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SECTION 1



Chapter 1

GENERAL INTRODUCTION



1.1 INTRODUCTION

Fisheries in India, of late have grown as a major industry with an
annual turnover of Rs. 220 billion which account for 1.4% of the GDP of
the country (Ayyappan and Biradar, 2000), and providing employment,
directly and indirectly to about 10 million people. Among the Asian
countries, India ranks second in fish production through aquaculture and
third in capture fisheries. The water spread available for fish production in
the country is  so vast with 2.02 million Km? of EEZ for marine capture
fisheries and 1.2 million ha for coastal aquaculture. The present total fish
production of the country is 5.6 million tonnes with a per capita fish
availability of 8 kg per annum against the ideal consumption rate of 11 kg
as recommended by WHO (Sugunan and Sinha, 2001). Realizing the
importance of fisheries in national development, the Government of India
has identified fisheries as a priority sector in the national five-year plans.
The annual budget allocation for the fisheries sector as a percentage of
the agricultural sector has been steadily increasing continuously from
0.26% in the First Plan to 0.52% in the Fourth Plan. This shows the
greater importance and priority being accorded to the fisheries sub sector.
As a result, the marine fish production of the country has increased from
0.53 million tonnes (mt) in 1951 to the present yield of 2.64 mt in 2002
(CMFRI, 2003). India with a coastline of about 8,129 km and continental

shelf area of about 0.5 million km? possesses rich and diverse marine



finfish and shellfish resources. Due to the complex probiems related to
the multi-species, multi — gear character of the Indian fisheries sector,
and the changing climatic and oceanographic conditions, it is a challenge
to manage the fishery resources effectively. The country’s marine
production rose from an average of 0.8million tonnes in 60’s to the current
production of 2.64 million tonnes in 2003. Of this, pelagic resources
contributed to 53% while demersal fishes, crustacean and molluscan
resources contributed to 26%, 17% and 4% respectively. Among the
crustacean resources, the penaeid and non-penaeid prawns contributed

to 48% and 32% respectively (CMFRI, 2003).

The estimated annual fishery resource potential of the Indian EEZ
has been estimated to be 3.9 million mt, comprising of 2.2 million mt from
0-50m depth zone and 1.7 million mt from beyond this region (Sudarsan,
1992). However, the Indian marine fisheries are currently confronted with
serious problems of diminishing yields from the inshore waters and there
exist an ever-increasing conflict in sharing the resources. This situation
warrants proper management of the resources (Devaraj and
Vivekanandan, 1999). Currently marine fish production of India stands at
2.64 mt and exploitation of resources from the inshore waters have
already reached the catchable potential (2.2 million mt) by 1997, and
therefore scope for further increase in production is very fimited

(Vivekanandan, 2001). It is, therefore, imperative that further exploitation



of the resources should take place only from the outer continental shelf

and deep seas by extending the fishing effort to these regions.

Investigations on the offshore and deep sea fishery resources
received greater impetus since the past decade when it was realized that
the increasing fishing effort on certain inshore resources in certain
centers along the coasts would bring about decline in the catch rates, and
to meet the increasing demand for fish and fishery products by the
growing population it has become necessary to search vigorously for new
fishing grounds and resources. Lack of adequate information on the deep
sea resources was often posed as one of the constraints for the
development of deep sea fishing. However, the extensive synoptic and
exploratory surveys and studies carried out along the Indian EEZ by
various Governmental agencies have thrown some light on this aspect.
These surveys could bring out the quantitative and qualitative availability
and abundance of unexploited and under exploited fishery resources

along the outer continental self and slope of the Indian waters.

In India, scientific investigations on the existence of several
species of deep sea prawns are available from the surveys of the Royal
Indian Marine Survey Steamer “Investigator” during the years 1884-1925.
The results of the expedition that took place in the Indian Ocean in
subsequent years have augmented our knowledge of the deep sea

prawns. The exploratory surveys by the research vessels R.V.CONCH,



R.V.KALAVA and R.V.VARUNA during 1958-1965 have unraveled the
occurrence of commercially exploitable deep sea prawn stock in trawlable
concentration along the shelf edge and the upper continual slope off
south west coast of India. Indo — Norwegian vessels M.V.KLAUS
SUNNANA, M.V.TUNA and M.V.VELAMEEN (1967-1968) unfolded
valuable information on the deep sea finfish and shellfish resources
(Mohamed and Suseelan, 1973; Suseelan, 1974) off Kerala coast, and
strongly suggested the possibility of their commercial level exploitation.
Exploratory surveys carried out by FORV Sagar Sampada since 1980's
(Suseelan et al., 1989 a, b) also showed the availability, depth and
distribution pattern of deep sea resources off South West coast of India.
The revelation of commercially exploitable deep sea prawn wealth
beyond the continental shelf by these surveys in the recent past had
strongly asserted the view that there exists immense scope for the

exploitation of deep sea crustaceans off Kerala coast.

The prawns occupy a prominent position in the economy of Kerala
on account of its high export value among the marine fishery resources of
the state. The stupendous development that has taken place in the
fisheries sector of the state during the last four decades was mainly due
to the growing demand for shrimps in the overseas markets. The average
production of coastal prawns was 74,000 t during 1973-75 while during
1976-78 and 1978-80, it fluctuated between 38,000t and 43,000t and

reached about 72, 000t in 1994, thus showing wide fluctuations over the



years with an increase in the incidence of unmarketable or small- size
species thus showing signs of over fishing (Vijayan et al., 2000). Till
recently, deep sea crustacean resources were considered a close
preserve of larger factory vessels and were believed to be beyond the
reach of medium trawlers operating along the coastal waters. Increasing
fishing effort exerted on the crustacean resources along the Kerala coast
has resulted in the decline of catch rates and this coupled with rapid
blooming of the prawn processing and export industry followed by the
great upsurge in the operational cost, called for a vigorous search for new
fishing grounds and new resources. The pioneer commercial exploitation
of deep sea prawns off Kerala coast had started in 1999 by the local trawl
boats and thus deep sea prawn fishing by the locally constructed trawl
units became a reality in the history of marine fisheries of the country.
Landings by large trawlers were focused mostly in three fisheries
harbours of Kerala and comprised of a wide assemblage of deep sea
prawn species represented by both pandalid and penaeid prawns, and
thus accounted for a substantial percentage in the total marine fisheries
of Kerala. For rational exploitation and management of these resources
on scientific basis, reliable data on the exploited stock of this new
resource, their biological and ecological characteristics together with
information on the nature and extent of deep sea prawn resources in the

depth zone of 150 — 600 m are essential prerequisites.



The deep sea prawns are an assemblage of a wide array of prawn
species represented by the families Pandalidae, Aristeidae,
Solenoceridae, Penaeidae and Oplophoridae which are abundant in
relatively high concentration on the Quilon Bank between latitudes 8°30'N
and 910'N and longitudes 75" 30'E and 76° E between the depth zones
250-450m. The average annual yield of deep sea prawns during the first
year of commercial exploitation was 23,426t during 1999-2000 (Rajan
and Nandakumar, 2001), which increased to 48,675t (Rajasree and
Kurup, 2004) during 2000-01, thus contributed to 9.35% of the total
marine fish production of Kerala (Kurup, 2001). The total catch reported

during 2001-02 was 17,888t from Quilon Bank (CMFRI, 2003).

Several studies on fishery and biology of various species of deep
sea prawns are available from many parts of the world (Details are
provided under review of literature and also in the respective chapters).
However, investigations on these resources from Indian waters are very
few and fragmentary. In addition, investigations on the systematics,
proximate composition, carotenoid content, age and growth
characteristics and population dynamics of the deep sea prawns have not
been forthcoming from any part of the Indian coast. Further, the stock of
deep sea prawns has diminished over a short span of four years since the
commencement of their commercial exploitation in 1999 and it would be
worth examining the factors that caused to this decline. Realizing the

lacuna, the present study was undertaken on the fishery, biological



characteristics and population dynamics of deep sea prawns from the
Kerala coast encompassing the 6 major and 4 minor harbours with a view
to evolve appropriate management strategies for the judicious exploitation

and conservation deep sea prawn resources.

1.2 REVIEW OF LITERATURE

The relevant literature on taxonomy, biology and stock assessment
are reviewed elaborately in the respective chapters. Though several
studies have been carried out on the fishery aspects of deep sea prawns
from various countries, information on the biology and population

characteristics of the resources are scanty.

The classical works on taxonomy and distribution of deep sea
prawns, in a global context, are those of Dana (1852,1855), Bate
(1881,1888), Milne-Edwards (1881, 1883), Aicock and Anderson (1894),
Alcock (1901, 1906), De Man (1911, 1920) Calman (1909,1923,1925)
and Allen (1967). Morphometric studies on commercial important deep-
water shrimps were carried out only in temperate waters by a few
researchers, notably by Arana (1970), Sarda et al. (1995) and Bas &
Sarda (1998). In the Indian context, valuable contribution on taxonomy
and distribution of deep sea crustaceans are those of Alcock (1901) and

Suseelan (1985). George and Rao (1967) made notes on some deep-



water decapod crustaceans from the south west coast of India while
Thomas (1979) reported deep sea decapod crustaceans from Gulf of
Mannar. No studies on morphometrics of deep sea prawns were hitherto

attempted.

