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Biodiversity is a term that describes the ecosystem complexity or taxonomic 

diversity at the species, genus, family and order or phylum level and distributed 

unevenly across different environment (AllSby, 1998; Chase and Leibold, 2002). 

Marine and tropical environments maintain extremely diverse species assemblages, 

whereas others such as dessert and alpine support a restricted range of species 
(GastafC 2000). The ocean makes up 97% of the biosphere and support tremendous 

species diversity but understanding the most species diversity in marine environment 

remain extremely limited. The marine mammal is one of the major neglected 

communities in the pelagic ecosystem of most of the oceans.

Marine mammals are important components and occupy elevated trophic level 

in the oceanic environment. They are generally classified under three major orders 

namely Cetacea (whales, dolphins and porpoises), Sirenia (manatees and dugong), 

and Carnivora (sea otters, polar bears, and pinnipeds). To date, there are 130 marine 

mammals speties of these three groups are known to occur in the world ocean 

(Jefferson m al, 2008). Among the three groups, the order Cetacea is the most 

diverse, having evolved from land-dwelling ancestors around 55 to 60 million years 

ago and are known to occur in all marine habitats (Reeves et al, 2002). Order Cetacea 

incorporates two suborders such as Mysticeti (baleen whales) and Odontoceti (toothed 

cetaceans). Mysticeti represents four families of 14 species, while Odontoceti 

represents 73 species under ten families (Jefferson et al, 2008).

Many cetaceans have fully adapted to live in almost all marine ecosystems and 

have evolved to exploit a wide variety of prey species. Being apex predators, 

cetaceans have the potential to be important barometers of marine diversity and give 

them significant role as indicators of marine ecosystem conservation state. In general, 

cetaceans are thought to have a major influence on marine food webs as well as the 

structure and function of some aquatic communities because of theirj^rge body size, 

high metabolic rates, and large numbers (Bowen, 1997; Croll and Tershy, 1998). 

Therefore, an understanding the role of cetaceans in marine ecosystem is imperative 

because it provides a context to evaluate the potential impact of their predation on 

prey population, prey community structure and variation in prey population (Bowen,

1997).

Cetaceans are highly mobile animals with complex habitat requirements and 

are distributed unevenly across oceans ranging from temperate, tropical, subtropical, 

and polar water of the deep ocean. These apart, estuaries and the tributaries of some
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of the world’s largest rivers act potential habitat for few cetaceans (river dolphin) and 

sirenians group (dugong). Some habitats, such as tropical, subtropical and temperate, 

maintain extremely diverse cetacean species assemblages, whereas Polar Regions 
support a restricted range of species (Gastonf 2000). Among the different marine 

habitats, tropical water occupies vast part of the world ocean and covers nearly 50% 

of the world’s ocean,jvlpch supports a wide range of distribution of tropical cetacean 

species (Longhurst and Pauly, 1987; Ballance and Pitma& 1991). r
With increasing threat of anthropogenic activityVe£tacean diversity is under 

significant pressure with several species may become extinct likely in near future. 
Commercial fisheries for small cetaceans (Amir,^002; RazafindrakotO,^^2004), 

widespread use of agricultural and industrial chemical (Tanabe et al., 1994; Reijnders 

et al., 1999) are known to be major anthropogenic factors that pose serious threat to 

the cetacean community in different marine environments. In addition, direct 

competition between human beings and cetaceans for commercially important fishes 

establishes a conflict between fisheries and cetacean communities across the world. 

Thus, this competition makes many cetacean species vulnerable to fishing gears. As a 

result of rapid decline of marine mammal community, conservation of this 

endangered group has become growing concern in many parts of the world. IUCN has 

categorized 33% of the cetacean species as low risk, conserve dependent and critically 

endangered and the status of 44% of others are uncertain due to lack of adequate data. 

Hence, defining the spatial and temporal distribution of marine mammal has become 

necessary for effective conservation and management.

Distribution is the part of ecology that deals with different geographic ranges 

of species diversity in space and time. Defining distribution of cetaceans is a critical 

component in understanding cetacean function in marine ecosystem. The complexity 

of distribution pattern of cetacean depends on different environment factors that affect 

the species diversity as well as habitat. Cetaceans prefer habitats that meet their 

requirement during their feeding and breeding time and therefore distribution may 

change in short term as local conditions change. Regional abiotic and biotic factors 

play a key role and have a strong influence on distribution patterns of cetaceans over 

time and space. The importance of these variables appears to vary between regions 

and species and urges the need to study the role of oceanography in habitat preference 

by cetaceans on regional basis. Studying habitat characteristics of cetaceans is crucial
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to understand the ecology and community structure of cetacean species (Katona and 

Whitehead, 1988).

The need to monitor incidental bycatch has prompted extensive research on 

occurrence and distribution of cetacean community in many tropical waters such as 

eastern tropical Pacific and Gulf of Mexico. Species composition, distribution, 

abundance, habitat preference and inter annual variation of these tropical areas in 

many major oceans have been well studied. The Indian Ocean is the third largest of 

the world's oceanic divisions, covering about 20% of water and includes major 

tropical zones on the Earth’s surface. In 1979, the Indian Ocean Cetacean Sanctuary 

was established by International Whaling Commission, encompassing the entire 

Indian Ocean north of 55°S with view of conserving the cetacean population 

(Leatherwood and Donovan, 1991).

The cetaceans of the southern and northern parts of Indian Ocean have also 

been well studied relative to those of the other jspeans, resulting in a basic 

understanding of distribution and abundance(De Silva, 1987; Leath^Wood and 
Reeves 1989; Gordo^/, 1990; Kasuya an&'Wada, 1990; LeatherwootPand Donoyan, 

1991; Smeenk'e/ al.,Pf)6; Peddemors'e/>ar/., 1997; Amir etiil., 2005; SteriSfand et 

al., 2006; Kiska etal., 2007; Comelis 'et al., 2008). In contrast to these parts of the 

Indian Ocean, studies on cetacean in the northeastern part of Indian Ocean, in 

particular, in the Indian peninsula are very few due to complete lacking of systematic 

Programme in the last century.

The Indian Sea is a highly productive area and one of the most important 

marine regions in the northeastern Indian Ocean. India has an Exclusive Economic 

Zone of 2.02 million km2 and is endowed with a rich marine biodiversity. The Indian 

Sea is characterized by more diverse topography and hydrology, which supports 

substantial populations of fish, birds and other marine organisms. The tropics of 

Indian Sea also support a variety of marine mammal species, which includes baleen 

whales, toothed whale, dolphins and dugong. Earlier reports on occasional stranding 

of cetacean show that the water of Indian EEZ is a habitat for several species of 

cetacean^wjjidh supports the 25 species of cetacean and one species of Sirenia 

(Kumaran, 2002). Of the 25 species of cetaceans six species are Mysticeti (baleen 

whales) and the rest are Odontoceti, which includes three families of dolphins, 

one family of porpoise and one family of toothed whale.
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Distribution of cetaceans in the Indian Sea is poorly understood. There is no 

uniformity among different authors as to exact number of cetacean species occurrence 

in Indian water. Recent advancement in fishing has extended fishing activity to 

oceanic waters and thereby has added new species to cetacean community in the 

Indian Sea. Information from incidental catch (by-catch) in fisheries and sightings 

indicate that Indo-Pacific bottlenose (Tursiops aduncus), humpback (Sousa chinensis) 

and spinner dolphins (Stenella longirostris) are the most common species in India

(Lalmohan, 1985; Kumaf&ri, 2002; Yousuf?/ al., 2008). Few species such as Cuvier 

beaked whale (Ziphius cavirostris), Melon headed whale and Killer whale (Orcinus 

orca) have been recorded very rarely in the last 200 years and rises uncertainty as to 
distribution of these species in Indian waters (Kumarati^002).

During the last century, occasional report on dead animals caught in fishing 

nets, washed ashore and stranded event were the only source available for 

documenting the occurrence of cetaceans. Documenting stranding or sighting 

locations is one of the alternative approaches to mapping species distributions. 

However, this approach does a6t show actual species distribution of cetaceans in a 

particular niche (Perrin et at., 1994; JeffersoiTand Schiro, 1997). Few opportunistic 

and dedicative surveys on the occurrence and distribution of cetaceans h^ve been 
conducted in Indian waters (Harwood, 1980;^Leatherwood et al., 1984; Allil^met'aL 

1986; Jayaprakash et al., 1995). The oceanic water of eastern Arabian Sea of India 

(Alling^l986) and coastal waters northeast Arabian Sea (Sutaria and Jefferson, 2004) 

have been subjected to a few investigations on occurrence and distribution of 

cetaceans, whereas the information available is very poor in the rest of the Indian 

waters. Nevertheless, there have been no systematic studies to map their distribution 

in Indian Seas. Lack of information on the distribution is disturbing, as Indian coast is 

located within the Indian Ocean Sanctuary.

Delineating geographic ranges of marine mammals is hampered by difficulties 

in monitoring distributional limits of these elusive and often highly mobile animals. 

Various survey techniques have been developed for assessing marine mammals’ 

distribution and abundance. This includes sighting survey on ship or boats, aerial 
survey, acoustic survey and interview survey (Hammohtf 1986; Holt et off, 1987; 

Jefferson and Leatherwood, 1997; Gordon and fyack, 2002). Dedicated survey on 

charted vessel is expensive and surveying broa$Jer geographical region is generally 

difficult (Williamsvef'a/., 2006; Dawson et al., 2008). Designated surveys usually
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cover only a small fraction of the distributional ranges of most species, and often 

yield little information, both in time and space, of a given species occurrence and 

geographic range (Kasamatsu et al., 2000; Hammond et al, 2002).

Due to the vastness of the seas, the dedicative surveys on charted vessel is 

generally prohibitive in terms of carrying out regular surveys, for this reason, in the 

present study, visual surveys were made using platform of opportunity (passing mode) 

as means to assess the occurrence and distribution of cetacean group in the Indian 

Seas. Survey using Platform of Opportunity such as ferries, fishing vessels and 

oceanographic research vessels are considered as valuable source and beimpexploited 

for cetaceans research in worldwide (Evans and Aammond, 2004; Kizfca et al., 2007; 
|Dawson^008). Platform of opportunities have been proven to contribute to the body 

jpf knowledge about cetaceans (RitteT^2003; Robbins T/a/., 2006). The use of ship as 

platform of opportunity provides affordable tool for the collection of data on cetacean 

distribution. Such platform can provide opportunity to survey inaccessible offshore 

habitat and enable long term monitoring cetacean diversity in areas of interest 

(Walker and Macleod, 2004). Ship based visual survey can also provide quantitative 

data on distribution relative and absolute abundance of marine mammals at species 

level (Aragoneset al., 1997).

Scope of the Stuffy

As mentioned earlier, cetaceans are currently susceptible to several types of 

anthropogenic pressures, accumulation of contaminants and interactions with 

fisheries, global warming, and potential food competition (Macleod et al., 2005; 

Evans, 2008; Perrin et al., 2008).)Other sources of pressures and threats include 

disturbance, collisions with ships, acoustic pollution and ever-increasing pressure of 

human population growth has led to worldwide habitat degradation that has driven 

many species of cetaceans to extinction and put numerous others in vulnerable state 
(Cole e/al, 1994; Amir et al., 2002; Berggren et al., 2007).

There are number of potential threats to cetaceans and their habitat, which 

could have possible impact on cetacean diversity in India too (Kumaran, 2002). 

Cetacean entanglement in fishing gear represents one of the most immediate threats to 

their diversity in India (Lai Mohan, 1985; Jayaprakashret al, 1995; Kumaran, 2002; 

Yousuf, et al^2008). Bycatch of several species of marine mammals are reported 

regularly in the Indian fisheries during all the season. Cetaceans entanglement has

5 Introduction



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

been observed in a wide range of fishing gear including pelagic driftnets (Jafnes, jj 
1990), bottom-set gillnets (Silas'eTo/., 1984; Lalmohan^l995), trawl nets (SeSftagiri ; 

Rao and Narayana'llao, 1993) and purse seines (Yousuf ef al., 2008). Such i 

entanglement causes physical damages to fishing gear and also causes injuries to 

cetaceans or death through drowning. Conflicts between cetaceans and fishing gear 

are continuing and have extended to oceanic waters. Many cetacean populations are 

decimated significantly, and therefore they are entering either threatened, endangered 

or at risk of entering these two categories.

Among many gears used in Indian fisheries, gillnet is main cause for massive 

cetacean entanglement. The Indian gillnet fishery is one of the largest driftnet 

fisheries in the world with around 14,800 operational fleet across the Indian Seas 
(CMFRi^OOb). About 90% of the fleet is using nets of 0.5-1.5 km in length, and 

around 6-12m in depth, with a few vessels using 6km or more of netting. Cetacean 

populations are increasingly threatened by continuous by-catch in gillnet fisheries 

(Kumaran^2002). The recent investigation shows the increased magnitudes of 

cetacean bycatch in gillnet considerably with the catch rate of one animal in every two 

days (Yousuf etrfiL, 2008). The increasing bycatch of cetaceans in gillnet has led few 

cetacean to vulnerable and put other species at risk. Of the 25 cetacean species in 

India, according to the IUCN, the status of one species is endangered, four species is 

vulnerable and the status of 20 species is insufficiently known (Klinowska, 1991). In 

India, All cetacean species are protected under the Wildlife (Protection) Act (1972). 

Few cetacean species are listed in schedule I, which identifies species in need of strict 

protection.

Conservation concern is one of the major reasons to determine the distribution 

and numbers of marine mammals using inshore and estuarine systems. Determining 

regions with high concentrations of cetaceans may aid in prevention of incidental 

bycatch of cetaceans through fishery interaction. Limited information about species 

diversity and areas which may be critically important is an obstacle in developing 

efficient conservation management strategies. Differences in species distribution and 

relative abundance across geographical area and between different marine habitats 

must be considered when drawing up conservation plans for cetacean and its habitat. 

Increased knowledge on the distribution would help identify important cetacean 

habitats and predict temporal distributions of marine mammals at sea. Thus, it would
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help address these conservation issues by providing data that could be linked to 

monitoring other components of the ecosystem.

Due to the lack of knowledge and data, it is not currently possible to assess the 

conservation status of die species in Indian region. Investigations are therefore 

required to understand temporal and spatial distributional trends of cetaceans in these 

regions to support conservation efforts. The collection of baseline data on distribution 

and population would assist in identifying areas that provide habitat to especially 

vulnerable populations of cetaceans. It would also become possible to compare Indian 

cetacean communities with other cetacean communities to understand variations in 

the ecosystem. The purpose of this study was to examine the distribution of cetacean 

species, using the visual sighting survey in the Indian EEZ and the contiguous sea. 

This thesis provides information on species diversity and distribution of cetacean in 

the Indian sea and the contiguous seas. The relation between cetacean distribution and 

environmental features is also discussed. The outcome of this thesis would be basic 

knowledge of the composition of cetacean community and describe the distribution 
along the Indian coast and the contiguous seas. v ^ ' 1

i"’

Objectives of the study

In view of lack of adequate knowledge on species diversity and distribution 

range, the aim of this thesis is to gain an insight into the distribution and ecology of 

cetaceans in the Indian sea and the contiguous sea. Hence, this study is aimed to 

achieve the following objectives:

1. To examine regional information on species diversity and distribution of 

marine mammals along the Indian sea and the contiguous sea using 

opportunistic visual survey method (passing mode);

2. To estimate the relative abundance of cetaceans in the Indian seas, 

including Lakshadweep sea, Andaman sea and the contiguous seas;

3. To investigate the relationship between the observed distribution of 

cetaceans and different climatic and oceanography parameters such as 

Sea Surface temperature, salinity, bathymetry and distance from the 

shore.
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Knowledge on distribution and abundance of cetacean species is an important 

element in defining their function and role in tropical ecosystem (Hain et al, 1985; 

Bowen, 1997). Studying cetacean distribution and the related environment 

parameters, which influence the marine mammal occurrence, are crucial to understand 

the ecology of species and the structure of cetacean communities in the different
S'

habitats (Katona and Whitehead, 1988). It has important implications for conservation 

and management, which depend on accurate information about the distribution and 

abundance of animals and the way these patterns change over time and space 

(Dawson et al., 2008).

Assessing the distribution and abundance of cetaceans using sighting survey 

has been a standard and conventional practice throughout the world (Leatherwood,
S'

1991). It provides important insight into distribution pattern, species composition and 

behavioral pattern of cetaceans. Though various method are followed to survey the 

distribution of marine mammal, sighting survey has proved viable method to assess 

the distribution and relative abundance of marine mammals (Aragones et al, 1997) 

and opportunistic platform survey has become a standard and widely followed 

practice (Ritter, 2003; Robbins et al., 2006). Using the opportunistic platform, there 

has been great deal of comprehensive and profound works on occurrence, distribution 

and abundance of marine mammals in different maritime zone of the world oceans 

(Evans, 1980; Williams et al., 2002; Kiszka efal, 2004).

2.1 Distribution and abundance of marine mammal in different ocean

2.1.1 Distribution and abundance in Indian Ocean

The Indian Ocean is an important region for cetaceans, and hasbeeri declared 

as sanctuary by International whaling commission (Leatherwood and Donovan, 

1991). The rich diversity of cetacean in this sanctuary stimulated a great deal of 

research on distribution and abundance of cetacean in Indian Ocean. Effort to 

inventoiy the cetacean fauna of Indian Ocean have focused on describing the 

distribution and abundance of the many cetacean species found in this region (Keller 

et al, 1982; Leatherwood, 1985). Considerable attention has beenpaid to assess the 

cetacean distribution in southwestern part of Indian Ocean (Peddemors, 1993; Best et 

al., 1996; Ljungblad et'al, 1997; Stensland^ef al., 1998), northeast^(Rice, 1998; 

^Rudolph and Smeenk, 2002),j southern (Tyffan, 1996; Thiele et al, 2000).
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Cetacean diversity in the pelagic Western Tropical Indian Ocean (WTIO) was 

similar to that of the Eastern Tropical Pacific (ETP) and the Gulf of Mexico (GM) 

(Ballance ancTPitman, 1998). Some studies have been undertaken in western reaches
\

of the Indian Ocean Sanctuary (Amir et 'dl, 2002, 2005; Rosenbaum et all, 2003; 
StenslandVf al„ 2006; Berggren et al. 2007; Kiszka et a(f, 2006, 20b7)T Robineau 

(1991) gave brief account on distribution and seasonality of few Balaenoptera species 

in the Western Tropical Indian Ocean. A survey conducted around the Republic of the 

Maldives in WTIO, exhibited that the cetacean community of Maldives consisted of 

16 species of cetacean, including three new species, Ziphius cavirostris, Mesoplodon 

densirostris and Kogia simus (Ballance et al, 2001). Cetacean observations along 

Somalia water in southwestern Indian Ocean indicated occurrence of 14 cetacean 

species, which included four larger cetaceans with predominant occurrence of sperm 

whale (Small and Sitlall, 1991). Prematdrtga et al. (1991) reviewed and summerised 

distribution, abundance and habitat preference of Blackfish (killer and false killer, 

pilot, pygmy pilot and melon-headed whales) in the Indian Ocean Sanctuary, based on 

sighting and stranding data. Similarly, distribution of risso’s dolphins in Indian Ocean 

was reviewed and summerised by Kruse et at (1991) indicated wide range of 

distribution in Indian ocean, particularly in deeper coastal waters.

Marine mammal distribution and abundance in the northeastern part of Indian 

oceans, in particular, Southeast Asia is insufficiently known. Although, few attempts 

were made to delineate the distribution and abundance level of marine mammals in 

the entire northern Indian Ocean (Leatherwood et al, 1984). Alling^l986) conducted 

extensive survey in the northwest of Indian Ocean and off Sri Lankan coast with the 

principal purpose of documenting sperm whale distribution. This survey showed high 

sighting frequency and abundance of Stenella longirostris and Tursiops sp throughout 
the survey area. ChantrapomsyTe/ al (1991) reviewed distribution of two Kogia 

species in the northern Indian Ocean. Surveys along Bay of Bengal (Bangladesh 

water) and the northern coast of Myanmar recorded sightings of Tursiops aduncus, 

Orcaella brevirostris, Stenella longiriostris; the small-form of the Bryde’s whale 
{Balaenoptera edeni/brydei) (Smith et at., 1997;(2008a and 2008b). Baldwin et al 

(1998) reviewed earlier records available on small cetacean to define the occurrence 

of 16 small cetaceans and their distribution in the Arabian Peninsula.

I
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'^y
Minton et al. (2002) reported the distribution and relative abundance of 

humpback whales off Oman coast. Population size estimated for spinner dolphins was 

around 4,000 individuals (Dolar et al., 1997). In the Inland Sea of Japan the number 

of porpoises observed during the breeding season (April) was 4,900. Off western 

Kyushu, about 3,100 porpoises were estimated in the Ariake/Tachibana Bay and 200 

in the Omura Bay (Kasuya,~i999). Recent sightings and questionnaire surveys in the 

Seto Inland Sea, which is a major habitat for finless porpoise in Japan, indicated a 
decrease in abundance of this species (Amano^2002). Gowari^and Whitehead (1995) 

reported on seasonality of common dolphin abundance in the Gully, off Nova Scotia. 

Barco et al^ {1999) investigated the patterns of abundance and distribution of T. 

truncatus apd revealed significant differences in local abundance throughout the year.

Smith et al. (2006) used a mark-recapture analysis of concurrent counts that indicated 

relatively large populations of Ganges River dolphins in Sundarban Area.

