fairly high from October/November to June of 

the following year. It is intense during December - March, maximum fish caught 

during the principal fishery season (September - October) have only maturing 

gonads. Also, the spawning grounds of stolephorus are not far away from the inshore 

waters (Luther, 1979).  

However, Rohit and Gupta (2008) suggested the spawning seasons of 

stolephorus are during October-January and April. It was found that the main 

spawning was confined to the period before and after the south west monsoon 



53 
 

season (Pillai, 1991). These observations generally indicate that each species of 

stolephorus has a prolonged spawning season (Luther, 1979). Luther (1979) noticed 

the mature and spent specimens of S. indicus were recorded during September - 

April / May at Vizhinjam coast; whereas only immature and maturing S. Commersoni 

was seen at Vizhinjarn. Rao (1988a and 1988b) showed that E. devisi and S. waitei 

spawn more than once during the spawning season.  

2.10.4. Feeding habit  

Stolephorus are plankton feeders, subsisting mainly on zooplankton as 

also reported by Venkataraman (1960), Rabindranath (1966), Luther (1972) and 

Menon and George (1975) and mostly feed on copepods, cladocerans, lucifer, fish 

larvae. Kumar et al. (2015) reported that stolephorus mainly is a planktivorous 

carnivore chiefly feeding in the pelagic zone on planktonic crustaceans, bivalves, 

gastropods, and miscellaneous food items. The copepods are the main prey item, 

contributing their maximum during November (47.55%) and lowest in December 

(24.21%).  

2.10.5. Migration 

Vertical and seasonal migration in stolephorus is well known (Menon 

and George, 1975), thus annual and seasonal fluctuations in the catch are common 

to the fishery due to mainly the changes in physico-chemical environment (Luther, 

1979; Rohit and Gupta, 2008). The northward transport and distribution of the 

stolephorus stock in shallow shelf water from October onwards and the southwards 

displacement and distribution from March / April onwards are evidently governed by 

the strong southerly current in southwest monsoon and Northerly current in post-

monsoon period (Menon and George, 1975). Thus the variation in the time, direction, 

strength and location of southerly current in south west monsoon and northerly 

current in post - monsoon period influence the distribution of stolephorus and other 

pelagic resources.  
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During day time the concentrations are distributed close to the bottom, 

while during the night they are dispersed in mid-water (Pillai, 1991). It is possible that 

stolephorus make the southerly migration during June - July mainly to avoid the 

comparatively high temperature (above 28°C) prevailing in the Ratnagiri-Karwar 

region (Pillai, 1991). When they reach further south the effect of the low temperature 

upwelled water possibly drives it further south and later towards south east where 

comparatively favourable temperature (between 24 and 27°C) prevailed (Pillai, 1991). 

In November/December more or less the whole stolephorus stock is spread along the 

south west coast of India. In April a southward movement begins and the stock starts 

accumulating in the Gulf of Mannar during June - August/September. After the 

monsoon (June - August) the stolephorus again disperse along the coast north of 

Quilon (9° N) during September/October - December. These seasonal movements of 

the stolephorus stock have been found to be directly related to the transport of water 

masses along the west coast (Luther, 1990). 

  

2.10.6. Summary biological characteristics 

The biological characteristics of stolephorus are briefly explained in 

table 3. 

Table 3. Summary of biological characteristics for Stolephorus spp. 

Biological 

parameters  

Characteristics  References  

Fishery Fishery is near the shore  Luther, 1972; Menon 

and George, 1975 

The principal fishery season is September - October 

along south west coast 

Menon and 

George,1975; Luther, 

1979  

Found  in the  areas with bottom depth between 10 

and 50 m and only occasionally in deeper waters  

Pillai, 1991 

The major peak fishing season along the coast Luther, 1979 
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between cap Comorin and Quilon were September - 

Noember period whereas minor peak period were 

considered as January - April/ May, and shifts from 

south to north with progress in time  

Sexual 

maturity  

Matures at lengths 42 - 57 mm  and 52 to 61 mm for 

male and female, respectively 

Luther, 1979 

Spawning 

season 

The spawning grounds of the stolephorus are the 

inshore waters, where the spawning activity is 

generally low during July - September, fairly high 

from October/November to June of the following year 

It is intense during December-March 

Luther ,1979 

Stolephorus are multiple spawners with a prolonged 

spawning period, where  the main spawning was 

confined to the period before and after the south west 

monsoon 

Luther, 1979; Pillai, 

1991 

 

The gonads of stolephorus  are classified into five 

groups and seven stages as follows: immature 

(stages I and II), developing (stages III and IV), 

mature or gravid (stages (V and VI), spent (stage VII) 

and resting 

Rohit and Gupta, 2008 

Feeding 

habitat 

 

Stolephorus are plankton feeders, subsisting mainly 

on zooplankton with mostly feed on copepods, 

cladocerans, Lucifer and fish larvae 

Venkataraman,1960; 

Rabindranath,1966; 

Luther, 1972; Menon 

and George, 1975 

Migration Vertical and seasonal migration in stolephorus is well 

known  

Menon and George, 

1975 

Annual and seasonal fluctuations in catch is common 

to the fishery due to changes in physico-chemical 

environment  

Luther, 1979; Rohit 

and Gupta, 2008   

The northward distribution of the stolephorus stock in 

shallow shelf water from October onwards and the 

southwards distribution from March/April onwards  

Menon and George, 

1975 
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During day time the concentrations are distributed 

close to the bottom while during night they are 

dispersed in mid water  

Pillai, 1991 

Southerly migration during June - July mainly to avoid 

the comparatively high temperature (above 28°C) 

prevailing in the Ratnagiri-Karwar region. When they 

reach further south the effect of the low temperature 

upwelled water possibly drives it further south and 

later towards southeast where comparatively 

favourable temperature (between 24 and 27°C) 

prevailed  

Pillai, 1991 

In November/December more or less the whole 

stolephorus stock is spread along the south west 

coast. In April a southward movement begins and the 

stock starts accumulating in the Gulf of Mannar 

during June-August/September. After the monsoon 

(June-August), disperse along the coast north of 

Quilon (9° N) during September/October - December.  

Luther, 1990 

 

 

2.11. Thryssa spp. 

Thryssa spp. is a member of the family Engraulidae, which includes 

approximately 139 species in 16 genera distributed throughout the world‟s oceans 

(Baeck et al., 2014). In Western Indian Ocean, about 11 species belonging to the 

genus Thryssa has been reported  to commercial fishery (Pawase et al., 2018). 

Thryssa spp. (hereafter referred to as thryssa) is a pelagic fish distributed throughout 

the tropical and temperate coastal waters (Baeck et al., 2014). Thryssa is mostly 

marine, schooling and inshore pelagic fish. Thryss is known as zooplankton feeder 

(Jugnu and Kripa, 2009). Some species of thryssa like Thryssa malabarica are found 

all along the Indian Coast, whereas T. dayi mostly restricted to the west coast of India 

(Froese and Pauly, 2017; Roul et al., 2017).  
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Thryssa form a small scale clupeoid fishery along the south west coast 

due to local demand only. Roul et al. (2017) reported, the total length of thryssa was 

ranged from 20.5 to 25.5 cm, whereas Karna (2017) observed its total length from 6.3 

to 21.1 cm. The size of T. malabarica and T. dayi are 8.6 - 20.5 mm and 9.5 - 25.5 

mm, respectively. Similarly, the weight of T. malabarica and T. dayi are 5.50 - 78.8 g 

to 6.53 - 115 g, respectively. Male can attend the maximum size as 10.0 - 19.0 cm, 

while the female has the maximum size range from 12.0 to 20.5 cm (Abdurahiman et 

al., 2004).  

The major gears employed for thryssa fishery are boat seines, shore 

seines, bag nets and gillnets, operated mainly by the catamarans and plank-built 

boats, most of them fitted with outboard engines (Gopakumar and Pillai, 2000; 

Jayaprakash, 2003). Thryssa is fished up to a distance of 5 km from the shore and to 

a maximum depth of 50 m (Gopakumar and Pillai, 2000; Jayaprakash, 2003). The 

weight of thryssa are varied from 5.50 - 115 g, this species has asymptotic length of 

224 mm with growth coefficient of 1.0 per year (Kende et al., 2018). Thryssa fishery is 

influenced by salinity and dissolved oxygen Krishnakumar and Bhat (2008).  

Recently, thryssa has been reported in a huge quantity at Ratnagiri coast where it 

caught by a different combination of gears and craft such as mini trawl and purse 

seine (Kende et al., 2018). In considering the feeding habit, Vivekanandan et al. 

(2009) have assigned the trophic level 11.0 for thryssa, when the mean trophic level 

is only 3.68 for pelagic finfishes. Summary of biological characteristics for thryssa has 

been given in table 4. 

Table 4. Summary of biological characteristics for Thryssa spp. 

Biological parameters  Characteristics  References  

Total length 10.0 - 19.0 cm for male and 12.0 

to 20.5 cm for female 

Abdurahiman et al., 2004 

20.5  - 25.5 cm Roul et al., 2017 

6.3 - 21.1 cm  Karna, 2017 

224 mm Kende et al., 2018 

Fishery Influenced by salinity and Krishnakumar and Bhat 
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dissolved oxygen (2008)  

Fishery up to a distance of 5 km 

from the shore and to a 

maximum depth of 50 m 

Gopakumar and Pillai, 2000; 

Jayaprakash, 2003 

Major gears are boat seines, 

shore seines, bag nets and 

gillnets 

Gopakumar and Pillai, 2000; 

Jayaprakash, 2003 

Major crafts are catamarans and 

plank-built boats with outboard 

engines 

Gopakumar and Pillai, 2000; 

Jayaprakash, 2003 

Feeding habit Trophic level is 11.0 when the 

mean trophic level is only 3.68 

for pelagic finfishes   

Vivekanandan et al., 2009 

Zooplankton feeder  Jugnu and Kripa, 2009 

 

2.12. Modelling on fisheries with climato-oceanographic features  

Regression equation between the trends of fish catch and the monsoon 

intensity is useful for forecasting the main trend of the fishery based on observations 

over the Peninsular region of India (Murty and Edelman, 1970). The regional 

modeling with climate change undoubtedly helps to improve the ability to forecast 

likely consequences for ecosystems and fisheries (Brander, 2010). The time series 

data on primary productivity and nutrient dynamics have proved invaluable for 

identifying some dramatic consequences of climate change (Hays et al., 2005). The 

shift in plankton and fish communities in the aquatic system is coupled with climate 

change and the concept for a shift of regime has been developed from mathematical 

models, which reveals how changes in particular components of communities with 

climate change (Hays et al., 2005). Chlorophyll-a (a measure of primary productivity) 

was the best predictor in the regional-specific marine ecosystem (Martino et al., 

2019). 
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Long-term ecological datasets establish baseline conditions, which can 

be used to identify and isolate possible causes of change from the baseline and 

provide context for natural variability (Martino et al., 2019). In relation to climate 

change, with the ocean forecast to warm by up to 3°C by 2100 and increasing 

occurrences of extreme climatic events, which will likely impact population 

functionality and productivity (Brander, 2010 and IPCC, 2014). Understanding long-

term trends and stressors can add to guiding the sustainable management of 

fisheries to the benefit of fish populations, the fishing industry, and the general 

community (Martino et al., 2019). 

2.13. Remote sensing data 

Conventional methods to sampling the ocean using research vessels 

are limited in both time and space scales of coverage, making it difficult to study the 

entire ecosystem. Since the advent of satellite remote sensing, especially remote 

sensing of ocean color and temperature has become possible to sample the global 

ocean on synoptic scales and with acceptable temporal resolutions (Klemas, 2013). 

Airborne and satellite remote sensors are commonly used to measure the 

environmental parameters includes surface temperature; surface optical or bio-optical 

properties (ocean color, diffuse attenuation coefficient, total suspended matter, 

chlorophyll pigments); salinity; vertical and horizontal circulation, including fronts and 

gyres; wind and sea state (Chen et al., 2005).  

Algorithms are used by space agencies for atmospheric correction of 

ocean-color data. For example, National Aeronautics and Space Administration 

(NASA) uses the SeaDAS (SeaWiFS Data Analysis System, current version 7.3.1, 

SeaWiFS: Sea Wide Field-of-view Sensor) processor, based on the algorithm 

(Gordon et al., 1997) with subsequent modifications and improvements (IOCCG, 

2010). Satellites can measure local variations in sea surface height (SSH) to an 

accuracy of 1 - 2 cm; variations in SSH is associated with ocean circulation (Heck and 

Rummel, 1990). The instantaneous boundaries of ecological provinces provides to 

our understanding of ecosystem characteristics and ables to distinguish changes that 
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happen due to short- and long - term environmental variations which frequently be 

observes in satellite-derived patterns of ocean temperature and productivity, thus 

Remote sensing is used to manage fisheries at sustainable levels (Klemas, 2013).  

Indian Space Research Organisation (ISRO) has successfully launched 

SARAL/AltiKa to explore the ocean surface topography in 2013 (Mahesh Kumar et 

al., 2015). Altimeters like Topex / Poseidon, ERS, Jason-1, Envisat and Jason-2 

provides good quality data pertaining to sea surface height. All these altimeters 

function in the Ku band. The satellite with Argos and AltiKa (SARAL) that operates in 

the Ka-band with a high frequency of 35.75 GHz was launched by SARAL mission of 

ISRO and the French space agency „Centre National d‟Etudes Spatiales‟ (CNES) on 

25th February 2013 (Jayaram et al., 2016). Ka-band altimeter provides the extremely 

good quality of the products, and is also capable of picking up accurate significant 

wave height (SWH) during extreme events (Jayaram et al., 2016). The main sensors 

being used for satellite oceanographic observations are visible, thermal and 

microwave sensors such as Ocean Colour Monitor (OCM), Thermal Infrared 

Radiometer (TIR), Scatterometer (SCAT), Synthetic Aperture Radar (SAR), Altimeter 

(ALT), Microwave Radiometers, Imaging Spectrometers and High-Resolution Imagers 

and these sensors provide the information on diverse range of geophysical and 

biological parameters at surface or near-surface like colour, SST, wave fields, surface 

roughness, large-scale surface topography and wind  speed (Desai et al., 2000). Over 

the Indian region, microwave observations with wide swath and high-frequency 

channels from GPM and Megha-Tropiques offer an opportunity to augment rainfall 

estimation technique (Mishra and Rafiq, 2019).  

The atmospheric and oceanic data can be accessed through the 

website of the AsiaPacific Data-Research Center (APDRC) availavle at 

http://apdrc.soest.hawaii.edu/index.php. The APDRC presently supportstwo access 

modes: Live Access Server (LAS) and Open-source Project for a Network Data 

Access Protocol (OPeNDAP). The LAS server is a user interface designed for the 

purpose of obtaining a quick graphical overview of gridded data fields. In the absence 

of knowledge on software such as Ferret, Grid Analysis and Display System (GrADS) 

http://apdrc.soest.hawaii.edu/index.php
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or Matrix Laboratory (MATLAB) software, the LAS provides a easy way of generating 

time series for individual grid points. It is possible to compute longitude, latitude or 

time-averages over any of the data fields and compare different fields with each other 

(Timm et al., 2009). Th data extracted from APDRC website has been used for the 

study of tropical cyclone (Zhang et al., 2007; Diamond et al., 2012), global warming 

(Ghoshal et al., 2014; Hausfather et al., 2017), storm tide event (Ningsih et al., 2011) 

and dyanamics of partial pressure of carbon-di-oxide with surface wind speed (Kanuri 

et al., 2017). 

2.14. Synoptic observations of the sensors  

Remote sensing using space-borne sensors is a tool for synoptic (with 

global coverage) observations repetitively with a time interval ranging from minutes to 

days (Navalgund et al., 2007). Sensors used for remote sensing are broadly classified 

as optical operating in the visible, near, middle and thermal-infrared wavelength 

regions and microwave operating in the microwave region, where technology for 

developing microwave sensors is quite different compared to that for optical sensors 

(Joseph, 1996). However, Indian operational remote sensing arena was started by 

launching indigenously built satellite IRS-1A in 1988, thereafter, evolutionary effort in 

this area helps to achieve and operationalize the spatial resolution ability from 1 km to 

better than 1 m, also launched theme-specific satellites such as Oceansat-1, 

Resourcesat-1, Cartosat-1 and 2 (Navalgund et al., 2007).   

The launch of the SeaWiFS in 1997 escorted in a new era of long-term 

continuous ocean colour observations, with the whole globe sampled every two days, 

although that in some places cloud frequently obscures the surface (Perrette et al., 

2011). Therefore, ocean colour remote sensing starting in 1998 for the study of 

marine primary productivity through the accessing to biogeochemical proxies in harsh 

and remote areas, the potentially recurrent synoptic coverage of the whole basin 

numerous times in a days (Babin et al., 2015). Satellite observations provide a also 

synoptic scale picture of algal blooms, necessary for the development of a theoretical 

understanding for their future forecasting (Perrette et al., 2011). However, ocean 

colour remote sensing faces many limitations including the frequent occurrence of 
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clouds, especially during late summer and early fall, strongly limits the amount of 

available data (Perrette et al., 2011; Babin et al., 2015). Sea ice cover limits spatial 

coverage and complicates remote sensing of the key variables for primary 

productivity estimation (Bélanger et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

3. MATERIAL AND METHODS 

3.1. Study area  

South west coast of India between 8° to 16° N latitude and 73° to 77° E 

longitude, up to 100 m depth was selected for the study. This coastal area is known 

as upwelling zone, which makes it the most productive amongst all other regions of 

Indian EEZ including offshore and onshore water. To assess the spatial study, the 

entire south west coast of India has been classified into three latitudinal strata viz. 

stratum_1 (8 - 10.2° N, southern part, ST_1), stratum_2 (10.2 - 13° N, middle part, 

ST_2) and stratum_3 (13 - 16° N northern part, ST_3), as shown in the figure 2, 3, 4, 

5 and 6. South west coast of India is one of the important productive regions in the 

world due to existence of upwelling phenomena during south west monsoon period 

(Krishnakumar and Bhat, 2008; Manjusha et al., 2013; Smitha et al., 2014; Muni 

Krishna, 2016; Gireeshkumar et al., 2017) and this region comprises of three 

maritime States of India namely Kerala, Karnataka and Goa with total coastline of 994 

km, and a pronounced for contribution of about 31% to the marine fish catch of India 

(CMFRI, 2017). 
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Fig. 2: Indian map with study area 
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Fig. 3: Map of south west coast of India showing three strata 
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Fig. 4: Map of Stratum_1 at south west coast of India  
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Fig. 5: Map of Stratum_2 at south west coast of India  
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Fig. 6: Map of Stratum_3 at south west coast of India  
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3.2. Data collection 

3.2.1. Ocean-climatic parameters from open access sources 

The details of ocean-climatic parameters from open access sources are given 

in table 5, which covers the data observations, sources with period and spatial 

resolution of data.  

Table 5: Ocean-climatic parameters from open acess sources  

Parameters   Data 

Observations 

Sources Period  

 

Spatial 

resolution 

Temperature  SST NOAA (OI) SST, 

V2 (APDRC) 

1987-2016  

(Monthly) 

1 × 1° 

Chlorophyll-a Chlorophyll-a  OC-CCI 1998-2016  

(Monthly) 

4 × 4 km 

Surface wind  U and V wind 

component 

CCMP, V2 

(APDRC) 

1988-2015  

(Monthly) 

0.25×0.25°   

QuikSCAT, LAS 8 

(APDRC) 

2000-2008  

(Monthly) 

0.25×0.25°   

Current  U and V current 

component 

SODA, v3.3.1 

(APDRC) 

1986-2015 

(Monthly) 

0.50×0.50° 

Sea Level 

Anomaly 

SLA AVISO 1993-2015 
(Daily) 

0.25×0.25° 

Rain rate  

 

Precipitation 

rates(mm/hour) 

TMI, V7.1 

(APDRC) 

1998-2014 

(Monthly) 

0.25×0.25° 

Southern 

Oscillation 

Index 

 

Southern 

Oscillation 

Index 

Bureau of 

Meteorology, 

Australian 

Government  

1950-2016 

(Monthly) 

Nil 

Dipole Mode 

Index 

Dipole Mode 

Index 

NOAA, Global 

Climate 

Observing 

System 

1950-2016 

(Monthly) 

Nil 
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3.2.1.1. Temperature  

The physical sciences division at NOAA has collected and made 

available monthly NOAA OI SST V2 data. The NOAA OI V2 SST monthly fields are 

derived by linear interpolation of the weekly optimum interpolation (OI) version 2 fields 

to daily fields then averaging the daily values over a month. Monthly data on Sea 

Surface Temperature (SST) was collected for the period of 1987 to 2016 from Asia-

Pacific Data Research Center (APDRC) website 

(http://apdrc.soest.hawaii.edu/las/v6/constrain?var=1271). The data was collected in 

the format of a Network Common Data Form (NetCDF). The unit of the data was 

Degree Celsius (⁰C). The spatial resolution of the datasets is 1 × 1° (Jayaram and 

Dinesh Kumar, 2018). 

 

3.2.1.2. Chlorophyll- a concentration  

Chlorophyll-a concentration was downloaded from the Ocean Color 

Climate Change Initiative (OC-CCI) website (ftp://oc-cci-

data:ELaiWai8ae@oceancolour.org/occci-v4.2/geographic/netcdf/monthly/chlor_a/). 

The OC-CCI chlorophyll product is a blended MODISAqua, SeaWiFS, VIIRS and 

MERIS data sets. The data was collected in NetCDF format. The unit of the data was 

in Milligram per meter cube (mg/m3). It is a level 2 data and the spatial resolution was 

4x4 km (Sathyendranath et al., 2016).  

 

3.2.1.3. Surface wind  

Monthly climatology data on wind speed was utilized for the period of  

2000 to 2008 to plot the vector image for south west coast of India avaibale at 

available at Asia-Pacific Data Research Center (APDRC) website 

(http://apdrc.soest.hawaii.edu/dods/public_data/satellite_product/QSCAT/qscat_clim).             