Information on the commercial exploitation and potential fishing
grounds of deep sea prawns had been reported by Massuti, (1959),
Maurin (1965), Monod (1966), Williams (1968), Alvarez (1968), Longhurst
(1970),Crosnier and Forest (1973), Holthuis (1980) and Berenboim
(1989) while Oren Sanz et al. (1998) reported on the multi faceted decline

of shrimp fisheries in the Greater Gulf of Alaska.

Literature regarding the structure of decapod crustacean
assemblages in different geographic regions and their correlation with
environmental and oceanographic conditions viz., depth, bottom type and
characteristics of the water masses were studied notably by Lagardere
(1973,1977), Wenner and Boesh, (1979), Gonza’lez and Olaso (1987)
and Abello, et al. (1988) while Wu (1982), Bianchi (1992) and Setubal
(1992) correlated the species diversity as well as richness of crustaceans
community to sediment granulometry , character of bottom substratum

fishing disturbances , flow of various water bodies , salinity and oil spills.

The species assemblage of deep sea crustaceans in the Indian
Ocean region was reported by a few workers notably Hida and Pereyra

(1966), Gulland (1971) while Holthuis (1980) compiled similar information



from the upper continental slope of Mozambique, Pakistan, Sumatra,
North Western Malaysia and Burma. Along the Indian EEZ, the depth
wise variation in the distribution and abundance of deep sea prawns were
studied on the basis of exploratory fishing surveys notably by John and
Kurien (1959), Kurien (1964,1965), George (1966), George and Rao
(1966), Rao and Suseelan (1967), Mohamed and Sueelan (1968), Silas

(1969), Mohamed and Suseelan (1973) and Suseelan (1974, 1985).

The food and feeding on the pandalid prawn Pandalus borealis
was studied in detail by Allen (1959), Turpaeva (1948,1953), Butler
(1964,1968), Berenboim (1981,1992) and Weinberg (1980). Burukovsky
(1992) reported the feeding habits of shrimps from western Africa while
Mary and loannis (1999) made a comparative study on the food and
feeding habits of Plesionika ensis, Polycheles typhlops, Parapenaeus
lfongirostris and Plesionika heterocarpus. Cartes (1993) observed the
diets of deep-water pandalid shrimps Plesionika edwardsi, P.martia and
P.acanthonotus of the western Mediterranean whereas Mistakidis (1957)
and Allen (1963) examined the gut contents of Pandalus montagui. Kubo
(1951) and Omori (1971) studied the feeding habit of Pandalus kessleri
and Plesionika izumiae. Notable contribution on the food and feeding
habits of the Royal red shrimp Hymenopenaeus robustus were made by
Bullis (1956), Bullis and Rathjen (1959), Bullis and Thompson (1959),
Thompson (1967), Klima (1969) and Anderson and Lindner (1971).

Suseelan (1985) made a preliminary study on the gut contents of
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Heterocarpus gibbous and H.woodmasoni collected during the

exploratory fishery surveys off the south west coast of India.

Reproductive biology of several pandalid species have been
subjected to detailed investigation notably by Hjort and Ruud (1938},
Rasmussen (1953), Allen (1959), Hoglund (1962), Dow (1966), Squires
(1968), Horsted and Smidt (1956) and Butler (1964, 1968). Larval
development of pandalid shrimps have been investigated by Modin and
Cox (1967), Wickins (1972), Haynes (1976,1978, 1979), Rothlisberg
(1980), Weinberg (1982), Mikulich and Ivanov (1983), Needler (1938),
Lebour (1940) and Hiroshi (1978). The biology of P.montagui Leach was
investigated by Mistakidis (1957), Ailen (1963) and Stevenson and Pierce
(1985). The life history traits of commercial important pandalid shrimps of
North America viz. Pandalus platyceros Brandt, P.danae Stimpson,
P.goniurus Stimpson, P.stenolepis Rathbun, P.hypsinotus Brandt have
been studied by Berkeley (1929), Tegelberg and Smith (1957), Butler
(1964, 1970) and Dahlstrom (1970) while Company and Sarda (1997)
gave a comprehensive account on the comparative reproductive biology
of 5 deep water pandalid shrimps Plesionika hetrocarpus, P.edwardsi,
P.gigliolii, P.martia and P.acanthonotus. Moffit (1983), King (1984) and
King and Butler (1985) studied the reproductive biology of the Genus
Heterocarpus laevigatus. Menon (1972) reported the larval development
in this genus collected during International Indian Ocean Expedition

surveys.
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A review of literature showed that no concerted attempt has so far
been made to evaluate biochemical as well as carotenoid variation
commensurate with the change in phases of reproduction in deep sea
prawns, however, the carotenoid composition and distribution in
decapods were reported by Tsukuda (1963), Larry and Salwin (1966),
Ishikawa et al. (1966), Czerpak and Czeczuga (1969) and Katayama et

al. (1972).

Age and growth of deep water prawns inhabiting Mediterranean
waters were also subjected to serious studies, notably by Mauchline
(1972), Gage and Tyler (1991), Orsi and Relini (1985), Sarda and
Demestre (1987) and Demestre (1990). Company and Sarda (2000)
assessed the growth patterns of 17 deep-water decapod crustaceans
from the Northwestern Mediterranean Sea. Ohtomi and lIrieda (1995)
studied the growth structure of Solenocera melantho while Ohtomi (1997)
assessed the growth of pandalid shrimp Plesionika semilaevis from
Kagoshima Bay. Roa and Ernst (1996) studied the age structure of
Hetrocarpus reedi from Central Chile where as Dailey and Ralston (1986)
assessed the reproductive biology, growth and mortality of H./aevigatus in
Hawaii. In Indian waters, no published information on the age and growth

of pandalid shrimps is hitherto available.

The available studies on the population dynamics of deep sea

prawns are very limited and notably by Yahiaou et a/. (1986), Orsi and
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Relini (1988), Demestre and Martin (1993), Yahiaoui (1994), Ragonese
and Bianchini (1995), Ragonese et al. (1994), Spedicato ef al. (1994)
and Donghia et al. (1998) on Pandalus borealis. Dailey and Ralston
(1986) reported the population dynamics of Heterocarpus laevigatus

while Cessay (2000) assessed the mortality of P.borealis.

1.3 DESCRIPTION OF THE STUDY AREA

Kerala with a total terrestrial area of 38863 km? has a 590 km fong
coastline and is a frontline state in marine fisheries development. The
state is situated between latitudes 8°18'N to 12° 48'N and longitudes
74°52’E to 72° 22' E and lies in the extreme south west part of the
peninsular India, bordered by Western Ghats on the eastern side and the
Arabian sea on the western side. The inshore sea area falling with in the
territorial limit of the state is about 13,000 km® The continental shelf area
of the sea adjoining the state is 39139 km, which is almost on par with the
territorial extent of Kerala, and this part of the sea is considered the most
productive zone as far as fishing is concerned. Forty one rivers originating
from the Western Ghats open into the Arabian Sea in this state, rendering
the inshore waters of Kerala very fertile and highly productive among the

world oceans.
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The population of the fisher folk in Kerala is estimated at about
10.85 lakhs, live in 222 fishing villages while the number of fishermen
actively engaged in sea fishing is estimated at 2.20 iakhs. Fisheries

contribute about 3% of the economy of the state (Vijayan ef al., 2000).

The major fishing harbours surveyed is Sakthikulangara,
Neendakara, Cochin, Munambam, Beypore and Puthiyappa while the
minor harbours are Thotapally, Murikkumpadam, Ponnani and Mop!a Bay
(Fig.1.1). More than 90% of the state’s marine fish catches are landed in

the above six major harbours (Scaria ef al., 1999).

1.4 SCOPE OF THE STUDY

For rational exploitation of deep sea prawn resources on scientific
basis, reliable data on this emerging new resource such as detailed life
history traits, influence of ecological parameters contributing to their
distribution and abundance, stock recruitment, regeneration capacity,
important groups sustaining the stock etc. are essentially required. While
scanning the scientific literature on the deep sea prawn resources both at
national and global levels, it is evident that, no concerted attempts had so
far been made to bring out a holistic account on the deep sea prawn
wealth of the country giving emphasis to quantifying the extent of organic

diversity existing amoung the group, bionomics, biodiversity, resource
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characteristics and stock size. Most importantly, virtually no information is
also available on the population dynamics and stock recruitment
relationships of this peculiar group of animals, which inhabit mostly
beyond 300m on the continental slope. Hence, there exists considerable
lacuna in our knowledge on various aspects of the biology of deep-sea
prawns from Indian waters. Against this background, the present study
was conceptualized with a view to bridge the existing gap on this
important marine living resources off Kerala coast as this information is
indispensable and vital for their sustainable exploitation and for imposition
of various conservation and management measures for the preservation
of the stock. A better understanding of the biological characteristics of
the species, and the information gathered on population parameters will
be useful in evolving suitable strategies for future management of the
deep sea prawn resources in Indian waters in general and off Kerala

coast in particular.