Eastern Indian Ocean has also been well surveyed to address the distribution

of cetaceans in this region (Kato et al./ 1996; Gill, 1997; Burton et al., 2001). 
Cokeron et at?(1997) surveyed off southeast Queensland to examine the distribution 

of humpback dolphins and found that densit^v of humpback dolphin was 

approximately 0.1 dolphin/km2. Bannister and Hedley (2001) conducted continuous 

aerial survey to delineate the winter distribution of humpback whale and estimated 

stock in western Australian coast. Aerial survey within Shark Bay to examine the 

spatial distribution of humpback whale indicated that distribution of humpback whale 

is seasonal and influenced by unique oceanographic condition. (Burton^ 2001). 

McCauley ef'al. (2001) defined seasonal distribution of pygmy blue whales, 

Balaertoptera musculus brevicauda using aerial, boat and acoustic monitoring surveys 

in eastern Indian Ocean Sanctuary. A study on summer distribution of nine large 

cetaceans in the Indian Ocean, using the sighting data collected from Japanese 

scouting vessel showed the occurrence of blue whale, humpback and minke whales in 

the higher latitudes whereas other baleen whales (Fin, Sei, pygmy blue and Bryde’s 

whales) prefer lower latitudes (Kasuya and ^Wada, 1991). Stafford et al. (2004) 

investigated winter distribution of Antarctic blue whales by examining acoustic data 

from the eastern tropical Pacific Ocean and the Indian Ocean during the austral 

autumn and winter and opined that the Antarctic blue whales appear to use both the 

Indian and Eastern Pacific Oceans concurrently.
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The cetacean diversity and their distribution of the central Indian Ocean have 

not been systematically estimated. However, a series of preliminary attempt has been 

made to assess abundance (Grace, 1994; Eyre, 1995 and 2000; de Boer et al., 2000 >'w

iand 2001). Spinner dolphins and sperm whales appear to be major components of the \
' |

cetacean fauna in the Central Indian Ocean (Eyre;'! 997). Stenella sp, Delphinus sp,

Physeter macrocephalus, Globicephala sp, Balaenoptera muse ulus, B^eyieni have 

been observed in the oceanic water of central Indian Ocean (Leatherwood, 1980; 

Eyre, 2000). Robmeau (1991) reported seasonal occurrence of Balaenopterids in 

central Indian Ocean. Kasuya ancT Wada (1991) defined geographical range of sperm

and killer whales and concluded that they share similar geographical area in central
f ■ v-'-' ■

Indian Ocean Sanctuary. Kato et al. (H995)) reports the distribution of blue whale sub 

species Balaenoptera musculus brevicauda in mid latitudes of central Indian Ocean. |

2.1.2 Southern Ocean distribution

The Southern Ocean is one of the most dynamic oceans in the world and 

richness of marine mammals is high especially, the^ r^rqual^j/hales (Clarke and 

LambersOn, 1982; Kasamats ancTJoyce, 1995 and 1998; Kasamatsu,^2000; Jayasankar 

et al., 2007). The distribution of rarqual whales such as blue whale (Branqlfe? al,
2007), minke whale (Best, 1985; Arnold et alf \ 987), fin whale (Gedamke^2007) and !

r-

Sei whale (Kawamura, 1994) were well documented. Similarly, the distribution of 

other small cetaceajKin southern ocean was also well described^by Sigurjonsson 

(1991); Weir et al. (2001); Compton et al. (2007). Bellison (1966) listed the 

occurrence of false killer whales in Antarctic water and concluded that distribution of 

false killer whale is rare in higher latitude. Long-finned pilot whales have been 

recorded in Antarctic and in higher latitudes (Borsa,"1997). Three forms of killer 
whale are known to occur in Antarctica water (Pitman and Ensor^2003) Kasmatsu et ^

al. (1990) reported that hourglass dolphin inhabit the Southern Ocean sanctuary 

mainly between 43°S-67°S with most sightings between 54°S-62°S near the 

convergence area. Dusky dolphin and spectacled porpoise, are the other small
It ,

cetaceans occurred in Southern Ocean (Jefferson et al, 1994). j 1,\\v ,
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2.1.3 Pacific Ocean distribution

In contrast to the Indian Ocean, cetacean communities in Pacific Ocean, in 

particular, in Eastern Tropical Pacific (ETP) is relatively well studied area for 

cetacean distribution and abundance. Studies on tuna purse-seine fishery to monitor 

the impact of incidental mortality of dolphins resulted a basic knowledge on 

composition of the cetacean community, distribution and abundance patterns, species- 

specific habitat preferences of cetacean in eastern tropical Pacific (Au and Perryman 
1985; SmithA986; Au and Pitman 1986; Holt and"Sexton 1990; Reillj^l990; 

Gerrodette andJVadeTl991; Wade and Geirodette, 1993; Fiedler and Reilly^1994; 

Reilly and Fiedler, 1994; Gerod^tte, 2002). Recent attempt to identify delphinids 1 

using acoustic method documented the vocalization of nine delphinid species (Oswald 

et al., 2003). Ferguson et al. 2006 studied geographical distribution pattern of Cuvier 

beaked whale and Mesoplodan beaked whale population in eastern tropical Pacific. 

Abundance estimation of blue and humpback whales using capture and recapture

method was attempted by Calambokidis and Barlow (2004) in eastern tropic of 

Pacific.

Perrin et al. (1979) described three forms of Stenella longirostris that have 

served as stock units for management of populations of dolphins in Eastern Pacific. 

Estimates for the southern whitebelly stock showed little evidence of population 

changes, although the pattern for this may bejipjjjoximately the same as that for the 

northern whitebelly spinner dolphin (Reyes, 1991). The most recent estimates of 

absolute population size are 583,500 for the eastern spinner and 992,400 for the 

whitebelly spinner (Wade and Gerrodette, 1992). For the eastern Tropical Pacific 

Ocean, Gerodette (1999) Reported a population size of 339,000 eastern spinner 

dolphins. Barlow (1995) estimated abundance of D. capensis, to be 9,470 animals,

and 226,000 for D. delphis in Californian waters. Aerial line-transect surveys were '
\,

used to estimate the abundance of 11 cetacean species in Hawaiian water (Mobley et 
al., 2000,2001) I

2.1.4 Cetacean distribution and abundance in Gulf of Mexico

The cetaceans of the Gulf of Mexico have also been well studied^vyhich 

results in basic understanding of distribution (Mullinef al., 1994; Blaylock et al, 

1995; Davis and Fargion 1996; Jefferson 1996; Jefferson and Schiro, 1997), Cetacean 

distribution on continental shelf water has been investigated and reported the
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occurrence of three cetacean species, while 20 species have been reported in oceanic 

water of Gulf of Mexico (Scott, 1990; Mullin and"flansen, 1999). Hooker et aC{1999)
r

assessed the distribution and abundance of cetacean relative to spatial and temporal 

parameters in Gully submarine canyon. Jaquet (1996) highlighted the influence of 

spatial and temporal scales in understanding sperm whale and other cetacean 

distributions.

The distribution and abundance estimation for marine mammal along the 

united state of Gulf of Mexico are well documented but similar studies for the 

Mexican coast of Gulf of Mexico are lacking (Galindo 'bfcd., 2009). fleekal (1992)
V. I

examined the distribution and abundance in various Mexican coast. In US waters, 34 

species of marine mammal are reported to occur (Wursig, 2000). Cetacean abundance 

for northern continental-shelf andjjorthwestem continental slope of Gulf of Mexico 

have been reported by Jefferson et al. (1996) and Fulling et al. (2003). Abundance 
estimation for oceanic water of Gulf of Mexico has been reported by Hari^erTe/ al. 

(1995); Mullin and Ho'ggard (2000); Waring eral. (2000). Mullin annulling (2004) 

surveyed northern Gulf of Mexico for estimating abundance of cetaceans, which 

revealed that Stemlla attenuate was most abundant species among the 19 species 

recorded in this survey. Mullin 'vfal. (2004) provided some evidence of seasonal 

changes in species diversity and abundance in slope waters of northeastern Gulf.

2.2 Distribution in relation to oceanographic and physiographic features

The distribution of cetaceans is driven by many oceanographic and 

physiographic factors. Common predictors of cetacean distribution include sea surface 
temperature, salinity distance to shore, and^upderwater topography (HoeKefet al, 

1989; Woodley and'Gaskin, 1996; Tynan et al., 2005), but the mechanisms linking 

these variables to patterns of habitat selection have only been investigated recently
S

(Croll etfil., 2005). Several studies have linked distribution patterns of both deep 

water and coastal cetaceans to oceanographic features and environmental conditions. 

Studying cetacean habitat selection can be extremely challenging as they spend most 
of their lives under water (Hastit^et^al, 2003). Fine-scale surveys have led to 

discovery of habitat partitioning between cetacean species and several oceanographic 

parameters, which have been recognized as necessary vehiclest© better understand v
i

the ecology and habitat preferences of deep water specie? (Waring et al., 2001). ■ j
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Bathymetric characteristics are thevepiable often cited in studies of cetacean 

distribution (Canadas et al., 2002; Yen et al, 2004). Coastal studies have also shown 
a relationship of cetaceans to bottom topography (Lirenprd F^kfoux, 1998; Hastle et 

al, 2004). Moore and Dehiaster (1998) and Moore (2000) found that cetacean 

distribution in the Alaskan Arctic could be quantified by depth and the bathymetry 

features. The genus Delphinus has been observed associated with water characterized by 
offshore bathymetry feature in Canada and ETP((Polacheck, 1987; Gaskin, \99Tyy 

Distributions of Humpback whales and fin whale were associated with bathymetric 

features in the Eastern Bering Sea. Occurrence of fin whales and humpback whale i 

occurred were seen on the middle shelf and on the outer shelf (Moore mal, 2002). i 

The habitat of several cetacean species could be defined on the basis ofphysiographic 

variables such as depth and slope (HuiH979; Forcada et al, 1990; Forney, 2000).

In the Eastern North Atlantic, depth plays major role in determining 

distribution of Stenella longirostris. It is found in deep water (greater than 1,000m) 

past the continental slope (Perrin eYaf 1994). In western north Atlantic, striped 

dolphins is confined to the Gulf Stream or the waters off the continental slope (Davis 

et al., 1998)^1ft the Strait of Gibraltar, it is found in waters of 600m or more depth 

(Hashriti; 1990). Atlantic spotted dolphins were consistently found in the shallowest 

water on the continental shelf and along the shelf break within the 250-m isobath 

(Davis et al, 1996). Griffin and Griffin (2003) examined habitat partitioning between 

Stenella frontalis and Tursiops truncatus. T. truncatus were the dominant cetacean 

species in shelf waters shallower than 20 m, whereas S', frontalis were the most 

common shelf species at depths of 20-180 m. Sousa chinensis have been reported to 

prefer shallow depth area including sandy beaches, enclosed bays and coastal lagoons, 

mangrove mangrove channels, over seappaSs meadows^apaund rocky and coral reefs, 

and in turbid estuarine waters (Beacfon, 1991; Durham, 1994; Guissamulo, 2000; 

Karczmarskif 1996 pud 2000).

Baumgarlner (1997) characterized the distribution of risso’s dolphin with 

respect to bathymetric features of northern Gulf of Mexico. The habitat characteristics 

of 13 cetaceans in the Bay of Biscay proved that bathymetry clearly plays a 

significant role in the distribution andi habitat partitioning of toothed cetaceans in the 
region (Kiszk&ffal., 2007). Davis et al (1998) characterised the physical habitat of 

cetaceans found along the continental slope in the north-central and western Gulf of

t v.-'
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Mexico and opined that Stenella longirostris was found over intermediate bottom 

depths, its distribution overlapping with that of purely pelagic and purely coastal 

species.

Studies of cetacean habitat preferences in terms of topographical and 

environmental variables have also been investigated in the different part of the world 
(Jaquet and \^fiitehead, 1996; Macleod2005). Northern bottlenose whales 

{Hyperoodon ampullatus), sperm whales (Physeter macrocephalus) and beaked 

whales (family Ziphiidae) are often foimd in association with submarine canyons off 
the Nova Scotia shelf (Whitehead^To/., 1992; Gowkfise/ al„ 2000). Baumgartner et 

al. (2000) studied the distribution of Tursiops truncatus, Grampus griseus, Kogia 

breviceps, K. sima, Stenella attenuata and Physeter macrocephalus with respect to 

depth, depth gradient, surface temperature, chlorophyll concentration and epipelagic 

zooplankton in northern Gulf of Mexico. The distribution of Tursiops truncatus, 

Grampus griseus, Stenella attenuata, Kogia spp and Physeter macrocephalus in the 

northern Gulf of Mexico was easily partitioned by depth, with each of the five species 

studied distinguishable from at least three of their counterparts by depth alone 

(Baumgartnere/ al, 2001).

Marine mammal distribution patterns have also been linked to dynamic 

environmental variables./The most important variables seem to be ^sea surface 

temperature (Brown'and Wjun, 1989; Fiedter et al, 1998; Hamazaki, 2002) and 

salinity (Selzer & Payrfe, 1988). Cetacean distribution in Bangladesh water was 

closely tied to environmental gradients, with Irrawaddy dolphins and finless porpoises 

occurring most often in nearshore, turbid, low-salinity waters (Smith 'efal, 2009). 

Sykes e/'tf/f (2003) investigated the variables that best predict the seasonal distribution 

of sightings of bottlenose dolphins along the England coast. The factors investigated 

included salinity, sea surface temperature, chlorophyll a (an indicator of primary 

productivity) and fish distribution. They found that chlorophyll a and fish distribution 

were the main factors influencing bottlenose dolphin distribution. A group of 

bottlenose dolphins in the coastal waters of Cornwall, UK, demonstrated a seasonal 

residency pattern, spending the winter in southern ComwaHjimffhoving further north

eastward during spring and summer (Wftod, 1998). Hastie et al (2005), in acoustic 

survey, used the environmental model to predict oceanic dolphin habitat in the
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northeast Atlantic. Their result suggested water depth and surface temperature were 

factors for detecting dolphins acoustically.

Study on seasonal movement of striped dolphin in Mediterranean Sea 

suggested the dolphins move^towards northern part of the basin as SST increases in 

southern part (Perrin Va/., 1994). The near-shore distribution and abundance of 

Delphinus delphis during summer summer in the west coast of New Zealand's south 

Island^suggested a seasonal preference of D. delphis for this coast (Braeger and 

Schneider, 1998). Seasonal offshore and inshore shift of short-beaked common 

dolphins was correlated with SST variation in New Zealand water (Neuntarfh, 2001). 

Norris etstfl. (1994) summarized that spinner dolphin distribution and abundance in 

relation to certain local oceanographic phenomenon. He found that divergence zones 

at current margins and current ridges concentrate food organisms and are heavily 

frequented by dolphins of various species. Aggregations of deep-water cetaceans were 

also found to be linked with more dynamic oceanographic features such as warm/eold 

frontal boundaries formed in the Gulf of Mexico and off Georges Bank (Grimn, 1999; 
Biggs'efal, 2000; Ortega-'Offiz, 2002). Three variables (distance from the shore, SST 

and primary productivity) was used as dynamic variables to determine the habitat 
preference of seven cetacean species in west of Scotland (MacleodVfa/., 2007).

23 Distribution in relation to feeding habit

The relationship between cetacean and their prey is a critical ecological factor 

that affecting their distribution and relative abundance. Only a few attemptsJjave been 

made to study the relationship between cetaceans and their prey (Wishnfer et al., 1995; 

Lindstrom et W^2002). The distribution of three species; horbour porpoise, white 

beaked whale and minke whale in British Isles was attributed to food and feeding 

habit to large extends and to breeding habitat to some extend (Northfidge et al., 

1995). The distribution of Hawaiian long-snout spinner dolphin (Stenella longirostris) 

is associated with its feeding habit that it feeds on organisms associated wiftr the deep 

scattering layer (DSL) that follow vertical diel movements (Norri^e/ al., 1994). 

Habitat partitioning of three species; Tursiops truncatus, Delphinus delphis and 

Delphinus capensis in Santa Monica Bay California revealed that habitat partitioning

ing among three dolphins species with
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Distribution of pan-tropical spotted dolphins is attributed to its feeding habits 

on epipelagic species and mesopelagicjspeeies that rise towards surface^ night in the 

eastern tropical pacific (Robertson and Chivers, 1997; Scott ancTCattanach, 1998). 

Similarly, study on subsurface and night time behaviour of pantropical spotted 

dolphins in Hawaii suggested that activity levels and feeding behavior were more at 
night (Baird etaClOOl). Same behavior pattern^of pan-tropical spotted dolphin was 

reported elsewhere in the world (Scott et at.7"1993; Richard 'StrtcfBarbeau, 1994). The 

abundance of Balaenoptera physalus in the Mediterranean Sea were more in 

relatively cooler waters during the summer feeding season (Forcftda et at, 1996). 

Deep water and steep bottom gradients-habitat characteristip^of pilot whale^ndTisso’s 

dolphin was linked to its squid feeding habit (Evans, 1987; Wurtz'et al., 1992; 
Gonzalez et a7^1994). Pygmy and dwarf sperm whale’s bottom feeding habits i.e 

feeding on squid benthic and mesopelagic fish and crustaceans suggested that its 

distribution was rather common along the continental slope (Caldwell antTCaldwell, 

1989).

Larger cetacean distribution is directly associate^ with prey^di^tribution 

patterns when these data are available (Jaquet and Genaron, 2002; Baumgartner et at, 

2003). The distribution of rorqual whales on theirjeeding grounds is mostly related to 

the abundance and patchiness of krill (Murase et al., 2002) and fishes (Whitehead and 

Carscadden; 1985). Positive correlations have been foundbetwsen the distribution of 

rorquals and their prey in coastal environments (Piatt et al., 1989). Fluctuations in 

abundance of rorqual whales in the Gulf of Maine were related to changes in 

abundance of their prey (Payne ern, 1990). As the most fundamental indicator of 

productivity, areas with persistently high chlorophyll -a concentrations should be of 

importance to cetaceans. In cetaceans, links between primary production and 

Mysticeti may be easier to establish because they are feeding at a lower trophic level 

than Odontoceti. Several cetacean species concentrate near meso-scale features and 
coastal upwelling areas (Benson e/'aC 2002) but specific information on rorqual 

whales is very scarce. Broad-scale distributions of whales are thus direct 

consequence^/of the spatio-temporal patterns of marine primary productivity
(GullancM974).

An acoustic survey conducted off the northeast coast of Sri Lanka in Bay of 

Bengal to describe the spring distribution and feeding habits of Balaenoptera sp,
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suggested that the occurrence of blue whale in Northeast coast of Sri Lanka was 

seasonal and this area appeared to be important feeding ground for blue whales 

(Ailing^? a/., 1991). In the California Channel Islands, blue whales were found in 

cold, well-mixed, productive waters resulting from upwelling, where they fed on 
dense aggregations of euphausiids both on the shelf and off the shelf edge (Fie'tfter^T 

al, 1998). A shift in the distribution of humpback whales occurred in response to a 

shift of their prey in the same area (Weinricf'fetal., 1997) and their spatial distribution 

on George’s Bank was strongly correlated with the presence of sand eels (Ammodytes 

americanus) (Payne 1986). The occurrence of finback and humpback whales 

off Newfoundland was correlated with peak abundance of capelin, Mallotus villosus 
(Whitehead and £arscadden, 1985). In the North Pacific, blue whales seem to 

aggregate invocations and at times that correspond with peak euphausiid biomass 

(Burten&Haw et ah, 2004).

Zooplankton community structure was found useful in understanding 

oceanographic characteristics of the habitat of odontocete. The movements of 

Zooplankton helped to describe the^distpbution shift of striped dolphin off the French 

Riviera in the Ligurian Sea Gannier (1999). Griflm (1997) reported that sighting rates 

of Stenella coeruleoalba increased with increasing copepod diversity. The abundant 

of blue whales {Balaenoptera musculus) off the Californian coast is highly correlated 

with high densities of euphausiids (Croll ettff., 1998). The distribution of 19 species 

of cetacean in the Gulf of Mexico depends on concentration of zooplankton and micro 

nekton. Furthermore, a significant relationship between zooplankton biomass and 

cephalopod para larvae numbers, suggested that elevated phytoplankton and 

zooplankton concentrations result in the presence of prey species of cetaceans (Davis 

et ah, 2002).

2.4 Indian scenario
The present knowledge on cetacean ̂ diversity and the distributiop-in Indian 

water is limited to a few observations. Pillay (1926); Moses<f940, 1947) and James 

and SoundarSrajan (1979) listed jvh^le species in India based on stranding records. 

Pilleri kid Gihr (1974) and Parson (1998) gave brief report on cetacean in coastal 

region of northern Arabian Sea, in the Indus delta and off the coast of Goa. Jaffies and 

Lai Mohan (1987) documented the list of 21 Indian marine mammal species with 

description of their salient features based on earlier stranding and sighting report.
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c

Kumaran (2002) reviewed Indian marine mammal diversity based on 200years 

stranding, landing and occasional sighting data after correcting errata found in species 

identification reported by various authors.

Opportunistic sighting of dolphin school belong to Tursiops aduncus was 

reported by Krisnapillai and-Kasinathan (1987) during the trawl^aavey in Mandapam 

area. Observation of dugong was reported by Das ana Dey (1999). Sutaria and 

Jefferson^2004) have studied the abundance and distribution pattern of Sousa 

chinensis along the northwest coast of India and Sri Lankan coast based on sighting 

and literature survey. According to them the morphological difference between west 

and east coast Sousa chinensis revealed the presence of two different forms of Sousa. 

West coast forms have a large hump and dark in colour, while hump is absent in east 

coast form.

Records of occasional stranding are available for rorqual whales and toothed 

whale such as Balaenoptera musculus (James and SoundSrarajan, 1979) B.edeni (Lai 

-Mohan, 1992) B.borealis (Krishna)ftTIai e/ al., 1995) Physeter macrocephalus (Jterfiies, 

1990; Nammalwar, et al., 1992).) Alagarswami 'et al. (1973) reported the mass 

stranding of short fin pilot whale in the Gulf of Mannar and carried out elaborate 

investigation on general morphology and skeletal features of the stranded whales. 