The zonal and meridional components of surface wind in NetCDF format of surface 

wind data on monthly basis for the from 1988 to 2015 was collected from Cross-

Calibrated Multi-Platform (CCMP) V2 available at Asia-Pacific Data Research Center 

(APDRC) website (http://apdrc.soest.hawaii.edu/las/v6/dataset?catitem=13037). The 

V2 CCMP combines Version-7 RSS radiometer wind speeds, QuikSCAT and ASCAT 
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scatterometer wind vectors, moored buoy wind data, and ERA-Interim model wind 

fields using a Variational Analysis Method (VAM). The unit of the data was meter per 

second (m/s) (Jayaram and Dinesh Kumar, 2018). 

 

3.2.1.4. Surface Currents 

The zonal and meridional components of surface currents for the study 

were downloaded from Simple Ocean Data Assimilation (SODA) v3.3.1 available at 

APDRC website (http://apdrc.soest.hawaii.edu/las/v6/dataset?catitem=4987). The 

goal of SODA is to reconstruct the historical physical history of the ocean. Monthly 

data from 1986 to 2015 was collected NetCDF format for spatial resolution of 

0.50×0.50°. The unit of the data was meter per second (m/s) (Jackett et al., 2006). 

 

3.2.1.5. Sea Level Anomaly  

Sea level anomaly was collected from open source AVISO (The 

Archiving, Validation, and Interpretation of Satellite Oceanographic) vailable at 

https://www.aviso.altimetry.fr/en/home.html. The daily data was collected in the 

Network Common Data Form (NetCDF) format and mean was taken to convert into 

monthly data. Unit of the data is centimeter (cm) and the spatial resolution is 0.25 × 

0.25° (Amores et al., 2017).   

 

3.2.1.6. Rain rate  

The rain rate data was downloaded from the Tropical Rainfall Measuring 

Mission's (TRMM) Microwave Imager (TMI) V7.1, which is a multi-channel, dual 

polarized, conical scanning passive microwave radiometer designed to measure rain 

rates over a wide swath under the TRMM satellite and available at APDRC website 

(http://apdrc.soest.hawaii.edu/las/v6/constrain?var=13330). The monthly data from 

1998 to 2014 downloaded in the form of NetCDF at a spatial resolution of 0.25×0.25°. 

The unit of the data was millimeter per hour (mm/hour). 
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3.2.1.7. Southern Oscillation Index 

The Southern Oscillation Index (SOI) is a measure of the intensity or 

strength of the Walker Circulation. It is one of the key atmospheric indices for gauging 

the strength of El Niño and La Niña events and their potential impacts on the 

Australian region. The SOI measures the difference in surface air pressure between 

Tahiti and Darwin. Sustained positive SOI values above about +8 indicate a La Niña 

event while sustained negative values below about –8 indicate an El Niño 

(http://www.bom.gov.au/). The monthly SOI time series spans from 1st January 1950 

to 31st December 2016 has collected from the open source website of Australian 

Government, Bureau of Meteorology  available at 

http://www.bom.gov.au/climate/current/soihtm1.shtml, and yearly SOI was calculated 

by using the mean of monthly SOI. 

 

3.2.1.8. Dipole Mode Index 

Dipole Mode Index (DMI) represents the strength of Indian Ocean 

Dipole mode (IOD). The DMI is the SST anomaly difference between the western (60-

80° E, 10° S-10° N) and eastern (90-110° E, 10° S-Equator) Indian Ocean (Saji and 

Yamagata, 2003). When the DMI is positive then, the phenomenon is referred to as 

the positive IOD and when it is negative, it is referred to as negative IOD (Dwivedi, 

2012). Positive IOD events are associated with the warm condition and reduced 

rainfall in the eastern Indian Ocean (Saji and Yamagata, 2003). The monthly DMI 

time series spans from 1st January 1950 to 31st December 2016 has collected from 

the open source website of NOAA Physical Sciences Laboratory available at 

https://psl.noaa.gov/gcos_wgsp/Timeseries/Data/dmi.had.long.data, and September 

and October DMI were used for analysis because these two months of DMI is 

significantly influences in the equatorial western Indian Ocean (Harou et al., 2006). 

 

3.2.1.9. Upwelling index calculation 

Ekman mass transport derived (Q) from the alongshore wind stress was 

taken for the study of coastal upwelling index (UI). Therefore, UI is defined as −Q 

(m3·s−1·km−1); that is the volume transport per distance unit of an alongshore section. 



73 
 

The sign of Ekman transport is changed to define positive (negative) values of UI as a 

response of upwelling (downwelling) favourable winds (Gonzalez-Nuevo et al., 2014). 

Along the southwest coast of India, the alongshore components (Vy) and cross shore 

components (Ux) of wind were computed as follows (Shah et al., 2015): 

Vy                       …………………………..3.2.1                                                   

Ux                   …………………………..3.2.2                                   

Where, U and V are zonal, and meridional components of wind, 

respectively, and   is the inclination of the coast (Table 6). 

 

Table 6. Inclination (with respect to true north) along the southwest coast of 

India 

Latitude (° N) Inclination (°) Latitude (° N) Inclination (°) 

8-9 35 12-13 22 

9-10 18 13-14 14 

10-11 24 14-15 28 

11-12 30 15-16 30 

Sources: Shah et al., 2015 

The alongshore components (Vy) and cross-shore components (Ux) of 

wind were used to calculate the magnitude of wind speed (W) as given: 

To estimate Ekman transport (Q), at first converted monthly wind components to wind 

stress (  ) using the formula:  

    = ρa·Cd·W·Vy               …………………………..3.2.3 

Where, constant air density (ρa = 1.22 kg m−3) and constant drag coefficient (Cd = 

0.0013), alongshore components (Vy) and magnitude of wind speed (W)  

  W = √  
    

             …………………………..3.2.4 

Ekman transport (Q, m3·s−1·km−1) was calculated as follows (Gonzalez-

Nuevo et al., 2014):  

Q = 
    

     
                   …………………………..3.2.5 

Where, seawater density (ρw = 1025 kg m−3) and Coriolis parameter (f = 

2Ω sin ), Ω is the angular frequency of the earth at   latitude. 
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3.2.2. Oceanic parameters from laboratory 

The selected fishery environmental parameters such as Chlorophyll-a 

(mg/m3), water temperature (°C), nitrate (µg/L) and dissolved oxygen (mg/L) from the 

data sets collected by fisheries environment and management division (FEMD) of 

ICAR-CMFRI during the period from 2003 to 2013 had been utilized  to observed the 

trend along Kochi coast. The data on fishery environmental parameters in FEMD are 

collected regularly at monthly interval with guidelines of the standard methods. The 

snapshot of filled datasheets for fishery environmental parameters collected by 

Fishery Environment Management Division has been shown in figure 7.  

 

 

Fig. 7: Snapshot of filled data sheets for fishery environmental 

parameters collected by Fishery Environment Management 

Division at ICAR-CMFRI  
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3.2.3. In-situ oceanic parameters 

Four times depth profiling was carried out for physico-chemical water 

quality parameters at 20 m depth with the help of a portable multi-parameter logger 

(RBRmaestro, Serial No. 80299) (Plate 1 & 2). For the depth profiling, four cruises 

were made during 2018-19 along off Kochi coast, where two cruises on 28th April 

2018 and 17th May 2018 were made for post-monsoon season in CMFRI fishing 

vessel Silver Pompano and rest two cruises on 18th December 2018 and 29th January 

2019 for pre-monsoon period in a commercial fishing vessel. The parameters such as 

temperature (°C), chlorophyll-a concentration (µg/l), CDOM (ppb), PAR (µMol/m²/s), 

pH, turbidity (NTU), sea pressure (dbar), salinity (PSU), dissolved oxygen (mL/L), 

conductivity (mS/cm), specific conductivity (µS/cm), speed of sound (m/s), density 

anomaly (kg/m³) and depth (m) were recorded during the cruise. 

The calculation of depth in RBRmaestro requires a pressure input from 

the logger. Atmospheric pressure is a required input to correct the pressure 

measurements during the depth calculation; this defaults to 10.132500 deciBar. The 

logger software assumes a gravitational constant of 0.980665 m/s2 for the simplified 

case. Salinity is calculated according to the Practical Salinity Scale. Oxyguard Sensor 

in RBRmaestro provides a measure of the oxygen saturation (%) and a value of the 

oxygen concentration is derived from the saturation using the Weiss equation. The 

calculation of oxygen concentration requires temperature and salinity. 

   

     

      Plate. 1: Depth profiling by RBR           Plate. 2: Data collection from RBR 

 



76 
 

3.2.4. Data on fish landings and effort  

Four small pelagic resources selected for the study viz. Indian oil 

sardine (Plate 3), Indian mackerel (Plate 4), Stolephorus spp. (Plate 5) and Thryssa 

spp. (Plate 6). The gear wise quarterly catch and effort data for three maritime states 

for the period of 1986 to 2017 was collected from the National Marine Fishery 

Resources Data Centre (NMFDC) of the Central Marine Fisheries Research Institute, 

Kochi, which is an internationally accepted statistically sound repository of data on 

marine fish landings collected by multistage stratified random sampling design 

(Srinath et al., 2005). The format of survey sheet data collection for the estimation of 

marine fish landing used in Central Marine Fisheries Research Institute has been 

shown in figure 8. However, the monthly catch and effort data for each the zone was 

used for the period from 1997 to 2017 to study the variation in the technical approach 

in fishing along the south west coast of India (table 7). All gears operated  along south 

west coast of India were classified into seven major generic gears categories, viz. 

mechanized purse seine (MPS), mechanized ring seine (MRS), mechanized trawl net 

(MTN), outboard ring seine (OBRS), outboard gill net (OBGN), outboard trawl net 

(OBTN) and non-mechanized gears (NM). The representative designs of trawl net, 

seine net and gillnet along the south west coast are depicted in figure 9, 10 and 11, 

respectively. Also the representative gears such trawl net, seine net and gillnet  

operated along South west coast of India have been shown in the plate 7, 8  and 9, 

respectively.  

Table 7: Fish catch and effort data 

Data Source Period Spatial 

resolution  

Gear-wise catch  and effort 

(hours)  

NMFDC, 

CMFRI 

1986 to 2017 

(Quarterly) 

State wise  

Gear-wise catch  and effort 

(hours) 

NMFDC, 

CMFRI 

1997 to 2017 

(Monthly) 

Zone wise 
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    Plate. 3: Sardinella longiceps            Plate. 4:  Rastrelliger kanagurta 

 

               

 Plate. 5: Stolephorus commersoni                         Plate. 6: Thryssa mystax 

Un-filled form Filled form 

  

Fig. 8: Marine fish landings data collection survey form used at NMFDC 

Canon-EOS 700D  

Shot-1/100 sec. f/5.6 30mm30mm 

Date - 2-2-2017 

 

1/100 sec. f/5.6 30mm 

Canon-EOS 700D  

Shot-1/200 sec. f/11 42mm30mm 

Date - 21-2-2017 

 

1/100 sec. f/5.6 30mm 

Canon-EOS 700D  

Shot-1/200 sec. f/6.3 40mm30mm 

Date - 8-6-2017 

 

1/100 sec. f/5.6 30mm 

Canon-EOS 700D  

Shot-1/200 sec. f/13 30mm30mm 

Date - 6-7-2017 

 

1/100 sec. f/5.6 30mm 
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Fig. 9: Representative design of  trawl net operated at Kerala 

Source: Jha et al., 2019 
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Plate. 7: Trawl net operated at off Kochi water 

 

Fig. 10: Representative design of seine net operated at Kerala 

 Source: Boopendranath and Hameed,  2012 
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Plate. 8: Ring seine operated at Chellanam fishing harbour 

 

 

 

Fig. 11: Representative design of gillnet operated at Kerala 
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Plate. 9: Gillnet operated at Chellanam fishing harbour 

 

3.2.5. Historical data on biological aspects  

Details on fishery, habitat, food and feeding behaviour, maximum size, 

size at first maturity, reproductive behaviour, optimum water quality parameters and 

migration for all selected species were collected from a survey of published literature.   

 

3.3. Methodology  

3.3.1. Standardization of effort 

In multispecies and multi-gear fisheries at the tropical region, the 

standardized fishing effort plays a pivotal role before estimation of catch per unit 

effort. Standardization of commercial catch and effort data is important in fisheries 

where standardization minimizes bias due to the confounding of apparent abundance 

patterns with fishing power. Therefore, there are the following steps for standardized 

fishing effort in hour (Sparre and Venema, 1992; Stamatopoulos and Abdallah, 2015; 

Varghese et at., 2020):  
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Catch proportion (P) 

Catch proportion can be calculated by total catch of the particular species on the 

given gear and time divided by total catch in same gear and time  

     
    

   
…………………………….3.3.1 

Where,     ∑     
 
    

                                                           Cijk = Catch of kth species in ith gear at jth 

period (k=1, 2, …..s; i= 1, 2 ………. g; j=1, 2……….t)  

Weighting factor (F) 

The weighting factor is the proportion of total catch by each gear for each year. 

Therefore       

       
 ̅  

    
      

…………………………..3.3.2 

      
   

   

∑    
 
   

 

Where,  ̅     Mean proportion for kth species caught in the ith gear 

                 Standard deviation of         for kth species in the ith gear 

Gear wise standardized fishing effort (SE) 

The gear wise standardized fishing effort for the species can be calculated by 

multiplying the corresponding total fishing effort for the gear in the year with the 

proportion of the species for the year corresponding to the same gear and the 

weighting factor 

         
            …………………………….3.3.3 

Where,     = Fishing effort in hours for ith gear in jth period 
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Catch per hour (kg/hours) by different fishing gears (CH) 

Catch per hour by different fishing gears may be estimated by dividing with the total 

fishing effort of the particular gear in the given time period into a total catch in that 

gear during the same period. Therefore, the equation is the following: 

         
       

   
 …………………………3.3.4 

Multiplication factor (MF) 

Since, the efficiency of gears may vary, so also the capability to catch in an hour 

which demands to scale the fishing efforts into a single scale. Therefore, the least 

efficient gears among all gears can be expressed in terms of least gear effort by 

deriving a suitable multiplication factor for each fishing gear. The average catch rate 

of gears is used to derive the multiplication factor (MF) as following: 

     
  ̅̅ ̅̅   

    
  ……………………….3.3.5 

    
̅̅ ̅̅ ̅   

    

 
………………………..3.3.6 

Where   ̅̅ ̅̅    = lowest mean catch among all gears. 

Standardized fishing effort (SE) 

The gear wise standardized fishing efforts for each year can be recalculated by 

multiplication of initial gear wise standardized fishing effort (equation 3.3.3) with 

multiplication factor (MF).   

                 ……………………..3.3.7 

 

Region wise standardized fishing effort (SEr) 

Region wise standardized fishing effort may find out by adding standardized fishing 

effort for gears in the particular years used in fishing for the particular species.  

     ∑     
 
    ……………3.3.8 
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Region wise catch per unit effort (CPUE) 

Region wise catch per unit effort for a species is estimated by following equation: 

       
∑     

 
   

    
……………3.3.9 

3.3.2. Data processing 

At initial stage, all remote sensed ocean-climatic data was collected 

from respective open sources website on a monthly basis for the latitude between 8° 

to 16° N and longitude between 73° to 77° E. Further, NOAA - bathymetric maps in R 

(library Marmap) was used to partition data by depth up to 100 m isobaths (Pante 

Simon-Bouhet, 2013 and R Core Team, 2018). The partitioned data was again 

segregated at stratum level to observe stratum-wise climate change effect on ocean-

climatic parameters. The collected monthly data on ocean-climatic parameters again 

grouped into three seasons viz. pre-monsoon (February - May), monsoon (July - 

September) and post-monsoon (October - January) for analysis of seasonal variation. 

To observe the technical attribute of fish caught, the standardization of 

catch for each gear was carried out. Further, the zone wise data was assembled into 

three strata and month wise data was converted into three seasons.   

 

3.3.3. Statistical analysis 

3.3.3.1. Cluster analysis and stratum selection 

Total four resources were considered in the clustering exercise along 

with their landings the effort expended by gillnet, seine net and trawl net at all major 

landing centers of the south west of India. There is a total of 12 major landing centres 

at an the entire region which has been stratified on the basis of daily landed marine 

fish (Srinath et al., 2005). Kerala has a total of five major landing centres and rest of 

seven major landing centres belong to Karnataka. Euclidean method of cluster 

analysis of landing centres was formed to know the homogeneity among them, where 

the fish landings and their effort for three years from 2014 to 2016 at the landing 

centre were used. The average catch of sardine, mackerel, stolephorus and thryssa 



85 
 

at the south west coast of India was 423.06 tonnes during the last three years. Year 

wise catch contribution of these fishes were 593.52, 339.00 and 336.67 tonnes, 

where only major landing centers accounted 34.40%, 35.38% and 43.93% during the 

year 2014, 2015 and 2016, respectively (Table 9). A dendrogram with three clusters 

was obtained after cluster analysis, where the first cluster included the SAK, NDK, 

MBM, VYP, CHF, and TAD; the landing centres in the second cluster were BKL, KSD, 

GAN, and KWR and third cluster were composed with MLP and MAN landing centres 

(Fig. 12). Table 8 gives the list of districts and the major landing centres/ fishing 

harbours tagged by a unique acronym for further ease of use in this discussion. The 

grouping and segregation exercise resulted in three latitudinal strata viz. stratum_1  

(8 - 10.2° N, southern region), stratum_2 (10.2 - 13° N, middle region) and stratum_3 

(13 - 16° N northern region).  

 

Table 8: Marine fish landing centres along the south west coast of India 

State Coastal district Major landing centres Acronym of 

landing centres 

Kerala Kollam Neendakara fishing harbour NDK 

Kerala Kollam Shakthikunagara fishing 

harbour 

SAK 

Kerala Ernakulam Cochin fishing harbour CFH 

Kerala Ernakulam Munanbam fishing harbour MBM 

Kerala Ernakulam Vypeen fishing harbour VYP 

Karnataka South Kanara Mangalore fishing harbour MAN 

Karnataka Udupi Gangooli fishing harbour GAN 

Karnataka Udupi Malpe fishing harbour MLP 

Karnataka North Kanara Bhatkal fishing harbour BKL 

Karnataka North Kanara Kasarkode fishing harbour KSD 

Karnataka North Kanara Karwar fishing harbour KWR 

Karnataka North Kanara Tadri fishing harbour TAD 
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Table 9: Landing profile of the selected resources at the south west coast of 

India 

Year The total catch of selected 

resources (Tonnes) 

Catch contribution by major 

landing centers (%) 

2014 593.52 34.40 

2015 339.00 35.38 

2016 336.67 43.93 

Average 423.06 37.91 

 

 

 

Fig. 12: Dendrogram of major landing centres at south west coast of India 

3.3.3.2. Time series analysis 

3.3.3.2.1. Homogeneity test of time series 

To know the homogeneity in the trend of time series for remote sense 

ocean-climatic parameters, three homogeneity tests namely Pettitt‟s test (Pettitt, 
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1979), Buishand range test (Buishand, 1982) and Standard normal homogeneity test 

(SNH) (Alexandersson, 1986) were performed at 5% level of significant by using trend 

library in R. These basically non-parametric tests were selected due to their 

usefulness in evaluating trend shifts independent of underlying distributional 

strappings and by way of evaluating a significant change in the mean of a time series 

of climatic features (Kang and Yusof, 2012; Jaiswal et al., 2015; Pohlert, 2018). 

 

3.3.3.2.2. Changepoint analysis of time series 

Changepoint analysis of time series is used for identification of shifts in 

mean and/or variance in a time series at a 5% level of significant. A linear regression 

model using the strucchange package in R software was used for changepoint 

analysis. In strucchange package, structural breaks approach consists for detecting 

structural changes the monthly time series data, which tests for structural changes in 

linear regression models, estimating the number of segments and the breakpoints, 

minimizing the Bayesian information criterion (BIC) and the residual sum of squares 

(RSS) (Goela et al., 2016). 

To observe the spatial and seasonal variation in all oceano-climatic as 

well as fisheries data, the line plot for annual data for each season and stratum was 

made by taking mean of monthly data. Again time series plot of annual data for gear-

wise catch per hour (CPH) was plotted to analyze the iner-annual variation in CPH in 

the southwest coast of India over the study period. The yearly data in line graph was 

smoothed to visualise the trend with LOcally WEighted Scatter plot Smoother 

(LOWESS) function in R3.4.4 software for Windows. The LOWESS smoother uses 

locally-weighted polynomial regression (Ruckstuhl et al., 2001). The smoothed trend 

lines were compared among strata as well as season. 

 

3.3.3.3. Line graph and student t-test for In-situ data 

Line graph was plotted to observe the variation in temperature, 

chlorophyll-a concentration, dissolved oxygen, and nitrate concentration in seawater 

along off Kochi water between the periods from 2003 to 2013. The collected monthly 
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data was converted into years before plotting by using mean and smoothed to 

visualise the trend with LOWESS function.  

  statistical tool as student‟s t-test was performed for the seasonal 

analysis of in-situ water quality as temperature, chlorophyll-a concentration, CDOM, 

PAR, pH, turbidity, sea pressure, salinity, dissolved Oxygen, conductivity, specific 

conductivity, speed of sound, density anomaly and depth collected during the period 

from 2018 to 2019. 

3.3.3.4. Correlation 

Pearson correlation analysis was used to find out the inter-relation 

between inter-annual, seasonal and spatial oceano-climatic parameters and CPH. 

Pearson correlation analysis was also used to observe the inter-relation of CPH 

between various gears for selected species in the study. Pearson correlation is a 

widely accepted method to find out the strength of the relationship between the 

variables of interests.  

 

3.3.3.5. Cross-correlation  

One of the most powerful and useful output measures resulting from 

cross-correlation is the temporal shift or phase delay, of one signal parameter to the 

other. The temporal shift provides information about when signal events are 

happening relative to each other in each of the signals used for the cross-correlation. 