Detailed investigations on the systematics, fishery, bionomics and
stock assessment of deep sea prawns, is therefore, undertaken on the
basis of data gathered from the exploratory and commercial fishing

operations. The objectives of the study are thus outlined as follows:

1. To investigate the organic diversity existing among the different
deep sea prawns off Kerala and to prepare a key for their easy

identification, together with the quantification of the morphometric
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variability existing among these species. Also to establish
allometric relationship between the various morphometric
characters with a view to establish species-specific ratios as well

as relationships.

. To calculate relative bio diversity indices of deep sea prawns off
Kerala to examine the change in community structure based on the
taxonomic relatedness and also to assess the depth wise, year
wise species abundance, richness and evenness of deep sea

prawns off Kerala.

. To bring out information relevant for the exploitation of deep sea
prawns such as catch and effort, demarcation of important fishing
ground showing the abundance of commercial important species
based on exploratory trawling operations and to quantify the

exploited stock of deep sea prawns landed at various harbours of

Kerala.

. To establish variations if any, in length-weight relationships of deep
sea prawns with a view to assess how various species maintain
their body dimensional equality and depth of occurrence in relation
to their life habits. Also to investigate resource characteristics such
as relative condition factor, sex ratio, modal class representing
fishery and percentage of berried prawns and study some aspects

of bionomics viz. reproductive biclogy and food and feeding habits
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of males and females of Heterocarpus gibbosus and

H.woodmasoni.

5. To evaluate the proximate composition in the muscle tissue and
hepatopancreas of H.gibbosus and H.woodmasoni and to
delineate variations, if any, sex wise and maturity stage wise. In
addition, effort was made to assess the distribution and
mobilization pattern of total carotenoids in various tissues of
H.gibbosus during different stages of gonad maturation and to
elucidate the depth linked variation in total carotenoids among

important species of deep sea prawns.

6. Quantify the dynamic forces acting on the male and female
populations such as growth, exploitation and mortality in

H.gibbosus and H.woodmasoni.

1.5 PRESENTATION OF RESULTS

The results of the present study are presented in 12 chapters,
which are organized under four sections. Section 1 deals with the
general introduction and a brief review of the literature, also highlighting
the scope of the present study and presenting a brief description of the

study area, which is encompassed under Chapter 1.
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The second section deals with the systematics and biodiversity
assessment of deep sea prawns and comprised of two chapters. While
Chapter 2 gives an account of the systematics of deep sea prawns and
depicts the results of morphometric analysis whereas Chapter 3
accommodates the results of the biodiversity assessment of deep sea

prawns at various depth zones off Kerala coast.

Results of the exploratory and exploited deep sea prawn fishery
off Kerala coast and resource characteristics of important species of deep
sea prawns are presented in the third section which are described in the
next three chapters. Assessment of deep sea prawn resources off Kerala
coast on the basis of exploratory surveys is provided in Chapter 4
whereas details of commercial deep sea prawn fishery off Kerala coast is
given in Chapter 5 which include information on fishing area, depth,
annual catch trends and seasonal fluctuations from the 10 fisheries

harbours.

In Chapter 6, the results of analysis of resource characteristics of
commercially exploited deep sea prawns viz. length weight relationship,
relative condition factor, sex ratio, length frequency and percentage of

berried females to the total female population are presented.

Fourth section deals with the bionomics of the two most
commercially important deep sea prawns viz.,, H.gibbosus and

H.woodmasoni and consists of five chapters.
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Chapter 7 explains the seasonal, sex wise and maturity stage wise
variations in the food and feeding habits of H.gibbosus and
H.woodmasoni while Chapter 8 gives a detailed account of the
maturation and spawning of the above two species giving emphasis to
maturity stages of males and females, size at first maturity, gonado-

somatic index, histo- somatic index and fecundity.

Chapter 9 embodies the results of sex wise and maturity stage
wise proximate composition analysis of H.gibbosus and H.woodmasoni
besides the estimation of carotenoid concentration in different tissues of

deep sea prawns.

The results of age and growth estimated separately for males and
females in H.gibbosus and H woodmasoni are presented in Chapter 10
while results of the population dynamics of the above two species
covering the stock assessment and the factors governing, such as
mortality, exploitation rate, exploitation ratio and relative yield per recruit
of the male and female population of H.gibbosus and H.woodmasoni are
presented in Chapter 11. This is followed by Chapter 12, wherein the
summary and recommendations of the study are given, which is followed

by the list of references consulted.

Each chapter is organized with an introduction, which includes

detailed review of the relevant literature followed by materials and
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methods and results and discussion. The results of the study are also

presented in the form of tables and graphs at the appropriate places.



Fig 1.1
Harbours of Kerala Selected for Study




Section 2

SYSTEMATICS AND BIO DIVERSITY
ASSESSMENT OF DEEP SEA PRAWNS



Chapter 2

SYSTEMATICS
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2.1 INTRODUCTION

Deep sea decapod crustaceans constitute one of the dominant
high price groups of invertebrates in the marine fishery sector of Kerala
although the structure and organization of their community are not well
known as that of coastal penaeid prawns. In view of the increasingly
prominent role played by deep sea prawns and prawn products in the
economy of the country, the taxonomic identity of various species
exploited from the deep sea fishing grounds off Kerala is an essential pre-
requisite for the sustainable development and management of deep sea

prawn wealth of Kerala.

The deep sea prawns landed at various harbours of Kerala is an
assemblage of wide array of species representing various families, the
prominent being families Pandalidae, Aristeidae, Solenoceridae and
Penaeidae while family Oplophoridae contributes to only a minor portion
of the deep sea trawl catches in Kerala. There exist taxonomic
ambiguities among various species of deep sea prawns harvested off
Kerala coast due to their close resemblance in general appearance, thus
dissecting out their morphometric characteristics becomes so imperative
for sorting out taxonomic ambiguities and easy separation of various
species. As the exploited stock comprised of an assemblage of both

penaeideans and carideans, a delineation of variations associated with
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the body parts such as rostral length, carination, length of podomeres,
etc., are important as these characters are of great significance in the
taxonomy of deep sea prawns. Hence, detailed knowledge on various
morphometric and morphological parts are essential pre-requisites for the

better understanding of the taxonomy of deep sea prawns.

According to George (1969), the morphological variation shown by
a species are basically used as taxonomic tool in the crustacean
systematics and the characters generally often given due importance are
nature of rostrum and its spines, carapace, carinae and sulcii, carination
of abdomen, telson and appendages. Johnson (1973) expressed the view
that changes in the shape and armature of 2" cheliped due to simple
allometric growth process may serve as a unique character in

differentiation of closely related species.

The taxonomy of deep sea prawns had been studied by a series of
workers, among them, pioneering contributions are those of Dana (1852,
1855), Bate (1881, 1888), Milne-Edwards (1881,1883), Smith (1882,
1884), Ortmann (1890) Alcock (1901) De Man (1920) from Atlantic and
Pacific Oceans. Some of the important works that succeeded were by
Faxon (1896), Kemp (1906,1909), Milne-Edwards and Bouvier (1900,
1909), Sund (1920), Springer and Bullis (1956), Sivertsen and Holthuis
(1956) from Atlantic waters, Calman (1909,1923,1925), Coutiere (1905,

1906, 1938), Riggio (1900,1905), Pesta (1913), Maurin (1961, 1963) and
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Alvarez (1968) from Mediterranean waters, Monod (1933), Holthuis
(1951) and Crosnier and Forest (1973) from African coasts, Allen (1967)
from British waters, De Man (1911,1920) , Schmitt ( 1926) and King
(1984) from south west Pacific , Faxon (1893,1895) , Chace (1936),
Rathbun ( 1906), Bullis and Rathjen (1959) , Anderson and Lindner
(1971) and Bullis (1956) and Chace (1992) from American and Mexican

waters .

From the Indian waters, the earliest and most significant
contributions on the taxonomy of deep sea prawns were made by Wood-
mason (1891, 1892) , Alcock (1899,1901,1906) , Alcock and Anderson
(1899) and Lloyd (1907) from the pioneer exploratory surveys of
R.I.LM.S.S. INVESTIGATOR (1884-1925) . Balss (1925) from VALDIVIA
(1898-1899), Ramadan (1938), Calman (1939) and Tirmizi (1960) from
JOHN MURRAY (1933-1934) have also contributed to the knowledge on
the occurrence of various species of deep sea prawns in the Indian
Ocean region. John and Kurian (1959), Kurian (1964), George (1966),
George and Rao (1966), Silas (1969) and Mohamed and Suseelan (1973)
reported on the distribution and abundance of deep sea prawns based on
the data collected by the exploratory research vessels CONCH, KALAVA,
VARUNA, KLAUS SUNNANA, TUNA and VELAMEEN from south west
coast of India. Later, Suseelan (1985) made detailed study on the
taxonomy of deep sea prawns of south west coast of India based on the

above exploratory surveys.
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The linear measurement and function of different body parts,
sexual dimorphism, sexual maturity, fecundity and changes in the weight-
length relationship etc. are a few of the processes that are studied
through morphometric analysis (Hartnoll, 1985). Both conceptual and
empirical aspects on various linear body measurements in crustaceans
have been studied by a number of workers notably by Hartnoll
(1974,1978), Finney and Abele (1981), Huber (1985) and Blackstone
(1986). Morphometric studies on the commercially important deep water
shrimps are restricted to temperate waters by a few researchers based on
very few number of morphometric characters of H.reedi and A.antennatus
(Arana, 1970; Sarda et al, 1995, Bas & Sarda, 1998). Whereas, no
published information on the morphometric analysis of deep sea prawns

have been made so far from tropical waters.