Consumption of dolphin meat has been reported from Lakshadweep (Laccadive 
Islands) where the inhabitants of some islands catch dolphins, either by haijpooning or

by driving them into shallow lagoons (Burton,
.V

anikfen, 1983). I' .V'

Karbari et al. (1985) reported the food- habits of the spinner dolphin from 

samples collected near Mumbai. Silas etal. (1985) has reported that the stomach 

content of the sperm whale stranded at Tranquebar on the east coast of India 

contained 156 squid beak belong to genus Chiroteuthis and has reviewed work on 

food and feeding habits of the sperm whale from other parts of the world. A brief 

account of diet of incidentally caught 4 dolphin species such as spinner dolphin, 
finless porpoise from Mangalore and Chennai coasts was studied by Anobp^eTa/. 

(2008). This study revealed that all four studied cetaceans species feed mostly on 

teleosts with wide range offrophic levels.

Rajaguru and faatarajan (1985) carried out morphometric investigation on a 

Stenella longirostris apd Tursiops aduncus, which landed at Protonova on east coast 

of India. Lai Mofr^n (1985) described the skull morphometry of four Delphinidae
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species such as Delphinus delphis, Stenella longirostris, Tursiops adurtcus and Sousa 

chimnsis and compared it with the information of those available from the other part 

of the world. Similarly, skull measurement of Physeter macrocephalus^which 

stranded along the Gulf^pf Mannar coast, was described by Sivadas et al. (1987). 

Krishnapillai and Kasmathan (1987) reported the morphometry measurement of three 

T. aduncus and two D. delphis caught incidentally in gillnet fishing in Mandapam. 

Similarly, morphometry of foetus of finless porpoise landed at Goa coast was studied 

by Hafeezultah (1984).

Incidental catch of cetacean in different fishing gear has been reported over 

SOyears along the Indian coast. Though the dolphins are caught along the Indian coast 

as bycatch in the gillnets set for commercial fin fishes, Information on the magnitude 

of the bycatch of dolphin along the Indian coast is very scarce and confined to 

occasional report with limited information of its entanglement. Frequent entanglement 

of various cetacean species in different fishing gears was reportedinjpdia (Kasim et 

al, 1993; Nageshwara'"Kao and Venkataramana, 1994; Nammalwar et al., 1994; 

Venkataramana and Achaya, 1998). Finless porpoise and the common dolphin were 

reported to take accidentally in the shore seine fishery off Goa, India (Thomas, 1983). 

Devaraj and^Bennett (1974) reported occurrence of Xenobalanus globicipitis 

(Steenstrup) on the finless Porpoise, Neomeris phocoenoides in Indian Sea.

As a result of practicing gillnets in larger level resulted unknown numbers of 

incidental catch of small cetaceans (SivaprakWl980; JameV, 1984; Silas, 1984; 

JamesTf990; Kumaran and SJubramanian, 1993; ArumugStfxet al., 1995; Mohan^Kaj, 
1995; Lai MohaiV'l996; Jadhav and NRa< 1998). Other than gillnet occasional 

incidental catch of cetacean by trawl and purseseine has also been reported 

(ChandraseKar et al., 1993). Observations on species composition, seasonal variation 

and sex ratio of the dolphin bycatch in gillnets off Calicut coast showed that the five 

main species involved in bycatch were the Indo-Pacific humpbacked dolphin (Sousa 

chinensis), bottlenose dolphin (Tursiops aduncus), spinner dolphin, common dolphin 

and Finless Porpoise (Neophocaena phocoenoides). Stenella longirostris and 

Delphinus tropicalis was landed more ip October, whereas Tursiops aduncus and 
Sousa chinensis in December (Lai Mbhan, 1985). Jayprakasl^^fo/. (1995) gave brief 

account of incidentally caught dolphins that landed as bycatch at Cochin fisheries 

harbour and bycatch of dolphin showed landing of 11,415 kg of Stenella longirostris.

U'

vv-
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Dugong is widely distributed in the in Indian coastal waters with predominant 

occurrence in inshore waters of Gulf of Mannar and Palk Bay (Silas aftcfBastian 

Fernando, 1985). They discussed the facts of illegal hunting and trading of dugongs in 

both Gulf of Mannar and Palk Bay apd also discussed the measures to be adopted for 

dugong conservation. Thomas (Y966) discussed briefly the habitat and feeding habit 

of dugong inhabiting in Rameswaram water and reported the transportation of 

dugong, caught alive incidentally in drift gillnet at Rameswaram. Nair et al. (1975) 

gave general account of dugong along the Gulf of Mannar and Palk Bay. Their studies 

on stomach content of dugong captured in Gulf of Mannar and Palk Bay showed that 

the Cymodacea serrulata was the main food item, while Halophila ovalis formed a 

minor food item. E^adrudeenW 'al. (2004) gave a general account of some aspects of 

dugong, which include distribution, food and feeding, reproduction and incidental 

catch along the Gulf of Mannar and Palk Bay. ^ ‘

Very few studies have been concocted on pollutant accumulation in Indian 

marine mammals. Velayutham et al. (1999) reported the lower level distribution of 

mercury content in different organs of three spinner dolphins and emphasized the 

possibility of mercury level being increased with the age. Kannan et al. (1993) 

reported accumulation of heavy metal such as Fe, Mn, Zn, Cu, Pb, Ni, Cd and 

Organochlorines such as PCB, DDT, HCH, HCB in various organs of Ganges river 

dolphins from India. Similarly, Karuppiah et al. 2005 reported organochlorine 

residues accumulation in some of dolphin species from southeast coast of India.

%
/

■ C*'
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3.1 Study area

The surveyed area extended between 5°N-23°N latitude and 66°E-95°E 

longitude with depth range varied between 20m and 4000m (Fig. 3.1). The Indian 

Sea is divided into two distinct western (Arabian Sea) and eastern parts (Bay of 

Bengal) by a land mark. The study area included the coastal, continental shelf and 

oceanic waters of the Indian EEZ, which includes Lakshadweep Sea in eastern 

Arabian Sea and Andaman Sea in Bay of Bengal and the Sri Lankan Sea, which is 

the contiguous sea of India.

3.1.1 Eastern Arabian Sea

The west coast of India (eastern Arabian Sea) is located in the 

northwestern Indian Ocean (8°N - 24°N and 65°E - 78°E), encompass three sub 

regions in Indian Ocean. It is bordered by India (to the east), Iran (to the north) 

and the Arabian Peninsula (western border). The topography of eastern Arabian 

Sea shows broad little coastal plain Arabian basin, which opens to the central part 

of Indian Ocean through Carlsberg and Chagos-Laecadive ridges. The continental 

shelf of Arabian Sea is wider compare to the east coast of India (Bay of Bengal).

The water circulation of west coast is unique and influenced by seasonal 

monsoon and northeast monsoon (Shetye et\il., 1996a). During the southwest 

monsoon, the current in the eastern Arabian Sea is clockwise currents and is 

reversed during northeast monsoon. The strong West India Coastal Current 

(WICC) causes intense upwelling in the southern Arabian Sea during southwest 

monsoon, while cold dry continental wind flow generates winter surface cooling 

by vertical mixing enhance biological productivity during northeast monsoon in 

the northeastern part of Arabian Sea (Goes et'al., 2005).

3.1.2 Bay of Bengal

The Bay of Bengal is one of the two northeastern embayment of the 

Indian Ocean (approximately 06°N - 22°N and 80°E - 90°E), flanked by the 

Indian peninsular and Sri Lanka in the west, Bangladesh in the north and the 

Andaman and Nicobar Islands and Myanmar in the east. The sea is bordered on 

the north by the deltaic regions of Ganges and Brahmaputra rivers. On the east are 

the Burmese peninsula and its extension to the south, the Andaman & Nicobar 

ridges. The southern boundary extends from Dondra head at the south end of Sri
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Lanka to the north tip of Sumatra and opens to the Central Indian Ocean. The sea 

floor topography shows the broad U shaped basin. The continental slopes descent 

almost uniformly from 2000-4000m. Continental shelf in northern side is broad 

but narrow towards south. An important feature of the Bay of Bengal is the 

influence of southwest and northeast winds that bring a complete reversal of the 

surface current pattern or counter clockwise of East Indian Coastal Current , \ 
(EICC) according to the direction of wind (Shetye et al, 199 land 1996b). / ^ <

3.1.3 Andaman Sea

The Andaman Sea is a body of water to the southeast of the Bay of Bengal 

and lies between 6°-14°’N and 91°-94°’E; it is part of the Indian Ocean. It is 

roughly 1,200 kilometres (north-south) and 650 kilometres wide (east-west). 

Average depth of Andmana Sea is 870 m (2,854 ft), and the maximum depth is 

3,777 metres (12,392 ft). The continental shelf is narrow in the north for about 90 

km bordering Myanmar while it is about 240 km wide in the south bordering 

Malaysia. Krey and Babederd (1976) described the Andaman Sea with two 

prevailing monsoon seasons; the northeast (November-February) and the 

southwest (May- August). In addition, the Andaman Sea has been well 

documented as a productive sea because of upwelling phenomenon prevails the 

sea during northeast monsoon (WyrtkiTl973).

3.1.4 Sri Lanka

The Sri Lanka coast lies between 5°N - 9°N Latitude and 79°E - 81°E 

longitude, off the southern tip of peninsular India in Indian Ocean and separated 

from India by a channel, generally less than 20m deep and 35km away from India. 

The Arabian Sea lies to the west and the Bay of Bengal lies to the north with no 

land mass right down to the South Pole.

The Sri Lanka coast has the vast continental shelf and is narrow (2.5-25 

km) and is shallower (30-90 m) than the average depth of the shelves around the 

world (75-125 m). The continental shelf is narrow around the southern part of the 

island but towards north it widens out and merges with that of India. The floor 

shelf is bounded by the Bay of Bengal and the Ninety East Ridge and on the west 

by the Laccadive -Chagos Ridge, Carlsberg ridge and the Arabian Abyssal plain.
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Southern part is bounded by the Ceylon abyssal plain and Central Indian Ocean 

basin.

The water circulation in Sri Lanka Sea is unique and influenced by two 

currents such as southwest monsoon currents (SMC) and northeast monsoon 

current (NMC). During southwest monsoon, current flows easterly as southwest 

monsoon current and flow westerly as northeast monsoon current (Schott et al, 

1994).

\
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3.2. Survey vessel

The survey was conducted from the FORV Sagar Sampada, which is a 

fisheries and oceanographic research vessel with endurance of staying at sea for 

continues 15 days (Fig. 3.2). The vessel's overall length is 71.5m with draft of 

5.6m. which allows it to operate in waters >20m depth, and well equipped for 

oceanographic and fisheries research purposes. Vessel can cruise at maximum 

speed of lOknots with the average speed of 7knots in favorable sea condition. A 

sighting platform was situated at 16m above the sea surface, which enabled 

observer to cover vast area and increased visibility range.

Fig. 3.2 Oceanographic survey vessel

3.3 Survey design and survey period

The survey was designed to cover three regions of Indian EEZ such as west 

coast of India (eastern Arabian Sea), which includes Lakshadweep sea. east coast of 

India (Bay of Bengal) and Andaman water. Apart from these three regions, the Sri 

Lankan water, the contiguous sea of India was also covered. During the survey 

period, when survey vessel en-routed through Sri Lankan water in order to survey 

Bay of Bengal and Andaman regions enabled me to survey the southern and eastern
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part of Sri Lankan water as well. However western part was not covered in the 

present study.

Surveys were conducted from October 2003 to February 2007 for the 

continuous period of three years and four months in different Zones. The detail of 

regional coverage during the surveys in different season is given in Table 1. The 

cruises were not dedicated to marine mammal sightings alone and the cruise tracks 

were determined by the needs of other oceanographic studies. Hence, the marine 

mammal surveys are termed as opportunistic.

3.4 Opportunistic visual survey method (passing mode)

Serious of shipboard opportunistic visual surveys (passing mode) were 

conducted to assess distribution and relative abundance. Line transect method was 

not adopted because of the fact that the vessel operation was limited to other 

oceanographic studies. Hence, course deviation from actual track for the purpose of 

estimating cetacean group size was impossible and therefore absolute abundance 

estimation using line transect method was not attempted. I (main observer) who was 

responsible for both data recording and scanning 180° arc ahead of the ship was 

stationed on the flying bridge of 16m height above the sea level. This enabled me to 

look down into the wave troughs and spot out cetaceans that would typically remain 

hidden at lower elevations. Some species, particularly those/of dolphins and 

porpoises are easily overlooked at higher sea states (Clarkd; 1982). During the 

survey, I was occasionally aided to locate the animals by duty navigational officer 

and helm of survey vessel. They acted as secondary observer and scanned 

continuously for sightings while I was taking break for lunch or rest. Whenever I 

was engaged in collecting data and photographing the animal’s cues the secondary 

observer continuously scanned for other sightings in the same area. In case of any 

sightings, while secondary observer was on searching effort, sighting was informed 

to the main observer to collect data on species identification and other related 

parameters.

The surveys were restricted to daylight hours, where weather and viewing 

condition allowed effective survey effort. The time of observation was from 0600 

hrs to 1800 hrs and the average search efifort/day was 8hrs. Search effort was 

curtailed during poor light and visibility range associate with early sunset, low level 

fog and heavy rain, which would result wrong identification. The speed of the ship

Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea
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varied with sea conditions and also with the kind of fisheries and oceanographic 

work carried out in each cruise. Survey was conducted in sea conditions 

corresponding to Beaufort scale 0 to 5 and was suspended when the Beaufort scale 

was higher than 5. The average sea- state during the survey period was between 3 

and 4 in Beaufort. The visual surveys were carried out by scanning with naked eye 

and interspersed with a Nikon 10 x 50 mm CFWP handheld binocular with visual 

range of 4km for close observation of the located animal. A Nikon F80 camera 

fitted with Nikor 70-300mm lens and a Sony DCR-HC46E handy cam with 800x 

digital zoom were employed to capture appearances of cetaceans in the form of 

spouts, dorsal fin, flipper, upper body, fluke etc.

3.5 Data acquisition

Data on distribution of cetaceans were collected along with related 

oceanography and physiographic variables. A standard methodology, as suggested 

by SESC (Kinzey et ah, 2000), was adopted to record the appropriate sighting data. 

On sighting a cetacean, data such as date and local time and GMT of cetacean’s 

sighting, geographical position, nearest landmark, distance between sighting and 

nearest shore was recorded. Simrad GN33 GPS navigator was used to record 

geographical position of animal sighted area. Appropriate navigational charts were 

used to calculate distance between the sighting and nearest shore. In addition to that 

Garmin map source software version 3 was also used for similar purpose. These 

data apart, other ancillary data on external body features and characters such as 

behaviour, group size of dolphins and pod size of whales were also noted.

3.5.1 Oceanographic and physiographic data

Oceanographic data were collected from area, where animal was sighted to 

examine the relationship between cetacean distribution and environmental 

parameters. For this purpose, the data such as Sea Surface Temperature (SST), 

maximum depth of animal occurrence, sea surface salinity (SSS), wind speed, 

humidity and pressure were collected from the location of sightings. EMCON SBE 

9plus underwater shipboard sensors unit provided SST and salinity data. For 

recording the depth of the area of sighting Simrad EK 60 Echo-sounder of 

frequency 38kHz was employed and navigational chart was also referred wherever 

needed.

28 Materials and Methods



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

3.5.2 Species identification

The observed cetaceans were identified to the lowest taxonomic level 

possible, using standard field guides and photos that were taken at the time 

sightings. Published pictures of cetacean species along with their description on 

morphological characters and behaviours were compared with the observed 

characters of the present study for identification of the sighted individuals. ‘Marine 

Mammals of the World’ (Jefferson et al, 1993) and ‘Sea Guide to Whales of the 

World’ (Watson, 1981) aided for the identification. In addition, species 

identification was further substantiated with the photos token at the time of sighting. 

Sightings were identified to species level, wherever possible, with species 

identifications being graded as “definite”, “probable” or possible. Wherever species 

identification could not be confirmed, sightings were downgraded to ‘unidentified 

dolphin’ or ‘unidentified whale’.

3.6 Data Analysis

For the geographical distribution, relative abundance and diversity analysis, 

the surveyed area was segregated into six geographical zones, namely northeastern 

Arabian Sea (15°N-23°N and 66°E-74°E), southeastern Arabian Sea (07°N-15°N 

and 68°E-78°E), northern Bay of Bengal (15°N-21°N and 80°E-90°E), southern 

Bay of Bengal (07°N-15°N and 78°E-90°E), Andaman Sea (05°N-15°N and 90°E- 

96°E) and southern Sri Lanka (05°N-07°N and 76°E-90°E). Each region was 

further divided into 2° latitude and 2° longitude grids. Survey effort was calculated 

for every 2° grid and summed for total survey effort for each region. Relative 

abundance was calculated for each 2° using the following index

Sighting frequency = n / e x lhour

Where n is number of sighting/individuals and e is total surveyed effort 

3.6.1 Seasonal distribution

Seasonal variation in species diversity and distribution of cetacean was 

assessed for all surveyed regions. Considering the prevailing monsoonal condition 

and oceanographic changes, months were grouped into four seasons. The (four, 

seasons are fall monsoon (March to May), summer monsoon and also known as 

southwest monsoon (June to August), Inter monsoon (September-October) and
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winter monsoon and also known as northeast monsoon (November to February). 

Monthly sighting and relative abundance data were pooled according to the season 

for each surveyed regions and analyzed to observe the seasonal variation in species 

diversity and distribution among die surveyed regions.

3.6.2 Calculation of Biodiversity Index
Biodiversity indices based on the approximate numerical count data of 

cetacean that collected during the survey were calculated using PRIMER Version 5 

software (Plymouth Routines in Multivariate Ecological Research) software 
package (Clarke andN^arwick, 1994). Diversity was calculated using the following 

Shannon-Weiner (H’) index (Shanncii^Weiner, 1963):

H’ = -Li pi (log pi),

where pi is the proportion of the total count arising from the ith species.

This indices are not dependent on sampling methods, sample size and 

habitat types and are widely used for broad scale geographical comparisons of 

biodiversity, environmental impact assessment and evaluation of surrogates for 

biodiversity estimationf(CIarke and Warwick, 200l)TThis index was determined

using the DIVERSE routmewithiiffhe PRIMER software package.
V1

3.6.3 Taxonomic distinctness

Warwick and Clarke (1995) introduced the concept of taxonomic 

distinctness diversity (A+) as a univariate (bio) diversity index which in its simplest 

form, calculates the average ‘distance’ between all pairs of species in a community 

sample, where this distance is defined as the path length through^astandard Linnean 

or ‘phylogenetic tree’ connecting these species (Clarke and Warwick, 1999). Its 

appealing properties are: i) it attempts to capture phylogenetic diversity rather than 

simple richness of species and is more closely linked to functional diversity, ii) it is 

robust to variation in sampling effort and there exists a statistical framework for 

assessing its departure from ‘expectation’, iii) it appears to decline monotonically in 

response to environmental degradation whilst being relatively insensitive to major
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habitat differences and iv) in its sim^Je^form, it utilises only simple species lists 

(presence/absence data) (Clarke and Warwick, 1999).

(Clarke^'and Warwick^(2001)"lntroduced a further biodiversity index,
! variati^n'iirtaxonomie^drstihctnesr^/V^ which is defined as mean path length 

Wough the taxonomic tree connecting every pair of species in the list. They 

suggested that a combination of A+ (average taxonomic distinctness) and A+ 

(variation in taxonomic) could provide a statistically robust summary of 

taxonomic (or phylogenetic) relatedness patterns within an assemblage, which has 

the potential to be applied to a wide range of historical data in the form of simple 

species lists. During this study, an attempt was made to use both A+and A+values to 

find out the taxonomic related patterns among cetaceans according to PRIMER 

routines

Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

3.6.4 Distribution in relation environmental parameter

Among several environmental parameters collected in the present study, 

four variables consisted of two physiographic variables (Depth and Distance from 

the shore) and two oceanographic variables (Sea surface temperature and sea 

surface salinity) were considered to study habitat characteristics of cetaceans 

sighted in these surveys. All the four variables were collected along with sightings 

during the survey period for each species. However, habitat characteristics were 

studied for only few species for which adequate sightings along with data of these 

four variables are available. Descriptive statistics such as mean, standard deviation, 

as well as inter-quartile deviation were performed and was plotted in box whisker 

graph, using. Differentiation among the species with regards to oceanographic and 

physiographic variables was tested, using the Kruskall- Wallis test for the species or 
species group that had more than 15 or more sightings. Statistipafanalyses were 

conducted with the statistical software SPSS, version 13 (SPSS, 2007).
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Table 3.1 Details of marine mammal survey onboard FORV Sagar Sampada

SI.
No.

Cruise
No.