In this study, the cross-correlation between monthly data of upwelling index (UI) and 

CPH of four species was conducted with a lag of 6. Before applying cross-correlation, 

the Augmented Dickey-Fuller Test was performed to find out the stationary time 

series with the help of R library (tseries).  

 

3.3.3.6. Step wise regression  

A stepwise regression model was applied in the study, which is a 

combination of forward selection and backward elimination. Stepwise regression 

constructs a model by successively adding or removing variables based on the p-

values associated with the F-statistic, which allows them to compare the fits of 

different linear models. Stepwise regression is a method of fitting regression models, 
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where the choice of predictive variables is carried out by an automatic procedure. In 

each step, a variable is considered for addition to or subtraction from the set of 

explanatory variables based on some pre-specified criterion as F-tests, adjusted R2 

and Akaike information criterion (AIC). As the stepwise regression model progresses, 

the variable with the lowest F-to-remove statistic is deleted at each step from the 

model. This F-to-remove statistic is estimated by calculating the t-statistic for the 

estimated coefficient of every variable in the model squaring the t-statistic to create 

the F-to-remove statistic. Therefore, the stepwise regression model was applied in 

this study to know the controlling ocean-climatic parameters in the prediction of 

landings of fishes (Ghani and Ahmad, 2010).  

Before the application of the model, all four assumptions such as 

normality, linearity, heteroscedasticity and multicollinearity were checked. Global 

validation of linear model assumptions was tested as kurtosis, skewness, and 

heteroscedasticity by using R library (gvlma). The last suspicion of multicollinearity in 

the data leading to redundant factor variables was checked by analyzing the value of 

variation inflation factor (VIF) in the library (car) in R software, where the value of VIF 

is more than 10 was taken in consideration. Since the value of VIF is less than 5, 

hence multicollinearity is not serious. While if VIF is more than 5, then multicollinearity 

is substantial. Multicollinearity will be more serious whenever the value of VIF is more 

than 10 (Ghani and Ahmad, 2010). On violation of normality, removal of an outlier 

was done by the library (car) in R. Finally, stepwise regression was carried out to find 

out the predictive model for each species by using the library (MASS) in R. The model 

of multiple linear regressions can be represented as: 

Y= β0 + β1X1+ β2X2+ β3X3+ β4X4 + β5X5 + β6X6 + β7X7 + ε               …………..3.3.9 

Where Y = Response variable (CPUE),  

β0 = Intercept, 

β1 = Coefficient of first control variable, X1 (Chlorophyll-a),  

β2 = Coefficient of second control variable, X2 (SST), 

β3 = Coefficient of third control variable, X3 (Wind_U), 

β4 = Coefficient of third control variable, X4 (Wind_V), 
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β5 = Coefficient of third control variable, X5 (Current_U),  

β6 = Coefficient of third control variable, X6 (Current_V), 

β7 = Coefficient of third control variable, X7 (SLA),  

β8 = Coefficient of third control variable, X8 (Precipitation rate) and  

ε = Error 

Multiple coefficients of determination (R2) and adjusted multiple 

coefficient of determination (adjusted R2) was used in this study to predict the model. 

R2 means the proportion of the total variation in the n observed values of the 

dependent variable that is explained by the overall regression model. The higher R2 

gives the better the model fits for the data (Ghani and Ahmad, 2010).  

 

3.3.3.7. Logistic regression 

Logistic regression is a statistical method for analyzing a dataset in 

which there are one or more independent variables that determine an outcome. The 

outcome is measured with a dichotomous variable (in which there are only two 

possible outcomes). In logistic regression, the dependent variable is binary or 

dichotomous, i.e. it only contains data coded as 1 (True, success.) or 0 (False, 

failure). The goal of logistic regression is to find the best fitting (biologically 

reasonable) model to describe the relationship between the dichotomous 

characteristic of interest (dependent variable = response or outcome variable) and a 

set of independent (predictor or explanatory) variables. Logistic regression generates 

the coefficients (and its standard errors and significance levels) of a formula to predict 

a logit transformation of the probability of the presence of the characteristic of 

interest. Rather than choosing parameters that minimize the sum of squared errors 

(like in ordinary regression), estimation in logistic regression chooses parameters that 

maximize the likelihood of observing the sample values. The logistic regression model 

uses logit transform and formula represented as 
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                       …                          ………..3.3.10 

Where    =P (  =1) =1- P (   =0) with P (  =1) and P (   =0) the probability of success 

and failure of observation i respectively. 

   = log-odds when all     are 0  

   = increase in log-odds when     is increased by one unit, j=1, …, k 

For the dependent variable coefficients in logit are the effects of the predictor on log- 

odds. 

Multicollinearity among independent variables was checked out by 

performing Variance Inflation Factor (VIF). The score of VIF greater than 10 is often 

used as an indication of potential multicollinearity in this study (Ghani and Ahmad 

2010). Finally, the logistic regression model was performed in this study by using the 

library (aod) in R. The existence of the significant relationship between the dependent 

variable and independent variable(s) in the logistic model was analyzed by using wald 

test.  

 

3.3.4. Software 

3.3.4.1. R V3.5.2 along with RStudio V1.1.456 

R is a widely known statistical programming language for statistical 

computing and creating graphics. R provides many varieties of statistical and 

graphical techniques and methods. R has the ability to create publication-ready plots, 

including mathematical symbols, special characters and formulae. It runs on a wide 

variety of Linux-based platforms, Windows and MacOS. RStudio is a free available 

Integrated Development Environment for R and it helps to work with R interactively 

and user-friendly.   

 

3.3.4.2. Excel 2013  

Microsoft Excel is a widely accepted spreadsheet developed by 

Microsoft and it compatible with Windows, MacOS and Android. It helps in various, 

data arranging, calculations, statistical analysis and create graphics.   
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3.3.4.3. ArcGIS 10.0 

ArcGIS software is used for analysis, weighted overlay for optimal site 

selection. In this study, ArcGIS 10.0 software was used for map creation of study 

area.  
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4. RESULTS 

4.1. Ocean-climatic parameters 

4.1.1. Open access-derived parameters 

4.1.1.1. Chlorophyll-a concentration 

The change in time series of chlorophyll-a concentration in seawater 

was detected at stratum level along with the entire the south west coast of India (SW). 

 t ST_1, all three homogeneity tests for time series as Pettitt‟s test, Buishand range 

test, and SNH test detected a significant shift in chlorophyll-a concentration during the 

period 2012. In the case of ST_2, a significant shift was found in chlorophyll-a 

concentration during 2016 by SNH test. At ST_3, a significant shift in chlorophyll-a 

concentration was detected during 2010 by Pettitt‟s test and Buishand range test, 

while the SNH test noticed that shift during 2011. But, in the consideration of all strata 

together, these three homogeneity tests observed three different points for the 

significant shifting in the trend of chlorophyll-a concentration over the SW as during 

2010, 2011 and 2016 by Pettitt‟s test, Buishand range test and SNH test, respectively 

(Table 10).  

According to changepoint analysis, a significant shift in time series of 

chlorophyll-a concentration was observed along ST_1, ST_2, ST_3, and SW. A 

significant shift in time series of chlorophyll-a concentration at ST_1 was found during 

2002 and 2012 (Fig. 13), at ST_2 during 2013 (Fig. 14), at ST_3 during 2011 (Fig. 15) 

and SW during 2002 and 2011 (Fig. 16). In a strata-wise study of chlorophyll-a 

concentration, a significant correlation was observed between ST_1 and ST_3 (Table 

19). The highest chlorophyll-a concentration was recorded along ST_3 over the study 

period. The chlorophyll-a concentration was decreased continuously at both ST_1 

and ST_3 after 2005 (Fig.17).  

In the case of seasonal study for the chlorophyll-a concentration, 

monsoon showed the highest concentration in comparison to the other two seasons. 

A significant positive correlation was noticed between the pre-monsoon and post-

monsoon period.  Monsoon season also showed a continuously increasing trend, but 
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both pre-monsoon and post-monsoon had an increasing trend prior to 2010 and 

decreasing trend since 2010. However, the chlorophyll-a concentration was higher 

during post-monsoon prior to 2010 in comparison to pre-monsoon, but after 2010 a 

higher concentration of chlorophyll-a was noticed during pre-monsoon than that of 

post-monsoon (Fig. 18).     

 

Table 10: Homogeneity tests for chlorophyll-a concentration 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=170 (2012) 

p = 6.913e-10 

K=183 (2015) 

p = 0.6969 

K=154 (2010) 

p = 0.00019 

K=170 (2012) 

p = 1.598e-05 

Buishand range test K =170 (2012) 

p = 2.2e-16 

K=193 (2016) 

p = 0.3202 

K=153(2010) 

P = 0.00445 

K=166(2011) 

p = 0.0428 

Standard normal 

homogeneity (SNH) test 

K=170 (2012) 

p = 5e-05 

K=193 (2016) 

p = 2.2e-16 

K=165 (2011) 

p = 0.0065 

K=223 (2016) 

p = 2.2e-16 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

 

Fig. 13: Trend of chlorophyll-a concentration at ST _1 
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Fig. 14: Trend of chlorophyll-a concentration at ST _2 

 

Fig. 15: Trend of chlorophyll-a concentration at ST _3 

 

 Fig. 16: Trend of chlorophyll-a concentration at SW 
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Fig. 17: Spatial comparison in the trend of chlorophyll-a concentration  

 

Fig. 18: Temporal comparison in the trend of chlorophyll-a concentration  

  

4.1.1.2. Sea Surface Temperature   

Two homogeneity tests i.e. Pettitt‟s test and Buishand range tests 

showed the possibility of a slight shift in time series of SST at ST_1 and ST_2 during 

1997 (Table 11), which was also supported by changepoint analysis where the 

possibility of the slight shift was recorded with higher SST after 1997 (Fig. 19 and 20). 

At ST_3, the possibility of a slight shift in SST was detected in 2008 by two 

homogeneity tests including Pettitt‟s test and Buishand range test. The changepoint 

analysis also showed the possibility of a shift in SST during 2008 at ST_3, where a 

higher SST was noticed after 2008 in comparison to the previous period (Fig. 21). 

Similar to ST_1 and ST_2, SW also showed the possibility of sifting in SST time 
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series during 1997 by Pettitt‟s test and Buishand range test. Furthermore, according 

to changepoint analysis, a possible shift with higher SST time series was observed 

during 1997 at the entire southwest coast of India (Fig.22).  

A significant correlation was found among strata for SST. The SST 

along all strata increased continuously during the study period since 1995. Southwest 

coast of India has a detectable latitudinal gradient in SST because SST reduced from 

its southern to the northern region. A very high and positive correlation in SST among 

strata was found in this study (Table 19), therefore the spatial plot for SST showed a 

similar pattern for rising in the temperature at three different strata (Fig. 23).  

The season-wise trend of SST along the south west coast of India 

indicated a clear difference in SST during pre-monsoon, monsoon and post-monsoon, 

where SST of pre-monsoon and monsoon were the highest and lowest, respectively. 

Also, the SST of post-monsoon was always higher than that of monsoon. The 

seasonal plot of SST showed a rise in temperature for all seasons in this study after 

1995 (Fig. 24), where a significantly positive correlation was also noticed for SST 

between pre-monsoon and monsoon, and monsoon and post-monsoon (Table19).  

 

Table 11: Homogeneity tests for sea surface temperature 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=134(1997) 

p = 0.2933 

K=134(1997) 

p = 0.5309 

K=266(2008) 

p = 0.22871 

K=134(1997) 

p = 0.3806 

Buishand range test K=134(1997) 

p = 0.4694 

K=134(1997) 

p = 0.587 

K=266(2008) 

p = 0.2243 

K=134 (1997) 

p = 0.4663 

SNH test K=366(2016) 

p = 0.5207 

K=366(2016) 

p = 0.5247 

K=367(2016) 

p = 0.3269 

K=366(2016) 

p = 0.4175 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 
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Fig. 19: Trend of SST at ST _1 

 
Fig. 20: Trend of SST at ST _2 

 
Fig. 21: Trend of SST at ST _3 
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Fig. 22: Trend of SST at SW 

 

Fig. 23: Spatial comparison in the trend of SST  

 

Fig. 24: Temporal comparison in the trend of SST  
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4.1.1.3. Wind speed  

The wind speed started to increase from May (10.1 m/s) along south 

west coast of India and the speed reached at peak during July (16.1 m/s). The 

wind speed remained at high level up to August, but its speed was started to 

reduce from September after cessation of monsoon period. The month wise 

wind velocity has been shown in the figure 25, 26, 27 and 28.   

             
January             February 
 
Fig. 25:  Wind speed along south west coast of India during  
               January and February 



101 
 

                 
March                           April 

 
    May          June 

Fig. 26:  Wind speed along south west coast of India during  
               March, April, May and June 
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   July                August  

 
September      October 

 

Fig. 27:  Wind speed along south west coast of India during  
               July, August, September and October 
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November              December 

Fig. 28:  Wind speed along south west coast of India during  
              November and December 
 
4.1.1.3.1. Zonal wind speed 

All homogeneity tests (Table 12) did not show any significant shift in the 

zonal wind at the south west coast of India during the study period. However, a small 

shift was found during 1994 at ST_1 where the zonal wind speed was slightly lower 

after 1994 (Fig. 29). Similarly, the slightly lower zonal wind speed was noticed at 

ST_2 (Fig. 30) and ST_3 (Fig. 31) after 1993. Thus the overall reduction in zonal wind 

speed was observed at the south west coast of India after 1994 (Fig. 32). A 

significantly positive correlation among three strata has observed for the zonal wind 

speed, where the spatial plot of zonal wind speed also showed that the zonal wind 

speed was reduced over the period. In a comparison of zonal wind speed at strata, 

the result showed the lowest zonal wind at ST_2 (Fig. 33).  

The seasonal analysis of zonal wind speed showed a significant 

correlation between monsoon and post-monsoon. The highest wind speed can be 

noticed during monsoon, followed by pre-monsoon and post-monsoon period. The 
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seasonal plot on zonal wind speed showed a decreasing trend during the monsoon 

period (Fig. 34). 

Table 12: Homogeneity tests for zonal wind speed 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=237 (2007) 

p =  0.4758 

K=69 (1993) 

p = 1.367 

K= 69 (1993) 

p = 1.458 

K= 81 (1994) 

p = 1.04 

Buishand range test K =237 (2007) 

p =  0.9398 

K=81 (1994) 

p = 0.9738 

K=81(1994) 

p = 0.972 

K=81 (1994) 

p =  0.96 

SNH test K= 4 (1988) 

p = 0.7351 

K=321 (2014) 

p = 0.8974 

K= 321 (2014) 

p = 0.9067 

K=321 (2014) 

p = 0.9125 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

 

 

Fig. 29: Trend of zonal wind speed at ST_1 
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Fig. 30: Trend of zonal wind speed at ST_2 

 

Fig. 31: Trend of zonal wind speed at ST_3 

 

Fig. 32: Trend of zonal wind speed at SW 
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Fig. 33: Spatial comparison in the trend of zonal wind speed 

 

       Fig. 34: Temporal comparison in the trend of zonal wind speed 

4.1.1.3.2. Meridional wind speed  

All three homogeneity tests and changepoint analysis did not show any 

significant shift in meridional wind speed over the study period along ST_1 (Fig. 34) 

ST_2 (Fig. 35) and SW (Fig. 36). But, according to both Pettitt‟s test and Buishand 

range test, a significant shift in meridional wind speed was observed during 2002, but 

SNH test detected a significant shift in 1992 at ST_3 (Table 13). Similar to SNH test, 

the changepoint analysis found a significant shift at ST_3 during 1992 (Fig. 37).  

Spatial plot over the period indicated the meridional wind speed was sliding 

downward at both ST_1 and ST_2, while the same had an upward trend at ST_3  

(Fig. 38). The significant positive correlations (0.62) were found between ST_1 and 

ST_2.  
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According to seasonal study, the meridional wind speed was 

continuously increasing during the pre-monsoon season, while that was continuously 

decreased during the monsoon period. Also, a negative correlation of meridional wind 

speed (-0.23) was found between pre-monsoon and monsoon season. On the other 

hand, a significant positive correlation (0.49) was noticed between monsoon and 

post-monsoon season. The result found that the meridional wind speed was higher 

during the pre-monsoon period compared to the other two seasons i.e. monsoon and     

post-monsoon. However, a seasonal change was observed in the plot for monsoon 

and post-monsoon meridional wind speed, where the meridional wind speeds during 

monsoon were higher in comparison to that of post-monsoon before 2000. But, a 

seasonal change brought a higher and lower meridional wind speed during     

post-monsoon and monsoon after 2000, respectively (Fig. 39). 

Table 13: Homogeneity tests for meridional wind speed 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=106 (1996) 

p = 0.4648 

K=145 (2000) 

p = 0.5701 

K= 179 (2002) 

p = 0.02144 

K= 144 (1999) 

p = 0.1486 

Buishand range test K =106 (1996) 

p = 0.3157 

K=145 (2000) 

p = 0.2132 

K=179 (2002) 

p = 0.01185 

K=144 (1999) 

p = 0.0747 

SNH test K= 37 (1991) 

p = 0.1689 

K=288 (2011) 

p = 0.5668 

K= 60 (1992) 

p = 0.00935 

K=144 (1999) 

p = 0.2962 

    Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

Fig. 34: Trend of meridional wind speed at ST_1 
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Fig. 35: Trend of meridional wind speed at ST_2 

 

Fig. 36: Trend of meridional wind speed at ST_3 

 

 

Fig. 37: Trend of meridional wind speed at SW 
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Fig. 38: Spatial comparison in the trend of meridional wind speed 

 

 

Fig. 39: Temporal comparison in the trend of meridional wind speed 

4.1.1.4. Upwelling index 

All three homogeneity tests (Table 14) and changepoint analysis did not 

show any significant change in upwelling index within the study period along ST_1 

(Fig. 40) ST_2 (Fig. 41), ST_3 (Fig. 42) and SW (Fig. 43).  

Proceeding with the stratum-wise study of upwelling index along the 

south west coast of India, it was found that ST_1 had much higher upwelling index in 

comparison to other strata. The trend of upwelling index along ST_1, ST_2 and ST_3 

were more closely associated with each other, where the significant positive 

correlation was recorded between ST_1 and ST_2 (0.80), ST_1 and ST_3 (0.33), and 
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ST_2 and ST_3 (0.76). Spatial plot for upwelling index showed a continuously 

decreasing trend in upwelling index at all strata except from 1995 to 2000 at both 

ST_2 and ST_ 3 (Fig. 44). The seasonal comparison of upwelling index showed, the 

highest upwelling index was found during the monsoon period compare to other 

seasons. A decreasing trend was found for the upwelling index during both the pre-

monsoon and monsoon season after 2005 (Fig. 45). All three seasons showed a 

positive correlation with each other in respect to the upwelling index. 

Table 14: Homogeneity test for upwelling index 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=95 (1995) 

p = 0.6881 

K=45 (1991) 

p = 1.232 

K=144 (1999) 

p = 0.1212 

K=141 (1999) 

p = 1.025 

Buishand range test K =69 (1993) 

p =  0.8171 

K=224 (2006) 

p = 0.8929 

K=137(1999) 

p =  0.06575 

K=230 (2007) 

p = 0.751 

SNH test K=4 (1988) 

p =  0.7503 

K=333 (2015) 

p = 0.5694 

K=137 (1999) 

p = 0.1738 

K=2(1988) 

p = 0.4915 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

 

Fig. 40: Trend of upwelling index at ST_1 
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Fig. 41: Trend of upwelling index at ST_2 

 

 

Fig. 42: Trend of upwelling index at ST_3 

 

 

Fig. 43: Trend of upwelling index at SW 
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Fig. 44: Spatial comparison in the trend of upwelling index 

 

 

Fig. 45: Temporal comparison in the trend of upwelling index 

4.1.1.5. Zonal current speed 

All three homogeneity tests for time series of zonal current speed found 

significant shifting at ST_1 during 2000 (Table 15). Similarly, changepoint analysis 

detected the significant shift in time series of zonal current speed at ST_1 during 

2000. The zonal current speed at ST_1 was significantly lower after 2000 as 

compared to the previous period (Fig. 46). In regards to ST_2 (Fig. 47), ST_3    

(Fig. 48) and SW (Fig. 49), there was a slight shift in the zonal current speed.   

The study showed that the zonal current speed along ST_1 and ST_2 

had an increasing trend up to 2005, later on, it decreased throughout of study period. 

In the case of ST_3, zonal current speed had a continuous decreasing trend. A 
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positive correlation (0.24) was found in zonal current speed between ST_1 and ST_3.  

Among all three strata, the highest zonal current speed was found at ST_2, followed 

by ST_3 and ST_1 (Fig. 50). In the case of seasonal study of zonal current speed, the 

major changes were found during monsoon season, where the zonal current speed 

has decreased continuously. However, the zonal current speed during both      

pre-monsoon and post-monsoon showed the increasing trend (Fig. 51). A significantly 

negative correlation between zonal current speed of pre-monsoon and monsoon   

(-0.37) as post-monsoon and monsoon (-0.31) was found in this study (Table 19).  

 

Table 15: Homogeneity test for zonal current speed 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K= 158 (2000) 

p = 0.01589 

K=265 (2009) 

p = 0.6393 

K=270 (2009) 

p = 0.6456 

K=262(2008) 

p = 0.7278 

Buishand range test K=158 (2000) 

p = 0.0137 

K=265 (2009) 

p = 0.6546 

K=104 (1995 

p = 0.8371 

K= 254 (2008) 

p = 0.5761 

SNH test K= 158 (2000) 

p = 0.04155 

K=291 (2011) 

p = 0.8036 

K=104 (1995) 

p = 0.9207 

K= 262 (2008) 

p = 0.7115 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

 

Fig. 46: Trend of zonal current speed at ST_1 
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Fig. 47: Trend of zonal current speed at ST_2 

 

Fig. 48: Trend of zonal current speed at ST_3 

 

Fig. 49: Trend of zonal current speed at SW 
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Fig. 50: Spatial comparison in the trend of zonal current speed 

 

Fig. 51: Temporal comparison in the trend of zonal current speed 

 

4.1.1.6. Meridional current speed  

The meridional current speed at ST_1 had a significant shift by Pettitt‟s 

test during 2005 (Table 16). However, SNH test and changepoint analysis also 

detected a small shift in the time series data during 2005, where changepoint analysis 

showed slightly higher meridional current speed after 2005 (Fig. 52). Similar to ST_1, 

meridional current speed was higher at ST_2 (Fig. 53), ST_3 (Fig. 54) and SW    

(Fig. 55) after 2010, 2006 and 2008, respectively.  