The exploited stock of deep sea prawns landed at various
harbours of Kerala since 1999, is an assemblage of wide variety of
species belong to families Penaeidae, Pandalidae, Aristeidae,
Solenoceridae, Oplophoridae, etc., which are very new to the fishery and
the individual species often poses much difficulty for their easy
identification. Therefore, correct identification of deep sea prawns landed
at various harbours based on easily measurable or identifiable characters
are found imperative. So the present study is carried out with the

following objectives:
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1. To investigate the organic diversity exists among the
different deep sea prawns off Kerala and to prepare a key for their easy

identification.

2. To quantify the morphometric variability among the deep

sea prawns of Kerala.

3. To establish allometric relationship between various
morphometric characters with a view to bring out species-specific ratios

as well as relationships.

2.2 MATERIAL AND METHODS

Specimens for the study were collected from the commercial deep
sea prawn landings at Sakthikulangara, Cochin, Munambum and
Murikkumpadam harbours of Kerala by the deep sea trawlers operated at
a depth of 150-600m depth off Kerala coast during September 2000 to
April 2003. Species level identification of the deep sea prawns were done

following Alcock (1901) and Suseelan (1985).

Deep sea prawn species excluding the genus Heterocarpus of
Pandalidae family, the morphometric measurements were made on

nineteen characters, with a view to establish the extent of morphometric
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variations that exist among the species coming under these groups in
order to elucidate the taxonomic peculiarity of different species
constituting the exploited fishery . Where as in the genus Heterocarpus ,
24 morphometric parameters were observed since the 2" pair of
pereopods are unequal in total length. The parameters so examined are
total length, carapace length, rostral length, 1%t 2™ 3¢ 4" and 5"
cheliped lengths, length of podomeres in the second cheliped viz.
ischium, merus, carpus, propodus and dactylus, 2" pleural length, depth
and breadth and length of telson and Uropod (Fig 2.1). For the species
belonging to the genus Heterocarpus, the measurements of both short
and long 2™ chelipeds were recorded. Total length was taken as the
length between tip of the rostrum to tip of the telson whereas carapace
fength and rostral length were measured from posterior margin of orbit to
the posterior most margin of the carapace and tip of the rostrum to the
base of the last rostral spine respectively. Telson was measured from its
proximal margin to the distal tip and the pleural width was measured at
the widest part of the pleural wall of the second abdominal segment.
Total length of the chelipeds and walking legs were taken along their
extended length from the proximal base of the ischium to the distal end of

the dactylus.

32 males and 29 females of H.gibbosus, 25 males and 23 females
of H.woodmasoni, 5 males and 10 females of H./aevigatus, 20 males and

21 females of P.spinipes, 20males 29 femaies of P.martia, 20males and
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21 females of P.ensis, 40 males 35 females of Aristeus alcocki, 30 males
32 females of Parapenaeus investigatoris, 30males and 40 females of
Penaeopsis jerry, 40 males 42 females of Metapenaeopsis
andamanensis, 30 males and 40 females of Acanthephyra sanguinea, 30
males and 30 females of Oplophorus typus,16 males and 18 females of
Plesionika alcocki , 20 males and 20 females of Acanthephyra armata

were used for the morphometric analysis.

Ratios between the above listed morphometric measurements with
reference to total length, carapace length, lengths of carpus and merus of
2™ cheliped were worked out, and compared using ANOVA (Snedecor
and Cochran, 1967). The ratios, which were found statistically significant,
were further subjected to t-test (Snedecor and Cochran, 1967) for

establishing species wise variation.

To establish the allometric rélationship between various body
parts, method of least squares (Snedecor and Cochran, 1967) was
employed by applying the equation y = a + b x where a and b are
regression parameters. From the results of regression analysis of 19
morphometric characters, 7 characters such as total length, carapace
length, rostral length and lengths of podomeres of 2™ pair of pereopods
(ischium, merus, carpus and propodus), which are invariably used for
taxonomic purposes, were selected for Analysis of Covariance

(ANACOVA) and further by t-test (Snedecor and Cochran, 1967).
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2.3 RESULTS

Fifteen species of deep sea prawns coming under three super
families, 5 families and 10 genera were identified from the exploited stock
of deep sea prawns landed in Kerala. Detailed description of 15 species
together with complete synonymy and regional distribution are also

presented.

2.3.1. Classification of deep sea prawns

Infra order Penaeidea

Super family Penaeoidea Rafinsque

Family : Penaeidae Rafinsque
Genus Parapenaeus Smith
1.  Parapenaeus investigatoris Alcock and Anderson
(1899)
Genus Penaeopsis Bate
2.  Penaeopsis jerryi Perez Farfante (1979)
Genus Metapenaeopsis Bouvier

3. Metapenaeopsis andamanensis Wood-Mason
(1891)
Family: Aristaeidae Wood-Mason

Genus  Aristeus Duvernoy

4. Aristeus alcocki Ramadan (1938)
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Family: Solenoceridae Wood-Mason
Genus  Solenocera Lucas

5.  Solenocera hextii Wood-Mason (1891)

Infra order Caridea

Super family Pandaloidea Haworth

Family Pandalidae Haworth
Genus Heterocarpus A. Milne-Edwards
6. Heterocarpus gibbosus Bate, 1888
7. Heterocarpus woodmasoni Alcock, 1901
8. Heterocarpus laevigatus Bate, 1899
Genus Parapandalus Borradaile
9. Parapandalus spinipes (Bate, 1888)
Genus Plesionika Bate
10.  Plesionika martia A.Milne-Edwards, 1883
11.  Plesionika ensis de Man, 1920

12.  Plesionika alcocki (Anderson)
Super family Oplophoroidea Dana

Family Oplophoridae Dana
Genus Acanthephyra A Milne-Edwards
13.  Acanthephyra sanguinea Wood-Mason, 1892

14.  Acanthephyra armata A Milne-Edwards, 1881
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Genus Oplophorus H.Milne-Edwards

15.  Oplophorus typus H.Milne-Edwards , 1837

2.3.1.1. Key to the shrimp families of commercially
important deep sea prawns

1. Pleurae of second abdominal somite overlapping the first and third
segments; 3rd perepod with outchela................................ ...
................................................... Superfamily Pandaloidea...2
Pleurae of 2™ abdominal somite not overlapping the first segment,
3 pereopod With Chela..........ooei e,
................................................... Superfamily Penaeoidea ...4
2. Carpus of the second pair of pereopods divided in to numerous
SEgMENES. o 3
Carpus of the second pair of pereopod un segmented ............
..................................................... Superfamily Oplophoroidea
3. Chelae of the second pair of pereopods very minute and slender
............................................................... Family Pandalidae
Chelae of the 2" pair of pereopods well developed and stout......
............................................................. Family Oplophoridae.

4. Cervical sulcus reaching <2/3 the distance from the hepatic spine

to the top of the carapace; post orbital spine lacking : 4™ leg lacks
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Cervical sulcus reaching the top of the carapace; post orbital spine
present ;4" leg with an epipod ................... Family Solenoceridae
Exopods present on 2" and 3" maxillipeds ; antennular flagella
subequal and originate distally on the 3 segment ; 5" leg lacks
EPIPOA ..t Family Penaeidae

Exopod absent on the 2" and 3™ maxillipeds; upper antennular
flagellum much shorter than lower and originate near base of the

3" segment; epipod presenton 5" leg.............. Family Aristaeidae

2.3.1.2. Key to the commercially important deep sea

1.

prawns of the super family Penaeoidea

Inner border of the antennular peduncle with a setose scale;podo
branchiae absent ... ... 2

No setose scale on the inner border of the antennular peduncle ;
podobranchiae present ;pleurobranchia on 10-13 segments

reduced to mere papillae.................ccooveiienn Aristeus alcocki

Exopodite of the external maxillipeds large , absence of a barchio-

cardiac sulcus in the branchio stegal region............................. 3

Exopodite of the external maxillipeds rudimentary presence of ‘L’

shaped branchio-cardiac sulcus in the branchiostegal region ......
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................................................................. Solenocera hextii

3. Symmetrical petasma; no basal spine at 3 maxilliped

Presence of a jointed asymmetrical petasma ; 3 maxilliped and 1%
pereopods with a basal spine....................co