Cruise
duration

(days)
Regional coverage

Survey effort

days hours

1 218 15 Southeastern Arabian Sea 13 104
2 219 19 South and northeastern Arabian Sea 17 136

3 220 39
Southeastern Arabian Sea, Sri Lanka water and 
Andaman Sea 35 280

4 221 11 Southeastern Arabian Sea 9 72
5 222 19 South and north eastern Arabian Sea 17 136
6 223 11 Southeastern Arabian Sea 9 72
7 224 20 Northeastern Arabian Sea 18 144

8 225 24
Southeastern Arabian Sea, Sri Lanka Sea and South 
and northern Bay of Bengal 22 176

9 226 34
Andaman Sea, Sri Lanka and Southeastern Arabian 
Sea 32 256

10 227 15 Southeastern Arabian Sea 13 104
11 228 20 South and north eastern Arabian Sea 18 144
12 229 19 Southeastern Arabian Sea 17 136

13 230 14
Southeastern Arabian Sea, Sri Lanka Sea and 
southern Bay of Bengal 12 96

14 231 25 Southern Bay of Bengal and Andaman Sea 23 184

15 232 25
South and northern Bay of Bengal Sri Lanka Sea 
and Southeastern Arabian Sea 23 184

16 233 10 Southeastern Arabian Sea 8 64
17 234 15 Southeastern Arabian Sea 13 104
18 235 29 South and northeastern Arabian Sea 26 208

19 236 28
Southeastern Arabian Sea, Sri Lanka Sea and 
southern and northern Bay of Bengal 24 192

20 237 33 South and northeastern Arabian Sea 29 232
21 238 18 Southeastern Arabian Sea 16 128

22 239 26
Southeastern Arabian Sea, Sri Lanka water and 
Andaman Sea 22 176

23 240 45
Southeastern Arabian Sea, Sri Lanka Sea and 
southern and northern Bay of Bengal 41 328

24 241 19 South and northeastern Arabian Sea 17 136
25 242* 18 Southeastern Arabian Sea 1 6

26 243 20
Southeastern Arabian Sea, Sri Lanka water and 
Andaman Sea 17 136

27 244 20 South and northeastern Arabian Sea 17 136

28 245 22
Southeastern Arabian Sea, Sri Lanka Sea and 
southern and northern Bay of Bengal 20 160

29 246 13 Southeastern Arabian Sea 11 88

30 247 28
Southeastern Arabian Sea, Sri Lanka Sea and 
southern and northern Bay of Bengal 19 152

31 248 21
Sri Lanka Sea, Andaman Sea and Southeastern 
Arabian Sea 19 152

32 249 37
Southeastern Arabian Sea, Sri Lanka Sea and 
southern and northern Bay of Bengal 29 232

33 250 12 South and northeastern Arabian Sea 10 80
34 251 22 Northeastern Arabian Sea 20 160

35 252 28
Southeastern Arabian Sea, Sri Lanka water and 
Andaman Sea 20 160

* Cruise cancelled due to winch failure
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Between 2003 and 2007, a total of 35 cruises were conducted in the six 

geographical regions. The number ot observation days was 657 and cetaceans were 

sighted on 299 days (Fig. 4.1). The duration of observation was 5254 hours. The 

survey covered majority of the area in the Indian EEZ and Sri Lanka Sea. However, 

the quantum of survey effort varied between survey regions. A total of 764.7 hours 

(14.6% of total observation) was spent for observation in the northeastern Arabian 

Sea (NeAS), 2017.8 hours (38.4%) in the southeastern Arabian Sea (SeAS). 636.0 

hours (12.1%) in the northern Bay of Bengal (NBOB). 843.0 hours (16.0%) in the 

southern Bay of Bengal (SBOB). 595.5 hours (11.3%) in Andaman Sea (AS) and 

397.0 hours (7.6 %) in the Sri Lanka Sea (SRL). Observation conditions during the 

survey were good with ranging from 0 to 5 at Beaufort scale. Ot the total sightings. 

33.4% was at Beaufort 0-2, 57.1% at Beaufort 3-4. and 9.5% at Beaufort 5.

XT’
V\

Vi'

\Q

In all. a total of 473 cetacean encounters were made (Fig 4.2). A total ot 5865 

individuals, represent 13 species of confirmed identities belonging to three families 

from two suborders and unidentified cetaceans were recorded. On an average there 

was one sighting every I 1 hours of sighting effort. Of the 473 sightings, during 223 

instances (47.1% of the sightings), identification was made up to generic or species 

level, either as confirmed or as ’possible'. The remaining 250 sightings (52.9%) were
- if

recorded as unidentified dolphins (UID) / unidentified whales (UIW).
-V ) A A

wmm Number of Cruise Days 
hm Observation Effort ((lays)

Cruise (218 -252)

. i XJ

aN

Fig. 4.1 Cruise days & survey effort onboard FORV Sugar Sampadu and numbers on 
bar represent number of sightings obtained in each cruise
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Norhtem^Bay of Bengal

.
* 2 Southern Bay of Bengal

70 E 75 E 90 E

• • j
Lanka Sea ______________ <5

Fig. 4.2 Sighting of cetacean recorded during the survey period in different survey 
region

4.1 Species diversity
Of 13 identified species, three were from Mysticeti group and 10 were from 

Odontoceti. which includes two families. The four whale species which include three 

species of baleen whales from Balaenopteridae family (Mysticeti) and one species of 

toothed whale from Physeteridae family (Odontoceti) were recorded. All the other 9 

species belonged to 7 genera from the family Delphinidae (dolphins), which consisted 

of 6 smaller delphinids and 3 larger delphinids. The species observed in the present 

study is given in Table 4.1.

Delphinids were sighted more frequently than Balaenoptera sp. The(bottlenose 

dolphinShtrsiops aduncus was the most abundant species in terms of number of 

sightings whereas the spinner dolphin, Stenella longirostris (spinner dolphin) was the 

most abundant in terms of number of individuals (Table 4.2). Delphinus capensis 

(common dolphin) and Sousa chinensis (Indopacitlc humpbacked dolphin) were also 

found abundant. Physeter macrocephalus (sperm whale) was the most frequently 

sighted species among large whales. Grampus griseus (Risso's dolphin). Pseudorca 

crassidens (false killer whale), Glohicephala macrorhynchus (short-finned pilot whle) 

Stenella coeruleoalba (striped dolphin) and Stenella attenuate (pan- tropical spotted 

dolphin) were other species sighted less often.

r. rrswT ^ ,,0V

1
tsG ^
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Table 4.1 Species diversity of cetaceans sighted during the survey

Family Species Common name

Balaenopteridae Balaenoptera musculus Blue whale"

Balaenopteridae Balaenoptera edeni Bryde’s whale

Balaenopteridae Megaptera novaeangliae Humpback whale'

Physeteridae Physeter macrocephalus Sperm whale

Delphinidae Pseudorca crassidens ^ False killer whale

Delphinidae Globicephala macrorhynchus - Short finned pilot whale

Delphinidae Grampus griseus / Risso’s dolphin

Delphinidae Stenella coeruleoalba^ Striped dolphin

Delphinidae Stenella longirostris - Spinner dolphin

Delphinidae Tursiops aduncus ^ Bottlenose dolphin

Delphinidae Delphinus capensis ^ Common dolphin

Delphinidae Sousa chinensis — Indopacific humpbacked dolphin

Delphinidae Stenella attenuata^ Pantropical spotted dolphin

'JC n___ii_
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Table 4.2 Sightings and abundance of cetacean species recorded in the present study

Species

Balaenoptera edqni /
Balaenoptera musculus/ 
Megaptera novaeangliae^ 

Balaenoptera sp.
Balaenoptera sp. (P)
Physeter macrocephalus S 
Physeter macrocephalus (P) S' 

Pseudorca crassidens / 
Globicephala macrorhynchus S' 
Globicephala macrorhynchus {?)/ 
Grampus griseus ^
Grampus griseus (P) ^

Stenella coeruleoalba S'
Stenella coeruleoalba (P)
Stenella longirostris. ^
Stenella longirostris (P)
Stenella attenuata —
Stenella sp I 

'SienelIdsp(P)
Tursiops aduncus s'

Tursiops aduncus (P) '
Delphinus capensis f 
Delphinus capensis (P)
Sousa chinensis ^
Unidentified dolphins < 
Unidentified whales "

No. of 
sightings

%
sighting

No. of 
individuals

%
individuals

1 0.21 "? 1 0.02

4=
0.85 / 12 0.2

i 0.21 / 1 0.02
23 4.86 59 1.01
"9. 1-9 41 0.7
9 19 41 0.7
7 1.48 12 0.2
4 0.85 22 0.38
3 0.63 19 0.32
1 0.21 1 0.02
4 0.85 72 1.23 S

2
1

0.42
0.21

22
5

0.38
0.09

1 0.21 6 0.1 'l
19 4.02 602U 10.26 A'"
19 4.02 579 f % ■. 9.87
1 0.21 5 0.09

11 2.33 339 JJ' y 5.78
8 1.69 94 1.6

28 5.92 329. T 5.61
26 5.5 228 y 3.89 '
8 1.69 132JL 2.25
15 3.17 323 / 5.51
18 3.81 65 1.11

207 43.76 2788 47.54
43 9.09 l 67 1.14

Q
4.1.1 Mysticeti (Baleen whale)

Balaenoptera sp

Of the 473 sightings, 32 records (6.8%) were baleen whales of Balaenoptera 

sp. Most of the sightings were off south and southwest Sri Lanka between 5°N-7°N 

latitude and 78°E-82°E longitude (Fig. 4.4). The pod size varied from a single solitary 

animal to ten individuals. The mean pod size of confirmed sightings was 2.5 (SD = 

2.3) (Table 4.3). The animals were identified up to generic level as Balaenoptera sp 

on 23 occasion comprising 59 individuals. The sightings of Balaenoptera sp were less 

frequent in Indian seas compared to the sightings off southern Sri Lanka.. The sea 

condition at the time of sightings ranged between 1 and 5 at Beaufort and most of the 

sightings were at Beaufort 3-4.

UM
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BALsp BMUS PMAC
Species

□ Confirmed ■ Possible

Fig. 4.4 Pod size of Baleen and Sperm whales: Bal sp -Balaenoptera sp. BMUS- 
Balaenoptera musculus and PMAC- Physeter macrocephalus: lines on bars represent 
standard deviation

| • UAL
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IS N

Arabian Sea

10 N

INDIA

75 E

Fig 4.3 sighting of Balaenoptera sp (BAL sp) recorded during the study period 
BAL sp (P) represents possible sightings of Balaenoptera sp
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Table 4.3 Pod size of whales recorded during the survey

Species No. of No. of Individuals in a pod
sightings individuals

range mean

Balaenoptera edeni 1 i 1 1.0

Balaenoptera musculus 29 1-10 3.3

Megaptera novaeangliae 1 1 1 1.0

Balaenoptera sp. 29!SSS"
72 1-10 2.5

Physeter macrocephalus 16 53 1-9 ' 4.6

Balaenoptera musculus- Blue whale (Linnaeus, 1758)

A total of four Balaenoptera musculus sightings (0.85% in total sightings) 

consisting of 13 individuals were encountered during the survey. In both the 

confirmed sightings, it was solitaiy animal. The pod size of the blue whale ranged 

from 1 to 7 with the mean of 3.3 (SD =2.9) (Table 4.3). All the sightings were off 

south and southwest Sri Lanka between 5-9°N latitude and 78-82°E longitude with 

71.4% of the sightings in 5°N-7°N and 80°E-82°E (Fig. 4.5). The sea state was 2-4 at 

beaufort scale. r-> E*W/ p

Balaenoptera edeni - Bryde’s whale (Anderson, 1879) 0 • M/;

A single record of a solitaiy bryde’s whale was made in oceanic water of 

southern Bay of Bengal (14°59’N and 82°16’E) (Fig. 4.5). The depth of the area was 

3080m, which was 214 km away from shore. The sea state was 3 at Beaufort scale. 

The SST and surface salinity of animal sighted area were 26°C and 33ppt 

respectively.

Megaptera novaeangliae -Humpback whale (Borowski, 1781) 0 - ol l /

Humpback whale was one of the rarely sighted species in the study area. A 

single record of a humpback whale was observed at 7°47’N latitude - 85°06’E 

longitude, 222km away from the nearest shore in southern Bay of Bengal (Fig.4.5). 

The depth of sighting area was 3853m. The sea surface temperature was 27.9°C and 

the salinity was 33.7ppt in the sighted area. The sea state was 3 at beaufort scale.
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• BEDE

• BMUS
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Fig. 4.5 Sighting of Balaenoptera musculus (BMUS). B.edeni (BEDE) and Megaptera 
novaeanglia (MNOV)

4.1.2 Odontoceti (Toothed cetacean)

4.1.2.1 Physeteridae

Physeter macrocephalus - Sperm whale (Linnaeus. I 758)

Sperm whale was the most common large toothed whale observed in the study 

area. Sperm whales were sighted on 16 (3.4%) occasions consisting of 53 (1.9%) 

individuals, of which 9 sightings (56.3%) with 41 individuals were confirmed and 7 

(43.7%) with 12 individuals were recorded as "possible". Sperm whale widely 

occurred in the Indian EEZ and the Sri Lanka seas. Sperm whales were sighted 

between 5°N -15°N latitude and 72°E - 86°E longitude in the Indian Sea and the Sri 

Lankan waters and also between 92°E-94°E longitude in the Andaman Sea (Fig. 4.6). 

The pod size ranged from I to 9 individuals with the mean pod size of 4.6 (SD = 3.3) 

(Fig. 4.4). All sightings were made at sea conditions ranging from 2 to 4 at beaufort 

scale.
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Fig. 4.6 Sighting of Physeter macrocephalus (PMAC) PMAC (P) represents possible 
sightings of Physeter macrocephalus

4.1.2.2 Delphinids

Globicephala macrorhynchus -Short tinned pilot whale (Gray. 1846)

There were four sightings (0.85%) of short tinned pilot whales, which 

consisted of 20 individuals. On three occasions the animal was identified up to species 

level. The other one was recorded as possible identity. One sighting was in the shelf 

break of southeastern Arabian Sea at I0°I0'N and 75°58'E and the other 3 were on 

slope of oceanic water in southern Bay of Bengal (Fig. 4.7). The group size ranged 

from I to 10 and the mean group size w as 6.6 (Table 4.4). The sea state of the sighted 

area was 2-4 at Beaufort scale.

Pseudorca crassidens -False killer w hale (Owen. 1846)

Four sightings of false killer whale with 22 individuals were observed during 

the survey, which contributed 0.85% to the total sightings. All the sightings were of 

confirmed identity. Three sightings were in the southeastern Arabian Sea between 

I2°N-I5°N latitude and 7I°E-73°E longitude. The other one was in the northern Bay 

of Bengal at I5.65°N and 83.18°E (Fig. 4.7). All the three sightings were observed in 

the continental shelf of oceanic water. Solitary animal was also recorded on single
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occasion. A maximum of 11 individuals were recorded in a school sighted off 

Mangalore (Table 4.4). Mean group size was 5.5 (SD= 4.2) (Fig. 4.8). The sea state 

in animal observed area was 0 to 2 at beaufort scale.

Grampus griseus - Risso's dolphin (G. Cuvier. 1812)

Six sighting records (1.3%) of Risso’s dolphin were made: four were 

confirmed up to species level and other two sightings were unconfirmed. A total of 94 

individuals were observed. On three occasions they were sighted on continental slope 

between I I°-I4°N latitude and 73°-75°E longitude (Fig.4.7). Apart from one sighting, 

which consisted of two individuals, the other sighted schools consisted of group size 

of 12 to 25 individuals w ith the mean group size of 18.0 (S.D = 5.7) (Table 4.4).

Diversity and Distribution of the cetaceans along the Indian Sea and the contiguous sea
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Fig 4.7 Sighting of Larger delphinids Grampus griseus (GGRI), Globicephala 
macrorhynchus (GMAC) and Pseudorca crassidens (PCRA)
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DCAP GGRI SCHi SLON TADU PCRA 
Species

ffl Confirmed ■ Possible

Fig. 4.8 Group size of Delphinids sighted during the survey: DCAP- Delphinus 
capensis, GGBl-Grampus griseus, SCHI- Sousa chinensis, SLON Stenella 
longirostris, TADU-Tursiops aduncus, PCRA Pseudorca crassidens; lines on bars 
represent standard deviation . , ^

Table 4.4 Species wise group size of delphinids

Species No. of sightings No. of individuals range Mean

Pseudorca crassidens 

Globicephala macrorhynchus 
Grampus griseus 

Stenella coeruleoalba 

Stenella longirostris 
Stenella attenuata 

Stenella sp 
Tursiops aduncus 

Delphinus capensis f 

Sousa chinensis

3
6
2
38

1
19
54
24 S>3.
18 ■

22

2B- l°l
99
11

1181
S

433
557
460
65

Stenella longirostris -Spinner dolphin (Gray, 1828)

Spinner dolphin was second commonest species recorded often in all surveyed 

area. A total of 38 sightings were recorded either as confirmed or possible, accounting 
foi^8^)of the total sightings (Table 4.2). They showed wide distribution in the Indian 

EEZ and the contiguous seas (Fig. 4.9). A total of 19 sightings of spinner dolphin 

were documented as “confirmed”, whereas the rest of the sightings were recorded as 

“possible”. Considering the number of individuals observed, the spinner dolphin 

recorded the maximum during the survey with 602 individuals (34.1% of the total 

number of individuals in confirmed sightings). The group size varied from 5 to 110 

individuals with the mean group size of 31.0 (S.D= 25.6) (Fig. 4.8). The sea state at 

the time of sightings was 1 to 5 at beaufort scale.
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Stenella coeruleoalba - Striped dolphin (Meyen. 1833)

Two records of striped dolphin with 11 individuals were made (Fig. 4.10). 

One of the sighting consisted of 5 individuals was observed at 8°N and 73°E off 

Minicoy. The distance from the atoll was 62km and the depth was 2500m. The SST 

was 28.6° C and the sea state was 1 at beaufort scale. The other possible sighting, 

consisted of 6 individuals was sighted at 6.53°N and 78.24°E. The distance from the 

shore was 186km and the depth of animal occurred area was 2500m. The SST was 

27.5°C and salinity was 34.3ppt. The sea state was 4 at beaufort scale.
y. < er<T .... 'T,

Stenella attenauate - Pan-tropieal spotted dolphin (G. Cuvier. 1820)

Spotted dolphin was rarely seen in the study area with one confirmed sighting 

of 8 individuals. This species was sighted in the deep oceanic water of southeastern 

Arabian Sea (Fig. 4.10). The depth of the area from w here animals were sighted was 

2100m. SST and salinity recorded in the sighted area was 27.6°c and 33.6ppt 

respectively.

Diversity and Distribution of the cetaceans along the Indian Sea and the contiguous sea

r SLON 

■ SLONfP)

20 N

INDIA

Arabian Sea

10 N Tm ■ •I

- a Sri Lanka Sea
_

70 E 75 E 80 E 85 E

Fig. 4.9 Sighting of Stenella longirostris (SLON) SLON (P) represents possible 
sightings
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Fig. 4.10 Sighting of Stenella attenuata (SATT) and S. coeruleoalba (SCOE). SCOE 
(P) represent possible sightings of S. coeruleoalba

Stenella sp.
The distribution was wide of Stenella sp in the Indian seas (Fig. 4.11). There 

were 10 sightings (4.0%) with 433 individuals recorded as Stenella sp. Eleven 

sightings with 339 individuals were confirmed to generic level, while on eight 

occasions it was identified as "possible". One record was made in the Sri Lankan 

waters. Group sizes were moderately large, ranged from three to 200. Group size of 

confirmed sightings ranged from a minimum of 3 individuals to a maximum ot 200 

individuals with an average of 37 individuals (SD= 56.6) (Fable 4.4). The sea 

condition of the sighted area varied from 1 to 5 at beaufort scale.
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Fig 4.11 Sighting of Stenella sp (Ssp) Ssp (P) represents possible sighting of 
Stenella sp

Tursiops aduncus-Indo-pacific bottlenose dolphin (Ehrenberg. 1833)

The Indo-pacific bottlenose dolphin was the commonest species encountered 

than any other cetaceans during the survey. The species was encountered on 54 

occasions, accounting for 1 1.4% of the total sightings. Of this. 28 sightings (48.2 %) 

were confirmed and 26 were identified as possible. A total of 557 individuals, which 

included 325 individuals of confirmed sightings were observed (Fig.4.12). The group 

size of confirmed sightings ranged from minimum of 1 to maximum of 75. with an 

average of 10 (S.D= =12.6) (Fig.4.8) (Table 4.4). The sea state varied between 0 and 

5 at beaufort scale.

Diversity and Distribution of the cetaceans along the Indian Sea and the contiguous sea
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Fig 4.12 Sighting of Tursiops aduncus (TADU) TADU(P) represents possible 
sighting of Tursiops aduncus

Delphinus capensis - Long beaked common dolphin (Gray. 1828) *)r

Sighting of Delphinus capensis was recorded on 24 occasions, which was 

5.J% of the total sightings. Eight records 132 individuals were confirmed up to 

species level while it was identified as possible on 15 occasions. Thirteen sightings 

were made between 9°N-13°N and 74°E-76°E and 11 on continental shelf and shelf 

break, where the depth was less than 200m (Fig. 4. 13). The number of individuals in 

the group of confirmed sightings varied betw een two and 50. The mean group size 

was 19.2 (SD = 20.5) individuals. Six sightings were from southeastern Arabian Sea 

and the rest from Sri-Lankan Sea and the Andaman Sea. The sea state varied from 0 

to 5 at Beaufort scale.

Sousa chinensis -Indo-pacific humpback dolphin (Osbeck. 1765)

Indo-pacific humpback dolphins were sighted on 18 occasions, which was 

3.8% of the total sightings with a total of 65 individuals. Most of the sightings 

(88.9%) were from Cochin backwaters and Cochin bar-mouth area between 9°40'N-9 

°59"N latitude and 75°35E-76°18'E longitude in southeastern Arabian Sea (Fig. 4.14). 

Group size was generally small ranging from 1 to 8 with the average of 3.6 (SD = 4.5) 

(Table 4.4). The sea condition at the time of sightings w as between 2 and 4 at beaufort 

scale.
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Fig 4.13 Sighting of Delphinus capensis (DCAP): DCAPfP) represents possible 
sighting of Delphinus capensis
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Fig 4.14 Sighting of Sousa chinensis (SCHI); SCH1(P) represents possible sighting 
of Sousa chinensis
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Unidentified cetaceans
Among the 473 sightings, species or generic level identification of 250 

sightings (52.8% of the total number of sightings) was not possible due to far range of 

occurrence from sighting platform and were recorded as “unidentified”. Of this, 

43.8% of the sightings were delphinids with a total of 2788 individuals and the 

remaining 9.1% sightings were whales with 67 individuals.