Among three strata, the lowest meridional current speed was found at 

ST_2. A decreasing and increasing trend of meridional current speed was for ST_3 

and ST_1 (Fig. 56). In the case seasonal analysis, The meridional current speed in 

the study showed the increasing trend for post-monsoon, at the same period 
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monsoon and pre-monsoon had decreasing trend of meridional current speed    

(Fig. 57).  

Table 16: Homogeneity test for meridional current speed 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=220 (2005) 

p = 0.0397 

K=242 (2007) 

p = 0.5016 

K=83 (1993) 

p = 0.9613 

K=245 (2007) 

p = 0.4318 

Buishand range 

test 

K=149 (1999) 

p = 0.1689 

K=281 (2010) 

p = 0.7078 

K=229 (2006) 

p = 0.6614 

K=149 (1999) 

p = 0.8902 

SNH test K=220 (2005) 

p = 0.1381 

K=292 (2011) 

p = 0.7029 

K=229 (2006) 

p = 0.9819 

K= 28 (1989) 

p = 0.8222 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

Fig. 52: Trend of meridional current speed at ST_1 

 

Fig. 53: Trend of meridional current speed at ST_2 
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Fig. 54: Trend of meridional current speed at ST_3 

 

Fig. 55: Trend of meridional current speed at SW 

 

 Fig. 56: Spatial comparison in the trend of meridional current 

speed 
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Fig. 57: Temporal comparison in the trend of meridional current speed 

 

4.1.1.7. Sea level anomaly  

A significant shift in time series of sea level anomaly (SLA) was 

detected all strata and the entire south west coast of India by all three homogeneity 

tests (Table 17) and changepoint analysis. Both homogeneity tests and changepoint 

analysis found a significant shift in time series of SLA at ST_1 (Fig. 58), ST_2   

(Fig. 59), ST_3 (Fig. 60) and entire south west coast of India (Fig. 61) during 2007. A 

significant increase in the trend for time series of SLA was recorded after 2007 at 

strata and the entire southwest coast of India.  

In a comparison of spatial SLA at the southwest coast of India, the 

trends of SLA along all three strata were similar to each other and also SLA trend 

remained very close to each other throughout the study period. A continuous rising in 

SLA was observed at all strata since 2003 (Fig. 62). A significantly positive correlation 

was found between ST_1 and ST_2 (0.98), ST_1 and ST_3 (0.97) and, ST_2 and 

ST_3 (0.98). In consideration of seasonal study of SLA, all seasons existed a 

significantly positive correlation in each other, this correlation was as pre-monsoon 

and monsoon (0.80), pre-monsoon and post-monsoon (0.79) and, monsoon and   

post-monsoon (0.77). The pattern of the trend for SLA was similar for three seasons, 

where the SLA was increased after 2003. This study also indicated that SLA along 

the southwest coast of India was always highest during pre-monsoon (Fig. 63). 
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Table 17: Homogeneity test for sea level anomaly 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=178 (2007) 

p = 7.56e-05 

K=179 (2007) 

p = 0.000521 

K=179 (2007) 

p = 0.001175 

K=179 (2007) 

p = 0.0004757 

Buishand range test K =178 (2007) 

p = 0.00015 

K=178 (2007) 

p = 0.00105 

K=179 (2007) 

p = 0.00195 

K=179 (2007) 

p = 0.0014 

SNH test K=178 (2007) 

p = 0.00015 

K=178 (2007) 

p =  0.00075 

K=179 (2007) 

p = 0.00235 

K=179 (2007) 

p = 0.00065 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

Fig. 58: Trend of sea level anomaly at ST_1 

 

Fig. 59: Trend of sea level anomaly at ST_2 
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Fig. 60: Trend of sea level anomaly at ST_3 

 

Fig. 61: Trend of sea level anomaly at SW 

 

 

Fig. 62: Spatial comparison in the trend of sea level anomaly 
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Fig. 63: Temporal comparison in the trend of sea level anomaly 

4.1.1.8. Precipitation rate 

In the case of precipitation rate, all three homogeneity tests (Table 18) 

did not show any significant shift in the precipitation rate over the period. However, all 

homogeneity tests showed a possibility of a shift in the time series of precipitation rate 

during 2005, because the trend precipitation rate was slightly higher after 2005 at 

ST_1 (Fig.64) and ST_3 (Fig. 66). Along ST_2, Pettitt's test and Buishand range test 

showed a possible shift in precipitation rate during 2007 as a slightly decreasing trend 

in precipitation rate was found in changepoint analysis after 2007 (Fig. 65). Therefore, 

the result showed a slight increase in precipitation rate along ST_1 and ST_3, where 

the slightly decreasing trend in precipitation rate along ST_2 was noticed in this 

result. For SW, the changepoint analysis showed a decreased precipitation rate after 

2009 (Fig. 67). 

In seasonal plot for the precipitation rate, the highest and lowest 

precipitation rate was noticed along the SW during monsoon and pre-monsoon. The 

precipitation rate during monsoon was decreased up to 2005 and then it showed an 

increasing trend. In contrast to the monsoon, the precipitation rate was increased up 

to 2005 during the pre-monsoon season, but then it had a decreasing trend. However, 

the post-monsoon showed a decreasing trend in regards to precipitation rate along 

SW after 2008 (Fig. 68). In a spatial comparison of precipitation rate, this result found 

a significant positive correlation among strata such as ST_1 and ST_3 (0.52) and, 

ST_2 and ST_3 (0.52). The spatial trend of precipitation rate was showed that 
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maximum precipitation rate was recorded at ST_2 in this study except for a shift in 

precipitation rate during the period from 2005 to 2010 when it became the lowest 

among all strata (Fig. 69). 

Table 18: Homogeneity test for precipitation rate 

Tests Regions 

 ST_1 ST_2 ST_3 SW 

Pettitt‟s test K=87 (2005) 

p = 0.3549 

K=111 (2007) 

p = 0.9539 

K=87 (2005) 

p = 0.9306 

K=90 (2005) 

p = 0.777 

Buishand range test K =89 (2005) 

p = 0.2902 

K=112 (2007) 

p = 0.9959 

K=89 (2005) 

p = 0.7945 

K=113 (2007) 

p = 0.8732 

SNH test K=89 (2005) 

p = 0.6593 

K=5 (1998) 

p = 0.6785 

K=89 (2005) 

p = 0.8396 

K=6 (1998) 

p = 0.5423 

Where, K= Pettitt‟s test statistic, Buishand range test statistic and SNH test statistic 

 

 

Fig. 64: Trend of precipitation rate at ST_1  
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Fig. 65: Trend of precipitation rate at ST_2 

 

Fig. 66: Trend of precipitation rate at ST_3 

 

Fig. 67: Trend of precipitation rate at SW 
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Fig. 68: Temporal comparison in the trend of precipitation rate  

 

Fig. 69: Spatial comparison in the trend of precipitation rate 
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Table 19: Stratum and season wise correlation for oceano-climatic parameters  

Parameters Strata 

Strata 

Season  

Season 

ST_1 ST_2 ST_3 SW PRM MON POM 

Chlorophyll-a 

ST_1 1.00 0.41 0.56* 0.81*** PRM 1.00 0.00 0.79** 

ST_2  1.00 0.21 0.67** MON  1.00 0.41 

ST_3   1.00 0.82*** POM   1.00 

SW    1.00     

SST 

ST_1 1.00 0.97*** 0.85*** 0.97*** PRM 1.00 0.45* 0.017 

ST_2  1.00 0.92*** 0.99*** MON   0.59*** 

ST_3   1.00 0.95*** POM   1.00 

SW    1.00     

Wind_U 

ST_1 1.00 0.83*** 0.74*** 0.89*** PRM 1.00 0.17 0.36 

ST_2  1.00 0.94*** 0.98*** MON  1.00 0.42* 

ST_3   1.00 0.93*** POM   1.00 

SW    1.00     

Wind_V 

ST_1 1.00 0.62*** -0.03 0.59*** PRM 1.00 -0.23 0.004 

ST_2  1.00 0.31 0.97*** MON  1.00 0.51** 

ST_3   1.00 0.43* POM   1.00 

SW    1.00     

Current_U 

ST_1 1.00 0.14 0.07 0.07 PRM 1.00 -0.37* 0.22 

ST_2  1.00 0.24 0.70*** MON  1.00 -0.31 

ST_3   1.00 0.42* POM   1.00 

SW    1.00     

Current_V 

ST_1 1.00 0.18 0.21 0.76*** PRM 1.00 0.23 0.26 

ST_2  1.00 0.20 0.51*** MON  1.00 -0.31 

ST_3   1.00 0.68*** POM   1.00 

SW    1.00     

SLA 

ST_1 1.00 0.99*** 0.97*** 0.99*** PRM 1.00 0.66*** 0.62*** 

ST_2  1.00 0.99*** 0.99*** MON  1.00 0.77*** 

ST_3   1.00 0.99*** POM   1.00 

SW    1.00     

Precipitation 
rate 

ST_1 1.00 0.44 0.52* 0.86*** PRM 1.00 -0.09 0.20 

ST_2  1.00 0.52* 0.76*** MON  1.00 0.18 

ST_3   1.00 0.81*** POM   1.00 

SW    1.00     

Upwelling 
Index 

ST_1 1.00 0.80*** 0.33* 0.89*** PRM 1.00 0.35* 0.12 

 ST_2  1.00 0.76*** 0.97*** MON  1.00 0.32* 

 ST_3   1.00 0.72*** POM   1.00 

 SW    1.00     

„*‟, „**‟ and „***‟ Significant at 0.5, 0.01 and 0.001, respectively 
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4.1.1.9. Correlation among the oceano-climatic parameters along the south 

west coast of India  

This study also analyzed the correlation among the oceano-climatic 

parameters such as chlorophyll-a concentration, SST, zonal wind speed, meridional 

wind speed, zonal current speed, meridional current speed, SLA, precipitation rate 

and UI for the entire southwest coast of India, which is depicted in table 20.  
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Table 20: The correlation among the oceano-climatic parameters along the south west coast of India 

Parameters Chlorophyll-a 
Concentration 

SST Zonal 
wind 

Meridional 
wind 

Zonal 
current 

Meridional 
current 

SLA Precipitation 
rate 

UI 

Chlorophyll-a 
Concentration 

1.00 -0.17* 0.08 -0.03 -0.03 0.07 -0.18* 0.12 0.07 

SST 
 1.00 -0.22* -0.10 -0.08 -0.40**** 0.28*** -0.24*** -0.24*** 

Zonal wind 
  1.00 -0.25*** -0.08 0.32*** -0.72*** 0.71*** 0.26*** 

Meridional wind 
   1.00 -0.15* -0.12 -0.28*** 0.56*** -0.06 

Zonal current 
    1.00 -0.06 0.02 0.15* -0.03 

Meridional current 
     1.00 -0.24*** 0.34*** 0.22** 

SLA 
      1.00 -0.65*** -0.06 

Precipitation rate 
       1.00 0.26*** 

UI 
        1.00 

„*‟, „**‟ and „***‟ significant at 0.5, 0.01 and 0.001, respectively 
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4.1.1.10. El Niño 

The time series analysis of Southern Oscillation Index (SOI) indicated 

that the highly intense El Niño appeared during 1965, 1977, 1982, 1983, 1987, 1991, 

1992, 1993, 1994, 1997 and 2015. Therefore, this result showed that the frequency of 

outbreak of high intensity of El Niño was increased after 1980. A total of five years as 

1991, 1992, 1993, 1994 and 1997 was well known for high intense El Niño only within 

the period from 1980 to 1990. After 2000, the highest El Niño was recorded in 2015. 

The trend of time series analysis of SOI showed that El Niño appeared on the 

scarifying of La Niña. Therefore, the frequency for appearing of La Niña was reduced 

after 1980. Also, completely absence of La Niña was seen during the period from 

1990 to 1995 and, 2000 to 2006. This indicated that the frequency of El Niño and La 

Niña has increased and decreased after 1980 (Fig. 70). 

 

Fig. 70: Southern Oscillation Index 

 

4.1.1.11. Indian Ocean Dipole mode 

The result showed that during the 1950‟s decade, the existence of the 

Dipole Mode Index (DMI) was negative in most of the year. But the frequency of 

appearing negative and positive DMI were decreased and increased on the 

progression of time. The maximum positive DMI was recorded after 1995 (Fig. 71). 

Therefore, the increase in frequency in occurrence of positive DMI in the last two 
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decades is linked with rising in faster SST over the same period, which may be the 

indication of climate change in the recent period. 

 

Fig. 71: Dipole Mode Index 

 

4.1.2. Observation of laboratory oceanic parameters  

4.1.2.1.  Chlorophyll-a concentration 

Chlorophyll-a concentration along off Kochi water showed an increasing 

trend from 2003 to 2008. But, the trend followed a downward movement from 2008 

and showed continuously as downward trend up to 2013. However, the lowest 

concentration of Chlorophyll-a was observed in 2006 (Fig. 72). 

 

 

Fig. 72: Trend of Chlorophyll-a concentration off Kochi coast 
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4.1.2.2. Temperature 

This result showed that SST along off Kochi had an increasing trend 

from 2003 to 2010 continuously. Therefore, the highest SST was observed in 2010. 

After reaching its peak, SST showed a decreasing trend up to 2013 in the study. The 

lowest SST was observed in 2004 during the study periods (Fig. 73).  

 

Fig. 73: Trend of temperature off Kochi coast 

 

4.1.2.3. Dissolved oxygen 

The trend of dissolved oxygen (DO) reached a peak in 2008 from the 

lowest DO in 2003. After attending its peak concentration, DO had a decreasing 

trend, which remained continued up to 2013. The trend showed the lowest DO in 

surface off Kochi water in 2013 (Fig. 74). DO have a significantly positive correlation 

with chlorophyll-a concentration (Table 21). 

 

 

Fig. 74: Trend of dissolved oxygen off Kochi coast 
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4.1.2.4. Nitrate 

An analysis of nitrate concentration in surface water along the Kochi 

coast from 2003 to 2013 was carried out. There was not much variation in nitrate 

concentration during the study period (Fig. 75). However, the nitrate concentration 

had a positive correlation with both chlorophyll-a concentration and DO (Table. 21). 

 

 

Fig. 75: Trend of nitrate off Kochi coast 

 

Table 21. Correlation among oceanic parameters off Kochi coast 

Parameters Chlorophyll-a 

(mg/m^3) 

Temperature 

(°C) 

Dissolved 

oxygen (mg/l) 

Nitrate (µg/l) 

Chlorophyll-a 

(mg/m^3) 

1.00 0.39 0.65* 0.56 

Temperature (°C)  1.00 0.38 -0.059 

Dissolved oxygen 

(mg/l) 

  1.00 0.50 

Nitrate (µg/l)    1.00 

 „*‟ significant at 0.05 

 

4.1.3. In-situ observation of oceanic parameters  

All oceanic parameters such as temperature, chlorophyll-a 

concentration, CDOM, PAR, pH, turbidity, sea pressure, salinity, conductivity, specific 

conductivity, speed of sound, DO and density anomaly showed a statistically 

significant difference between pre-monsoon and post-monsoon season along off 

Kochi water. The parameters like temperature, CDOM, PAR, pH, turbidity, sea 
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pressure, salinity, conductivity, specific conductivity, speed of sound and density 

anomaly were significantly higher during pre-monsoon period as compared to post-

monsoon season (Table 22).   

Table 22: Physico-chemical properties of seawater during pre-monsoon and 

post-monsoon period along off Kochi coast 

Parameters Pre-monsoon Post-monsoon DF p-value 

Temperature (°C) 29.85 (29.58-32.19) 28.70 (28.25-29.05) 1437 2.2e-16 

Chlorophyll-a (µg/l) 0.82 (0.05-0.94) 2.23 (0.15-4.92) 1437 2.2e-16 

CDOM (ppb) 8.75 (0.17-14.98) 0.86 (0.06-1.90) 1437 2.2e-16 

PAR (µMol/m²/s) 4.75 (1.32-47.07) 3.15 (0.97-23.59) 1437 9.005e-06 

pH 8.08 (8.04-8.33) 7.99 (6.78-8.06) 1437 2.2e-16 

Turbidity (NTU) 9.89 (0.06-22.23) 9.26 (0.12-39.15) 1437 0.1169 

Sea pressure (dbar) 16.41 (0.21-20.05) 11.29 (0.12-39.15) 1437 2.2e-16 

Salinity (PSU) 34.42 (33.53-34.66) 33.63 (33.32-33.94) 1437 2.2e-16 

Dissolved O2 (mL/L) 1.49 (1.11-1.80) 1.78 (1.09-2.58) 1437 2.2e-16 

Conductivity (mS/cm) 57.35 (56.52-58.72) 54.96 (54.86-55.40) 1437 2.2e-16 

Specific conductivity 

(µS/cm) 

52492.01 (51387.22-

52793.13) 

51359.16 (50955.41-

51756.77) 

1437 2.2e-16 

Speed of sound (m/s) 1544.97 (1544.23-

1548.54) 

1541.61 (1540.81-

1542.22) 

1437 2.2e-16 

Density anomaly (kg/m³) 21.42 (19.87-21.69) 21.18 (20.82-21.55) 1437 2.2e-16 

Depth (m) 16.28 (0.21-19.89) 11.20 (0.14-15.90)  1437 2.2e-16 

Out side of bracket represents mean and inside of bracket represents range   
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4.2. Fisheries 

4.2.1. Small pelagic catch analysis along south west coast of India 

The total landings of sardine were always higher than that of mackerel 

in the study. In the case of sardine, the total landings increased continuously from 

1995 and reached a peak position during  2012. On the other hand, the landings of 

mackerel slowly increased from 1985 to 1995 and the landings had a downward trend 

after 1995 (Fig. 76). However, the result did not found any significant correlation in 

the landings of sardine and mackerel along south west coast of India  

The landings trend of thryssa was always higher than that of 

stolephorus during the study period from 1985 to 2017, but it was a discontinuous 

trend, where the catch was decreased from 1985 to 2005, and again, its catch 

showed the upwards movement for the remaining period. Stolephorus landings did 

not show a variation in its trend during the study period (Fig. 77). However, correlation 

analysis of catch among four species as sardine, mackerel, stolephorus, and thryssa 

did not show any significant correlation in each other as shown in table 23. 

 

Fig. 76: Trend for total landings of Indian oil sardine and Indian mackerel 

along south west coast of India  
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Fig. 77: Trend for total landings of Stolephorus spp. and Thryssa spp. 

along south west coast of India  

Table 23: Correlation of total landings for selected fishes along south 

west coast of India  

Species Indian oil 

sardine 

Indian  

mackerel 

Stolephorus spp. Thryssa spp. 

Indian oil sardine 1.00 -0.02 -0.20 -0.11 

Indain mackerel  1.00 0.24 -0.17 

Stolephorus spp.   1.00 0.13 

Thryssa spp.    1.00 

 

4.2.2. Indian oil sardine  

4.2.2.1. Technical attributes 

The standardized catch per unit hour (CPH) of SW showed a break 

point in time series trend by changepoint analysis, where a significantly higher CPH 

was observed after 2013 (Fig. 78). In regard to stratum wise variation in the CPH, the 

study found that the highest and lowest CPH were along ST_1 and ST_3 at the 

starting period of the study, but the same were interchanged each other and became 

as lowest and highest during 2010 onwards, respectively (Fig. 79). Further, the spatial 

comparison of CPH at SW showed that the CPH along ST_1 was continuously 

decreased over the study, but at the same time, the CPH of ST_2 and ST_3 had an 

increasing trend. A negative correlation between ST_1 and ST_2 (-0.26); ST_1 and 

ST_3 (-0.30) in respect to CPH was also found in this study (Table 24). 
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In the study of the temporal distribution of CPH, the result found the 

highest CPH was during pre-monsoon up to 2002, while later on, monsoon showed 

the maximum CPH. However, the trend of CPH during all three seasons as pre-

monsoon, monsoon, and post-monsoon was continuously increased over the study 

period (Fig. 80). A positive correlation was found between pre-monsoon and post-

monsoon (0.47) and monsoon and post-monsoon (0.22) in this study (Table 24). The 

seasonal shifting in sardine distribution was found as CPH was decreased and 

increased during pre-monsoon and monsoon, respectively, where pre-monsoon may 

not be proven as a favorable season in the effect of rising SST on the impact of global 

warming, therefore sardine might have temporal extension toward monsoon season.  

In a gear-wise analysis of catch, an increasing trend in the CPH of all 

mechanized gear such as MTN, MPS and MRS was noticed (Fig. 81). Again in the 

case of motorized gears, the CPH of OBRS was increased continuously, while that for 

OBGN and OBTN had the decreasing trend over the study period (Fig. 82). In case of 

correlation among CPH for different gears operated along the coast, a significantly 

negative correlation was observed between the CPH in two gears such as MRS and 

OBTN (-0.49), MTN and OBTN (-0.60) and, OBRS and OBTN (-0.53). Similarly, the 

positive correlation for CPH in two gears such as MRS and OBGN (0.52), MRS and 

OBRS (0.74), MTN and NM (0.73) and, MTN and OBRS (0.56) were found (Table 

25).  