4. A long fissure on either side of the carapace through out the entire
length; rostrum not glabrous and less than 1/3" the length of

CArAPACE ......ieieie e Parapenaeus investigatoris

No fissure on carapaceal wall; rostrum glabrous, as long as

CANAPACE. . ... ettt iee ettt et e e e Penaeopsis jerryi

2.31.3. Key to the commercially important deep sea

prawns of the super family Pandaloidea

1. Carapace hard and rigid with longitudinal carinae ; 2" pair of
pereopods unequal.............ccooiviiiini i Heterocarpus...3
Carapace smooth without a longitudinal carinae ; 2" pair of
Pereopods €qUAl ..........eie e 2

2. Epipodites present in first and second pair of pereopods
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Epipodites absent in all the pereopods ; telson longer than

exopodite of uropod ...l Parapandalus spinipes

. 3™ abdominal tergum with out spines, 6" abdominal segment less

3" abdominal tergum ends in a sharp spine dorsally ; 6" segment
more than doubles the length of 5"

...................................................... Heterocarpus woodmasoni

. Only one tooth present anterior to orbit ; dorsal carapaceal ridge

not prominent ........ ... Heterocarpus laevigatus

More than two teeth anterior to orbit;, dorsal carapaceal ridge very

prominent ... Heterocarpus gibbosus

. Rostrum armed with a series of closely packed spines ventrally;
distinct ocellus

Rostrum armed with distantly placed spines; ocellus

absent. . o, Plesionika alcocki

. 3 abdominal tergum posteriorly protrudes as a sharp dorsal spine

.................................................................... Plesionika ensis

3" abdominal tergum with out spines but protrudes as a wavy

14 F= 11e 110 T PP PP PRI Plesionika martia
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2.3.1.4. Key to the commercially important deep sea

prawns of the super family Oplophoroidea

1. Antennal scale smooth with out any serrations; expopods of 1%
pair of pereopods not foliaceous .................... Acanthephyra ...2

Antennal scale sharply serrated ; exopods of 1% pair of pereopods

foliaceous ... Oplophorus typus

2. Post antennal spine well developed , telson shorter than exopod of
Uropod ; a single large tooth on ventral

............................................................. Acanthephyra armata

Post antennal spine minute; telson longer than exopod of uropod ;
5-6teethonventral ............................. Acanthephyra sanguinea

2.3.2. Species Description

2.3.2.1. Parapenaeus investigatoris Alcock and Anderson,
1899
Plate: 2.1 A
Synonymy: Parapenaeus investigatoris Alcock and Anderson ,1899 ; de
Man ,1911 ;: Ramadan, 1938 ; Kubo ,1949 ; Barnard ,1947 ;
George , 1966 ; 1979 ; Silas , 1969 ; Starobogatov , 1972 ;

Mohamed and Suseelan , 1973 : Ivanov and Hassan ,
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1976; Kurian and Sebastian, 1976 ; Holthuis, 1980 ;
Suseelan , 1985.
Parapeneus fissures Alcock and Anderson ;1894 .
Peneus (Parapeneus) investigatoris Alcock 1901 .
Parapeneus investigatoris Alcock 1906.
Parapenaeus murrayi Ramadan 1938 .
Vernacular name: Chuvanna Pullan
Diagnosis: Up tilted convexes rostrum, 6™ abdominal tergum very long.
Distinctive characters:

Rostrum very short, slightly tilted upwards and convexed dorsally
above the orbital region. Dorsally rostrum armed with 6-7 teeth in
addition to the epigastric tooth placed at the middle of rostral carina.
Rostrum runs backwards as post rostral carina that ends at posterior
margin of carapace. Hepatic and branchio stegal spines very prominent.
A clearly distinguishable groove starts from antennal spine, runs along
entire carapace and terminates at posterior border. Body compressed,
4" t0 6" abdominal terga sharply carinated and each of tergum ending in
a spine. 5" abdominal tergum less than half the length of 6. Telson
smaller than endopod of uropod and carries a pair of immovable spine at
base of terminal spines. Eyes brownish red and moderate in size.
Antennular flagella almost equal in size in both male and female, 34" the
length of carapace. Ischium and basis of 1% pereopod bears very

rominent spines; 2™ pereopod exceeding antennular peduncle while 3
P
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and 4" pereopods are as long as peduncle. Petasma large leaf like, one-
third the length of carapace. Thelycum trilobed and semicircular in shape.
Colour: Light pink through out the body.

Distribution & economic importance: South west coast of India
(Suseelan, 1985), Andaman sea, Bay of Bengal, Gulf of Mannar, Japan
and Malay Archipelago (Alcock, 1901). Due to the short body and low
meat content it is of only minor economic importance in the commercial

deep sea prawn fishery of Kerala.

2.3.2.2. Penaeopsis jerryi Perez Farfante , 1979

Plate: 2.1 B

Synonymy: Metapeneus rectacutus Wood — mason, 1891.
Peneus (Parapeneus) rectacutus Alcock, 1901; Alcock and
McArdle , 1901.
Parapeneus rectacutus Alcock, 1902 ; 1905 ; 1906 ; Kemp
and Sewell , 1912 .
Penaeopsis rectacutus Ramadan ,1938; Sewell , 1955 ;
Kurian , 1964 ; Silas, 1969 .
Penaeopsis rectacuta Holthuis and Rosa, 1965; George,
1966, 1979, Longhurst, 1971; Starobogatov, 1972; Crosnier
and Jouannic, 1973; Mohamed and suseelan, 1973; lvanov
and Hassan, 1976; Thomas, 1979; Holthuis, 1980.

Penaeopsis jerryi Perez Farfante, 1979, 1980; Miquel 1984.
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Vernacular name: Chuvanna pullan
Diagnosis: very long antennal flagellum, glabrous body, very long telson.
Distinctive characters:

Rostrum long, straight with a very slight double curve distally;
armed with 12-13 teeth dorsally in addition to the epigastric tooth.
Glabrous cephalothorax and abdomen, rostrum runs backwards as
adrostral carina which fades at the half of the carapace. Cervical groove
very prominent. Hepatic spine and antennal spine located at the same
level. 6™ abdominal somite less than double the length of 5™ telson longer
than endopodite of caudal swimmeret, laterally armed with 3 pairs of
spines. Abdominal carination starts from end of 3 tergum, very
prominent in 4™ to 6" terga and ends in a spine. Inner antennular
flagellum in male very much shorter than outer while in female they are
equal in length and surpasses the distal end of antennular peduncle.
Scaphocerite as long as the rostrum. Antennal flagellum very long, more
than twice the length of the body. 1% pereopod reaching as long as
carpocerite, while 2™ surpassing carpocerite . 4" and 5™ pereopods
reaching middie and distal extremity of antennular scale.

Thelycum trilobed and sub elliptical in structure. Petasma of the

1st pleopod formed by the union of endopoites, which fused to form a

median canal .

Colour: pinkish red .
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Distribution & economic importance: Andaman Sea, Southwest coast
of India (Suseelan, 1985), Bay of Bengal, off Mozambique and
Madagascar (Starobogatov, 1972). Moderate economic importance due

to the bigger size in comparison to pandalids.

2.3.2.3. Metapenaeopsis andamanensis Wood-Mason
(1891)

Plate: 2.2 A
Synonymy: Metapenaeopsis philippinensis var. andamanensis Wood-
Mason , 1891.
Peneus (Metapeneus) coniger var. andamanensis Alcock
,1901.
Metapeneus coniger var. andamanensis Alcock ,1906.
Penaeopsis coniger var. andamanensis de Man , 1911;
Kemp and Sewell, 1912.
Penaeopsis philippii Calman, 1923 .
Metapenaeopsis coniger Kubo, 1949 .
Metapenaeopsis andamanensis Hall, 1961, 1962; George,
1966; Starobogatov, 1972; Champion, 1973; Mohamed and
Suseelan, 1973; Ivanov and Hassan, 1976; Kurian and
Sebastian, 1976; Thomas, 1979; Holthuis, 1980.
Vernacular name : Vella chemmen .

Diagnosis: 3-6" abdominal terga sharply carinated.
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Distinctive characters:

Rostrum straight and ascended upwardly, dorsally armed with 7
teeth in addition to epigastric tooth. In female, free end of the rostrum
surpassing antennular peduncle while in male its free tip hardly reaches
2" segment of the antennular peduncle. Rostrum runs backwards as
adrostral carina, which runs half of the carapace. Cervical and hepatic
grooves are indistinct. Hepatic, pterygostomian, antennal and hepatic
spines are well defined. Abdomen laterally compressed and moderately
fleshy. 3-6 abdominal terga sharply carinated, posteriorily , 6th tergum
ends as a sharp spine and laterally also ventro lateral angles ending to
spine like processes. Subcarinae on either side of median carinae of 4"
and 6" segment vaguely marked. 6" segment very strongly compressed
and double the length of 5" segment. Telson shorter than endopod of
uropod ends as a pointed sharp spine, armed with 3 pairs of movable
spines arranged dorso lateral angle, antennular flagella unequal.
Scaphocerite armed with short lateral spine ; 3™ maxilliped with a well
developed basal spine . 2™ pereopod equal with a basal spine, extending
to more than half of scaphocerite while 4™ and 5" pereopods reaching
half length of scaphocerite.