4.2 Geographical distribution

The sighting surveys showed wide range of distribution of cetaceans ranging 

from coastal shelf water to oceanic slope water in the Indian EEZ and the contiguous 

seas. A total of 124 sightings (26.2%) were within the continental shelf (<200m 

depth) and the remaining (73.8%) were from oceanic waters (>200m depth). The 

species diversity observed in each surveyed region is given in Table 4.5. The 

observational effort and relative sighting frequency in surveyed area are shown in Fig. 

4.15.

Table 4.5 Species composition recorded in different surveyed region

Species
Ne.

Arabian
Sea

Se.
Arabian

Sea

S.
BOB

N.
BOB

Sri
Lanka

Sea

Andaman
Sea

Balaenoptera edeni . •

Balaenoptera musculus •

Megaptera novaeangliae / •

Balaenoptera sp./ • • •

4 Physeter macrocephalus • • • •

Pseudorca crassidens * S' • <» • O

Globicephala • */P) 9
macrorhynchus u/

Grampus griseus^ • • •

Stenella coeruleoalba' • e e ♦5)

Stenella longirostris\ ? .
x> • • • • •

^ C Stenella attenuata y •

Stenella sp ♦ • • • • •

Delphinus capensis / ♦ • • w •

Tursiops aduncus • • • • •

Sousa chinensis y • •

• Confirmed ♦ Possible
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4.2.1 Southeastern Arabian Sea

^ A greater diversity of cetacean species was encountered in southeastern 

o Arabian Sea. A total of 194 sightings (41% in total sightings) of 2506 individuals 

(42% in total individuals) were recorded with sighting frequency of 0.10/hr in this 

region./v.Of the 13 species recorded in this survey, a total of 10 species were recorded 

in southern Arabian Sea region (Table 4.6). Majority of the sightings (67.9%) were 

distributed on continental shelf and 32.1% of sightings occurred on continental slope V 
area. The ten fggcies include baleen whale from Balaenoptera family, one toothed

V*

^ whale from Physete'ndae fami ly andfeight species from delphinids D^phimP^^f

0 capensis, Stenella longirostris, Sousa'chinensis and Tursiops aduncus were most

frequently sighted species in this region. -K

\
(SAfM/Jrf

tkjlAX ' ^ ^

Ik p\A.2.2. Southern Bay ofBengal

The diversity of cetacean in southern Bay of Bengal region was also diverse. 

A total of 66 sightings (14%) of 995 (17%,) individuals, representing two species of 

baleen whales, one species of sperm whale and five species of delphinids were 

encountered on continental slope and shelf water. The sighting frequency was 0.08/hr 

(Fig 4.15). The southern Bay of Bengal was dominated by Stenella longirostris, 

Tursiops aduncus and Balaenoptera sp and distribution of rest of the species were 

sparse. Two species were identified possibly as Grampus griseus and Globicephala 

macrorhychus. Balaenoptera edeni and Megaptera novaeanglia from Balaenopteridae 

family and Physeter macrocephalus from Physeteridae family were the larger whale 

observed in this region. k o,lo pe

4.2.3 Northeastern Arabian Sea and Northern Bay of Bengal

The northeastern Arabian Sea and northern Bay of Bengal were the less 

surveyed areas. Hence, cetacean diversity and number of sightings observed in these 

areas were very sparse. There were 45 (9.5%) sightings of four species comprised of 

411 (7%) individuals observed during the effort in the northeastern Arabian Sea with 

sighting frequency of 0.05/hr (Fig. 4.15). Species composition in this region was 

made up of Grampus griseus, S. longirostris, T. aduncus and S. chinensis. Most of the 

sightings were from continental slope (70%) and rest of the sightings was from 

continental shelf (30%). Similarly, very few sightings were made from northern Bay 

of Bengal. A total sighting encountered in this region was 39 sightings (8.2%) of 4
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Fig. 4.15 Observational effort and sighting frequency (SF) in six surveyed area
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species comprising of 751 individuals (12.8%) and the sighting frequency was 

0.06/hr.

4.2.4 Andaman Sea

The Andaman Sea was one of the less surveyed areas and contributed five 

species of 46 sightings (9.7%) and 514 (9%) individuals with sighting frequency of 

0.08/hr (Fig. 4.15). Observed species composition in this area was dominated 

sighting by Stenella sp from delphinids and Physeter macrocephalus from 

physetridae. Globicephala rnachrorhyncus, D. capensis and 7. aduncus were the other 

delphinids sighted less frequently.

4.2.5 Sri Lanka

The Sri Lanka Sea was the most diverse area of all surveyed regions, w hich 

accounted for 83 sightings (17.5%) of seven species comprising of 688 individuals 

(11.7%). The sighting frequency was 0.21 /hr (Fig. 4.15). Most of the baleen whale 

sightings were encountered in the Sri Lanka water. Among the baleen whale. B. 

musculus was the only species identified upto species level and rest of the sightings 

were identified upto generic level only. P. macrocephalus and four species of 

delphinids were recorded in less significant numbers. T. aduncus and Stenella sp were 

by far the most frequently sighted species of all the delphinids.
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4.3 Grid distribution

The sightings of cetacean were distributed in 86 grids (2°x2°) to examine 

richness within the surveyed regions (Fig. 4.16). To remove the bias due to unequal 

distribution of effort between the grids, the sightings and abundance were estimated 

for one hour of observation. Of the 86 observed grids, the cetaceans were sighted in 

70 grids. Maximum effort of observation was in the southeastern Arabian Sea, 

specifically in grid 24 (G24), between 9°N -11°N latitude and 74°E -76°E longitude, 

where 401 hours of observation was made (Table 4.6). This was followed by 7°N-9°N 

and 76°E-78°E (G29) and 11°N -13°N and 74°E-76°E (G20) where the effort was , 

383.4 hrs and 320.7 hrs, respectively..

In southeastern Arabian Sea, sighting frequency was more in G14 (0.18/hr). 

Sightings observed in this area were 7 of 23 individuals. Maximum number of 

sightings was found in G20, where 54 sightings and 779 individuals were recorded 

and the sighting frequency was 0.5/hr. G20 was third area, which received highest 

survey effort in southeastern Arabian Sea as well as in entire survey regions. This was 

followed by G24 where 34 sightings with 574 individuals and sighting frequency was 

0.08/hr. The grids 25 and 29 were also rich in cetacean abundance and the sighting 

frequency of 0.08/hr and 0.06/hr respectively. Sighting frequency was high in G3 and 

G11 in northeastern Arabian Sea. Maximum sightings were observed in G8 ad G12 

with the sighting frequency of 0.07/hr and 0.08/hr respectively. There was no sighting 

in G1 and G2 where effort spent was 55hrs and 30hrs respectively in northeastern 

Arabian Sea.

G63 in southern Bay of Bengal showed highest sighting frequency (1.0/hr) of 

all grids followed by G58 (0.66/hr). There were no sightings observed in G57, G58 

and G61, which received maximum survey effort in southern Bay of Bengal. In 

northern Bay of Bengal, sighting frequency was high in G33 (0.66/hr), which received 

veiy lowest effort and G35 (0.10/hr), which received highest survey effort of 106hrs. 

No sightings were made in G37, where effort was 23hrs. G70 and G79 in Andaman 

Sea showed maximum sighting frequency whereas those was observed low in G67, 

G71 and G73, inspite of maximum survey effort than that of other grids in Andaman 

region. In the southern Sri Lankan Sea, a number of sightings and individuals per 

hour of observation were the highest in G81 (0.21/hr) and G82 (0.4/hr).
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Table 4.6 Effort distribution, sighting and Individuals recorded in each 2°x2° Grid of 
all surveyed regions

Area Grid
No: Position Effort

(hrs) Sightings Sightings
/hr Individuals Individuals/hr

Northeastern 
Arabian Sea

1 21-23°N/66-68°E 55 0 0.000 0 0.00
2 21-23°N/68-70°E 30 0 0.000 0 0.00
3 19-21°N/66-68°E 27 3 0.111 49 1.81
4 19-21°N/68-70°E 130 5 0.038 71 0.55
5 19-21°N/70-72°E 31 0 0.000 0 0.00
6 19-21°N/72-74°E 2 0 0.000 0 0.00
7 17-19°N/68-70°E 48.7 1 0.021 50 1.03
8 17-19°N/70-72°E 128 10 0.078 51 0.40
9 17-19°N/72-74°E 39 2 0.051 10 0.26
10 15-17°N/68-70°E 28 1 0.036 20 0.71

vll 15-17°N/70-72°E 48 6 0.125 50 1.04
12"" v15-l 7°N/72-74°E 198 17 0.086 110 0.56

■“Total”- 12 764.7 45 0.059 411 r*M') '

Southeastern 
Arabian Sea

13 13-15°N/68-70°E 21 1 0.048 100 v-4:7ff
14 13-15°N/70-72°E 39 7 0.179 23 0.59
15 13-15°N/72-74°E 183 13 0.071 91 0.50
16 13-15°N/74-76°E 39 3 0.077 10 0.26
17 ll-13°N/68-70°E 11 0 0.000 0 0.00
18 ll-13°N/70-72°E 90 3 0.033 34 0.38
19 ll-13°N/72-74°E 127 8 0.063 92 0.72
20 ll-13°N/74-76°E 320.7 54 0.168 779 2.43
21 9-1 l°N/68-70°E 11 1 0.091 20 1.82
22 9-ll°N/70-72°E 36 3 0.083 22 0.61
23 9-1 l°N/72-74°E 55 2 0.036 19 0.35
24 9-1 l°N/74-76°E 401.6 34 0.085 574 1.43
25 9-ll°N/76-78°E 155.1 23 0.148 53 0.34
26 7-9°N/70-72°E 19 3 0.158 28 1.47

n27 7-9°N/72-74°E 52 8 0.154 129 2.48
* 7-9°N/74-76°E 74 6 0.081 101 1.36
29^ v 7-9°N/76-78°E 383.4 25 0.065 431 ^•l-rl-2-,

TotaT 17 2017.8 194 0.096 2506 ( 1.24 j

Northern Bay 
of Bengal

30 19-21°N/84-86°E 53 2 0.038 4 '"-orols
31 19-21°N/86-88°E 74 2 0.027 21 0.28
32 19-21°N/88-90°E 32 1 0.031 2 0.06
33 19-21°N/90-92°E 3 2 0.667 104 34.67
34 17-19°N/82-84°E 73 6 0.082 22 0.30
35 17-19°N/84-86°E 106 11 0.104 114 1.08
36 17-19°N/86-88°E 44 3 0.068 72 1.64
37 17-19°N/88-90°E 23 0 0.000 0 0.00
38 15-17°N/80-82°E 65 1 0.015 20 0.31
39 15-17°N/82-84°E 92 8 0.087 318 3.46
40 15-17°N/84-86°E 27 1 0.037 4 0.15

\41 15-17°N/86-88°E 42 2 0.048 70 1.67
V2 15-17°N/88-90°E 2 0 0.000 0 0.00

£®taT V
13 636.0 39 0.061 751

^T.uT)

q/d

Vo’
1

1C i t-
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43 13-15°N/80-82°E 168 8 0.048 148 0.88
44 13-15°N/82-84°E 54 4 0.074 64 1.19
45 13-15°N/84-86°E 32 4 0.125 34 1.06
46 13-15°N/86-88°E 36 5 0.139 51 1.42
47 13-15°N/88-90°E 16 1 0.063 6 0.38
48 1 l-13°N/78-80°E 6 1 0.167 100 16.67
49 11-13°N/80-82°E 145 14 0.097 337 2.32
50 1 l-13°N/82-84°E 36 1 0.028 3 0.08
51 ll-13°N/84-86°E 17 1 0.059 4 0.24
52 ll-13°N/86-88°E 24 0 0.000 0 0.00
53 ll-13°N/88-90°E 9 0 0.000 0 0.00

Southern Bay 54 9-ll°N/78-80°E 5 0 0.000 0 0.00
of Bengal 55 9-ll°N/80-82°E 94.7 7 0.074 82 0.87

56 9-ll°N/82-84°E 7 2 0.286 10 1.43
57 9-1 l°N/84-86°E 20 0 0.000 0 0.00
58 9-ll°N/86-88°E 3 2 0.667 13 4.33
59 9-1 l°N/88-90°E 27.3 0 0.000 0 0.00
60 7-9°N/78-80°E 21 5 0.238 73 3.48
61 7-9°N/80-82°E 27 0 0.000 0 0.00
62 7-9°N/ 82-84°E 34 2 0.059 9 0.26
63 7-9°N/ 84-86°E 4 4 1.000 19 4.75
64 7-9°N/ 86-88°E 30 4 0.133 22 0.73
65 7-9°N/ 88-90°E 27 1 0.037 20 0.74^
23 zzn 843.0 66 0.078 995 S

"66 J3^15°N/90-92°E 13 0 0.000 0 ""0.00
67 13-15°N/92-94°E 89.5 3 0.034 55 0.61
68 13-15°N/94-96°E 26 2 0.077 35 1.35
69 ll-13°N/90-92°E 40 2 0.050 5 0.13
70 ll-13°N/92-94°E 146 23 0.158 232 1.59
71 ll-13°N/94-96°E 43 2 0.047 35 0.81

. , 72 9-ll°N/90-92°E 30 2 0.067 55 1.83Auil<ilU<iU 73 9-ll°N/92-94°E 67 3 0.045 30 0.45
74 9-1 l°N/94-96°E 37 1 0.027 20 0.54
75 7-9°N/90-92°E 15 1 0.067 8 0.53
76 7-9°N/92-94°E 28 3 0.107 17 0.61
77 7-9°N/ 94-96°E 28 1 0.036 5 0.18

A, r p 78 5-7°N/90-92°E 12 0 0.000 0 0.00
\79 5-7°N/92-94°E 21 3 0.143 17 0.8JL

"TotaT iV 595.5 46 0.076 514 4.88 Y/
80 /5^7°N/76-78°E 8 0 0.000 0 4.004
81 5-7°N/78-80°E 90 24 0.267 215 2.39

Southern/ 82 5-7°N/80-82°E 110 40 0.364 343 3.12
— SriLanka 83 5-7°N/82-84°E 73 12 0.164 41 0.56

Sea 84 5-7°N/84-86°E 55 5 0.091 68 1.24
n85 5-7°N/86-88°E 36 1 0.028 20 0.56

86 5-7°N/88-90°E 25 1 0.040 1 0.04
—Total 7V 397.0 83 0.21 688

Grand Total 5254.0 473 5865 (ft.12>

9 9
Q 0

O
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Fig. 4.16 Cetacean distribution in 2 x2° g 
numbers inside the each grids represents grid number

4.4 Taxonomic distinctness-Average and Variation

An attempt was made to use both A+ and A+ values to find out the 

geographical distribution patterns of the cetacean species following PRIMER 

routines. Average Taxonomic Distinctness (Delta A+) and Variation Taxonomic 

Distinctness (Lambda A+) and 95% confidence funnel are shown in (Fig 4.17 

and 4.16). The results showed that the Average Taxonomic Distinctness (Delta 

A+) of southeastern Arabian Sea (SeAS). Sri Lanka water (SRL). southern Bay 

of Bengal (SBOB) and Andaman water were falling within the 95% of 

simulated values for all the areas except northeastern Arabian Sea (NeAS) and 

northern Bay of Bengal (NBOB). where the number of species are relatively 

low and taxonomic composition different from the other regions (Fig.4.16). 

Except these two northern regions, no other regions showed significant 

departures at P<5% level under null hypothesis implying homogeneity in 

taxonomic distinctness.

On the other hand, the results of variation in taxonomic distinctness (A+) 

showed that regions viz.. NBOB. NeAS and SeAS departed (Fig. 4.18) from the 

overall taxonomic composition implying that the species of these regions are 

different from other regions (SBOB. AS. SRL). Fig. 4.19 displays the outcome 

of constructing the 95% probability envelops on A" aiuTVpIotted for each 

region facilitating a simple assessment of the status of these samples.

84 86 88 90 92 94

rid in different survey regions:
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0 5 10 15 20
Number of species

Fig. 4.17 The departure form theoretical mean of Average Taxonomic Distinctness 
(DeltaA4) and 95 % confidence funnel of all Cetaceans calculated using 
presence/absence data from the Indian EEZ.

0 5 10 15 20
Number of species

Fig 4.18 The departure form theoretical mean of Variation Taxonomic Distinctness 
(LambdaA+) and 95% confidence funnel of all Cetaceans calculated using 
presence/absence data from the Indian EEZ.
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NBoB(8
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10 20 30 40 50 60
Delta+

Fig. 4.19 95% probability contours of average taxonomic distinctness (deltaAA and 
variation in taxonomic distinctness (Lambda A+) showing deviation in cetacean 
diversity between surveyed regions.

4.4.1 Shannon diversity

Shannon diversity index calculated for each 2°x2° grid is given in Table 4.6. 

The southern Sri Lankan Sea. southeastern Arabian Sea and Andaman Sea showed the
v-, -a *b

highest species diversity when compared to other areas. Highest Shannon diversity 

value was obtained for G70 (1.72) in the Andaman Sea. In the southeastern Arabian 

Sea. maximum richness was calculated for G24 (1.44) and G20 (1.40). In G70 

(Andaman Sea) six species and 77 individuals and in G24 (Southeastern Arabian Sea) 

seven species and 323 individuals were recorded. In Sri Lanka sea grids, G 81 and 

G82 showed highest value of 1.43 and 1.37 respectively. In southern Bay of Bengal, 

G55 and G49 showed maximum value of 0.93 and 0.83 respectively. Among all the 

regions, low'est richness Shannon value was obtained for G46 (0.14) and G44 (0.30) 

in southern Bay of Bengal and for G84 (0.23) in Sri Lanka Sea. In northern part of 

India coast, highest richness value was obtained for GI2 and Gil in northeastern 

Arabian Sea. whereas highest richness value was obtained for G35 in northern Bay of 

Bengal.
^ b
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Table 4.6 Species richness and diversity along the 2°grids; S-total species, N-Total 
individuals, H'log2- Shannon index

4&
P?

Grid
No. Position S N H'log2

Grid
No. Position S N H'log2

3 19-21°N/66-68°E 2 45 0.64 43 13-15°N/82-84°E 1 30 0.00

4 19-21°N/68-70°E 0 0 0.00 44 13-15°N/84-86°E 2 11 0.30

7 17-19°N/68-70°E 1 50 0.00 45 13-15°N/80-82°E 3 34 0.76

8 17-19°N/70-72°E 2 17 0.61 46 13-15°N/86-88°E 2 31 0.14

9 17-19°N/72-74°E 1 6 0.00 47 13-15°N/88-90°E 1 6 0.00

10 15-17°N/68-70°E 0 0 0.00 48 ll-13°N/78-80°E 1 100 0.00

11 15-17°N/70-72°E 3 43 0.80 49 1 l-13°N/80-82°E 3 43 0.83

12 15-17°N/72-74°E 3 32 0.92 50 1 l-13°N/82-84°E 0 0 0.00

13 13-15°N/68-70°E 0 0 0.00 51 ll-13°N/84-86°E 1 4 0.00

14 13-15°N/70-72°E 1 7 0.00 55 9-ll°N/80-82°E 3 77 0.93

15 13-15°N/72-74°E 3 26 0.64 56 9-ll°N/82-84°E 1 5 0.00

16 13-15°N/74-76°E 0 0 0.00 58 9-ll°N/86-88°E 1 3 0.00

18 ll-13°N/70-72°E 0 0 0.00 60 7-9°N/78-80°E 2 13 0.67

19 11- 13°N/72-74°E 3 30 1.10 62 7-9°N/82-84°E 0 0 0.00
topi

tl 63 7-9°N/84-86°E 2 11 0.30

21 9-ll°N/68-70°E 0 0 0.00 64 7-9°N/86-88°E 2 19 0.51

22 9-ll°N/70-72°E 1 15 0.00 65 7-9°N/88-90°E 1 20 0.00 .

23 9-1 l°N/72-74°E 1 9 0.00 67 13-15°N/92-94°E 2 35 0.41

IslsK«K 68 13-15°N/94-96°E 1 15 0.00

25 9-ll°N/76-78°E 3 44 0.49 69 ll-13°N/90-92°E 0 0 0.00

26 7-9°N/70-72°E 1 10 0.00 'Tl-ll S" ,iv)1f
MH|||

27 7-9°N/ 72-74°E 1 5 0.00 1 71 ll-13°N/94-96°E 0 0 0.00

a<l\-c&>

IP V
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w
ft

28 7-9°N/ 74-76°E 2 72 0.45 72 9-1 l°N/90-92°E 1 55 0.00

29 7-9°N/76-78°E 5 316 0.97 73 9-ll°N/92-94°E 1 25 0.00

30 19-21°N/84-86°E 0 0 0.00 74 9-ll°N/94-96°E 0 0 0.00

31 19-21°N/86-88°E 2 21 0.60 75 7-9°N/90-92°E 0 0 0.00

32 19-21°N/88-90°E 0 0 0.00 76 7-9°N/92-94°E 0 0 0.00

33 19-21°N/90-92°E 1 100 0.00 77 7-9°N/94-96°E 1 5 0.00

34 17-19°N/82-84°E 2 16 0.56 79 5-7°N/92-94°E 1 10 0.00

35 17-19°N/84-86°E 3 71 1.08

36 17-19°N/86-88°E 0 0 0.00 HHh sjyg

38 15-17°N/80-82°E 0 0 0.00 83 5-7°N/82-84°E 3 24 0.54

39 15-17°N/82-84°E 4 317 0.95 84 5-7°N/84-86°E 2 32 0.23

40 15-17°N/84-86°E 1 4 0.00 85 5-7°N/86-88°E 1 20 0.00
\

41 15-17°N/86-88°E 2 70 0.60 86 5-7°N/88-90°E 0 0 0.00

,9

9^

4.5 Seasonal distribution
Seasonal variability in diversity and distribution was assessed for four seasons 

such as fall monsoon, summer monsoon, inter -monsoon and winter monsoon. The 

details of seasonal survey effort and sighting frequency are given in Table 4.8. The 

number of observation days was not equally distributed between the seasons. Hence, 

there was variability in survey effort between seasons and years as well as between 

season and five surveyed regions. However, sighting records are available for all the 

four seasons. Consecutive surveys were possible in October (inter-monsoon) and 

January and February (winter monsoon) for all the four years of the study period. In 

all, maximum number of sightings was in February in late winter monsoon with 

sighting frequency of 1.02/hr and the lowest was in August in late summer monsoon 

with sighting frequency of 0.18/hr. The number of sightings per day or per hour was 

maximum in November (winter monsoon) and minimum in August (summer 

monsoon) (Table 4.8).