 

Fig. 78: Trend for CPH of Indian oil sardine at SW 
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Fig. 79: Stratum wise trend for CPH of Indian oil sardine  

 

 Fig. 80: Season wise trend for CPH of Indian oil sardine  

 

Table 24: Stratum wise and season wise correlation of CPH for Indian oil 

sardine 

Strata Strata Seasons Seasons 

ST_1 ST_2 ST_3 PRM MON POM 

ST_1 1.00 -0.26 -0.30 PRM 1.00 -0.048 0.47 

ST_2  1.00 -0.031 MON  1.00 0.22 

ST_3   1.00 POM   1.00 
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Fig. 81: Gear-wise trend for CPH of Indian oil sardine (mechanized) 

 

Fig. 82: Gear-wise trend for CPH of Indian oil sardine (motorized and non-

mechanized) 

 

Table 25: Gear-wise correlation of CPH for Indian oil sardine 

Gears MPS MRS MTN NM OBGN OBRS OBTN 

MPS 1.00 0.19 0.23 0.30 -0.10 0.28 -0.10 

MRS  1.00 0.20 0.27 0.52* 0.74***  -0.49* 

MTN   1.00 0.73*** -0.22 0.56**   -0.60** 

NM    1.00 -0.03 0.39    -0.35 

OBGN     1.00 0.34 0.01 

OBRS      1.00 -0.53* 

OBTN       1.00 

 „*‟, „**‟ and „***‟ Significant at 0.5, 0.01 and 0.001, respectively 
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4.2.2.2. Biological attributes 

The detailed study on history on biological characteristics of sardine 

such as maximum size, sexual maturity size, spawning season, fishery, ovaries 

stage, phyco-chemical factors for affecting fishery, migration and feeding habit 

conducted to observe the biological behabour in response to climate change. First 

maturity size over the years for sardine recorded and found that the size of the first 

maturity was continuously decreased over the time period, where it was 16.5, 15.7 

and 15.2 cm on 1964, 1987 and 2016, respectively (Fig. 83). Table 26 showed the 

timeline for the spawning season of sardine. During 1924, sardine was starting to 

spawn their eggs from September and continued to spawn up to October month. The 

spawning season started on early month i.e. August during 1949 and 1959. During 

1964, the study found that sardine has been started to spawn even in July. A recent 

observation on spawning season showed that sardine can spawn even during May, 

which is considered as early starting of spawning season compared to an earlier 

period. Fluctuations in the completion of spawning period were also noticed in the 

study. The spawning season was continued up to October and November during 

1924 and 1949. But, it had been noticed that spawning season was completed even 

during August month during 2004 and 2016 (Table 26). Thus, this study showed that 

sardine completed its spawning season earlier compared to the historical period by 

starting in May and completed in August. 

During the pre-monsoon period, sardine attains its maturity in offshore 

water and starts to move toward inshore water for spawning in May-July on lowering 

of temperature with arriving of monsoon. Spawning takes place in lower temperature 

and salinity in inshore water during July-September and at spawning ground. The 

larvae remain in spawning ground where high larval food available under the 

influence of southwest monsoon upwelling. Upon cessation of southwest monsoon 

and rising temperature, juveniles start to move towards offshore water from 

September and this movement continues up to December. During the post-monsoon 

period, juveniles attend maturing stage and further, they become mature in the pre-

monsoon period at feeding ground in higher temperature period of the year (Fig. 84). 
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Fig. 83:   First maturity size of Indian oil sardine 

Table  26:  Year-wise spawning season of Indian oil sardine 

Years Starting month Ending month 

1924 September October 

1949 August November 

1959 August September 

1964 July September 

1967 June October 

1969 June October 

1970 June December 

2003 June August 

2016 May August 
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Fig. 84: Life cycle model of Indian oil sardine 
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4.2.3. Indian mackerel  

4.2.3.1. Technical attributes 

The changepoint analysis of standardized CPH of mackerel at SW 

showed a break point in the trend during 2014 and higher CPH was observed after 

2014 (Fig. 85). On the basis of spatial observation at SW, this study indicated that the 

highest CPH was along ST_1 throughout the study period. The decreasing trend of 

CPH at both ST_1 and ST_2 was similar to each other over the study period. 

However, CPH at ST_3 also had decreasing trend, but this decreasing trend started 

after 2010 (Fig. 86). On correlation analysis, a positive correlation (0.34) between 

ST_1 and ST_2 and negative correlation (-0.20) between ST_2 and ST_3 were 

recorded (Table 27). In the case of seasonal study, the trend of CPH distribution 

followed similar pattern during all three seasons i.e. pre-monsoon, monsoon, and 

post-monsoon. In seasonal comparison, the CPH was always highest during 

monsoon among three seasons. The pattern of plot and correlation analysis 

demonstrated that the CPH of mackerel increased upon both monsoon and     

post-monsoon season (Fig. 87). The correlation analysis also showed a significantly 

positive correlation (0.40) between CPH of monsoon and post-monsoon (Table 27). 

In a gear-wise analysis of catch, the CPH in all mechanized gears as 

MPS, MRS, MGN (Fig. 88) and MTN (Fig. 89) had an increasing trend. In contrast to 

mechanized gears, the CPH of motorized and non-mechanized gears showed a 

decreasing trend over the period (Fig. 90). The correlation analysis of CPH in different 

gears showed a significantly positive correlation between MPS and MRS (0.58), and 

MPS and OBRS (0.50). Similarly, a significantly negative correlation between MPS 

and OBTN (-0.54), MRS and OBTN (-0.38), and OBGN and OBTN (-0.52) as in table 

28.  
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Fig. 85: Trend for CPH of Indian mackerel at SW 

  

Fig. 86: Stratum wise trend for CPH of Indian mackerel  

 

Fig. 87: Season wise trend for CPH of Indian mackerel  
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Table 27: Stratum wise and season wise correlation of CPH for Indian mackerel 

Strata Strata Seasons Seasons 

ST_1 ST_2 ST_3 PRM MON POM 

ST_1 1.00 0.34 -0.03 PRM 0.35 0.27 0.35 

ST_2  1.00 -0.20 MON  1.00 0.40* 

ST_3   1.00 POM   1.00 

„*‟ Significant at 0.5 

 

 

Fig. 88: Gear-wise trend for CPH of Indian mackerel (MGN, MPS and MRS) 

 

Fig. 89: Gear-wise trend for CPH of Indian mackerel (MTN and OBRS) 
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Fig. 90: Gear-wise trend for CPH of Indian mackerel (OBGN, OBTN and NM) 

 

Table 28: Gear-wise correlation of CPH for Indian mackerel  

Gears MGN MPS MRS MTN NM OBGN OBRS OBTN 

MGN 1.00 0.26 0.35 0.042 -0.18 -0.26 0.082 0.16 

MPS  1.00 0.58** 0.20 -0.13 0.16 0.50*  -0.54* 

MRS   1.00 0.052 -0.25 0.068 0.13   -0.38* 

MTN    1.00 0.36 0.025 0.12    -0.16 

NM     1.00 0.051 -0.21     0.25 

OBGN      1.00 0.27 -0.52* 

OBRS       1.00 -0.16 

OBTN        1.00 

„*‟ and „**‟ Significant at 0.5 and 0.01, respectively 

4.2.3.2. Biological attributes 

The size of the first maturity of mackerel was continuously decreased 

over the period. Mackerel could attend the first maturity at 22.4 cm during 1956. 

Further, maturity size was decreased and the study found that 21.5 cm was 

minimized for attending the first maturity in 1965. But, the decreasing trend in maturity 

size found that mackerel could able to mature at even 17.5 cm in 2004 (Fig. 91). 

Mackerel starts to spawn in June at offshore water after onset of 

monsoon, which provides lower salinity and temperature in comparison to     

pre-monsoon condition. After spawning, the larvae and juveniles move towards 
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inshore water to feed on high biomass of phytoplankton during southwest monsoon 

season when intense upwelling brings high primary productivity. The movements of 

larvae and juveniles are continued up to September, where sea surface wind, 

nutrient, salinity, and temperature could have an important role in the suitable ground 

for better survival of larvae. Up to post-monsoon, juveniles attend to maturing and 

mature stages in inshore water under high nutrient condition. Finally, when 

temperature increased further in the pre-monsoon period, the mature mackerels 

move towards offshore water region in search of optimum environmental conditions 

(Fig. 92).  

 

 

 

Fig. 91: Observation on the trend of the first maturity of Indian mackerel 
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Fig. 92: Life cycle model for Indian mackerel 

4.2.4. Stolephorus spp. 

4.2.4.1. Technical attributes 

The changepoint analysis was applied to observe the trend in the time 

series CPH of Stolephorus spp. A significant shift was found in the time series for 

CPH of Stolephorus spp. in the study with a significant break in CPH along entire SW 

during 2013 as CPH was significantly lower before 2013 in comparison to same of 

after 2013 (Fig. 93). In a spatial comparison of CPH of Stolephorus spp. at SW, the 

result showed an upward sliding trend at two strata as ST_2 and ST_3. At the initial 

period of study, the highest CPH was observed along ST_1, but ST_3 showed the 

highest CPH after 2007 with the intermediate position of ST_2. Therefore, CPH was 

continuously increased from southern to the northern region (Fig. 94). The correlation 

(0.77) between ST_2 and ST_3 was significantly positive (Table 29). 

Seasonal analysis of CPH for Stolephorus spp. demonstrated that the 

increasing trend of CPH during all three seasons i.e. pre-monsoon, monsoon and 
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post-monsoon in the study (Fig. 95). The CPH was always lower during pre-monsoon 

compared to the other two seasons. The seasonal trend of CPH showed a 

significantly positive correlation in each other, where the significant correlation 

between pre-monsoon and monsoon, pre-monsoon and post-monsoon and post-

monsoon and monsoon were 0.71, 0.63 and 0.89, respectively (Table 29).  

The plot for time series CPH of MRS showed a continuously increasing 

trend (Fig. 96), while that for MTN had also an upward sliding since 2010 (Fig. 84). 

On the other hand, the CPH of OBRS (Fig. 97), OBTN and NM (Fig. 98) had a 

decreasing trend in the result. The correlation analysis for CPH among different gears 

for Stolephorus spp. did not record any significant correlation during the study period 

(Table 30).  

 

Fig. 93: Trend for CPH of Stolephorus spp. at SW 

 

Fig. 94: Stratum wise trend for CPH of Stolephorus spp. 
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Fig.  95: Season wise trend for CPH of Stolephorus spp. 

Table 29: Stratum wise and season wise correlation of CPH of Stolephorus spp. 

Strata Strata Seasons Seasons 

ST_1 ST_2 ST_3 PRM MON POM 

ST_1 1.00 0.32 0.34 PRM 1.00 0.71*** 0.63*** 

ST_2  1.00 0.77* MON  1.00 0.89*** 

ST_3   1.00 POM   1.00 

„***‟ 0.001 level of significant 

 

Fig. 96: Gear-wise trend for CPH of Stolephorus spp. (MTN and OBRS) 
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Fig. 97: Trend for CPH of Stolephorus spp. in MRS 

 

Fig. 98: Gear-wise trend for CPH of Stolephorus spp. (OBTN and NM) 

Table 30: Gear-wise correlation of CPH of Stolephorus spp. 

Gears MRS MTN NM OBRS OBTN 

MRS 1.00 0.081 -0.13 0.16   -0.001 

MTN  1.00 -0.31 0.16    0.035 

NM   1.00 -0.29    - 0.26 

OBRS    1.00 0.36 

OBTN     1.00 

 

4.2.4.2. Biological attributes 

Stolephorus spp. are present at the southeast coast of India from June 

to September, where they get a chance to find the optimum temperature. By October 



150 
 

the temperature starts to increase at south west coast after cessation of upwelling, 

Stolephorus spp. move from south east to south west region to exploit the abundance 

planktonic food organism. After entering in the south west region, it spreads at the 

entire stratum_1 area by November. Further, It‟s movement keeps on continued 

towards the northern region with decreasing temperature on progressing of the winter 

season, and it reaches up to stratum_3 by the end of February. Further, the 

temperature starts to increase at southwest coast region on approaching of the 

summer season, which forces Stolephorus spp. to move again towards southwards. 

Therefore, Stolephorus spp. again aggregated at stratum_2 and stratum_3 by the end 

of May. After May, the upwelling phenomenon appears at the southwest coast, which 

reduces the temperature and dissolved oxygen (DO) at surface water. To prevent the 

adverse effects of low temperature and DO at the south west coast, Stolephorus spp. 

accumulates in the south east region (Fig. 99). 

 

Fig. 99: Life cycle model for Stolephorus spp. 
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4.2.5. Thryssa spp. 

The changepoint analysis of time series CPH  for Thryssa spp. along 

entire SW was performed to find out the shift in CPH over the study period, the 

possibility of shifting in CPH was found during  2013 as CPH was lower after 2013 in 

comparison to same before 2013 (Fig. 100). The spatial trend of CPH for Thryssa 

spp. indicated that the highest CPH was along ST_2, followed by ST_3 and ST_1. 

However, the CPH of both ST_2 and ST_3 was observed as a decreasing trend, 

while that for ST_1 had an increasing trend in the study (Fig. 101). The correlation 

analysis between CPH of ST_2 and ST_3 also showed a significant positive 

correlation as 0.57 (Table 31). 

The seasonal study showed the highest CPH was during the monsoon 

period. However, CPH for monsoon season had an increasing trend. But, time series 

of CPH for both pre-monsoon and post-monsoon plotted as a decreasing trend after 

2005 (Fig. 102). A significant positive correlation (0.55) was also seen between CPH 

of pre-monsoon and post-monsoon (Table 31). 

In a gear-wise analysis of catch, the time series of CPH in mechanized 

gear such as MRS (Fig.103) and MTN (Fig.104) had an increasing and decreasing 

trend, respectively. On the other hand, the time series of CPH for motorized gears 

such as OBRS and OBTN (Fig.105) showed a decreasing trend and at same time 

OBGN indicated an increasing trend over the study period. Non-mechanized gears 

also an increasing trend for the time series of CPH at SW after 2005 (Fig.106). 

Correlation analysis was also carried out to observe the relationship between the 

CPH of different gears. A significantly positive correlation between MRS and OBGN 

(0.41), and OBRS and OBTN (0.40) was found as depicted in table 32. 
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Fig. 100: Trend for CPH of Thryssa spp. at SW 

 

Fig. 101: Stratum wise trend for CPH of Thryssa spp. 

    

 

Fig. 102: Season wise trend for CPH of Thryssa spp. 
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Table 31: Stratum wise and season wise correlation of CPH for Thryssa spp. 

Strata Strata Seasons Seasons 

ST_1 ST_2 ST_3 PRM MON POM 

ST_1 1.00 -0.05 -0.06 PRM 1.00 0.01 0.55** 

ST_2  1.00 0.57** MON  1.00 0.04 

ST_3   1.00 POM   1.00 

„*‟ and „**‟ Significant at 0.5 and 0.01, respectively 

 

 

Fig. 103: Trend for CPH of Thryssa spp. in MRS  

 

Fig. 104: Trend for CPH of Thryssa spp. in MTN 
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Fig. 105: Trend for CPH of Thryssa spp. in OBRS 

 

Fig. 106: Trend for CPH of Thryssa spp. in OBGN, OBTN and NM 

 

Table 32: Gear-wise correlation of CPH for Thryssa spp. 

Gears MRS MTN NM OBGN OBRS OBTN 

MRS 1.00 -0.08 0.03 0.41* -0.02   -0.11 

MTN  1.00 0.20 -0.05 -0.15    -0.34 

NM   1.00 -0.19 0.04    - 0.12 

OBGN    1.00 -0.03 -0.35 

OBRS     1.00 0.40* 

OBTN      1.00 

„*‟ Significant at 0.5  
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4.3. Model 

Logistic regression model, stepwise regression model and      

cross-correlation model were model used in this study to find out the relationship 

between catch per unit effort of small pelagic fishes and oceano-climatic parameters. 

Before performing the regression model, the assessment of multicollinearity among 

the independent variable was conducted by using the score of the Variance Inflation 

Factor (VIF).  

  

4.3.1. Logistic regression model 

4.3.1.1. Indian oil sardine  

The score of the Variance Inflation Factor (VIF) for sardine has been 

given table 33. Since VIF score is below to 10, hence any parameter did not show 

multicollinearity.   

Table 33:  VIF score of independent variables for Indian oil sardine 

VIF score Chlorop

hyll-a 

SST Wind_U Wind_

V 

Current

_U 

Current

_V 

SLA Precipitati

on rate 

UI 

Initial 1.10 1.60 6.87 2.13 2.00 5.75 4.26 3.79 1.19 

The CPH of sardine along SW was categorized by the probability of 

success (1) as CPH 22.95 kg per hour (covers 80 percentile of CPH) or more, and the 

probability of failure (0) as CPH less than 22.95 kg per hour. The result found per unit 

increase in logit score governed by a change in log odds of chlorophyll-a 

concentration, SST, wind_U, wind_V, current_U, current_V, SLA and precipitation 

rate with 0.34, -0.23, 0.11, -1.07, 6.17, 8.01, -0.01 and 1.87, respectively. The 

meridional wind had a significant influence on the logistic model at 5% level of 

significance (Table 34). The Wald test had chi-square 31.6 and degree of freedom 9, 

indicated a significant logistic model for sardine.   
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Table 34: Coefficients of logistic regression model for Indian oil sardine 

Model   Estimate Std. Error z value Pr(>|z|) 

Intercept 2.75 9.48 0.29 0.77 

Chlorophyll_a 0.34 0.28 1.19 0.23 

SST -0.23 0.32 -0.72 0.47 

Wind_U 0.11 0.20 0.54 0.59 

Wind_V -1.07 0.40 -2.65 0.008 ** 

Current_U 6.17 18.4 0.34 0.74 

Current_V 8.01 7.76 1.03 0.30 

SLA -0.01 4.37 -0.00 0.99 

Precipitation rate 1.87 1.36 1.38 0.17 

UI 0.00 00 0.11 0.91 

        „**‟ Significant at 0.001  

Null deviance: 204.72 on 203 degrees of freedom, Residual deviance: 189.33 on 194 

degrees of freedom, AIC: 209.33 and Number of Fisher Scoring iterations: 4 

    The logistic regression model uses logit transform and formula represented as 

  (
  

    
)                                                               

                                                  

                              1.87                          

Wald test: 

Chi-squared test: 

X2 = 33.2, df = 9, P (> X2) = 0.00012 

4.3.1.2. Indian mackerel  

The VIF score had more than 10 for wind_U in the case of mackerel. 

Hence wind_U was removed before performing the logistic regression. After 

removing the wind _U again VIF score was estimated (Table 35).    
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Table 35: VIF score of independent variables for Indian mackerel 

VIF score Chlorop

hyll-a 

SST Wind_

U 

Wind_

V 

Current

_U 

Current

_V 

SLA Precipitati

on rate 

UI 

Initial  1.71 2.23 10.38 3.21 4.73 6. 10 5.62 6.09 2.08 

Final 1.70 2.11 - 3.19 4.45 3.37 5.22 5.46 2.06 

The CPH of mackerel along SW was categorized as the probability of 

success (1) as CPH 43.71 kg per hour (included 97 percentile of CPH) or more and 

probability of failure (0) as CPH less than 43.71 kg per hour. The result depicted as 

per unit increase in logit score of mackerel was taken place with change in log odds 

of chlorophyll-a concentration, SST, wind_V, current_U, current_V, SLA, precipitation 

rate  and UI by -6.07, -0.41, 0.64 -152, -25.7, 10.9, 2.35 and 0.003, respectively 

(Table 36). Zonal current speed and upwelling index had a significant influence on the 

logistic model at 5% level of significance. The Wald test had chi-square 25.2 and 

degree of freedom 8, indicated a significant logistic model for mackerel. 

    Table 36: Coefficients of the logistic regression model for Indian mackerel 

Model  Estimate Std. Error z value Pr(>|z|) 

Intercept 7.63 28.3 0.27 0.7873 

Chlorophyll_a -6.07 4.62 -1.315 0.1885 

SST -0.41 0.96 -0.429 0.6679 

Wind_V 0.64 0.93 0.687 0.4922 

Current_U -152 66.3 -2.295 0.0217* 

Current_V -25.7 15.1 -1.704 0.0883 

SLA 10.9 14.4 0.76 0.4474 

Precipitation rate 2.35 3.30 0.714 0.4754 

UI 0.003 0.001 2.275 0.0229* 

       „*‟ Significant at 0.05 

    Null deviance: 60.968 on 203 degrees of freedom, Residual deviance: 38.589 on 195 

degrees of freedom, AIC: 56.589 and Number of Fisher Scoring iterations: 9 
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The logistic regression model uses logit transform and formula represented as 

  (
  

    
)                                                    

    (         )                           

                                     

Wald test: 

Chi-squared test: 

χ2 = 25.2, df = 8, P (> X2) = 0.0014 

4.3.1.3. Stolephorus spp. 

The VIF score was higher than 10 in wind_U and UI for Stolephorus 

spp., hence wind_U and UI were removed before performing the logistic regression. 

After removing the wind _U again VIF score was estimated (Table 37).    

Table 37: VIF score of independent variables for Stolephorus spp. 

VIF score Chloroph

yll-a 

SST Wind_U Wind_

V 

Current

_U 

Current

_V 

SLA Precipitati

on rate 

UI 

Initial  1.05 1.87 21.56 5.81 1.40 5.89 1.35 6.09 20.

51 

Final 
1.05 1.64 

- 
2.19 1.40 2.24 1.38 4.10 - 

 

The CPH of stolephorus along SW was categorized by the probability of 

success (1) as CPH 16.98 kg per hour or more (included 97 percentile of CPH) and 

the probability of failure (0) as CPH less than 16.98 kg per hour. The increase in logit 

score of Stolephorus spp. was taken place by a change in log odds of chlorophyll-a 

concentration, SST, wind_V, current_U, current_v, SLA and precipitation rate with 

0.53, 1.17, -1.14, 14.64, 8.13, 4.24 and 4.58, respectively (Table 38). SST had a 

significant influence on the logistic model at 5% level of significant. The Wald test had 

chi-square 70.3 and degree of freedom 7, indicate a significant logistic model for 

Stolephorus spp. 
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Table 38: Coefficients of the logistic regression model for Stolephorus spp. 