Petasma half the length of carapace; its distoventral flap
concentrically coiled. Appendix masculina covered with small setae along
its outer margin. Thelycum deeply undermined; the middle lobe broad

and recurved at its free end.
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Colour: Yellowish orange through out.

Distribution and economic importance: Andaman Sea, Southwest
coast of India (Alcock, 1901) Bay of Bengal, Malacca Strait, Kei islands,
Japan (Holthuis, 1980). M.andamanensis has only minor economic

importance in the deep-sea prawn fishery.

2.3.2.4. Aristeus alcocki Ramadan, 1938

Plate:2.2B

Synonymy: Aristeus semidentatus Wood-mason, 1891; Alcock,
1901(nec Aristeus semidentatus Bate, 1881); Alcock and
Mc Ardle, 1901, Kemp and Sewell, 1912;George
1966,1979; Mohamed and Suseelan, 1968, 1973; Silas,
1969; Thomas, 1979.
Aristeus alcocki Ramadan,1938; George,1966,1979; Silas
1969; Mohamed and Suseelan ,1973; Kurian and Sebastian
,1976; Holthuis, 1980.

Vernacular name : Red Ring.

Diagnosis: Bright red colour, very long rostral spine in females and

glabrous body.

Distinctive characters:

Very prominent sharp rostrum with teeth present only on the dorsal
side. Polished and shiny carapace. In female, rostrum very longer than

carapace, more than double the length of antennal scale and curved
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upwards in front of the orbit. Two spines prominent and located above
carapace while epigastric spine very minute and located above cervical
groove. In males, rostrum short, nearly straight and reaches only up to
the distal end of antennular peduncle, end of which is slightly tilted
upwards. Post rostral carina runs backwards and ends beyond gastric
region. Postorbital spine very minute and sharp while branchio-stegal
spine comparatively larger. Cervical groove appears as a very fade wavy
margin while postorbital crest indistinct. 1-3 abdominal tergum smooth
with out any distinct carination. Posterior 1/3™ of 4™ abdominal tergum
carinated which ends in to a sharp spine followed by 5™ and 6" terga
which also carinated and ends posteriorily as spines.6™ abdominal
segment more than double the length of 5™ Telson very shor, less than
half the length of expopod of uropod, armed with 3 minute spines.
Antennal scale very large supported by a sharp spine on either side.
External maxillipeds are same length in males and antero-lateral angle of
propodite prolonged beyond articulation of dactylus. 1st pereopod hardly
surpasses scaphocerite. 4™ and 5t pereopods long slender of which 5"
pair of legs longest reaches about half a dactylus beyond tip of antennal
scale. Petasma thin and leaf like, distal margin bluntly pointed and bent,
while proximal border provided with a papilla like projection. Thelycum is
a shield like plate located in between the 4™ and 5" pereopods, distal end
of which is pointed; sternal plate highly depressed and bordered by a

oblique ridge on either side.
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Colour: Abdomen bright pink in colour edged with reddish bands nearer
posterior border of segments, cephalothorax, maxillipeds, pereopods,
pleopods and caudal swimmerets are dark red in colour.

Distribution and economic importance: Arabian Sea, Gulf of Aden,
Cape Comorin, Bay of Bengal (Alcock, 1901). The Arabian Red Shrimp
(Holthuis 1980) locally known as the ‘Red ring’, is the most valuable deep

sea prawn and forms the most sought after species for export.

2.3.2.5. Solenocera hextii Wood-Mason, 1891

Plate: 2.3 A

Synonymy Solenocera hextii Wood-Mason, 1891; Alcock and Anderson,
1894 : Alcock ,1901 ; de Man, 1911; Ramadan, 1938;
Anderson and Linder, 1945; George, 1966, 1979; Muthu
,1968 :; Silas, 1969 ; Starobogatov, 1972; Mohamed and
Suseelan, 1973; Tirmizi and Bashir, 1973; Kurian and
Sebastian ,1976; Thomas, 1979; Holthuis, 1980; Miquel,
1984.

Vernacular name : Mulaku chemmeen.

Diagnosis: Glabrous body, an ‘L’ shaped marking on the brachio-cardiac

zone of carapace.

Distinctive characters:

Polished, glabrous and stout segment, rostrum ascendant straight

upwardly, armed dorsally with 7 well-defined teeth and runs backwards as
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a clearly defined carina till the posterior border of carapace. Anteriorly,
rostrum reaches distal end of basal joint of antennular peduncle. A deep
cut in the rostral carina at the level of cervical groove; antennal post
orbital and hepatic spines prominent, a well defined supra hepatic spine
on cervical carina present. A very prominent ‘L’ shaped branchio-cardiac
sulcus present on either side of branchio stegal region. Its posterior limb
almost parallel with adrostral carina. Abdominal terga sharply carinated,
runs from the posterior end of 3 somite to 6th segment and ends as a
sharp spine. Similar spines present on postero-ventral corners also.
Telson trifurcate, as long as exopod of uropod; distal margin of exopod of
uropod bears a distinct spine.

Eyes large. Antennular flagella 3/4" the length of carapace, upper
flagellum longer than lower and deeply channelled to form a tube like
structure. Scaphocerite longer than the distal end of the antennular
peduncle. Exopodite of 2" maxillipeds is small and filamentous. External
maxillipeds slightly surpassing antennular peduncle; 5™ pereopod longer
and relatively slender than other pereopods, over reaching antennular
peduncle by length of its dactylus.

Petasma in 1 pleopod having a ventromedian tubule, armed with
antero-laterally with very minute spinules. Appendix masculina elongate
with narrow rounded apex; having closely set setae, while appendix

interna very short, scale like covered with minute setae on lateral



43

margins. Thelycum with glabrous elevated sternal plates located between
5th pereopods, is quadrangular in appearance.

Colour: Colour of the specimen is light pink. Rostral carina and
abdominal terga tinged with bright red border. Uropod deep red and
antennular flagella banded with red and white.

Distribution and economic importance: Arabian Sea, Southwest coast
of India, Bay of Bengal, (Alcock, 1901). One of the important commercial

species, off Kerala coast at 100-200m.

2.3.2.6. Heterocarpus gibbosus Bate, 1888

Plate: 2.3. B

Synonymy: Heterocarpus gibbosus Bate, 1888, Wood-mason ,1892;
Alcock , 1901; Kemp and Sewell, 1912; de Man ,1920;
Balss,1925; George and Rao ,1966: Silas ,1969;
Mohammed and Suseelan, 1973; Suseelan ,1974; Kurian
and Sebastian,1976; Thomas, 1979; Holthuis, 1980; King,
1984.

Vernacular name: Thakkali Chemmeen.

Diagnosis: A striking dorsal thickening on the third abdominal tergum.
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Distinctive characters:

Rostrum in adults short, stout and recurved upwards in front of the eyes.
in young ones , rostrum very long and prominent. Rostrum armed with 6-
7 teeth in carapace and 3-4 teeth in anterior dorsal side and 13-15 teeth
on the ventral side. Numerous thin hairs appear between the sharp teeth
on carapace. Rostrum runs backwards as very strong compressed and
highly elevated carina, which ends nearer to the posterior border of
carapace. Width of carina crest in front of the eye, 4-5mm in thickness.
Two lateral carinae present on carapaceal wall. Post ocular carina very
well differentiated from post antennal carina and starts behind middle of
ocular peduncle and runs backwards to a shallow depression in middle,
thereafter elevated and ends in posterior border of carapace parallel to
rostral carina. Maximum depth between lowest portion of post ocular
carina and rostral crest 10mm. Post-antennular carina also prominent,
runs backwards as a straight elevation and ends in posterior three fourth
of carapace in branchial region. Branchio-stegal spine projected side
ways, not very sharp as postorbital spine, reaches at the base of antennal
scale. Antennal scale broad in middle tapering towards proximal end.
Inner margin of which is arranged with a tuft of setose hair while a feeble
and flat spine supports outer side. Two spines like processes cover outer
border of antennal scale. First maxillipeds are very stouter than first pair
of pereopod, reaches in front of antennal scale. First pair of pereopod

very thin, long occupies 27.85% of total length. Second pair of pereopod
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slightly thicker than rest of the walking legs and unequal in size and
length. Shortest one 79% in the carapace length while longer one 97.3%
in carapace length. The ischium of second shorter pereopod flat while
carpus  very longer than merus provided with seven rings like
constrictions at its middle portion. Chela very prominent and well
articulated.

Other pair of second pereopod , slender and tapering towards the
end, which finally extends more than antennal scale. Ischium slightly
flattened and lined with minute hairs on inner side. 7-9 constrictions
present in merus while 14-20 constrictions present in carpus. Carpus very
long and ends in small chela. In the rest of the three pair of pereopods,
dactylus is microscopic. Third pair the longest, reaches beyond antennal
scale; about 10-15 minute spines arranged on posterior border of merus
and in rest of pereopodal segments , the inner side of merus lined with
minute spinules while the rest of the joints lined with microscopic spine
lets.