^ 1 +

JUtv*
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Table ^Number of sightings in each month (pooled for all regions)

W Observation effort
---------------------------days of No. of ^

Season /Month Days Hours sighting sightings Sightings/day Sightings/hr

Winter JANUARY 62 496 27 40 0.65 0.08
monsoon FEBRUARY 61 488 33 62 1.02 0.13

MARCH 32 254 18 24 0.75 0.09

Fall APRIL 58 464 27 36 0.62 0.08
monsoon MAY 42 336 27 37 0.88 0.11

JUNE 70 560 31 50 0.71 0.09

Summer JULY 65 520 27 38 0.58 0.07
monsoon AUGUST 44 352 6 8 0.18 0.02

Inter SEPTEMBER 53 424 . 31 46 0.87 0.11
monsoon OCTOBER 51 408 24 42 0.82 0.1

Winter NOVEMBER 47 376 24 53 1.13 0.14
monsoon DECEMBER 72 576 24 37 0.51 0.06

0

4.5.1 Seasonal variability in cetacean diversity in different regions

Between the different surveyed regions, there was not much seasonal 

variability in species composition and distribution. Seasonal species diversity in 

different region is given in Table 4.9. Seasonal sighting records and observed 

individuals in each surveyed region are shown in Jig 4.20 and 4.21. In southeastern
ri

Arabian Sea, species composition was diverse in winter and inter monsoon seasons, ^ 1r”

accounting for 8 species in each season and comprising of 82 (42.3%) and 53 (27.3%) 

sightings respectively (Fig. 4.22). There,were 1000 (39.9%) individuals in winter 

monsoon and 721(27.8%) individuals in inter monsoon. A total of 7 (24.7%) species . „ .

of 678 (27.1%) individuals were found, in fall monsoon season/ .T.admcus, ana S. 1
^ wi l*U5V\g,6o ' ! .

longirostris jy/ere the dominant species from delphinid family and occurred in all the

seasons. Among these two species, occurrence of T. aduncus was more dominant in 

^^jJ^winter season.whereas inter monsoon was dominated by S. longirostris. D. capensis \ 

was the third common species.

There was larger whale occurrence in all the seasons, in particular, during 

winter monsoon. But 90% of the sightings were unidentified. Among the larger

, whale, Physeter macrocephalus was dominant species and observed in inter as well asj
i winter monsoon. Baleen whale sightings were observed in fall and inter monsoon. 

Species composition was very less in summer monsoon. There were only 5.7%

aA
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sightings of three species, comprising of 132 individuals (5.3%), but two of the four 

species were identified as possible. Tursiops aduncus and Sousa chimmis were the 

two confirmed species. Other species was identified possibly as Delphims capensis,

Grampus griseus and Globicephala macrorhynchus were the other two species 

observed in winter monsoon. Pseudorca crassidens was observed in fall monsoon and 

inter monsoon.

Cetacean diversity was very scanty in all the seasons in northeastern Arabian 

Sea. Sightings were high in winter (37.8%) and fall monsoons (28.9%). Three , 

confirmed species such as G. griseus, S. chinensis and S. longirostris of 136 \

individuals were recorded. T. aduncus was sighted in inter and summer monsoons.

One species, S. longirostris was observed in^winter season. There was no sighting of 

larger whales except solitary sighting of unidentified whales in winter season.

In southern Bay of Bengal^ maximum diversity was found in summer and 
winter monsoons. A total o^six)species of 22 encounters (33.3%) and 471 individuals 

(47.3%) were recorded in winter monsoon whereas seven species of 18 sightings 

(27.8%) of 247 individuals (24.8%) were in summer monsoon. Balaenoptera sp, S. 1

longirostris, T. aduncus and D. capensis was the major delphinid species that was | 

found in all the seasons. P. macrocephalus were sighted in summer and inter-

monsoon seasons. Inter-monsoon showed poor diversity and only 4 species were 

recorded but all the identification was possible. In winter monsoon two species from 

balaenoptera family namely, B. edeni and Megaptera noveanglia were encountered.

Among the six surveyed regions, northern Bay of Bengal and Andaman Sea 
showed poor diversity during the entire seasons. Maximum record ofj^e^pecies but 

two of the five species was possible identification in northern Bay of Bengal and_

Andaman Sea. In northern Bay of Bengal diversity was high in both ^summer and Jpi

winter monsoon which accounted for (five' species consisted of 346 (46.5%)

individuals. T. aduncus and S:glongirostris were sighted in three seasons as well as
one unidentified whales in winter monsoon. In Andaman Sea, maximum ofCs^cies

of 27sightings (58.7%), accounting for 285 individuals (55.4%) were^recorded in
if

winter monsoon. This was followed by summer monsoon with three species of 12

tfP

K

sightings (26.1%) consisted of 121 (23.5%) individuals. P. macrocephalus was,found 

commonly in winter_season. Pilot whale, spinner dolphin and bottlenose dolphin were 

the smaller cetaceans found in winter monsoon. Diversity observed in fall and inter 

monsoon was poor in both northern Bay of Bengal and the Andaman Sea.
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A total of seven species (48.2%) of 40 sightings consisted of 329 individuals 

(49.3%) in winter season followed by summer monsoon with six species of 205

was less with maximum record of three species, accounted for 56 individuals in fall 

monsoon and 45 individuals in inter monsoon. B. musculus was often seen in winter 

and summer monsoon season. Other species such as G. griseus, S. longirostris, D. 

capensis and P. macrocephalus were seen each on one occasion in winter monsoon 

season in the Sri Lanka Sea.

? 0
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^ A
Table 4.9 Seasonal cetacean diversity in different regions

A

<)
o

Species
Ne.

Arabian
Sea

Se.
Arabian

Sea

s.
BOB

N.
BOB

Sri Lanka 
Sea

Andaman
Sea

Balaenoptera e denis ♦

Balaenoptera 
■ musculus '

♦ ,*J

Megaptera 
novaeangliae /

\ Balaenoptera spf) ft •’fT/f
Balaenoptera sp. (P) At) ~w~ •

Physeter
macrocephalus '' ff rl • * . ★ ,*

Physeter
macrocephalus (P)

u. (4 • •

Pseudorca 
crassidens ^

• •,* ♦ _ ♦ •

Globicephala ^ 
macrorhynchus ♦ ♦ ♦ ,*

jGlobicephala - 
. macrorhynchus (P) * . •

Grampus griseus ,■
• ♦

Grampus griseus (P)
• •,♦. • • -

Stenella 
coeruleoalba ^ ★ A A fl

. Stenella 
coeruleoalba (P) y y • y

Stenella longirostris ♦ *,♦ A A* *

s Stenella 
longirostris (P)

• Wii - • At) •

Stenella attenuata / P,y>

f Stenella sp ) * V!w ' ♦
♦ ♦ '

Stenella sp (P)
*,♦ w ♦,*

Tursiops adtmcus - i 1/ ./ rf ■ ♦ ♦
Tursiops aduncus

CP)
\&/ Wk-'

Delphinus capensis * ♦
Delphinus capensis / (P)

★ ★ •

Sousa chinensis / • •,*,♦■*

• fall monsoon, ♦summer monsoon,* inter monsoon, ♦winter monsoon

63 Results



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

4.5.2 Seasonal distribution of different species

The occurrence of spinner and bottlenose dolphinsjw_as common in all the 
seasons. The spinner dolphin was more predominant in(winter)monsoon season,, 

followed by inter monsoonseastm with the mean group size of 5tf(SD= 41pin inter 

monsoon and 19 (SD =14.2) in winter monsoon (Table 4.11). The sighting frequency 

was 0.005/hr during winter monsoon and 0.05/hr in inter monsoon (Table 4.10). The 

bottlenose dolphin was most commonly found in winter monsoon season with 

sighting frequency of 0.009/hr and the mean group size was 11/(SD= 6.0)1 The 

humpbacked dolphins were encounterecThi|*h in winter monsoon and mfeTmonsoon. 

The mean group size was 4.8 (SD=63) in winter monsoon and 2.6 (SD= 1.5) in inter 

monsoon. Similar trend was observed in the occurrence of common dolphin. The most 

of the sightings were occurred in winter monsoon. The sighting frequency was 

0.006/hr and group size was 23 individuals.

The larger whale encounters were also considerably high in winter and inter 

monsoons. The sperm whale was found more in winter morfsoon with sighting 

frequency of 0.003/hr. The mean pod size was 4.1(SD=2^6) (Table 4.11). In inter 

monsoon, there were considerable sightings with sighting frequency of 0.007/hr.__ 

There were no sighting records of sperm whale in fall monsoon. The summer and 

winter monsoon were the season in which baleen whale sightings were predominant 

with sighting frequency of 0.006/hr and 0.010/hr respectively. The mean pod size in 

summer monsoon was 1.83 (SD = 2.6) and 3 (SD=2.6) to the winter monsoon season.

A

I'

Table 4.10 Cetacean sighting frequency /hr in different seasons

Species Fall monsoon Summer Inter monsoon Winter
monsoon monsoon

Balaenoptera sp 0.001 0.004 0.005 0.006

Physeter
macrocephalus

-- 0.001 0.001 0.003

Stenella 0.001 0.003 0.005 0.005
longirostris
Stenella sp 0.006

Tursiops aduncus 0.004 0.004 0.001 0.009

Delphinus capensis 0.002 — 0.002 0.002

Sousa chinensis 0.003 0.001 0.006 0.004
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Table 4.11 Seasonal pod size and group size of cetacean sightings

Species Fall Monsoon Summer
monsoon

Inter
monsoon

Winter
monsoon

Mean SD Mean SD Mean SD Mean SD
Balaenoptera sp 5.1 2.8 1.8 2.6 2 0.8 3.0 2.6

Physeter 2.6 1.6 4.1 2.6
macrocephalus
Stenella longirostris 28* 12

*
38 35 55 39 19 14.2

Tursiops aduncus 6.0 17 18 28 11* 6.7* 11 11.2

Delphinus capensis 31* 14* 13* 14* 23 18

Sousa chinensis 3.3 2 2.6 1.5 4.8 6.5

*group size of possible sightings

4.6 Distribution in relation with environmental parameters

To compare the relationship between the oceanographic parameters and 

distribution of cetaceans, two physiographic variables (maximum depth at the location of 

sighting and distance from the shore) and two oceanographic variables (Sea Surface 

Temperature and Sea Surface Salinity) were examined to characterise the habitat of 

cetaceans. Of the thirteen confirmed species sighted during the study period, adequate 

number of sightings were available for 5 species, namely Physeter macrocephalus 

(sperm whale), Tursiops aduncus (Indo-Pacific bottlenose dolphin), Stenella 

longirostris (spinner dolphin), Delphinus capensis (long- beaked common dolphin)
fand Sousa chinensis (Indo- Pacific humpback dolphin) were considered for Kruscal- j

l
Wallis test and Inter-quartile analysis. Inter quartile deviation was calculated for / 
Balaenoptera sp and Stenella sp that had more than 19 sightings records. /

4.6.1. Physiographic variables

4.6.1.1 Distance from the shore

The cetaceans were widely distributed from 0.05 km to 964 km from the 

nearest shore in the study area. A total of 228 sightings (48.2%) were distributed 

within 100km from the shore. In eastern Arabian Sea, distribution of cetaceans from 

the nearest shore ranged from 0.5 to 783.5km range, whereas it ranged from 2km to 

964km in Bay of Bengal. There was significant difference among the species with 

regard to distance (KW=42.561, df=6, P=<0.001). Balaenoptera sp sightings occurred

65 Results



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

between 23km and 490km with the mean distance of 113km (SD=T13.4) (Table 4.12). 

Most of the Balaenoptera sp sightings were in water <100km with few sightings were 

found in nearshore water <50km. Sperm whale was the other species occurred 

commonly in deep oceanic-water between 100km to 200km and their occurrence 

ranged up to 579 kfrf(Fig. 4.23A).

All the larger delphinids, false killer whale, short-finned pilot whale and 

Risso’s dolphin were commonly found in oceanic water. Short-finned whale 

occurrence was in oceanic water >110km, whereas Risso’s dolphin and false killer 

piIotwhale_ocGurrence was still deeper than that for short-finned pilot whale. Risso’s 

dolphin and short-finned pilot whale were recorded in coastal shelf water on few 

occasions. Among the smaller delphinids, spinner dolphin and Stenella sp were 

constantly sighted in oceanic water and range of occurrence was greater than that of 

other small delphinids (Fig. 4.23 A). Sighting of spinner dolphin ranged from 27km to 

716km with predominant observation in deep oceanic water between 100km and 
300km, whereas it ranged from 9km t$T5833km with the mean distance of44>7km 

(SD=154) for Stenella sp. Bottlenose dolphin showed coastal preference and most of 

the sightings occurred within 100km. Common dolphin was found in coastal water 
^ with a few occurrences in deep oceanic water and most of the sightings were between 

100km and 200km distance. Humpback dolphins were commonly found in nearshore 

water generally <0.5km. On single occasion it was found in offshore water at 50km 

distance from the nearest shore.

Table 4.12 Distribution frequency of cetaceans in relation to distance from the shore 
(km); n=number of sightings

Species n Mean SD \ er
a \

Balaenoptera sp 28 113 tuT 23-490 ^
Balaenoptera musculus 4 48 23.5 19-144
Physeter macrocephalus 16 146 4 - 579^/
Stenella longirostris 30 77 I52_. 27 -716
Tursiops aduncus 39 87 53 22-276
Delphinus capensis 18 153 137 3-624
Sousa, chinensis 18 23 20 0.05-50
Stenella sp 19 157 154 9-683.5
Grampus griseus 4 141 109 26-350
Pseudorca crassidens 4 262 22.8 228-274
Globicephalamacrorhynchus 3 72 58 5-110
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4.6.1.2 Depth

There was significant difference among the species with regard to depth 

(KW=87.7, df= 6, P= <0.001). Preference for slope habitat by most of the cetaceans 

was greater (Fig 4.23B). Balaenoptera sp, blue whale and sperm whale sightings 

were found over continental slope and outer slope waters. Blue whale occurrence 

ranged between 1200m and 2919m with the mean depth of 1538m (SD=781), whereas 
sperm whale occurrence varied from 340hfto^93m. The mean depth of occurrence 

was 1606m-(SlT=]L090). Spinner dolphin and Stenella sp occurred both on shelf and 

slope but generally occurred on slope water >300m (Fig. 4.23B). Bottlenose dolphin 

showed preference for shelf and slope water <500m (Fig. 4.23B). Occurrences of 

common dolphin ranged from shelf to outer slope with predominant sightings were on 

shelf break and slope water between 500m to 1500m. Occurrence of humpback 

dolphin was confined to shallow waters, generally at depth <20m. False killer whale, 

short-finned pilot whale and Risso’s doiphin was observed over slope water >200m. 

Risso’s dolphin and short-finned pilot whale were observed on shelf water and shelf 
break. Depth of Risso’s dolphin occurred area ranged ffor^292m to 3072mjvith the" 
mean depfruofl 157m (SD=1254) and that of for short-finnedp^l^Sleraiged from

50m to 2600; /ith the mean (of 475m jjjD=306)./yi four sightings of false killefyjx 

whale were encountered in depth range of 1700m-200(h»'fSr>= 155).

Table 4.13Distribution frequency of cetaceans in relation to depth(m); n=number of 
sightings

Species n Mean SD Range
Balaenoptera sp 28 1763 1167 83-3862
Balaenoptera musculus 4 1538 12,00-2919
Physeter macrocephalus 16 1606 1090 340-3696
Stenella longirostris 30 1834 1433 18-4270
Tursiops aduncus 39 322 320 34 -1420
Delphinus capensis 18 907 1194 28-3701
Sousa chinensis 18 25 13 15-40
Stenella sp 19 1747 1254 26^3860
Grampus griseus 4 1157 4245 <3(T-260SL
Pseudorca crassidens 4 1868 155 Lmo~2Qao
Globicephala macrorhynchus 3 475 306 ( 292^529^)
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24 °°

4.6.2 Oceanographic variables

4.6.2.1 Sea surface temperature (SST)

During the survey period, the SST of surveyed area ranged from £4.2°C to 

33.0°C^vith the mean o^28.8°C (SB= 1.2). Ail the species occurred in mean surface 
temperatur^oF28°cJ^Table 4.14). Deeper water species occurred in water <30°C, 

which was lower than that for coastal species (Fig. 4.23C). There was no significant 

difference among the species with regard to SST (KW=2.9, df= 6, P=<0.818). All the 

Balaenoptera sp and blue whale sightings were found in narrow SST range between 

28°C and 29°C. Sightings of sperm whale, Risso’s dolphin, false killer and short 

finned pilot whale were also found in similar narrow SST range. Most of the 

delphinid species also found in water with narrow range of SST. Stenella sp and 

spinner dolphin sightings were restricted to SST between 26.0°C and 29.5°C with the 

mean of 28.5°C (SD= 1.3) and 28.1°C (SD=0.8) respectively (Table 4.14). Long 

beaked common dolphin and bottlenose dolphin occurred in water with wide range of 

variation in SST. These species were found in SST ranging widely from 26.0°C to 

32°C, but most of the sightings were at mean SST of 28°C. The surface temperature 

in humpback dolphin occurred area varied from 26 to 30 with most of the sightings 

were in water with narrow SST range.

Table 4.14. Distribution frequency of cetaceans in relation to sea surface 
temperature(°C); n=number of sightings

Species n Mean SD Range
Balaenoptera sp 28 28.2 0.9 26.0- 30.0
Balaenoptera musculus 4 27 1.2 26.0-29.0

Physeter macrocephalus 16 28.4 0.9 27.0-30.0

Stenella longirostris 30 28.1 0.8 26.0 -29.5

Tursiops adtmcus 39 28 1.5 26.0-33.5
Delphinus capensis 18 28.5 1.2 27.0-32.0
Sousa chinensis 18 28 1.0 26.0- 30.0
Stenella sp 19 28.5 1.3 26.0 - 32.0

Grampus griseus 4 27 1.2 26.0-31.0

Pseudorca crassidens 4 28 0.9 28.0 - 29.7

Globicephala macrorhynchus 3 28 1.2 27.5 - 29
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4.6.2.2 Salinity

The surface salinity in survey area varied from 27 ppt to 36ppt with the mean 

of 33.3 ppt (SD= 1.5). There was significant difference among the species with regard 

to salinity (KW=37.41, df=6, P=<0.001). However, the average surfacesalinity of 
most of the species ranged from 33ppHo^34ppt except for humpbaclfdolphin (Fig 

4.23D). Balaenoptera sp and blue whale were sighted in narrow range of salinity, 

whereas sperm whale was found in wide rage of water with salinity varied from 

29.3ppt to 36ppt. Among three larger delphinids, surface salinity in water, where 

Risso’s dolphin and false killer whale were observed, was comparatively higher than 

that for short finned whale. Both the species were found in mean salinity of 34ppt, 

whereas short finned pilot whale was seen in mean salinity of 32.5ppt(SD= 1.6). All 

the smaller delphinids were also found in similar surface salinity ranging between 

29ppt and 36ppt. The three dominant species such as spinner, bottlenose and common 

dolphins could be sighted at salinity ranging widely from 29ppt to 36ppt (Table 4.15). 

However, most of the sightings of these three species were between 33ppt and 34ppt. 

Stenella sp was restricted to water with narrow range of salinity. The humpback 

dolphin was the only species occurred predominantly in low salinity water between 

30ppt and 31ppt (Fig. 4.23.D).

Table 4.15 Distribution frequency of cetaceans in relation to salinity (ppt); n=number 
of sightings

Species n Mean SD Range

Balaenoptera sp 28 33.0 2.0 29.5 - 36
Balaenoptera musculus 4 33.2 0.3 33.0-33.4

Physeter macrocephalus 16 33.2 1.7 29.3-36.0
Stenella longirostris 30 33.6 1.4 29.0-36.0
Tursiops aduncus 39 33, 1.5 29.5-36.0

Delphinus capensis 18 33.2 1.3 30.0-36.0
Sousa chinensis 18 30 1.4 27.0-32.0'

Stenella sp 19 33 0.5 32.0-34.0

Grampus griseus 4 34 0.9 33.9 - 35.7
Pseudorca crassidens 4 34.3, 1.0 33.0 - 35.2
Globicephala macrorhynchus 3 32.5 1.6 32.5-33.0
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Fig. 4.23 Cetacean distribution with respect to environmental variables observed 
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The present study represents first attempt and preliminary assessment of 

cetacean diversity and distribution in the Indian waters. Ship-based visual survey 

using platform opportunity is a conventional and widely practiced method to collect 

data on the relative and absolute abundance and distribution of marine mammals at 

the species level (Aragones^et al., 1997). For this study also, platform of 

opportunity is a valuable means to monitor the cetacean diversity, distributional 

range and their habitat characteristics in coastal and oceanic waters. The 

geographical feature of surveyed areas is highly varied, which covered several 

cetacean habitats ranging from shelf and slope of the oceanic water. Though, survey 

in nearshore coast was totally lacking and this eliminated the chance of recording 

the highly inshore coastal species.
This survey recorded 47^sightings of l^^species of cetaceans and 

^apcounting for 5,865'mdividuals in 5,2^1 hours of sighting effort at the rate of 1.12 

individuals per hour (0.7 sightings per day) (Table 4.6). Sighting frequency in the /;

present study is comparatively low. In the northwest Indian Ocean and Sri Lankan 

waters, Ailing (1986) reported 0.9 sightings per day. Sighting records as high as 6.4 

per day are also available inWestem tropical Indian Ocean (Ballance and Pitman, 

1998). The low sighting records in the present study may be due to the following 

limitations, (i) All the cruises were opportunistic without a structured cruise 

programme and the uneven survey effort at temporal and spatial scale has resulted 

less number of records compared to records from the survey in other part of the 

Indian Ocean. (ii)The size of the survey vessel FORV Sagar Sampada is larger and 

not easily maneuverable for tracking an animal upon sighting, (iii) On each cruise, a 

single observer was employed to carry out the watch with occasional aid of non- 

trained observer. Two observers in each cruise would have improved the quality of 

observation. Employing three observers in the opportunistic survey conducted by 

Ballance and Pitman (1998) resulted in substantially high number of sighting 

records.