Model   Estimate Std. Error z value Pr(>|z|) 

Intercept -40.03 15.31 -2.614 0.00894** 

Chlorophyll_a 0.53 0.34 1.549 0.12129 

SST 1.17 0.50 2.36 0.0183* 

Wind_V -1.14 0.70 -1.635 0.10212 

Current_U 14.64 28.56 0.513 0.60826 

Current_V 8.13 9.41 0.863 0.38797 

SLA 4.24 4.49 0.944 0.34537 

Precipitation rate 4.58 2.22 2.063 0.03909* 

      „*‟ and „**‟ Significant at 0.05 and 0.01 

Null deviance: 85.641 on 203 degrees of freedom,  

Residual deviance: 73.862 on 196 degrees of freedom,  

AIC: 89.862 and Number of Fisher Scoring iterations: 6 

 

The logistic regression model uses logit transform and formula represented as 

  (
  

    
)                                                     

                                                

                               

Wald test: 

X2 = 46.4, df = 7, P (> X2) = 7.3e-08 

4.3.1.4. Thryssa spp. 

The VIF for wind_U had more than 10, hence wind_U was removed 

before performing the logistic regression. After removing the wind _U again VIF score 

was estimated (Table 39).    
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Table 39: VIF score of independent variables for Thryssa spp. 

VIF score Chlorop

hyll-a 

SST Wind_

U 

Wind_

V 

Current

_U 

Current

_V 

SLA Precipitati

on rate 

UI 

Initial  1.81 1.79 10.24 1.99 2.53 7.65 4.96 3.40 1.27 

Final 1.71 1.73 - 2.02 2.35 3.07 4.40 3.08 1.28 

The CPH of Thryssa spp. along SW was categorized by the probability of 

success (1) as CPH 29.06 kg per hour (included 90 percentile of CPH) or more and 

probability of failure (0) as CPH less than 29.06 kg per hour. The per unit increase in 

logit score controlled by change in log odds of chlorophyll-a concentration, SST, 

wind_V, current_U, current_V, SLA and precipitation rate with -2.29, -0.85, -0.31,   

-16.1, -4.43, -13.2, 2.45 and 0.0008, respectively (Table 40). SLA had a significant 

influence on the logistic model at 5% level of significant. The Wald test had chi-

square 41.5 and degree of freedom 8, indicate a significant logistic model for Thryssa 

spp. 

Table 40: Coefficients of logistic regression model for Thryssa spp. 

 Model  Estimate Std. Error z value Pr(>|z|) 

Intercept 22.8 16.29 1.399 0.1617 

Chlorophyll_a -2.29 1.22 -1.876 0.0606 

SST -0.85 0.56 -1.518 0.1291 

Wind_V -0.31 0.541 -0.567 0.5706 

Current_U -16.1 27.87 -0.578 0.5631 

Current_V -4.43 7.65 -0.58 0.5621 

SLA -13.2 6.43 -2.044 0.041* 

Precipitation rate -2.45 1.93 -1.271 0.2036 

UI 0.0008 0.00 1.22 0.2226 

      „*‟ Significant at 0.05 

Null deviance: 135.25 on 203 degrees of freedom, Residual deviance: 109.57 on 195 

degrees of freedom, AIC: 127.57 and Number of Fisher Scoring iterations: 6 

 

 



161 
 

 

 

The logistic regression model uses logit transform and formula represented as 

  (
  

    
)                                                    

                                          

                                       

Wald test: 

Chi-squared test: 

χ2 = 41.5, df = 8, P (> X2) = 1.7e-06 

4.3.2. Stepwise regression model  

4.3.2.1. Indian oil sardine 

The coefficient value for all variables at the initial stage of the stepwise 

regression model for CPH at SW for sardine has been given in table 41, where the 

CPH of sardine significantly and positively depends on two parameters as 

chlorophyll_a concentration and meridional current. However, this result indicated that 

the model was significant (p-value: 0.001687) even at the initial stage, where the 

model explained only 12% of CPH.  

Table 41: Fit summary of a complete model for Indian oil sardine 

Model Estimate Std. Error t value Pr(>|t| 

Intercept 5.3171283 17.0170425 0.312 0.7552 

Chlorophyll_a 4.195867 1.7817348 2.355 0.0199* 

 Wind_U 0.1544095 0.5706172 0.271 0.7871 

SST 0.2798555 0.3380596 0.828 0.4092 

Wind_V 1.4848122 0.6401043 2.32 0.0218* 

Current_U 18.798839 36.9358885 0.509 0.6116 

Current_V 23.4275681 13.2819919 1.764 0.08 

SLA 7.8659808 8.2884587 0.949 0.3443 

Precipitation rate -2.253523 2.6716133 -0.844 0.4004 

UI -0.0015684 0.0008508 -1.844 0.0674 

„*‟ Significant at 0.05 
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Residual standard error: 3.919 on 137 degrees of freedom, Multiple R-squared:  

0.172, Adjusted R-squared:  0.1176, F-statistic: 3.163 on 9 and 137 DF, p-value: 

0.001687 

Since stepwise variable selection tends to pick models that are smaller 

than desirable for prediction purposes. Therefore, five steps were followed to find out 

the best predictive model with a combination of backward elimination and forward 

selection. Each step delivered the value of  kaike‟s Information Criteria (AIC) as 

shown in table 42. AIC values in step_1, step_2, step_3, step_4 and step_5 were 

found as 411.23, 409.31, 407.55, 406.23 and 404.77, respectively. The lowest AIC 

value was observed in the case of step_5, which delivered the best predictive model 

for sardine. 

Table 42: Stepwise selected variables in the regression model for Indian oil 

sardine 

Steps Selected variables AIC 

Step_1 Chlorophyll_a, SST, Wind_U, Wind_V, Current_U, Current_V, 

SLA, Precipitation rate and UI 

411.23 
 

Step_2 Chlorophyll_a, Wind_U, Wind_V, Current_U, Current_V, SLA 

Precipitation rate and UI 

409.31 

 

Step_3 Chlorophyll_a,Wind_U, Wind_V-,Current_V SLA, Precipitation 

rate and UI 

407.55  

Step_4 Chlorophyll_a, Wind_U, Wind_V, Current_V, SLA and UI  406.23  

Step_5 Chlorophyll_a, Wind_V, Current_V,  SLA and UI 404.77 

 

The final result of stepwise regression of CPH for sardine explained that 

CPH of sardine significantly depends on only five variables as chlorophyll_a 

concentration, meridional wind and current speed, sea level anomaly and upwelling 

index. Therefore, the coefficient value for final stepwise regression model for CPH at 

SW for sardine was estimated as in table 43, where the predictive model were 

significantly (p-value: 0.0001165) depends on only five parameters as chlorophyll_a 

concentration, meridional wind and current speed, sea level anomaly and upwelling 

index. Again result showed that the final stepwise regression model significantly and 

positively influenced by three parameters such as chlorophyll_a concentration, 
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meridional wind, and meridional current speed. The final stepwise regression model 

was able explained 13% of CPH, since the result showed multiple R-squared and 

adjusted R-squared as 0.1633 and 0.1336, respectively.  

Table 43: Fit summary of the final model for Indian oil sardine 

Model Estimate Std. Error t value Pr(>|t|) 

(Intercept) 9.5765163 1.1716932 8.173 1.56E-13*** 

Chlorophyll_a 4.2921342 1.6550537 2.593 0.01051* 

Wind_V 1.3938757 0.4908392 2.84 0.00518** 

Current_V 14.7434239 6.7479925 2.185 0.03055* 

SLA 11.2237235 6.017336 1.865 0.06423 

UI -0.0016432 0.0007531 -2.182 0.03076* 

„*‟ „**‟ and „***‟ significant at 0.05, 0.01 and 0.001  

Residual standard error: 3.884 on 141 degrees of freedom, Multiple R-squared:  

0.1633, Adjusted R-squared:  0.1336, F-statistic: 5.504 on 5 and 141 DF, and  p-

value: 0.0001165 

 

4.3.2.2. Indian mackerel 

The summary of coefficient value for all variables at the initial stage of 

the stepwise regression model for CPH at SW of mackerel has been given in table 

44. The initially stepwise regression model did not show any parameters which affect 

the CPH of mackerel significantly. However, even at the initial stage, the model was 

significant, where the model explained 14 % CPH. 

Table 44: Fit summary of a complete model for Indian mackerel 

Model Estimate Std. Error t value Pr(>|t| 

Intercept 34.2 15.8 2.165 0.0319 

Chlorophyll-a -1.97 1.78 -1.106 0.2704 

SST -0.10 0.05 -1.821 0.0705 

Wind_V -0.06 0.05 -1.114 0.2669 

Current_U -13.2 2.87 -4.599 0.6458 

Current_V -5.94 0.86 -6.907 0.4905 

SLA 1.35 0.71 1.892 0.0604 

Precipitation rate -1.44 2.13 -0.673 0.5017 

UI -0.00 0.00 -0.345 0.7305 
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Residual standard error: 3.667 on 157 degrees of freedom, Multiple R-squared:  

0.1813, Adjusted R-squared:  0.1396, F-statistic: 4.346 on 8 and 157 DF, and p-

value: 9.349e-05 

Seven steps were followed to find out the best predictive model with a 

combination of backward elimination and forward selection. Total seven steps were 

delivered the AIC value for mackerel as shown in table 45. AIC values were in step_1, 

step_2, step_3, step_4, step_5, step_6 and step_7 as 440.11, 438.24, 436.51, 

434.74, 433.28, 432.38 and 432.13, respectively. The lowest AIC value was observed 

in the case of step_7, which delivered the best predictive model for CPH of mackerel. 

 

Table 45: Stepwise selected variables in the regression model for Indian 

mackerel 

Steps Selected variables AIC 

Step_1 Chlorophyll_a, SST, Wind_V, Current_U, Current_V, SLA,  

Precipitation rate and UI 

440.11 

Step_2 Chlorophyll_a,  SST , Wind_V, Current_U, Current_V, SLA and  

Precipitation rate  

438.24 

Step_3 Chlorophyll_a,  SST , Wind_V, Current_V, SLA and  

Precipitation rate 

436.51  

Step_4 Chlorophyll_a,  SST , Wind_V, SLA and  Precipitation rate 434.74  

Step_5 Chlorophyll_a,  SST , Wind_V and SLA  433.28  

Step_6 SST , Wind_V and SLA 432.38 

Step_7 Wind_V and SLA 432.13 

The final result of stepwise regression for CPH of mackerel explained 

that CPH significantly depends on only two variables as meridional wind speed and 

sea level anomaly. Therefore, the coefficient value for final stepwise regression model 

for CPH at SW for mackerel was estimated as in table 46, where the final regression 

model were significantly (p-value: 5.987e-07) depends on both parameters as 

meridional wind speed and sea level anomaly. Again result showed the final 

regression model strongly and positively influenced by sea level anomaly and 
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negatively as well as weakly affected with meridional wind speed. The final stepwise 

regression model was able explained 15% of CPH.  

Table 46: Fit summary of the final model for Indian mackerel 

Model Estimate Std. Error t value Pr(>|t|) 

(Intercept) 4.80 0.62 7.692 1.3e-12 *** 

Wind_v -1.15 0.41 -2.819 0.00542 ** 

SLA 12.40 3.73 3.328 0.00108 ** 

„***‟ significant at 0.001 

Residual standard error: 3.642 on 163 degrees of freedom,  

Multiple R-squared:  0.1612, Adjusted R-squared:  0.1509, 

F-statistic: 15.67 on 2 and 163 DF,   and p-value: 5.987e-07 

4.3.2.3. Stolephorus spp. 

The summary of coefficient values for all selected variables used in the 

initial stage of the stepwise regression model for CPH at SW for Stolephorus spp.has 

been given in table 47. The initially stepwise regression model showed that two 

variables as zonal current and precipitation rate had a significant influence on the 

CPH of Stolephorus spp. The initial stage of the model was significant, where the 

model explained 20% of CPH. 

Table 47: Fit summary of complete model for Stolephorus spp. 

Model  Estimate Std. Error t value Pr(>|t| 

Intercept 3.25042 6.82245 0.476 0.63444 

Chlorophyll_a 1.13857 0.71338 1.596 0.11252 

SST -0.07097 0.22484 -0.316 0.75271 

Wind_V -0.27324 0.25519 -1.071 0.28594 

Current_U -27.00588 11.20642 -2.41 0.01713* 

Current_V -0.77535 3.44169 -0.225 0.82206 

SLA 1.14255 1.8751 0.609 0.5432 

Precipitation rate 3.45758 0.92213 3.75 0.00025*** 

     „*‟ and „***‟ significant at 0.05 and 0.001  

Residual standard error: 1.709 on 155 degrees of freedom, Multiple R-squared:  

0.2386, Adjusted R-squared:  0.2042, F-statistic:  6.94 on 7 and 155 DF, and p-value: 

3.456e-07 
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Total four steps were followed to find out the best predictive model with 

a combination of backward elimination and forward selection. The AIC values of 

step_1, step_2, step_3 and step_4 and were found as 182.4, 180.53, 178.61 and 

177.15, respectively. The lowest AIC value was observed in the case of step_4, 

where four parameters as chlorophyll-a, wind_V, current_U and precipitation rate 

were used for prediction of CPH of  Stolephorus spp. (Table 48).  

Table 48: Stepwise selected variables in the regression model for Stolephorus 

spp. 

Steps Selected variables AIC 

Step_1 Chlorophyll_a, SST, Wind_V, Current_U, Current_V, SLA and 

Precipitation rate 

182.4 

Step_2 Chlorophyll_a, SST, Wind_V, Current_U, SLA  and  

Precipitation rate 

180.53  

Step_3 Chlorophyll_aWind_V, Current_U, SLA and Precipitation rate 178.61  

Step_4 Chlorophyll_a, Wind_V, Current_U  and Precipitation rate 177.15  

 

The final result of stepwise regression for CPH of Stolephorus spp. 

explained that CPH significantly depends on only four variables chlorophyll_a, 

wind_V, current_U and precipitation rate. Therefore the coefficient values for final 

stepwise regression model for CPH at SW of Stolephorus spp. were estimated (Table 

49). The final regression model were significantly (p=1.204e-08) influenced by 

chlorophyll_a, current_U and precipitation rate. The final stepwise regression model 

was able to explain 22% of CPH. 

Table 49: Fit summary of the final model for Stolephorus spp. 

Model Estimate Std. Error t value Pr(>|t|) 

(Intercept) 1.0267 0.4908 2.092 0.038 

Chlorophyll_a 1.366 0.614 2.225 0.0275* 

Wind_V -0.3394 0.2215 -1.533 0.1273 

Current_U -26.5111 10.3843 -2.553 0.0116* 

Precipitation rate 3.5524 0.7162 4.96 1.81E-06*** 

„*‟ ,‟**‟ and „***‟ significant at 0.05, 0.01 and 0.001 
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Residual standard error: 1.696 on 158 degrees of freedom, Multiple R-squared:  

0.2355, Adjusted R-squared:  0.216, F-statistic: 12.17 on 4 and 158 DF, and p-value: 

1.204e-08 

4.3.2.4. Thryssa spp. 

At the initial stage, eight variables were used in the prediction of CPH of 

phryssa after checking of multicollinearity. The coefficient value for all variables used 

in the initial stage of the stepwise regression model for CPH at SW for Thryssa spp. 

has been given in table 50. The initially stepwise regression model showed that two 

variables such as chlorophyll_a concentration and sea level anomaly significantly 

influenced on CPH of Thryssa spp. At the initial stage, the model was significant, 

where the model explained 62% of CPH.  

 

Table 50: Fit summary of a complete model for Thryssa spp. 

Model  Estimate Std. Error t value Pr(>|t| 

Intercept 9.37E+00 1.52E+01 6.16E-01 0.53896 

Chlorophyll_a 1.76E+01 1.73E+00 1.02E+01 < 2e-16*** 

SST -3.27E-01 5.03E-01 -6.50E-01 0.51779 

Wind_V -3.65E-01 6.07E-01 -6.01E-01 0.54877 

Current_U 3.63E+00 2.78E+01 1.31E-01 0.89626 

Current_V -1.14E+01 8.90E+00 -1.28E+00 0.20215 

SLA 2.36E+01 7.60E+00 3.11E+00 0.00243** 

Precipitation rate 3.96E+00 2.26E+00 1.75E+00 0.08245 

UI -8.86E-04 7.45E-04 -1.19E+00 0.23665 

„***‟ Significant at 0.001 and „**‟ significant at 0.01  

Residual standard error: 3.132 on 111 degrees of freedom, Multiple R-squared:  

0.6396, Adjusted R-squared:  0.6137, F-statistic: 24.63 on 8 and 111 DF, and    

p-value: < 2.2e-16 

Toal six steps were followed to find out the best predictive model with a 

combination of backward elimination and forward selection based on AIC values, 

where AIC values in step_1, step_2, step_3, step_4, step_5, and step_6 were found 

as 1049.60, 1047.60, 1045.96, 1044.38, 1042.71 and 1042.09, respectively. The 
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lowest AIC value was observed in the case of step_6, where two parameters as SST 

and SLA were used for prediction of CPH of Thryssa spp. (Table 51). 

Table 51: Stepwise selected variables in the regression model for Thryssa spp. 

Steps Selected variables AIC 

Step_1 Chlorophyll_a, SST, Wind_V, Current_U, Current_V, SLA, 

Precipitation rate and UI 

282.65 

Step_2 Chlorophyll_a , SST, Wind_V, Current_V, SLA, 

Precipitation rate and UI 

280.67  

Step_3 Chlorophyll_a, SST, Current_V, SLA,  

Precipitation rate and UI 

279.04  

Step_4 Chlorophyll_a, Current_V, SLA, Precipitation rate and UI 277.93 

Step_5 Chlorophyll_a, Current_V, SLA and Precipitation rate 277.01 

 
The final result of stepwise regression for CPH of Thryssa spp.  

explained that CPH significantly depends on only four variables as chlorophyll_a 

concentration, current _V, SLA and precipitation rate. Therefore, the coefficient 

values in the final stepwise regression model for CPH at SW for Thryssa spp. were 

estimated (Table 52). The final regression model was significantly (p= 2.2e-16) 

influenced by chlorophyll_a and sea level anomaly. The final stepwise regression 

model was able to explain 63% of CPH. 

Table 52: Fit summary of the final model for Thryssa spp. 

Model Estimate Std. Error t value Pr(>|t|) 

(Intercept) -0.04931 1.10694 -0.045 0.96455 

Chlorophyll_a 18.34665 1.50756 12.17 < 2e-16**** 

Current _V -12.01414 6.45664 -1.861 0.065335 

SLA 23.19238 6.02887 3.847 0.000197*** 

Precipitation rate 2.72733 1.76392 1.546 0.12481 

  „***‟‟ significant at 0.001  

Residual standard error: 3.107 on 115 degrees of freedom, Multiple R-squared:  

0.6325, Adjusted R-squared:  0.6297, F-statistic: 49.48 on 4 and 115 DF, and p-

value: < 2.2e-16 
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4.4. Cross-correlation  

Augmented Dickey-Fuller Test was performed to find out the stationary 

time series data before applying cross-correlation. The time series data for  UI and 

CPH of sardine, mackerel, Stolephorus spp. and Thryssa spp. were stationary at a 

5% significance level (Table 53).  

Table 53: Augmented Dickey-Fuller Test of selected parameters 

Variables Dickey-Fuller Lag order  P- value 

UI -4.6042 6 0.01** 

CPH of Indian oil  sardine -4.6917 6 0.01** 

CPH of Indian mackerel -3.5569 6 0.03823* 

CPH of Stolephorus spp. -3.9749 6 0.01113* 

CPH of Thryssa spp. -5.3859 6 0.01** 

   „*‟ and „**‟‟ significant at 0.05 and 0.01 

The cross-correlation was performed for UI with CPH of sardine and the 

result found the upwelling index leads CPH of sardine by two months (Fig. 107). In 

the case of mackerel, the result found the upwelling index leads CPH of mackerel by 

zero, three and six months (Fig. 108). Similar to sardine, the cross-correlation was 

performed for upwelling index with CPH of Stolephorus spp. and Thryssa spp., the 

result showed that the upwelling index leads CPH of both by three (Fig. 109) and four 

months (Fig. 110), respectively.  

Fig. 107: Cross-correlation between upwelling index and Indian oil sardine CPH  
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Fig. 108: Cross-correlation between upwelling index and Indian mackerel CPH 

 

Fig. 109: Cross-correlation between upwelling index and Stolephorus spp. CPH 

 

Fig. 110: Cross-correlation between upwelling index and Thryssa spp.CPH 
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5. DISCUSSION 

5.1. Open access oceano-climatic parameters  

Global warming is one of the most important anthropogenic factors for 

climate change after the industrial revolution by adding carbon dioxide in an 

accelerated way. The effect of climate change on SST has been observed in the 

study at the south west coast of India, but not the same effect simultaneously at the 

entire south west coast of India. For SST, the time series trend shows a continuously 

increasing trend along all strata. The possibility of a slight shift in SST was found at 

both ST_1 and ST_2 during 1997, but in the case of ST_3 again small shift was 

appeared with few years delay as during 2008. The time series trend of SST indicated 

a small warmer at both ST_1 and ST_2 and, at ST_3 after 1997 and 2008, 

respectively. Therefore, small coastal warming has detected all three strata might 

have appeared different period due to a detectable latitudinal gradient in SST over 

entire SW as mean of SST reduced from southern to northern region and also 

geographical and topographical distribution of the strata are different to each other. 

The season-wise trend of SST along the south west coast of India 

indicated a clear difference in SST during pre-monsoon, monsoon and post-monsoon, 

where SST of pre-monsoon and monsoon were the highest and lowest, respectively. 