The abdomen thick, fleshy and smooth. Sternal plate on either side
of second abdominal segment very broad in female. Third tergal plate
slightly thickened and elevated into a prominent hump, but not carinated.
Thereafter the shape of the body slopes down sharply up to the fifth
segment. Sternal plates from four to sixth segment ends on either side
into pointed spines. In addition to this, another pair is located at posterior

border of sixth segment on either side of the origin of telson. Telson 13%
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in total length, middle portion of which is flattened and the sides bent
down wards. 4 pairs of movable spines arranged on the dorso-lateral
angles on either side. At the distal end, another 3 pairs of minute sharp
spines are arranged of which the outer one is largest. Uropod arranged
with smaller cilia on its outer margin. In females the theylical space
between 4" and 5" pereopod very broad with no clearly demarcated
projection at the junction between coxipodite of 5" pereopod and sternal
plate.

Colour: Body bright pinkish orange in colour. Anterior half of rostrum
whitish. Tip of maxillipeds dark red while rest of pereopods marked with
white and pink.

Distribution and economic importance: Southern coasts of India,
Andaman sea, Bay of Bengal, Pacific Islands (King, 1984), off Tablas
Island, Bali Sea and Kei Islands. Second commercially important species,

available in good quantities off Kerala.

2.3.2.7. Heterocarpus woodmasoni Alcock, 1901

Plate: 2.4 A

Synonymy: Heterocarpus woodmasoni Alcock, 1901; Alcock and
McArdle, 1901; de Man, 1920; Balss, 1925; Calman, 1939,
George and Rao, 1966; Silas, 1969; Mohamed and
Suseelan, 1973; Suseelan, 1974; Kurian and Sebastian,

1976; Holthuis, 1980; Suseelan, 1985.
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Vernacular name: Mulaku Chemmeen.

Diagnosis: Presence of a sharp curved spine on the 3™ abdominal
tergum.

Distinctive characters:

integument hard and rigid, cephalothorax large. Rostrum more
than half the length of carapace, long and slender towards the edge,
armed with 9-10 teeth dorsally and 6-8 teeth on ventral margin. Dorsally
2-3 spines located behind orbits and continued backwards as post rostral
carina and end near posterior margin of carapace. On ventral side spines
very minute, start from origin of antennular peduncle and armed with very
small setose hairs. In juveniles, rostrum very long and recurved upwards.
Post antennular carina projects anterior as a sharp spine at the base of
ocular peduncle and runs backwards as an elevation, which ends, at
posterior end of carapace. Post antennal carina also projected as
branchio stegal spine that runs parallel to post antennular carina and
stops at the extreme posterior border of carapace.

Abdominal terga smooth and polished. 3rd tergum armed with a
projection that ends in middle as a spine like processes. Posterior half of
3" to 5" terga weakly carinated. While in the 6th, tergum bent inwardly in
the middle.6" segment slender and more than double the length of 5".

Telson very long almost surpasses distal end of endopodite of
uropod , armed with 5 pairs of movable minute spines located at dorso-

lateral angle, which starts from middle, also a pair of very minute tooth
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present at its distal end. Eyes large and brownish black. Antennal
peduncle surrounded with minute hairs. Scaphocerite thin, leaf like,
supported by a flat feeble spine. 3" maxilliped very stout and prominent,
armed distally with very minute spinules; its exopod well developed. 1
pair of pereopod short and slender, reaching two third of scaphocerite .
2" pair of pereopod unequal, left leg is long and slender, surpassing
scaphocerite . 3™ pair of pereopod over reaching scaphocerite , while 4™

and 5" feeble and slender .

Colour: Colour of the specimen pale pinkish through out the body.
Uropod and pleopods dark red in colour.

Distribution and economic importance: South west coast of India,
Andaman sea, Bay of Bengal, Indo — pacific, East Africa to Kei Islands.
Commercially very important, its landing is very good and well preferred

for export.

2.3.2.8. Heterocarpus laevigatus Bate, 1899

Plate: 2.4 B

Synonymy: Hetferocarpus laevigatus Spence Bate, 1899: Anderson,
1896.

Vernacular name: Mulaku Chemmeen

Diagnosis: A single tooth in front of the carapace.

Distinctive characters:
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Rostrum three fourths length of carapace, strongly recurved , very
much similar to H. gibbosus. 10-16 serrations ventrally; while a single
tooth present dorsally in front of eye, beyond which rostrum very smooth.
Adrostral crest armed with 5 serrations. 3" abdominal tergum projected
as a prominent hump like process as that of H.gibbosus . Branchio stegal
spine large and projects beyond orbital spine. Antennular scale sharp and
extend beyond the 2™ segment of the antennular peduncie. 3% pair of
pereopod is longer than other walking legs. Other body structures are
same as that of H.gibbosus .

Colour: Pinkish orange.

Distribution and economic importance: Arabian Sea (Alcock, 1901),
Hawaii (Struhsaker & Aasted, 1974,Clarke, 1972), Guam (Wilder, 1974),
New Caledonia (Intes, 1978), Madagascar (Crosnier and Jouannic, 1973)
Reunion (Gueze, 1976). Available only in small numbers and do not
support a fishery .

2.3.2.9. Parapandalus spinipes (Bate, 1888)

Plate: 2.5 A

Synonymy: Plesionika spinipes Bate, 1888 .
Pandalus (Parapandalus ) spinipes Alcock ,1901; Chilton,
1911.
Plesionika spinipes grandis Doflein ,1902 .

Plesionika spinipes grandis Balss ,1914 .



50

Parapandalus spinipes de Man, 1920; Calman, 1939;
George and Rao, 1966; Silas, 1969; Mohamed and
Suseelan, 1973 ; Suseelan , 1974; Thomas, 1979 ; Holthuis
,1980; Suseelan , 1985.

Vernacular name: Chuvanna Pullan.

Diagnosis: Rostrum armed with series of serrations both dorsally and

ventrally.

Distinctive characters :

Rostrum very long and slightly ascended beyond antennular
peduncle, evenly and closely packed with serrations throughout margin
with 42-45 teeth on dorsal and 30-38 teeth on ventral. Post rostral crest
hardly reaches middle of the carapace. Carapaceal and abdominal wall
smooth. Posterior border of 3" abdominal tergum slightly convex, but not
produced in to a spine. 6™ somite longer than 5th segment but shorter
than telson. Telson a little longer than the endopodite of uropod armed
with three pairs of short movable spines on dorso lateral angle and three
pairs on distal extremity. Scaphocerite long and acute, disto lateral spine
prominent and sharp. External maxillipeds surpassing scaphocerite by
their terminal joint. First pair of pereopod slender, slightly longer than 3™
maxilliped and ends in a microscopic chela, which is hidden in a tuft of
setae. Legs of 2" pair are equal and slender, reach just beyond the

terminal joint of 3 maxillipeds. 3™ to 5" pereopods are very long and
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thin, 5™ pair longest surpassing e rostrum. Merus of last pereopods
posteriorily armed with slender distant spines.

Colour: Pale pink through out the body.

Distribution and economic importance: Cape Comorin, South west
coast of India, Gulf of India, Malay Archipelago, Gulf of Mannar, Japan,
Zanzibar, Gulf of Aden, Red Sea, Kei Islands, African Coast. Appeared as
the most dominant species among the deep sea prawn landed in Kerala .
Very good fishery prevails during December to March. Great demand for

export market.

2.3.210. Plesionika alcocki (Anderson, 1896)

Plate: 2.5. B.

Synonymy Pandalus alcocki Anderson ,1896.
Pandalus (Plesionika) alcocki Alcock, 1901; Alcock and
McArdle, 1901.
Plesionika alcocki de Man 1920;Calman, 1939; Mohamed
and Suseelan, 1973; Holthuis, 1980.

Vernacular name Pullan Chemmeen

Diagnosis : Ventral border of the rostrum armed with 4-5 teeth arranged

equidistantly.

Distinctive characters:

Laterally compressed body. Very long, slender rostrum, more than

double length of carapace, curved upwardly from middle, arranged with 4-
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5 teeth on dorsal side. Three of the teeth very minute and closely packed
on gastric crest, while the other two are larger ones, isolated and located
above the orbit. Ventrally rostrum armed with 5-6 teeth, which are placed
beyond antennular peduncle . Carapace very smooth and shiny without
any ridge. A lightly marked post antennal ridge abruptly ends in front of
the gastric region. 6™ abdominal segment not as twice the length of 5
somite. Telson very long, slender and armed with three pairs of movable
spines on dorso lateral angles and another 3 pairs on the distal end. 1°
pereopod very thin and as long as 3™ maxilliped, 2nd pair extending to
the tip of scaphocerite, rest of pereopods surpassing scaphocerite. Their
dactylus is covered with a tuft of cilia in the inner margin.

Colour: Light reddish through out the body.