Inspite of few limitations, the 40 months survey has contributed 

considerable baseline information of cetacean community in the Indian water and 

the contiguous sea. Cetaceans are found to have a very wide geographical 

distribution in the Indian EEZ and the contiguous seas. Abundance and species 

richness are greater in the southeastern Arabian Sea and southern Sri-Lankan
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waters, whereas and relatively sparse in other surveyed area, in particular, in the 

northern parts of Indian coast.

5.1 Geographical and Seasonal distribution

Sri Lapka Sea was the richest diverse area with contribution 

of seveirspecies, accounting for 687 individuals. These areas were reported to have 

rich cetacean fauna in earlier studies (Ailing, 1986; De Silva, 1987; Ilangakoon, 

1997). There are 27 species known to inhabit in Sri Lanka water (Ilangakoon, 

2002). The present survey was restricted to slope area of the Sri Lanka water and 

the coastal area and western part of Sri Lanka were not covered, which reflected 

low species records than actual species known to occur in Sri Lankan water. Most 

of the sightings in southern part were of Balaenoptera sp in the present study. /

The southeastern Arabian Sea was the second most diverse area(Ten species 

were recorded with dominant occurrence of Stenella longirostris, Tursiops aduncus, 

Delphinus capensis and Sousa chimnsis in southeastern Arabian Sea. Within this 

region, Kerala and Karnataka, between 9°-15° latitude were the two areas where 

diversity and concentration were diverse and dense. The greater diversity of 

cetacean in this regions may be attributed to the fact that the southern Arabian Sea 

water are one of the most biologically productive ocean regions and dense prey 

availability through out all the seasons. During summer monsoon, southwest 

monsoon current originate intense upwelling along Somalia and southern Arabian 

Seas. Upwelling process enhances phyto plankton and meso zooplankton 

population, which are basic food components in diet of most small fish population 

(MadhupratkKp, 2001; Goes Va/., 2005). Abundance of zooplankton community 

remains unchanged over season in spite of variation in phytoplankton abundance as 

monsoon subside^ (Bhattathiri et al, 1996; Sawant and Madfiupratap, 1996). 

Similarly, winter cooling convective mixing^js^padsing an increase primary 

production in winter monsoon (Prakash and Ramesh, 2007).

Thus, enhanced biological productivity by upwelling in these regions 

sustains prey population throughout all the seasons and probably provides ideal 

habitat for cetaceans. Hence, the heterogeneity of cetacean distribution and sighting 

frequency in this region was greater in all the seasons except summer monsoon. In 

summer monsoon, most of the surveys were carried out in peak monsoon period.
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Inclement weather and poor sea state that exceeded more than five at beafourt scale 

affected survey and thus has resulted low sightings in summer monsoon.

The southern Bay of Bengal is the third most diverse area followed by 

Andaman Sea. Records of past stranding events document the presence of as many 

as 20 species in Bay of Bengal and most of them are from southern Bay of Bengal 

(Kumaten, 2008). Both southern Bay of Bengal and Andaman Sea was dominated 

by oceanic delphinids and baleen whales. The Bay of Bengal is a distinct tropical 

ecosystem and has different bathymetry and oceanographic features compared to its 

western counterpart, the Arabian Sea (Dwivecfi, 1995). The topographic feature of 

southern Bay of Bengal and Andaman Sea is unique and lesser shelf area with 

presence of seamounts and submarine canyon, occupying nearly 35% of the 

continental slope. As a result, the present survey exhibited occurrence of more 

oceanic delphinids and baleen whales and is in accordance with stranding and catch 

record available for this region (Kumaran,s?008). Area with rough topography, 

canyon structures and seamount are characterized by enhanced biological 

productivity. Diversity of benthic and pelagic fauna is greater than those in other 

habitats along the continental slope (Cartes,etal., 2000).

The northeastern Arabian Sea has very reduced cetacean fauna than that of 

its southeastern counterparts. Only four species such as Grampus gresieus, S. 

longirostris, T. aduncus and S. chimnsis were observed in this region. This may be 

due to less amount of survey effort, received by this region during the study period. 

Review of past stranding records showed occurrence of 12 species in further 

northern part of this region (Kumarari, 2008). Complete lack of survey in broader 

shelf area between 20°N-23°N latitude, further northeast of Arabian Sea, may 

probably be one of the causes for sparse cetacean diversity and distribution 

observed in this region. Hence, the present study represents probably 

underestimated species composition and abundance for this region. The 

northeastern Arabian Sea sustains high productivity during the winter monsoon due 

to winter cooling (Prakash and-Ramesh, 2007). Relatively higher sighting in winter 

and fall monsoon period indicates that aggregation of cetacean is probably more in 

winter monsoon. However, data in the present study is too low to substantiate this 

conclusion. r ,

The diversity of northern Bay of Bengal was also poor.(Three) confirmed 

species such as false killer whale, spinner dolphin and bottlenose dolphin were
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recorded. The long-beaked common dolphin was sighted but identification was not 

confirmed. Most of the sightings were between 5°N-20°N latitude. Sighting in 

northern part of this region (between 20°N and 21°N) showed poor diversity with 

confirmed record of one species, Tursiops aduncus and two sightings of 

unidentified whale. Review of the past stranding data also demonstrates the sparse 
diversity in north of 20°N. Occurrences rif three specieTobly have been noted from

this region and two of them, Ganges dolphin and Irrawady dolphin occur in Ganges 

river and Chilika Lake respectively (Dhandapdni, 1992).

The northern Bay of Bengal is a region with lesser biological productivity. 

Biological productivity of this region is largely limited by low nutrient availability 

due to lack of intense upwelling (Gopalakrishdna'and Sastry, 1985). Freshwater 

influx from rivers Mahanadi and Ganga transport nutrient into the open ocean. 

However, this nutrient is biologically consumed within estuary and coastal region.

In addition, this river runoff declines surface salinity as low as 20 ppt along the / 

coastal region (Kumang^/., 2002). As a result, river run off increases productivity 1 

along nearshore coastal area and probably supports the distribution of inshore 

species such as Irrawady, Ganges and humpbacked dolphins, known to inhabit in 

low salinity water.

Inspite of the fact that river runoff increase productivity in near coastal area 

north of 17°N, low nutrients in highly stratified water affpets the offshore 

productivity due to low salinity and low density (Kumar et al., 2002). Hence, low 

sea surface salinity and less productivity might contribute to sparse diversity in 

north of 20°N- 87°E. However, taxonomically diverse cetacean group has been 

observed over “Swatch of no ground” submarine canyon between 21°N - 90°E 

longitude in northern Bay of Bengal! (Smith et al., 2008), The presence of 

submarine canyon is an ideal feature for mixing of nutrients, which provides rich
\y" ]

prey niche for cetaceans (Bearzi, 2005).

The Bay of Bengal is traditionally considered as a more productive area, in 

summer monsoon (KumarV/ al., 2002). In southern Bay of Bengal and Andaman 

Sea, more sightings occurred in summer monsoon, followed by winter monsoon. 

Inter monsoon and fall monsoon sightings exhibited veiy poor diversity with four 

species. Whale occurrence was observed in all the seasons with predominant 

encounters in summer and inter monsoon in southern Bay of Bengal. During winter
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monsoon, larger pod of sperm whales were seen frequently between 92°E-94°E in 

Andaman Sea. The northern Bay of Bengal showed poor diversity in three seasons 

except in summer monsoon.

5.2 Species diversity
Species diversity of Indian cetacean community appeajS''Similar to other 

cetacean communities in northern Indian Ocean. Of the 13 species of cetaceans 

recorded in the present study, eleven species were found in Indian waters, which is 
only 50% of the species reported earlier for the Indian waters (KumardnT 2002). 

The ‘delphinids’ were the most diverse group with seven species, two of which 

were the most abundant and widespread species in the present survey. Among 

delphinids, the spinner dolphin was dominant in terms of abundance, whereas Indo- 

pacific bottlenose dolphin was the most dominant species in terms of number of 

records. They were followed by long beaked common dolphin and Indo-Pacific 

humpback dolphin.

Based on information published by several authors mostly on beach-cast 

samples concluded (KumaMn, 2002) that the spinner dolphin was the most 

frequently recorded species during the last century in India. In the present study, 

this species was sighted widely in all surveyed area and in all the season with 

predominant occurrence in winter season. The geographical spread of sightings and 

stranding suggests wide distribution of this species in Indian coast. It has also been 

recorded as frequently sighted and most abundant species in surveys in adjacent 

seas such as western tropical Indian Ocean and Maldives (Ballance and^Pitman, 

1998; Ballancdttf al., 2001). Two types of spinner dolphin S. 1. longirostris and 5. /. 
roserventris are recognised in northern Indian Ocean (Perrin,M^90 and 1999). 

Spinner dolphin in the entire surveyed regions except Andaman region was similar 

to large pan-tropical form S. 1. longirostris. S. 1. roserventris is reported to occur in s 

shallow waters in Southeast Asia (Perrin, 1999 antd 2007)} Hence, spinner dolphin 

sighted in the Andaman Sea, which lie in similar geographical region, could be 

possible dwarf spinner dolphin. The average group size is similar to those reported 

for Maldives water but lower than that of Western tropical Indian Ocean.

Bottlenose dolphin was the second commonly accounted species in the 

entire surveyed area with dominant occurrence in southeastern Arabian Sea. Two 

distinct ‘types’ of bottlenose dolphin, Tursiops aduncus and Tursiops truncatus are
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generally recognised (Hale et al., 2000). Of these two, Tursiops aduncus were only 

sighted in the all surveyed region. Tursiops aduncus are found in bays, estuaries, 

shelf area, whereas T. truncatus ranges widely in pelagic waters beyond the / 

continental shelf and found in coastal habitat (Rice, 1998* GanhfefT2005)- There 

were considerable sightings of bottlenose dolphin on slope in the present study, but 

identification was not definite and hence not considered for the present study. 

Identification of this offshore sightings to be T. truncatus was not possible, as 

distinguishing these two forms is generally difficult at sea and lack of substantial 

photo evidence. However, there is no evidence of Imdingjljrtincatus in Indian 

fisheiy, which has operational range up to 70 km (Yousuf et al, 2008) The recent 

genetic investigation on bottlenose dolphin has suggested that bottlenose dolphin 

from the Indian sea can be considered as Tursiops aduncus (Jayasankar et al, 

2008). Bottlenose dolphin’s mean group size of the present study is 12.0 which is 

comparable to those reported from Australia (13.0) (Hawkins anch6artside, 2008).

Long-beaked common dolphin Delphinus capensis was the third most

commonly encountered species but confirmed only on eight occasions in

southeastern Arabian Sea, Southern Bay of Bengal and Sri Lanka Sea. There were

very few possible sightings in Andaman Sea and northern part of Arabian Sea and

Bay of Bengal. During the FORV Sagar Sampada fishing cruise in 1987 and 1989

sighting of this specie^ has been observed on two occasions in northern Bay of

Bengal (Jayaprakash et al, 1995). Similarly, their occurrence in Gulf of Mannar

was also reported during the “Tulip” survey (AllingTl986). Landing of this species

have also often been reported in northern Bay of Bengal and other part of the/

survey areas (Lalffiohan, 1985; Mahadevan Pillai and Chandrangatha, 1990; \ 
/ *"■

Chandrakufnar, 1998; Yousuf et al, 2008). This species is the third abundant

species, often reported in incidental catch of Indian fishery (Lalmdfian, 1985)

The genus Delphinus is represented currently by two species, the short- 

beaked common dolphin D. delphis and the long-beaked common dolphin D. 
capensis (Van 'Bfee, 1971; Jefferson & VjfiTwaerebeek, 2002). In India, earlier 

workers have mentioned this species as D. delphis (Silas er'al, 1984; De'Slfva, 

1987; KrishnapillaLand Kasinathan, 1987). However, geographical range of D. 

delphishas been recently excluded from northeastern Indian Ocean (Jefferson et al, 
2(Kl8). Morphological study and examination of photos of two specimen caught in

76 Discussion



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

gillnet fishing along the Indian coast has proved it to be D. capensis (CMFRI, 

2007). This was further substantiated with molecular evidence (Jayasaftlm et al., 

2(108). Group size varied between 2 and 5(Mndiyiduals and larger than those 

reported earlier for the Indian coast (Jayaprakash et al, 1995). Common dolphins 

are mostly found in groups of 50-70 animals with aggregations of 100-600 animals 
recorded occasionally (Notarbartolo di^Jciara et al., 1993; Forcada and'TJammond, 

1998; Canacks et al., 2002). Although, relatively smaller group sizes can be 

expected in coastal habitats with low predation pressure (Acevedo-Gutierrez, 2002),

r
\

Humpback dolphins Sousa chinensis were the only inshore species observed 

in this survey. All the sightings were in Arabian Sea with predominant sightings 

from southeastern Arabian Sea while only a single sighting in northeastern Arabian 

Sea. In southeastern Arabian Sea, S. chinensis were frequently sighted at 9°58’N 

and 76°16’E throughout the survey periods in all the seasons, which suggests that 

this group is probably a resident and discrete population of this region. Little 

information on occurrence and distribution of this species is available from northern 
Arabian Sea (Weitkowitz, 1992; ParsonTl998; Sutaria ancf Jefferson, 2004).There 

were no sightings in Bay of Bengal, Sri Lanka Sea and Andaman Sea because of 

low survey effort in coastal areas of these regions. However, by-catch and sighting 

records of this species are available for Bay of Bengal and the Andaman Sea 

(Leatherwood and Glarke, 1983).

Two geographical forms of S.chienesis are recognised in Indian water. 

Individuals in Arabian Sea is characterized by large hump and appear dark grey 

dark in colour while hump is absent on Bay of Bengal form. The Arabian Sea form 
resembles the “plumea” type while later resembles “chinensis” type (SuteffiTand 

Jefferson, 2004). The author recorded landing from incidental catch of two 

specimens without hump in Chennai (southern Bay of Bengal). Taxonomic status of 

these two geographically different forms is yet to be resolved. Average group size 

was 3.6, which is similar to group size of Gulf of Kachchh population (3.9) but 

lower than Goa population in northern Arabian Sea.

Among large whales, sperm whale is the most frequently sighted species 

with wide distribution in the present study. This species has been observed 

frequently,^ northern and western Indian Ocean cetacean survey during 1995 

(Ballafrce et al., 1996). Review of past stranding and sighting history demonstrates

77 Discussion



Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea

he greater distribution of this species in Indian coast, in particular, in southern 
' ^ !Indian coast and Sri Lankan waterf(Bande et aLA980; L^atherwo&d, 1984; De 

jsil\^af l987; Nammalwar efal, 1989; James^l990; James andVanickkar, 1994).

The southern Bay of Bengal and the Andaman Sea regions presented the highest 

sperm whale sightings and pod size was larger. Most of the sightings in the 

southern Bay of Bengal were seen between 9°N-81°E and 14°N-86°E and in the ^ 

Andaman Sea between 12°N-92°E and 12°N-94°E in Andaman Sea.(Leatherwood J 

efal{1991) have suggested the presence of isolated population in the Arabian Sea , 

^^-artdBay of Bengal. |

There was no sperm whale sighting from northern Bay of Bengal and it is 

likely that this species is absent or rarely frequent sea in this region. Absence of 

stranding records in Bangladesh coasts in northern Bay of Bengal is further \ 

evidence for absence of this species in this regiotj (Smith et al., 2008L Possible 

reason for absence of this species is not clear. The distribution of sperm whale is 

linked to availability of cephalopod resources, main prey of the sperm whale diet 

(Smith and WhitebeaC 2000). Cephalopod resource, reported for northern Bay of 

Bengal is comparatively lower than that of other surveyed regions (Meiyappan and 

Mohamad, 2003). Therefore, the absence of this species may be related to devoid of 

adequate prey availability to support their distribution in this region. The 

distribution of sperm whale in northeastern Arabian Sea (15°N-17°N) is also 

uncertain as it was not recorded in this survey and no stranding records exist for this 

region.

Baleen whale sightings were very sparse in the Indian Seas, but dense in 

southern Sri Lanka water. Records on stranding indicate the occurrence of all six 
Balaenoptera species in Indian waters (KumaraiC 2002). Of the six species, one 

species was identified as B. edeni, while few sightings were identified up to generic 

level only. Kasuya and Wada (1991) have indicated the isolated group of B. edeni 

\i species in the Arabian Sea and in Bay of Bengal. This view is supported by several 

sightings in the recent survey on submarine canyon region (Swatch of no ground) in 

northern Bay of Bengal (Smith et al., 2008). In the present survey, the sightings 

recorded as possible sei whale may be the bryde’s whale {Balaenoptera edeni), as 

these two species are difficult to differentiate at sea and also the sei whale 

distribution in the area is still doubtful (JefferYon et al, 2008).
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There were four pygmy blue whale (Balaenoptera musculus brevicauda) 

sightings in the Sri Lanka Sea (Fig. 4.5). x Jefferson et al. (2007) reported that the 

blue whale sighted in this area could be sub species of the pygmy blue whale (B. 

musulus brevicauda). Pygmy blue whales have been recorded in the northern Indian 

Ocean (Oman, Maldives and Sri Lanka), where they may form a distinct resident 

population (Branchal, 2007). The Sri Lankan waters are reported to be 

important to blue whale as a feeding area, even though the occurrence may be 

seasonal (Ailing et al., 1991).

False killer whale, long-finned pilot whale, Risso’s dolphin and striped 

dolphin were less frequently observed in the study area. Their presence in the study 

/area were reported previously from sighting cruises, byc|tch and strandinajepOrts 

(Harwood, 1980; Leatherwood et al., 1984; Ailing et al., 1986; Kunwan, 2003). 

Risso’s dolphin was observed on two occasions in southeastern Arabian Sea 

between 12°’N-74°’E and 13°’N-74°’E (Fig 4.7) and could be indicative of 

presence of local population in this region.

Pygmy sperm whale (Kogia breviceps), dwarf sperm whale (Kogia simus), 

Cuvier’s beaked whale (Ziphius cavirostris), killer whale (Orcinus orca), melon

headed whale (Peponocephala electro), rough-toothed dolphin (Stem bredanensis) 

were not seen in the present survey. It is possible that these species may have been 

included in the unidentified sightings. Over past 200years, manyjjf^tftese species 

have been reported rarely from the study area (Chantraporsyl et al., 1991; 

Leatherwood et al., 1991; Kumaran, 2002). Lack of past stranding records and 

sightings in the present study could be indicative of their rarity in the study area 

especially in Indian water. But sighting and by-catch of pygmy sperm whale, dwarf 

sperm whale and melon-headed whalearrfeported regularly in Sri Lankan waters 

(Dayarante and Joseph, 1993; Ilangagoon, 1997; Comelis eiort., 2008). Hence, in 

the present survey, absence of these species in Sri Lankan water, rather than being ; / 

rare, is a result of their shy and extreme difficulty to observe at sea^f Jefferson,> ■ 

2008). j

Irrawady dolphin (Orcaella brevirostris), Unless porpoise (Neophocaena 

phocaenoides), Ganges river dolphin (Plantanista gangetica) and seacow (Dugong 

dugort) were also not sighted due to the operational limitation of survey vessel in 

their actual habitat. Distributional range of these three species is confined to inshore

Diversity and Distribution of the cetaceans along the Indian sea and the contiguous sea
'i
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shallow estuaries and river habitat. Of these, finless porpoise were recorded as 

incidental catch in fishing gear off Mangalore (southeastern Arabian Sea) during 
the study period (Yousuf^al, 2008). Few by-catch records are available from 

northeastern Arabian Se> and southern and northern Bay of Bengal (Janflsf^eTal., 

1989; Kumaran and'JJubramanian, 1993; Sutaria and Jefferson, 2004). The sighting 

of this species was reported from boat surveys in northern Arabian Sea (Suft^ria 

and Jefferson, 2004).

The occurrence of Irrawady dolphin was noticed in a boat survey in Chilika 

Lake in northern Bay of Bengal but not included in the present study because of 

lack of systematic survey effort in assessing its distributional range. This species 

also known to occur in Sunderban area in northern Bay of Bengal (Smith et al., 

2008). Ganges river dolphin is an endemic population of Ganges River in northern 

L ,f Bay of Bengal and is reported to be a dwindling population due to intense fishing in 

Fjthis area^Lal mohan et al, 1993). Seacow is a resident population of the Gulf of 

| Mannar and Palk Bay, which were not covered in the surveys. Inckjefital catch of 

this species has been often reported in these areas (BadruSeen, 2004). Few 

stranding records are available from Gulf of Kaehchh in northeastern Arabian Sea 

(Frazier and Miindkar, 1990). Similarly, few sightings and standings of seapow 

have also been reported in Andaman Sea (Sivaprakasam, 1980; Das and Dey, 

1999).