Also, the SST of post-monsoon was always higher than that of monsoon. The 

seasonal plot of SST showed an upward trend for all seasons in this study after 1997 

with a significantly positive correlation between pre-monsoon and monsoon, and 

monsoon and post-monsoon due to rapid rise in global greenhouse gas sharing of 

India by booming developmental and industrialization activities after 1990 onwards 

(Sathaye et al., 2006).  Also, rates of change in SST have been highly heterogeneous 

in both spatial and seasonal in this study, which is supported by Lima and Wethey 

(2012) .  

The study reveals that a significant shift in chlorophyll-a concentration in 

the sea water along the south west coast of India has observed during the study 

period. Considering homogeneity tests and changepoint analysis, a significant shift in 

chlorophyll-a concentration have taken pace during 2012, 2013 and 2011 at ST_1, 
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ST_2 and ST_3, respectively. It means shifting in chlorophyll-a concentration was 

noticed at first along the northern region and then along the southern region, where 

this shifting indicated as significantly lower the concentration of chlorophyll-a in 

seawater during last five recent years along ST_1 and ST_3. This significant shifting 

in chlorophyll-a concentration at ST_2 appeared after ST_1 and ST_3, where the sea 

water chlorophyll-a concentration has increased during recent years. Furthermore, 

the shifting in chlorophyll-a concentration along ST_2 is opposite to that of ST_1 and 

ST_3. The relation between southern and northern region in respect to chlorophyll-a 

concentration is also supported by the correlation analysis, where a significant 

correlation was existed between them. In a comparison of the spatial distribution, of 

chlorophyll-a concentration was always highest at ST_3. However, in the view of the 

entire south west coast of India, this result found a decreasing trend in the   

chlorophyll-a concentration.  

Again, seasonal distribution of the chlorophyll-a concentration shows the 

highest concentration during the monsoon season. The upward movement of 

chlorophyll-a concentration during monsoon and downward sliding in both pre-

monsoon and post-monsoon seasons has been observed during in recent five years. 

It is be possible only on the shifting in abundance and biomass of primary producer 

i.e. phytoplankton. On the influence of climate change, the early outbreak of primary 

production have carried out along the south west coast of India, resulted increasing 

and decreasing of chlorophyll-a concentration during monsoon and post-monsoon 

after 2010, respectively. Therefore, by observation of time series trend of chlorophyll-

a concentration, it is said that spatial-temporal shift in chlorophyll-a concentration 

along the south west coast of India has been taken place during the period of 2010. 

An inverse relationship between in trend of chlorophyll-a concentration and SST 

along stratum_1 and stratum_3 along the south west coast of India has been clearly 

observed in the study. But, in case of ST_2, chlorophyll-a concentration has 

increasing trend after 2013, bcause sometimes rising in SST enhances the 

proliferation of phytoplankton via increasing metabolic rates of phytoplankton 

(Lewandowska et. al., 2014). 
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In the consideration of changepoint analysis, it seems the small shift in 

time series of zonal wind speed have taken place during the period from 1993 to 1994 

along the south west coast of India, as thereafter; zonal wind speed has slightly 

reduced. Therefore, ocean warming affects the zonal wind speed, where SST and 

zonal wind shows a significantly negative correlation to each other. Similar result has 

been found by Palipane et al.  (2017). 

  Similar to zonal wind speed, the meridional wind speed had slight 

reduction after 1992 at ST_1 and ST_2. However, considering the entire south west 

coast of India, both zonal and meridional wind speed showed a negatively significant 

correlation to each other. Also, this result showed that the northern region‟s 

meridional wind is more susceptible to environmental variation in comparison to other 

two regions of the south west coast of India, where the meridional wind speed has 

significantly increased after 1992. A variation was found in consideration of seasonal 

meridional wind speed, where the meridional wind speed was continuously increasing 

during the pre-monsoon season, while that was continuously decreased during the 

monsoon period. This result is supported with finding of Rashmi et al. (2016) as a 

decreasing trend in both zonal and meridional wind speed during monsoon period at 

the south west coast of India. The SST-induced modification of the surface wind 

stress depends on the orientation of the wind stress relative to perturbations of the 

SST gradient, and aslo global warming is negatively correlated with wind speed 

change over the tropics.   

The result of this study with highest upwelling index during monsoon is 

supported by the finding of Smitha et al. (2008). At the initial period, the upwelling 

index of pre-monsoon period showed an increasing trend, but later that dipped 

continuously. In the case of spatial study, upwelling index decreased from southern to 

the northern region. But  this study also show the strength of upwelling index at all 

strata was slightly decreased after 2000, since coastal upwelling index is governed by 

the direction of the upwelling-favorable winds and the local configuration of the coast. 

In contrast to the prediction of an increase in upwelling by Bakun (1990) under the 

global warning, this result shows a significant negative correlation between SST and 

upwelling index. But, this result supports the observaton of Varela et al. (2016) as a 
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decrease in upwelling index along the South Coast of Java due to even small coastal 

warming.  

Small coastal warming was detected over the upwelling season (July-

October) along with a moderate decrease in upwelling index. This study found that 

upwelling index decreased from southern to northern region of south west coast of 

India, due to difference in topography of south west coast of India, where presence of 

a parallel to the coast of western ghats range continuously except a 30-km wide 

Palghat gap at 11° N which may affect the wind blow. Similarly, latitudinal different in 

upwelling along the south west coast of India was also observed by Smitha et al. 

(2008), where three different patterns of upwelling along southwest coast of India viz. 

moderate upwelling occurs between 9° N to 13° N due to the combined action of the 

alongshore wind stress, the coastally trapped Kelvin waves, and the offshore 

propagating Rossby waves.  

However, this study found a significant upward shifting in zonal current 

at ST_1 during 2000, but other two strata as ST_2 and ST_3 showed a slightly 

downward trend after 2005 as seen for zonal wind speed. A significant positive 

correlation in zonal current speed was found between ST_1 and ST_2. The 

fluctuation in seasonal zonal current also governs by sea surface wind because a 

continuous decreasing trend in time series of zonal wind speed during the monsoon 

season has been found in this study. The decreasing of zonal current during 

monsoon and increasing during pre-monsoon is the result of the impact of climate 

change. Surface waters of the ocean are moved primarily by winds. Winds blow in the 

same direction for a long period, currents develop and transport large masses of 

water over long distances.  

In the case of meridional current, there was a significant shift in the time 

series during 2005 at ST_1. As wind change leads to variations of the oceanic 

circulation (Kämpf and Kavi, 2018). However, meridional current shows a significant 

positive and negative correlation with zonal wind and SST, respectively. At entire 

south west coast of India, a zonal current speed has reduced, but meridional current 

speed is increased on the in the influence of warming climate, which is similar to the 

finding of  Stouffer et al., (2006) on the meridional ocean current.  
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The importance of changes to the wind-driven ocean circulation in 

influencing sea level anomay variability was also emphasized by observations of 

Suzuki and Ishii (2011). Long time scales both wind stress and salinity variability, in 

addition to ocean heat content variability, are important in causing sea level anomay 

variability (Fasullo and Gent, 2017). Even though, this result indicates a continuous 

upward sloping in SLA at all strata and seasons since 2003, but a significant shift in 

time series of SLA has detected all strata and entire south west coast of India during 

2007, where SLA was significantly higher after 2007 in comparison previous period. 

This study also reveals that SLA along the south west coast of India is always highest 

during pre-monsoon when the SST is highest among all three seasons. A similar 

result was obtained by Piontkovski and Al-Jufaili (2013), where these changes are 

mediated by the atmospheric anomalies. For instance, a declining trend pronounced 

from 1993 to 2000, has a local peak in 1997 which was the year of the strongest El 

Niño reported for the recent years. The year 2000 was a key point of a dramatic 

switch, in which the declining trend of SLA changed to the rising one.  

All homogeneity tests and changepoint analysis showed a slight shift in 

precipitation rate along all strata and also the entire south west coast of India. The 

impact of climate change on precipitation rate of the south west coast of India is 

visible in this study, where precipitation rate at ST_1 and ST_3 has slightly increased 

after 2005 and that has reduced at ST_2 after 2007. This indicates a non-

homogenous influence of climate change on the precipitation rate at the entire south 

west coast of India. The increased in precipitation rate must have associated with a 

lower frequency of outbreak of El Niño during 2000‟s decade and also the high 

intensity of La Niña was appeared after 2005.  

In considering the entire south west coast of India, the precipitation rate 

has reduced after 2009 in spite of increasing the precipitation rate at ST_1 and 3. It 

means the precipitation rate of the south west coast of India depends on ST_2, where 

Palghat gap in Western Ghat range is responsible for heavy rain fall at the immediate 

northern southwest coast of 10° N. Besides, spatial changes in precipitation rate of 

the south west coast of India, the seasonal shift in precipitation rate have also 

recorded in this study. The precipitation rate during monsoon was decreased up to 
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2005 and then it showed an increasing trend. In contrast to the monsoon, the 

precipitation rate was increased up to 2005 during the pre-monsoon season, but then 

it had a decreasing trend. However, the post-monsoon showed a decreasing trend in 

regards to precipitation rate after 2008. Furthermore, the trend of SST and DMI 

indicates the rising SST after 2005, which is the reason in the change in precipitation 

along with the upwelling index.  Howevere, the DMI index implied abrupt changes in 

its dynamics in the year 2000 (Piontkovski and Al-Jufaili, 2013). A positive DMI ends 

up with severe droughts over  eastern Indian Ocean, resulting delay in summer 

monsoon over Kerala  region (Bala and Singh, 2008).  

 

5.2. Laboratory and In-situ  observation of oceanic parameters  

Chlorophyll-a concentration along off Kochi water showed an increasing 

trend from 2003 to 2008. But, the trend followed a downward movement from 2008 

and showed continuously as downward trend up to 2013. But, the lowest 

concentration of chlorophyll-a was observed in 2006. Similar, trend was also found for 

open access-derived chlorophyll-a at ST_1. In the case of SST, trend along off Kochi 

increased trend from 2003 to 2010 continuously. After reaching its peak in 2010., SST 

showed a decreasing trend up to 2013 in the study. However, open access-derived 

SST and chlorophyll-a have a significantly negative correlation at south west coast of 

India, but laboratory observation shows a positive correlation between SST and 

chlorophyll-a concentration along Kochi coast. Also, laboratory data correlation is true 

for spatial study on open access-derived SST and chlorophyll-a concentration at both 

ST_1 and ST_3. 

In contrast to the finding of Parthasarathy et al. (1992), the solubility of 

DO decreases with increase temperature, thus heat stress is commonly accompanied 

by hypoxia stress. Universal theory as a negative relationship between DO and 

temperature, these results show a positive relationship between the trend of DO and 

SST. Moreover, DO had a positive correlation with chlorophyll-a concentration and 

nitrate. It means the primary productivity is more responsible for DO in this coastal 

water, rather the fluctuation in temperature. In the case of seasonal study, SST for 
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both In-situ and open access-derived data showed a similar result as higher in pre-

monsoon than post-monsoon. Similarly, chlorophyll-a concentration was higher during 

post-monsoon as compared to pre-monsoon for both In-situ and open access-derived 

data. 

5.3. Small pelagic resources 

The trend analysis of total landings of sardine has increased in SW after 

1995. Furthermore, the catch of sardine is closely associated with the El Niño effect, 

where sardine catch had downward sliding trend in 1990‟s decade during intense   

El Niño period (Srinath et al., 2003). Again the minimum catch recorded during 2015, 

where a large El Niño effect was known found in this result. In contradiction to Thara 

(2011) finding, this result did not find an inverse relationship of mackerel to sardine 

fisheries. However, this result supported by the study of Sahadevan (2017) as no 

negative relationship between the landings of sardine and mackerel in India. A 

negative correlation with landings of sardine with both Stolephorus spp. and Thryssa 

spp. indicates that the higher biomass availability of Stolephorus spp. and Thryssa 

spp. on declining the biomass of sardine at south west coast of India due to 

coincidences of geographical range and season, hence competition for food and 

space. The existent of both Stolephorus spp. and Thryssa spp. at south west coast of 

India is found by a positive correlation between them in this study. 

5.3.1. Indian oil sardine 

The standardized CPH of sardine at south west coast of India was 

significantly higher after 2013, which is due to the extension of sardine population 

towards the northern region. The northward extension of sardine is also explained by 

the observing of stratum wise variation in the CPH. The highest and lowest CPH were 

along ST_1 and ST_3 at the starting period of the study, but the same were 

interchanged each other and became as lowest and highest during 2010 onwards, 

respectively. The upward trend of CPH along ST_3 was slow at the initial period but, 

it was accelerated during the period of 2005 and also at the same time CPH started to 

decrease along ST_1. Also, the negative correlation between strata is due to the 
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extension of sardine from southern to the northern region. The acceleration in rising 

SST during 2000 to 2005 along southern region is the unfavourable temperature for 

sardine, which forces to move the sardine population towards northward according to 

its tolerance limit of environmental condition, resulted in sharp diminishing and 

increasing CPH along the southern and northern region, respectively. A significant 

impact of temperature at fish distribution pattern is observed, where even slight rise in 

temperature plays noticeable effects on the geographical distributions of fish as being 

a poikilothermic organism (Perry et al., 2005). Rohit and Bhat (2003) also reported 

that the landings of sardine have increased in 2000‟s decade in the northern part of 

south west coast of India. 

Besides spatial changes in the distribution of CPH for sardine under the 

impact of climate change, a seasonal variation in the CPH has also been observed in 

the study. The highest CPH was during pre-monsoon up to 2002, while later on, 

monsoon showed the maximum CPH. However, the CPH during post-monsoon had 

continuously increased trend. The seasonal differences in sardine distribution is found 

as CPH decreases and increases during pre-monsoon and monsoon, respectively, 

where pre-monsoon is not proven as a favourable season in the effect of rising of 

SST on the impact of global warming, therefore sardine showed temporal extension 

during monsoon to complete the life cycle in optimal environmental condition. 

The extension of sardine in deeper water region in effect of global 

warming is the reason for increasing of CPH in mechanized gears as MTN, MRS and 

MPS, which are able to operate in deeper water areas. A continuous increasing trend 

of CPH in MPS, which is mainly operated along ST_3, also indicates the spatial 

extension of sardine population towards northern latitude. Again in the case of 

motorized gears, the CPH of OBRS was increased continuously, while that for OBGN 

and OBTN had the decreasing trend over the study period. According to marine 

fisheries census 2010 (Anon, 2012), the operation of ring seiners is mainly 

concentrated along central region in south west coast of India. Among outboard motor 

operated gears, the maximum CPH was noticed for OBRS over the study period with 

a continuously increasing trend. Therefore, the trend of CPH of both MRS and OBRS  
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also reveals the extension of sardine population from ST_1 to ST_2 with rising of SST 

over time. The limitation in the operational depth of OBTN seems to show a 

decreasing trend in CPH for OBTN. Similar to OBTN, CPH of OBGN also showed a 

downward trend after 2010. A significantly negative correlation between CPH of MRS 

and OBTN (-0.49) and, also MTN and OBTN (-0.60) in the study indicates also the 

moving of sardine population to deeper water in search of optimum physiological 

temperature. According to marine fisheries act of maritime state along south west 

coast of India, mechanized fishing vessels are prohibited for fishing operation near 

coastal water. The combination of gears in NM is the reason for showing a significant 

correlation with a mechanized trawl net, where NM is dominated by bottom operated 

gears. The moving of sardine in deeper water is also seen by CPH of mechanized 

trawl net, where the CPH has increased from 2010 onward. Similar observation 

noticed by Vivekanandan et al. (2009), where the sardine has extended its distribution 

toward northern and deeper water along the Indian coast due to the impact of global 

warming. 

First maturity size over the years for sardine recorded and found that the 

size of the first maturity was continuously decreased over the time period, where it 

was 16.5, 15.7 and 15.2 cm on 1964, 1987 and 2016, respectively. Therefore, the 

result indicated that size of maturity for sardine has reduced in recent time as 

compare to the historic period. An increase in temperature results in a decrease in the 

length and age at first maturation, affecting the growth of adults as surplus energy is 

channeled into reproduction at an earlier age and smaller size.  

During 1924, sardine was starting to spawn their eggs from September 

and continued to spawn up to October month. Further progression of time, sardine 

has started to spawn even in July during 1964. Similarly, the fluctuation in completion 

of spawning period was also noticed, where spawning season was continued up to 

October and November during 1924 and 1949. But, it had been noticed that spawning 

season was completed even during August month in the recent period. Thus, this 

study showed that sardine completed its spawning season earlier compare to 

historical period by starting in May and completed in August. Fishes shift the seasonal 
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timing (phenology) of crucial events such as spawning in response to climate change 

(Sims et al., 2004). However, the influence of human activities such as commercial 

fishing also observes on life-history traits of commercially harvested fish, but its 

affecting rate on the life-history parameters such as size at maturation, consumption, 

and gonad investment is very low as per the study of Andersen and Brander (2009). 

Life cycle model of sardine showed the fishes spawn during monsoon 

season when the water temperature is low. A slight rise in SST may have an adverse 

effect on spawning and thereafter, recruitment. According to Pankhurst and Munday 

(2011), eggs are one of the most thermally sensitive life stages in fishes, therefore 

even a slight increases in temperature escalates egg mortality. The rising SST affects 

the primary and secondary productivity, resulting in scarcity of juvenile‟s thrive food at 

coastal region. Also, the rising temperature and decreasing precipitation rate, which is  

responsible for increasing the high level of salinity in the southern region, resulting  

for less recruitment in the southern region. Therefore, juvenile abundance of sardine 

is regulated by optimum precipitation rate during the monsoon period.  

Kripa et al. (2018) suggested that fishery independent factors including 

the environmental and biological variations and the biotic pressures are observed on 

sardine population along the south west coast of India. Longhurst and Wooster (1990) 

have argued that events taking place during the early part of the year, especially 

March/April, have more influence on the success of sardine fishery, since the gonads 

start increasing from these months clearly indicating the relationship between, 

nutrient enrichment from upwelling followed by diatom bloom leading to maturation. 

Lack of food during this period leads to gonad atrophy or even poor maturation as 

was observed low catch during 2015 in El Niño year. Thus, the result suggests the 

precipitation during the pre-monsoon period is important. A good monsoon by itself 

cannot guarantee successful recruitment if good gonad maturation has not taken 

place during the pre-monsoon period. Hence, initiation of upwelling during pre-

monsoon (for maturation); followed by normal monsoon (for spawning); which 

increases the food availability in the near shore waters for the growth of juveniles (for 

recruitment) is key to the overall success of the sardine fishery. 
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5.3.2. Indian mackerel 

Similar to sardine, the changepoint analysis of standardized CPH 

showed a break point in time series trend during 2014 and higher CPH was observed 

after 2014. On the basis of spatial study at south west coast of India, this study 

indicated that the highest CPH were along ST_1 throughout the study period. The 

decreasing trend of CPH at both ST_1 and ST_2 has started after 2005, while the 

same has noticed after 2010 at ST_3. However, on the effect of global warming, 

mackerel has the capacity to substitute food with high energy value and modify its 

feeding habit depending on the availability of different organisms in the environment 

as facultative feeding habit of mackerel and hence can be considered as one of the 

resilient species (Supraba et al., 2016).  But, the decreasing trend in CPH at both 

ST_1 and ST_2 in 2005 and later at ST_3 in 2010 infer the influence of global 

warming at the south west coast of India.  

A positive correlation (0.34) between ST_1 and ST_2 and negative 

correlation (-0.20) between ST_2 and ST_3 indicates extension of mackerel 

population towards the northern region, where mackerel had decreasing CPH at 

ST_1 and ST_ 2 after 2005 and increasing CPH at ST_3 up to 2010. SST was 

positively correlated with fish growth but negatively correlated after temperature 

reached optimum thermal maxima, which suggests individuals in warmer regions is 

under thermal stress (Martino et al., 2019). 

The gear-wise analysis shows that CPH in all mechanized gears has 

increased after 2005, while CPH of motorized and non-mechanized gears has 

decreased at the same time. It infers the extension of mackerel in deeper water under 

effect of warming environment. This result is supported by the finding of Sumaila et al. 

(2011) as many marine species have moved towards the poles and into deeper 

waters under ocean warming, such as in the Northeast Atlantic, US East Coast, the 

Bering Sea and Australia. For instance, in response to warming, the center of 

distribution of demersal fishes in the North Sea shifted latitudinally and some species 

shifted into deeper waters. 
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The result reveals the size of the first maturity of mackerel at the south 

west coast of India has reduced at a recent time in comparison to the historical 

period. During 1956, mackerel could attend the first maturity at a length of 22.4 cm. 

However, it has been found that mackerel gets maturity size even at 17.5 cm in the 

recent condition.  van Rijn  et al. (2017) has also confirmed that global warming leads 

to a widespread reduction in the maximal size of natural fish. In higher temperatures, 

there was a reduction of physical condition in larval/juvenile stages, such as reduced 

food intake due to increased competition, which constrained lifetime growth 

development (Martino et al., 2019).  

South west monsoon season is preferred condition for the development 

of larval stage of mackerel, where low salinity and temperature, as well as high 

phytoplankton during coastal upwelling, are found. The rising SST, shifting in 

precipitation rate and sea surface wind lead to phenological changes in growth and 

recruitment of mackerel. The increasing SST facilitates early migration for juvenile 

and mature fish from coastal reason to deeper optimum environmental conditions. 

Therefore, this result found that the CPH of mechanized gears as operated in deeper 

water is showing an increasing trend and CPH of coastal operated gears such as 

motorized and non-mechanized are at decreasing trend.  

5.3.3. Stolephorus spp. 

The assemblage of Stolephorus spp. seems at the south west 

coast of India by starting October, when the temperature becomes slightly higher 

after cessation of south west monsoon. After entering in the southwest region, it 

spreads at entire ST_1 area by November. Its movement is continued towards the 

northern region with decreasing of temperature with the onset of the winter season at 

the northern region of the south west coast of India and reaches up to stratum_3 by 

the end of February. Further, the temperature starts to increase at south west coast 

region on approaching of the summer season at the northern region of the south 

west coast of India, which forces to move Stolephorus spp. again towards 

southwards. Therefore, Stolephorus spp. again aggregated at stratum_2 and 

stratum_3 by the end of May month. After May, the upwelling phenomenon appears 
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at the south west coast, which reduces the temperature and dissolved oxygen at 

surface water. To prevent the adverse oceanic condition, Stolephorus spp. 

accumulates in the south east region. 