The distribution pattern other species observed in the present study agrees 

with historical records based on incidental capture. In the present survey, as the 

surveys were mostly in the fishing grounds, the four predominant delphinids 

spinner dolphin, bottlenose dolphin, common dolphin and humpback dolphin 

observed in the study were among the most recorded species in incidental catches in 
fishing gear (Lalniolian, 1985; Jayaprakash et al., 1995). This suggests that these 

four species widely occur along the Indian coasts. Sporadic occurrence of false 

killer whale and pilot whale in both sighting and fishery by-catch confirms their 

comparatively rare occurrence in Indian coasts. The data generated on species 

occurrence and distribution will be useful to estimate the abundance of marine 

mammals in the Indian Seas. For this, the oceanic surveys onboard research vessels 

need to be supplemented with coastal surveys. The result of the present study 

indicates the need for further effort in many areas. It is likely that species, which 

occur in other adjacent sea, would occur in India Seas too.
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5 J Distribution in relation to environmental parameter ^

Cetacean distribution is mainly influenced by the physiographic (Canada et 

al., 2002; Macleotf'et al., 2007) and oceanographic features (Forney, 2000; 
BaumgartnerveTal, 2001) of regional ocean environment and prey availability. In 

the present study, the smaller dataset of these four variables available for few 

species group have contributed knowledge on relationship between environmental 

parameter and cetacean distribution. Among the four variables considered for the 

present study, the physiographic variables (depth and distance from the shore) were 

primary variables in differentiating the cetacean habitat. The distribution of 

cetaceans in the study area was mostly partitioned by these two physiographic 

variables, with each of the five species distinguishable by these two features alone. 

The difference in depth preference by cetaceans is related to their diving behaviour 

and its foraging ecology (Schreer and KerVacs, 1997; Stephams et al., 2008).

Spinner dolphin are generally oceanic cetaceans but it is occasionally found 

on shelf area too (Jefferson^/ al, 1993). In the present study, this species was 

found on continental slope in deeper oceanic water but occasionally found over 

shelf and shelf break water in coastal and offshore area. The occurrence of this 

species in shelf and slope area may be related to their predation on diverse range of 

fish, myctophid and squid, associated with deep scattering layer in different water 
depth (Fitch and Browriettf 1968; Miyazaki et al, 1973;Ridgway and Harrison, 

1994). Stomach content study of spinner dolphin in the surveyed area exhibited 

occurrence of Solenocera crassicornis, which inhabits at 50m depth (Ahdop et al, 

2008). In other study, presence of carangids and squid has been observed in 

stomach of spinner dolphin (Karbari et al, 1993). Therefore, occurrence of this 

shelf water in the present study indicates that this species utilize shallow water in 

shelf area for feeding.

Bottlenose dolphin showed preference for shelf and shelf break and also 

occurred on continental slope in offshore area. This distribution pattern iscopsistent 

with those observed in northeast Atlantic and Bay of Biscay (Skov et al, 1995; 

Kiszka, a al, 2007). Bottlenose dolphins occurred within 200 km, predominantly 

within 87km from the nearest coast, close than the distribution range of spinner 

dolphins. This suggests possible habitat partitioning of these two species. 

Bottlenose dolphin is known to feed on wide range prey species (BarrosNafid Odell, 

1990). Study on stomach content shows that the diet of bottleose dolphin comprised

/A
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i1 a diverse range of fish,, cuttlefish, Acetes, copepods, squilla and cephalopod species
'i O Q V ■

(Mohamed et al., 2005). These prey species occur in shallow coastal waters of 

India. The prevalent preys were Saurida tumbil, Nemipterus mesoprions, carangid, 

anchovy, Thryssa and squid. Hence, the wide distribution in shelf area may be 

result of its opportunistic and wide range of prey preference.

Common dolphin distribution with respect to depth and occurrence range 

from the nearest shore was intermediate between bottlenose dolphin and spinner 

dolphin distribution. Most of the sightings were seen over shelf and shelf break area 

in offshore water and few occurrences on coastal shelf water. There is sparse 

information on diet habit of this species in study area. According to available 

information, common dolphins feed on small mesopelagic, eephalopods and 

myctophids (Blancoal., 1995; Pusineri fr(al., 2007; Meynier et al., 2008).

Sperm whale is considered to be oceanic species associated with water 

deeper than 1000m but it is occasionally found over shelf edge (Davis "St al., 2002; 
WhiteheacC 2003). Bathymetry feature of sperm whale habitat is characterised by 

seamounts and submarine canyon where cephalopods aggregate (Whitehead et al., 

1992). In the present study, sperm whale distribution was restricted to deeper 

oceanic water over slope and rarely over shelf break area which is close to shore. 

The topographic feature of the southern Bay of Bengal and Andaman Sea regions, 

from where most sperm whales were observed, is characterized by irregular 

bathymetry feature with presencej)f\the steep continental slope, seamounts and 

submarine canyon (Rao and Kessarkar, 2001; Ramasamy, 2007). Bathymetry 

characterized by submarine canyons and seamonunt has beep shown to play an 

|mportant role in enhancing biological production (Gili et al., 2000). Such area has 

>a strong influence on the biological processes, and it is linked to the sperm whale 

food chain-(Clarke, 1996). Hence, the bathymetry features of these two (southern 

Bay of Bengal and Andaman) regions probably provides ideal feeding habitat for 

.sperm whale. ^

Indo-Pacifie humpbac^dplphin sightings, as reported elsewhere (Conceron 

et al, 1997; Jefferson and Leatherwood, 1997), prefer nearshore shallow depth in 

the present study. Most of the sightings were in shallow water with depth < 20m 

within range of 0.5km from the shore along the southwest coast of India (Fig. 

4.23A and B). On one occasion, sighting was observed at shallow depth in offshore. 

Offshore occurrence of this species has been noted in Madagascar and Hong Kong
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water (Corkeron eial., 1997; Jefferson, 2000). Jefferson and Karczmarski (2001) 

postulate that shallow water depth that remains in offshore is main factor in limiting 

their offshore occurrence. The pattern of distribution observed in the present study 

is similar to observation of this species in northeastern Arabian Sea (Sutana and 

Jefferson, 2004).

The pattern of baleen whale distribution observed in this survey shows that 

baleen whale appears to prefer offshore deeper water area. Baleen whales 

preferentially occurred over continental slope and outer slope area in offshore 

waters, generally <150km. Distribution in coastal water over shelf and shelf break 

water was very sparse. Few sightings were made in coastal water, where deeper 

water is close to the shore. Distribution range of baleen whale was closer to the 

shore than that of sperm whale. Similarly, blue whale and Bryde’s whales were also 

found in deeper slope water within 70km range from the shore.

False killer whale, short-finned pilot whale and Risso’s dolphin were found 

on slope regions. The occurrence of short-finned pilot whale was <110km, closer 

than that of false killer whale and Risso’s dolphin. All the four false killer whale 

sightings in this study were found over slope, generally between 228km and 274km 

(Table 4.12 and 4.13). Risso’s dolphins were seen generally in oceanic slope water, 

but on one occasion, it was found in coastal shelf water. This may be explained by

the fact that Risso’s dolphin often feed on neritic and oceanic squid (Gonzalez et
v

al., 1994; Kruse et al., 1999). Short-finned pilot whales were also found in deeper 

slope oceanic water. One sighting was made in shelf break water, closer to the 

shore. Oceanic occurrence of these three species is related to their oceanic 

cephalopod feeding habits (Wurtz et al., 1992; Carwardine, 1995; DaviV"et al., 

1998). The distributional range from the shore and depth occurrence exhibited 

similar pattern as^speli in other parts of the ocean (Findlay^eta/., 1992; Jefferson et 

al, 1993; Baumgartner, 1997).

Oceanographic variables were secondary factors in differentiating cetacean 

distribution in the survey areas. The cetacean occurred in the water with relatively 

narrow range of SST and SSS, similar to those reported for northern Gulf of 

Mexico (Fritts et al.r 1983) and eastern tropical pacific (Au arieTPerryman, 1985; 

Perrin and Gilpatrick, 1994). All the cetacean species except humpback dolphin 

were encountered in water with mean surface temperature of 28°C and mean 

surface salinity of 33ppt. However, occurrence of Balaenoptera sp, Stenella sp and
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humpback dolphin showed preference for narrow range of salinity, which may be 

attributed to their depth of occurrence. Sperm whale, spinner dolphin, bottlenose 

dolphin and common dolphin were recorded in water with relatively wide variation 

in salinity. This may be due to their distribution on both shelf and slope regions. 
Humpback dolphin sighted area was characterised by low surface temperature and ]

surface salinity, which agree with observation off Bangladesh (Smith et al., 2008); . ‘
I

Surface temperature and salinity of all the species observed in this survey <

was within range reported elsewhere in tropical water. Nevertheless, the average

SST and salinity of animal sighted area are greater than that for Gulf of Mexico and,

Eastern tropical Pacific (Au and Ferryman, 1985;'Baumgartner, 2000). A weak
. i

influence of SST in differentiating the species distribution may have resulted from

the fact that the SST of the study area, mainly offshore area subject to minimum

seasonal variation. Davis'e/ al. (1998) hypothesized that being large, warm-blooded

mammals, cetacean distribution in Gulf of Mexico is not limited by hydrographic

features but probably determined by the availability of prey, which may be v"'

influenced secondarily by oceanographic features. The oceanographic variables

varied with the depth and therefore, the influence of oceanographic variables on

distribution of cetacean may be consequence of their distribution with depth.

Hence, these two oceanographic variables might probably be secondary

environmental factors to distinguish the cetacean habitat, in particular, for oceanic

species. However, the limited sample size represents that the habitat characteristics

examined in this study are not absolute and need to be further studied with more

sample frequency.

* s/
V,

V
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> India has an Exclusive Economic Zone of 2.02 million km2, which supports 

25 species of cetacean and one species of sirenian. Of the 25 species of 

cetaceans six species are mysticeti and the rest are Odontoceti, which 

includes three families of dolphins, porpoise and toothed whale.

> Distribution of marine mammal in the Indian Sea is poorly understood. The 

coastal waters of northeast Arabian Sea and oceanic water of eastern 

Arabian Sea of India have been subjected to a few investigations on 

occurrence and distribution of cetaceans. Nevertheless, there have been no 

systematic studies to map distribution of cetacean in Indian Seas. Hence, 

status of diversity of Indian cetacean remains ambiguous and there is 

uncertainty as to exact number of cetacean species occurring in Indian 

water. Lack of information on the distribution is disturbing, as Indian coast 

is located within the Indian Ocean Sanctuary.

> The purpose of this study was to examine the distribution of cetacean 

species, using the visual sighting survey in the Indian seas and the 

contiguous sea. This thesis provides information on species diversity and 

distribution of cetacean in the Indian and the contiguous seas. The relation 

between cetacean distribution and environmental features is also discussed.

> Opportunistic visual survey method (passing mood) was conducted 

following standard method to assess distribution and relative abundance. 

Surveys were conducted from 2003 to 2007 for the continuous period in 

different Zones. The survey was designed to cover three regions of zone of 

Indian EEZ such as of west coast of India (eastern Arabian Sea), east coast 

of India (Bay of Bengal) and Andaman water. Apart from these three 

regions, Sri Lankan water, the contiguous sea of India was also covered.

> A total of 35 cruises were conducted in the six geographical regions. The 

number of observation days was 657 of 5254 observation hours and 

cetaceans were sighted on 299 days.
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Species diversity

> Species diversity of Indian cetacean community appears similar to other 

cetacean communities in northern Indian Ocean. A total of 473 cetacean 

encounters of 5865 individual cetaceans, representing 13 species of 

confirmed identities belonging to three families from two suborders were 

recorded. Eleven species were found in Indian waters, which is only 50% of 

the species reported earlier for the Indian waters.

> Of 13 identified species, three were from Mysticeti group and 10 were from 

Odontoceti, which includes two families. The four whale species include 3 

species of baleen whales from Balaenopteridae family (Mysticeti) and one 

species of toothed whale from Physeteridae family (Odontoceti). All the 

other 9 species belonged to 7 genera from the family Delphinidae 

(dolphins), which consisted of 6 smaller delphinids and 3 larger delphinids.

> Delphinids were sighted more frequently than Bcdaenoptera sp. The 

bottlenose dolphin, Tursiops aduncus was the most abundant species in 

terms of number of sightings, whereas the spinner dolphin, Stenella 

longirostris (spinner dolphin) was the most abundant in terms of number of 

individuals. Delphinus capensis (common dolphin) and Sousa chinensis 

(Indopacific humpbacked dolphin) were also found abundant. Physeter 

macrocephalus (sperm whale) was the most frequently sighted species 

among larger whales.

> False killer whale, short-finned pilot whale, Risso’s dolphin and striped 

dolphin were less frequently observed in the study area. Pygmy sperm 

whale, dwarf sperm whale, Cuvier’s beaked whale, killer whale, melon

headed whale, rough-toothed dolphin were not seen in the present survey. 

However, over past 200years, many of these species have been reported 

rarely from the study area. Lack of stranding records in the past and 

sightings in the present study could be indicative of their rarity in the study 

area especially in Indian water.
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> Irrawady dolphin, finless porpoise, Ganges river dolphin and sea cow 

(Dugong dugon) were also not sighted due to their distributional range, 

which is beyond operation limit of FORV Sagar Sampada. However, 

frequent bycatch and stranding reports substantiate their factual distribution 

in Indian water.

Geographical distribution

> Cetaceans are found to have a very wide geographical distribution in the 

Indian EEZ and the contiguous seas. Species richness are greater in the 

southeastern Arabian Sea and southern Sri-Lankan waters whereas and 

relatively sparse in other surveyed area, in particular, in the northern parts 

of Indian Sea.

(o
Sri Lanka Sea was the richest diverse area with contribution of 87fightings 

of seven species, accounting fo^68Tindividuals with the sighting frequency 

of 0.21/hr. Species composition in the Sri Lankan water was of 

Balaenoptera sp. Delphinids was found less in the present study due to fact 

that the present survey was restricted to slope area of the Sri Lanka water 

and the coastal area and western part of Sri Lanka were not covered.

> Among entire survey area, the southeastern Arabian Sea was the second 

^ f most diverse area and first among the Indian Seas with sighting frequency 
\j(^ /of 0.10/hr. There wer^jterT^ecies recorded with dominant occurrence of 

I Stenella longirostris, Tursiops aduncus, Delphinus capensis and Sousa 

chinensis in southeastern Arabian Sea The greater diversity of cetacean in 

this regions may be attributed to the fact that the southern Arabian Sea 

water are one of the most biologically productive ocean regions and dense 

prey availability through out all the seasons.

> The southern Bay of Bengal is the third most diverse area, representing two 

species of baleen whales, one species of sperm whale and five species of 

delphinids were encountered on continental slope and shelf water. The 

sighting frequency was 0.08/hr. The southern Bay of Bengal was dominated 

by Stenella longirostris, Tursiops aduncus and Balaenoptera sp. Megaptera
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novaeanglia from Balaenopteridae family and Physeter macrocephalus from 

Physeteridae family were the larger whale observed in this region.

> The northeastern Arabian Sea and northern Bay of Bengal were the less 

surveyed areas. Hence, cetacean diversity and number of sightings observed 

in these areas were very sparse. There were 4 species in the northeastern 

Arabian Sea and northern Bay of Bengal with sighting frequency of 0.05/hr 

and 0.06/hr respectively. Species composition in northeastern Arabian Sea 

was made up of Grampus griseus, S. longirostris, T. aduncus and S. 

chinensis. In northern Bay of Bengal, Pseudorca crassidens, S. longirostris, 

T. aduncus and Delphinus capensis.

> The present study represents probably underestimated species composition 

and abundance for northeastern Arabian region due to lack of survey in 

broader shelf area between 20°-23°’N latitude, further northeast of Arabian 

Sea. Low sea surface salinity and less productivity might contribute to 

sparse diversity in north of 20°N- 87°E in the northern Bay of Bengal.

> The Andaman Sea was also one of the less surveyed areas representing five 

species of 46 sightings and 514 individuals with sighting frequency of 

0.08/hr. Observed species composition in this area was dominated sighting 

by Stenella sp from delphinids and Physeter macrocephalus from 

physetridae. Globicephala machrorhyncus, D, capensis and T. aduncus 

were sighted less frequently.

Seasonal Distribution

> Between the different surveyed regions, there was not much seasonal 

variability in species composition and distribution.

> In southeastern Arabian Sea, species composition was diverse in winter and 

inter monsoon seasons, accounting for 8 species in each season and 

comprising of 82 (42.3%) and 53 (27.3%) sightings respectively.
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> Cetacean diversity was very scanty in all the seasons in northeastern 

Arabian Sea. Sightings were high in winter (37.8%) and fall monsoons 

(28.9%).

> In southern Bay of Bengal, maximum diversity was found in summer and 

winter monsoons. A total of six species of 22 encounters (33.3%) and 471 

individuals (47.3%) were recorded in winter monsoon whereas seven 

species of 18 sightings (27.8%) of 247 individuals (24.8%) were in summer 

monsoon.

> Among the six surveyed regions, northern Bay of Bengal and Andaman Sea 

showed poor diversity during the entire seasons. In northern Bay of Bengal 

diversity was high in both summer and winter monsoon which accounted 

for five species consisted of 346 (46.5%) individuals.

> In Andaman Sea, maximum of 4 species of 27sightings (58.7%), 

accounting for 285 individuals (55.4%) were recorded in winter monsoon. 

This is followed by summer monsoon with three species of 12 sightings 

(26.1%) consisted of 121 (23.5%).

> The occurrence of spinner and bottlenose dolphins was common in all the 

seasons. The spinner dolphin was more predominant in winter monsoon 

season, followed by inter monsoon season. The bottlenose dolphin and 

common dolphin was most commonly found in winter season.

> The larger whale encounters were also considerably high in winter and inter 

monsoons. The sperm whale was found more in winter monsoon.

Distribution in relation with environmental parameters

> The relationship between the environmental parameters and distribution of 

Physeter macrocephalus, Tursiops aduncus, Stenella longirostris, 

Delphinus capensis and Sousa chinensis cetaceans were examined to 

characterize their habitat.
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> Among the four variables considered for the present study, the 

physiographic variables (depth and distance from the shore) were primary 

variables in differentiating the cetacean habitat. The distribution of 

cetaceans in the study area was mostly partitioned by these two 

physiographic variables, with each of the five species distinguishable by 

these two features alone.

> Spinner dolphin was found on continental slope in deeper oceanic water but 

occasionally found over shelf and shelf break in coastal and offshore area. 

The occurrence of this species in shelf and slope area may be related to their 

predation on diverse range of fish in different water depth.

> Bottlenose dolphin showed preference for shelf and shelf break and also 

occurred on continental slope in offshore area, predominantly within 100km 

from the nearest coast, which is closer than the distribution range of spinner 

dolphins. This suggests possible habitat partitioning of these two species.

> Common dolphin distribution with respect to depth and occurrence range 

from the shore was intermediate between bottlenose dolphin and spinner 

dolphin distribution. Most of the sightings were seen over slope area in 

offshore water and few occurrences in coastal shelf water.

> Sperm whale distribution was restricted to deeper oceanic water over slope 

and rarely over shelf break area, which is close to shore. The topographic 

feature of the southern Bay of Bengal and Andaman Sea regions, from 

where most sperm whales were observed, is characterized by irregular 

bathymetry feature with presence of the steep continental slope, seamounts 

and submarine canyon.

> Indo-Pacific humpback dolphin sightings prefer nearshore shallow depth 

water <20m within range of 0.5km from the shore along the southwest coast 

of India.
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> The pattern of baleen whale distribution observed in this survey shows that 

baleen whale appears to prefer offshore deeper area. Baleen whales 

preferentially occurred over continental slope and outer slope area in 

offshore waters, generally <150km. Distribution in coastal water over shelf 

and shelf break water was very sparse. Distribution range of baleen whale 

was closer to the shore than that of sperm whale.

> False killer whale, short-finned pilot whale and Risso’s dolphin were found 

on slope region. Occurrence of short finned killer whale was <110km, 

closer than that of false killer whale and Risso’s dolphin.

> Oceanographic variables were secondary factors in differentiating cetacean 

distribution in the survey areas. The cetacean occurred in the water with 

relatively narrow range of SST and SSS. Surface temperature and salinity of 

all the species observed in this survey was within range reported elsewhere 

in tropical water.

> All the cetacean species except humpback dolphin were encountered in 

water with mean surface temperature of 28°C and mean surface salinity of 

33ppt. However, oceanic species differ in their preference for surface 

salinity. Occurrence of Balaenoptera sp, Stenella sp and humpback dolphin 

was restricted to water with narrow range of salinity. Sperm whale, spinner 

dolphin, bottlenose dolphin and common dolphin were recorded in water 

with relatively wide variation in salinity. Humpback dolphin sighted area 

was characterized by low surface temperature and surface salinity

Conclusion

> The distribution pattern other species observed in the present study agrees 

with historical records based on incidental capture. The data generated on 

species occurrence and distribution will be useful to estimate the abundance 

of marine mammals in the Indian Seas.
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> The oceanic surveys onboard research vessels need to be supplemented with 

coastal surveys to assess the distribution of missing coastal species in the 

present study. Seasonal distribution of different marine mammal species in 

different geographical regions also needs to be studied extensively.

> The result of the present study indicates the need for further effort in many 

areas such as northern part of Indian coast and Andaman Sea. It is likely 

that species, which occur in other adjacent seas, would occur in India Seas 

too. The limited sample size for examining the habitat characteristics in the 

present study are not absolute and need to be further studied for missing 

species in the present study.
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