 The rising SST under global warming phenomenon forces 

Stolephorus spp. to appear at south west coast comparatively earlier at the recent 

time. Therefore, a sharp increasing trend in CPH of Stolephorus spp. is visible in this 

study. To minimize the adverse effect of global warming, Stolephorus spp. utilizes 

both possibilities by expending their existence vertically in deeper water and 

horizontally towards the northern region. This is the reason for the upward sliding 

trend of CPH of Stolephorus spp. at both strata ST_2 and ST_3. The highest CPH 

was observed along ST_1 at the initial period of study, but ST_3 showed the highest 

CPH after 2007 with the intermediate position of ST_2. Therefore, this result 

demonstrated the increasing of Stolephorus spp. population from southern to 

northern region, where a significantly positive correlation between ST_2 and ST_3 

was found, which is similar to the observation of Raybaud et al. (2017).  

The result also found an increasing trend of CPH for Stolephorus 

spp. during all three seasons i.e. pre-monsoon, monsoon, and post-monsoon. 

However, the CPH was always lower during pre-monsoon compared to the other two 

seasons, but the CPH had an increasing trend even in the pre-monsoon season. It 

means Stolephorus spp. tends to remain at south west coast during the      

pre-monsoon season, but shifted toward deeper water to avoid high temperature at 

both south west and south east region.  

In the case of gear-wise study of CPH, the result shows that CPH 

of mechanized is continuously increasing over the study period. In contrast to 

mechanized gears, while CPH of motorized and non-mechanized gears has a 

decreasing trend. It means the catch rate of Stolephorus spp. are increasing at 

deeper water and decreasing at coastal region. This is possible only when 

Stolephorus spp. population shifts towards deeper water. The result infers a 

significant shift in the trend in the time series CPH of Stolephorus spp. before and 

after 2013. The CPH of Stolephorus spp. has increased along the south west coast 
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of India after 2013. Silva et al. (2015) also found that variations in anchovy 

abundance are linked to environmental changes.  

 

5.3.4. Thryssa spp. 

A clear impact of climate change is visible on CPH for Thryssa spp. 

along the south west coast of India. Time series of CPH for Thryssa spp. indicates 

small shifting with lower CPH in 2013 with comparison to before 2013. Anchovy show 

changes in the distribution, which is associated with environmental variability  (Yáñez 

et al., 2017). The spatial distribution of CPH shows the highest CPH along ST_2, 

followed by ST_3 and ST_1. However, the CPH of both ST_2 and ST_3 in this result 

has a decreasing trend with a significant positive correlation in each other. Thus, this 

decreasing trend is due to the expansion of Thryssa spp. population from ST_ 2 and 

ST_3 region to another nearby region. However, the highest CPH of Thryssa spp. 

was found during monsoon among three seasons. This indicates the Thryssa spp. 

prefer lower temperature season for their life cycle. Under the global warming 

condition, Thryssa spp. do not find the optimum environmental condition during   

pre-monsoon and post-monsoon season. Therefore, a seasonal shift in the 

recruitment of Thryssa spp. is the reason for the decreasing trend during both   

pre-monsoon and post-monsoon season, while an increasing trend in monsoon after 

2005. This result also found a significant positive correlation for CPH of Thryssa spp. 

during pre-monsoon and post-monsoon. 

Gear-wise study on catch found increasing and decreasing trend of CPH 

in MRS and MTN, respectively. At the same time, CPH for motorized gears as OBRS 

and OBTN had a decreasing trend. This is due to the shifting of Thryssa spp. from 

coastal to offshore water region. Furthermore, the horizontal shifting rather than 

vertical shifting is a reason for increasing and decreasing trend of MRS and MTN. 

SST are responsible for the shifting and expansion of recruitment of Thryssa spp. 

along the south west coast of India as the observation of Martino et al. (2019), the 

increases in water temperature beyond the optimum temperature have significant 
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ecological consequences by hindering physiological processes and an adaption or 

shift in organism habitat range. 

5.4. Model  

Logistic regression model, being based on the probability of an event 

occurring, allows us to calculate an odds ratio, which is the ratio of the odds of an 

event occurring to it not occurring. The result shows a significant logistic model for 

sardine, mackerel, Stolephorus spp. and Thryssa spp. The increase in logit score per 

unit of sardine CPH  depends on the increase of odds ratio in chlorophyll-a 

concentration, SST, wind_U, wind_V, current_U, current_V, SLA and precipitation 

rate by 0.34, -0.23, 0.11, -1.07, 6.17, 8.01, -0.01 and 1.87, respectively. The 

meridional wind had a significant influence on the logistic model at 5% level of 

significant.  

The increase in logit score per unit of mackerel CPH depends on the 

increase of odds ratio in chlorophyll-a concentration, SST, wind_V, current_U, 

current_V, SLA, precipitation rate and UI with -6.07, -0.41, 0.64 -152, -25.7, 10.9, 

2.35 and 0.003, respectively. Current_U and UI had a significant influence on the 

logistic model at 5% level of significant.  

Similarly, the increase in logit score per unit of Stolephorus spp. CPH 

depends on the increase of odds ratio in chlorophyll-a concentration, SST, wind_V, 

current_U, current_V, SLA and precipitation rate were 0.53, 1.17, -1.14, 14.64, 8.13, 

4.24 and 4.58, respectively. Logistic regression model demonstrates that only SST 

significantly influences the CPH of Stolephorus spp. among various ocean-climatic 

variables. In the case of Thryssa spp., the increase in logit score per unit of Thryssa 

spp. CPH depends on the increase of odds ratio in chlorophyll-a concentration, SST, 

wind_V, current_U, Current_V, SLA, precipitation rate and UI were -2.29, -0.85, -0.31, 

-16.1, -4.43, -13.2, 2.45 and 0.0008, respectively. However, the result shows that only 

SLA had a significant influence on the logistic model at 5% level of significance 

among all used variables.  

Stepwise regression model reveals that the CPH of sardine significantly 

depends on five climatic variables as chlorophyll_a concentration, meridional wind 

and current speed, sea level anomaly and upwelling index. However, this predictive 
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model explained only the 13% of variables, but support a finding of Kumaran et al. 

(1992), who did not find any direct relationship between sardine landings and the total 

rainfall on annual basis. The peak of chlorophyll (in July - September) has been 

increased supported by negative SLA anomalies indicating the divergence of waters 

due to developing coastal upwelling as the study of Piontkovski and Al-Jufaili  (2013). 

 Similar to sardine, mackerel CPH was influenced by mainly two 

variables as meridional wind speed and sea level anomaly. In the case of Stolephorus 

spp., CPH significantly depends on only four variables chlorophyll_a, wind_V, 

current_U and precipitation rate. Again, Thryssa spp. CPH significantly depends on 

only four variables Chlorophyll_a concentration, current _V, SLA and precipitation 

rate. However, the final predictive regression model of Thryssa spp. was significantly 

influenced by only chlorophyll_a concentration and sea level anomaly, where this 

predictive model could able to explain 63% of CPH.  

This result infers that the oceano-climatic variables used in the study 

could explain 13% 14% and 20% of CPH of sardine, mackerel, and Stolephorus spp. 

This means other phycosico-chemical variable such details of zooplankton and 

phytoplankton, salinity and other related parameters are required to improve the 

predictive capacity of the model. Among all four species, these oceano-climatic 

variables are able to predict 63% of CPH along the south west coast of India, where 

chlorophyll_a concentration plays a significant role and result show a decreasing 

trend of chlorophyll_a concentration along the south west coast. This is the reason for 

the CPH has come down after 2013 as compared to the previous year.  

The cross-correlation in this study reveals that CPH of small pelagic 

fishes significantly influenced by the appearance of upwelling along the south west 

coast of India. But, a high catch of small pelagic fishes is not observed at the 

immediate appearance of upwelling phenomenon as visible in this study. The CPH of 

sardine, Stolephorus spp. and Thryssa spp. lags of two, three and four months with 

the upwelling index, respectively. However, in case of mackerel, the cross-correlation 

was performed for upwelling index with CPH, and the result found the upwelling index 

leads CPH of mackerel by zero, three and six month.  
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Chlorophyll-a concentration has a close direct relationship with primary  

production, therefore, with the expectation that increasing chlorophyll-a leads to 

higher growth and biomass. But  the time lag in appearance of primary and secondary 

productivity after the outbreak of upwelling is the reason for the lag in CPH of sardine, 

Stolephorus spp. and Thryssa spp. The result support the observation of 

Krishnakumar et al. (2008) as  the catch rate of sardine showed a negative correlation 

with upwelling index and also the concurrence of upwelling index. Therefore, this 

result suggests that the outbreak of upwelling lead higher primary productivity is 

associated with greater food availability, facilitating recruitment by allowing a larger 

number of better-conditioned fish to exist in the populations.  
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6. SUMMARY 

Climate change refers to the gradual change in the Earth's climate and 

physical geography that accompany an increase in the Earth's temperature. It is one 

of the greatest challenges facing life on the Earth and therefore, it has emerged as an 

important area of both international as well as domestic, research, policy making and 

development planning recently. A systematic observation, recording, and processing 

of the climatic elements such as temperature, rainfall, atmosphere, pressure, 

humidity, wind, sunshine and clouds are always required to ascertain the climatic 

condition of a place. Global climate change is the best estimates of ocean warming in 

the top 100 m are about 0.6°C (RCP2.6) to 2.0°C (RCP8.5) by the end of the 21st 

century. This unprecedented increase is expected to have severe impacts on the 

global hydrological system, ecosystems, sea level, crop production, and related 

processes. The impacts have particularly severe in tropical areas, which mainly 

consist of developing countries, including India. 

Recently, climate change has been recognized as one of the critical 

issues in Indian marine fisheries because the biological activities of the marine 

organism depend on climate-oceanographic features and these features vary 

regionally and seasonally in the ocean. An early or late onset of south west monsoon 

or its failure affects the abundance of various fishery resources. There is strong 

evidence that species have changed the timing of their life cycles during the year and 

shifted their geographic distributions toward higher latitudes and elevations. The 

effects of climate reduce the age, size, and geographic diversity of populations and 

the biodiversity of marine ecosystems. Therefore, to understand the mechanism of 

interactions between global change events on the distribution of marine ecosystem 

and its organisms, this study was conducted along the south west coast of India. The 

objectives were proposed as to ascertain the extent of the impact of the change in 

climato-oceanographic features between epochs, to study the impact of climate 

change on the biological aspect of the small pelagic resources and to establish the 

relationship in dynamics between climato-oceanographic features and small pelagic 

resources.  
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The study was carried out by collecting at time series data on the 

climato-oceanographic parameters including SST, chlorophyll-a concentration, seas 

surface wind (U and V component), sea  surface current (U and V component), sea 

level anomaly, precipitation rate, southern oscillation index and dipole mode index 

from open sources. The time series trend on SST shows a continuously increasing 

trend along all strata. The possibility of slightly shift in time series of in SST was found 

at both ST_1 and ST_2 during 1997, while at ST_3 this shift appeared with few years 

delay as during 2008. In the case of the seasonal plot of SST, the result found an 

upward trend for all seasons after 1997. A significant shift in chlorophyll-a 

concentration have been taken pace during 2012, 2013 and 2011 at ST_1, ST_2, and 

ST_3, respectively. It means shifting in chlorophyll-a concentration was noticed at first 

along the northern region and then along the southern region. Furthermore, the 

shifting in chlorophyll-a concentration along ST_2 is opposite to that of ST_1 and 

ST_3.  

In the view of the entire south west coast of India, the result of time 

series analysis revealed a decreasing trend in the chlorophyll-a concentration. 

Besides, spatial shifting, a temporal shift in chlorophyll-a concentration was also 

taken place along the south west coast of India during 2010. A slight reduction in 

zonal wind speed have been taken place during the period from 1993 to 1994. Similar 

to zonal wind speed, the meridional wind speed had slight reduction after 1992 at 

ST_1 and ST_2. This result showed that the northern region‟s meridional wind is 

more susceptible to environmental variation in comparison to the other two regions of 

the south west coast of India where the meridional wind speed has increased after 

1992.  

The result of this study found the highest upwelling index during 

monsoon. At the initial period of the study, the upwelling index of pre-monsoon period 

showed an increasing trend, but later that dipped continuously. In the case of spatial 

study, upwelling index decreased from southern to the northern region. Present study 

found a significant upward shifting in zonal current at ST_1 during 2000, but other two 

strata as ST_2 and ST_3 showed slightly downward trend after 2005 as seen for 

zonal wind speed. In the case of meridional current, there was a significant shift in the 
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time series during 2005 at ST_1. For SLA, a significant shift has been detected at all 

strata during 2007, where SLA was significantly higher after 2007 in comparison 

previous period. The impact of climate change on precipitation rate of the south west 

coast of India is visible, where precipitation rate at ST_1 and ST_3 has slightly 

increased after 2005 and that has reduced at ST_2 after 2007.  

This study indicated that total landings of sardine and stolephorus had 

increased in south west coast of India after 1995. The catch of sardine is influenced 

by the El Niño effect. The standardized CPH of south west coast of India a 

significantly higher CPH was observed after 2013, which is due to the extension of 

sardine population towards the northern region. Similar to sardine, the standardized 

CPH of Stolephorus spp. at south west coast of India was significantly higher after 

2014. In the case of sardine, the highest and lowest CPH were along ST_1 and ST_3 

at the starting period of the study, but the rising trend of CPH of sardine along ST_3 

was accelerated during the period of 2005, and finally, the highest CPH was observed 

at ST_3 in last decade. A continuous increasing trend of CPH in MPS, which is mainly 

operated along ST_3, also indicates the spatial extension of the sardine population 

towards northern latitude.  

Besides spatial changes in the distribution of CPH sardine under the 

impact of climate change, there are seasonal variation in CPH has also been 

observed in the study. The seasonal differences in sardine distribution is found as 

CPH decreases and increases during pre-monsoon and monsoon, respectively, 

where pre-monsoon does not proven as a favorable season in the effect of rising of 

SST on the impact of global warming, therefore sardine has temporal extension 

during monsoon to complete the life cycle in optimal environmental condition. To cope 

with climate change in the effect of global warming sardine has extended in deeper 

water as the result was showing an increasing CPH in mechanized gears as MTN, 

MRS and MPS operated in deeper water.   clear change in the sardine‟s phenology 

also has been found in the study where its size of the first maturity has reduced and 

in recent time as compare to the historic period. Recently, sardine completes its 

spawning season earlier compare to historical period by starting on May and 

completed in August. 
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The spatial study on CPH of mackerel demonstrated a decreasing trend 

in CPH at both ST_ 1 and ST_ 2 in 2005 and later at ST_3 in 2010. This infers 

extension of mackerel population from southern to northern region under the 

influence of global warming at the south west coast of India. The gear-wise analysis 

shows that CPH of mackerel in all mechanized gears has increased after 2005, while 

CPH of motorized and non-mechanized gears has decreased at the same time. It is 

possible on the extension of mackerel population in deeper water under the effect of a 

warming environment. The result also reveals that the size of the first maturity of 

mackerel at the south west coast of India has reduced at a recent time in comparison 

to the historical period. During 1956, mackerel could attain the first maturity at a 

length of 22.4 cm. However, it has been found that mackerel can get maturity size 

even at 17.5 cm in the recent condition.   

The rising sea surface temperature under global warming phenomenon 

forces to Stolephorus spp. to appear at south west coast comparatively earlier at the 

recent time. Therefore, a sharp increasing trend in CPH of Stolephorus spp. is visible 

in his study. To minimize the adverse effect of global warming, Stolephorus spp. have 

utilized both possibilities by expending their existence vertically in deeper water and 

horizontally towards the northern region. This is the reason for the upward sliding 

trend of CPH of Stolephorus spp. at both strata ST_2 and ST_3. At the initial period of 

study, the highest CPH was observed along ST_1, but ST_3 showed the highest CPH 

after 2007. Both horizontal and vertical shifting in Thryssa spp. also found in the 

study, where an increasing and decreasing trend of CPH in MRS and MTN, 

respectively and CPH for motorized gears as OBRS and OBTN had decreasing trend 

at the same time. Result found a decreasing trend in the CPH of Thryssa spp. at both 

ST_2 and ST_3. A seasonal shift in the recruitment of Thryssa spp. is the reason the 

result of decreasing trend during both pre-monsoon and post-monsoon season, while 

an increasing trend in monsoon after 2005. 

The increase in logit score per unit of sardine CPH increase in 

chlorophyll-a concentration, SST, wind_U, wind_V, current_U, current_V, SLA and 

precipitation rate were 0.34, -0.23, 0.11, -1.07, 6.17, 8.01, -0.01 and 1.87, 
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respectively. The increase in logit score per unit of mackerel CPH increase in 

chlorophyll-a concentration, SST, wind_V, current_U, current_V, SLA and 

precipitation rate were -6.07, -0.41, 0.64 -152, -25.7, 10.9, 2.35 and 0.003, 

respectively. The increase in logit score per unit of Stolephorus spp. CPH increase in 

chlorophyll-a concentration, SST, wind_V, current_U, current_V, SLA and 

precipitation rate was 0.53, 1.17, -1.14, 14.64, 8.13, 4.24, and 4.58, respectively. The 

increase in logit score per unit of Thryssa spp. CPH increase in chlorophyll-a 

concentration, SST, wind_V, current_U, current_V, SLA and precipitation rate were   

-2.29, -0.85, -0.31, -16.1, -4.43, -13.2, 2.45 and 0.0008, respectively.  

The stepwise regression model in the result infers that the oceano-

climatic variables used in the study explains only 13% 14% and 20% of CPH of 

sardine, mackerel and Stolephorus spp. But, the stepwise regression model 

explained that thryssa were significantly influenced by only chlorophyll_a 

concentration and sea level anomaly, where this predictive model is able to explain 

63% of CPH by using only four variables as chlorophyll_a concentration, current _V, 

SLA and precipitation rate.  

The following conclusions are drawn from the present study: 

 The SST is continuously rising over the south west coast of India. 

 The rising SST leads to change in the trend of chlorophyll-a, wind  and current 

speed, upwelling index, sea level anomaly and precipitation rate along south 

west coast of India. 

 Shifting in chlorophyll-a  concentration at south west coast of India has been 

taken pace during the period 2011-13. 

 Study shows a spatial and seasonal changes in the pattern of all environmental 

parameters at the south west coast of India. 

 Chlorophyll-a concentration has reduced at both southern and northern region, 

while the same has increased middle region.  
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 Both horizontal and vertical expansion of sardine, mackerel, Stolephorus spp. 

and Thryssa spp. are observed under the influence of changed pattern in 

oceanic features. 

 The seasonal shift in the CPH of selected fish has been also found at the south 

west coast of India.  

 The size of the first maturity of sardine and mackerel has been reduced in the 

recent period. 

 The CPH of Thryssa spp. may be predicted up to 63% with the help of the 

stepwise regression model by using chlorophyll-a concentration, current _V, 

SLA and precipitation rate.  

 

For ground truthing observation, data on dataset repository of Fishery 

Environment Management division of CMFRI for Chlorophyll-a concentration, 

temperature, nitrate and dissolved oxygen concentration have been utilized in this 

study for the period from 2003 to 2013. However, for in situ observation of fishery 

environmental parameters, an on-going project “Chlorophyll based remote sensing 

assisted Indian marine Fisheries Forecasting System (ChloRIFFS)” at CMFRI was 

selected. The design of the work plan in ChloRIFFS project is only one sampling grind 

on monthly basis along Kochi coast in Kerala. But, only three cruises could be 

conducted during 2018 and one cruise in 2019 for the sampling at 20 m depth. The 

limitation on sampling cruise was due to rough sea condition during the monsoon 

period, large number forecasted warning signal, availability of vessel for sampling, 

willingness of cruise member to venture the cruise for sampling. Further, a long dry 

docking process for Silver Pomapo (Fishing Vessel of CMFRI) from 2018 onward was 

also the reason for few sampling cruise during 2018 to 2019 period. However, further 

study on validation of data available on open access sources, monthly data collection 

will be done for the comprehensive understanding of seasonal variation in water 

quality parameters along off Kochi coast. 

It is suggested that further the study on improvement of a predictive model for 

sardine, mackerel, Stolephorus spp. and Thryssa spp. will aid to formulate the 
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judicious management plans for their sustainability, which one the challenging task for 

fisheries stakeholder in tropical water due to prevailing of multi-species and multi-

gears fisheries. Developing the linkage of physico-chemical properties of an 

ecosystem with the life cycle of fish as flagged in this study, provides a basic concept 

of its migration between spawning and feeding ground and also offers the spatial and 

temporal information on the density of fish. Therefore, in addition to sardine, mackerel 

and Stolephorus spp., the study on developing the life cycle model for Thryssa spp. 

will be conducted that can be used for developing ecosystem-based fisheries 

management models. 

Satellite remote sensing is able to provide data on oceano-climatic parameters 

for the global ocean on synoptic scales and with acceptable temporal resolutions 

based on algorithms applied specific parameters. Therefore, the advantages of 

remote sensing include the ability to collect information over large spatial areas on a 

systematic basis, which can be used for monitoring environmental changes over time. 

The modeling on fisheries studies requires systematic observation on fishery 

environmental parameters. Therefore, past secondary data collected has been 

retrieved from various open access sources such as APDRC, AVISO, OC-CCI 

website. These sources provide the benchmark platform to researchers with the 

scope of climate change study. But, the knowledge on the credibility of a dataset for 

must be judged in terms of the specific application. To take forward, therefore, the 

study, the large numbers of sampling will be conducted for the validation of satellite 

products for oceanic parameters with in-situ data, prior to modeling on fisheries 

management.  
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