Distribution and economic importance: South west coast of India,
Arabian Sea, Bay of Bengal, Andaman Sea, Gulf of Aden, Maldives, East
Africa. Found in small numbers and it is only having minor economic

importance in the deep sea prawn fishery of Kerala.

2.3.2.11. Plesionika martia (A.Milne-Edwards,1883)

Plate: 2.6 A

Synonymy: Pandalus martius A.Milne — Edwards, 1883; Wood-Mason,
1892:Adensamer, 1898; Senna, 1902; Coutiere, 1905;
Riggio, 1905; Rathbun ,1906;Brian,1931.

Plesionika uniproucta Bate, 1888; Moreira, 1901.
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Plesionika cottei Kotte ,1903.

Plesionika(Pandalus) sicheri Riggio, 1900.

Pandalus (Plesionika) martius Alcock ,1901; Lloyd, 1907,
Mc Culloch ,1907; Kemp and Sewell, 1912.

Plesionika martia Kemp, 1906,1910;Stebbing, 1910; Balss ,
1914 , 1925; de Man, 1920; Calman ,1925, 1939; Schmitt
,1926; Vilela, 1936; Chace ,1940; Alvarez ,1946; 1968;
Barnard ,1950; Holthuis, 1951; 1952; 1955;1980; Massuti
,1953;1967, Dieuzeide, 1955; 1960; Sivertsen and Holthuis ,
1956; Springer and Bullis, 1956 ; Yaldwyn ,1957; Yasuda ,
1957;Maurin ,1961 , 1965,1968 ; Forest , 1964;Bullis and
Thomson , 1965 Audouin ,1965 ; Monod ,1966 ; George
and Rao ,1966; Rice, 1967 ; Allen ,1967 ; Crosnier and De
Bondy , 1968; Crosnier and Forest ,1968 , 1973 ; Kensley
,1969; Silas , 1969 ; Lagardere ,1970 , 1972 ; Longhurst
,1970 ; Pequegnat , 1970 ; Omori , 1971; Crosnier and
Jouannic , 1973; Suseelan ,1974 ; Kurian and Sebastian,
1976, King ,1984; Mytilineou, 2001.

Plesionika martia semilaevis de Man ,1920; Zarenkov
,1971.

Vernacular name : Chuvanna Pullan
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Diagnosis: Rostrum plain except 3-4 closely packed spines above the
orbital margin. 3™ abdominal tergum slightly protruded posteriorly but not
as a spine.

Distinctive characters:

Rostrum  long and slender, its basal portion arched upwardly
above antennular peduncle and in curvature dorsally armed with 7-8 teeth
of which those at the origin are small but increases in size while coming
forwards, anterior two are isolated and large in size. Beyond which
rostrum is smooth and straight. Ventrally it armed with 46-50 closely
packed serrations. Rostrum runs back wards as post rostral carina,
which ends beyond middie of carapace. Antennal and pterygostomian
spines are present. Pleuron of the 3rd abdominal tergum convex and not
produced in to a spine. 6" abdominal tergum doubles the length of 5.
Telson very long having the length of 6" somite, armed with 3 pairs of
teeth arranged on the dorso lateral angle, and two pairs at distal end.

Antennal scale is narrow and tapering, tip is truncated. 1%
pereopod shorter and less than length of 3" maxilliped, having a minute
and a tuft of cilia covers the microscopic chela borne at the end of it. 2"
pair of pereopod equal in length, surpassing 3" maxilliped, carpus of
which surrounded by setose hairs, while dactylus carry a minute chela
covered with setae. In 3rd to 5" pereopods, merus and carpus very long
and slender.

Colour: Pinkish red. Newly hatched eggs is turquoise blue.
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Distribution and economic importance: Eastern central Mediterranean
Sea, Canary Islands, Western Atlantic, Eastern Atlantic, South west
Africa (Cape of Good Hope), South west Africa, Madagascar, Gulf of
Aden, Bay of Bengal, Andaman Sea, South west coast of India. ,
Australia, Hawaii, Japan, Fiji, Bermuda to South of Carolina, Gulf of
Mexico, South west Ireland, Bay of Biscay, Gulf of Guinea, Gulf of Biscay
, Sumatra and N.W. Malaysia and New Zealand . Available only in stray

numbers and do not support a fishery in Kerala .

2.3.242. Plesionika ensis (A.Milne-Edwards, 1881)

Plate: 2.6 B

Synonymy: Acanthephyra ensis A. Milne-Edwards, 1881; Young, 1900.
Pandalus ensis A. Milne-Edwards, 1883; Faxon ,1896;
Alcock and Anderson ,1899; Couteiere,1905; Rathbun |,
1906.
Plesionika uniproducta Spence bate, 1888; Moreira, 1901;
de Man ,1920.
Pandalus Semilaevis Spence Bate ,1888.
Pandalus (Plesionika) ensis Alcock ,1901.
Pandalus ensis de Man, 1920 ; Holthuis , 1951; 1952,
Holthuis and Maurin ,1952 ; Springer and Bullis, 1956;
Rossignol ,1962 ; Maurin, 1963; 1968 ; Forest ,1964 ; Bullis

and Thompson ,1965 8 ; Monod ,1966; Crosnier and Forest,
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1968 , 1973; Le Loeuff and Intes, 1968;Alvarez ,1968;
Suseelan and Mohamed ,1968; George,1969; Silas,1969;
Ribeiro ,1970; Pequegnat ,1970; Omori , 1971; Mohammed
and Suseelan, 1973 ; Suseelan, 1974; Kurian and
Sebastian ,1976 ; King ,1984.

Vernacular name: Chuvanna Pullan

Diagnosis: Presence of a postero-dorsal spine on the tergum of 3™

segment.

Distinctive characters :

Compressed body, rostrum slender, very long, curved down wards
in front of antennal peduncle but runs straight there after. Rostrum armed
dorsally with 5-6 spines in orbit- rostral angle in which half of them are
minute and closely packed while anterior ones are slightly large and
widely placed in front of the orbit. Beyond the antennular peduncle,
rostrum is straight and slightly turned upward at the tip and quite smooth
with out spines. Ventrally rostrum is closely and finely serrated with 35 -
40 teeth, which becomes very minute towards distal end. Carapace is
smooth with distinct pterygostomian and antennal spines. Third
abdominal tergum is acutely produced in to a sharp spine in its posterior
end. Sixth abdominal segment is more than double the length of 5™
Antennal scale long and tapering towards the end. 1% pereopod reaches
as far as antennal scale while 2" pereopod a little shorter. External

maxillipeds slightly larger than 1st pereopod. 2™ pair of pereopod equal in
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length and stouter, carpus of which is constricted in to 15-16
constrictions. Telson long and slender armed with 3 pairs of small spines
arranged on dorso-lateral angle, while another 3 numbers are present at
terminal end. Those at the distal end are larger than inner ones.

Endopod of the uropod is equal to that of telson.

Colour: Bright pink in colour through out the body, maxillipeds and telson
are bright red in colour. Appendages are pinkish in colour. Tip of the
rostrum usually reddish.

Distribution and economic importance: Arabian Sea (Suseelan and
Mohamed ,1968), Andaman Sea; Pacific Ocean, Eastern and Western
Atlantic, Bay of Bengal, Fiji, Hawaiian Archipelago (Alcock,1901). Among
the pandalids occurring along the south west coast of India, Plesionika
ensis is very rarely distributed and in the commercial catches, this

species rarely coexist with P.spinipes.

2.3.213. Oplophorus typus H.Milne-Edwards ,1837

Plate: 2.7 A

Synonymy: Oplophorus typus H. Milne —Edwards ,1837; Bate, 1888,
Chace, 1936.
Oplophorus gracilirostris A. Milne —Edwards, 1881; Chace,
19360; George and Rao ,1966; Mohammed and Suseelan,

1973.
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Oplophorus brevirostris Bate ,1888.
Oplophorus longiirostris Bate, 1888.
Hoplophorus smithii Wood —Mason, 1891.
Hoplophorus gracilirostris Wood —Mason, 1891.
Hoplophorus typus de Man ,1920;Balss ,1925;
Calman,1939.
Diagnosis: 3" to 5™ abdominal terga protrudes posteriorly in to sharp
spines .
Distinctive characters :

Rostrum very slender and tapering towards distal end, armed
dorsally with 9-13 teeth (usually 10-11) and 8-9 teeth on the ventral
border. Rostrum 93% in carapace length and 22.9% in total length.
Slightly upturned after first four serrations, which appears as buds on
curvature of rostrum.  From the base, on either side of the rostrum
buttressed by a sharp carina, which extends up to the middle portion of
gastric region. Anterior basal edge of carapace slightly protrudes away
from base to form a sharp spine on either edge. Eye stalks moderately
depressed and short. Eyes prominent, almost reddish pink in colour,
located at the base of rostral ridge. Antennal scale thin, slender, long,
triangle shaped tapering towards anterior border and ends as spine.
Outer edge of which is evenly serrated, usually ranged between 12-14
serrations while inner side is ciliated. At the base of antennal scale a

strong tooth of 2mm long originated from outer border, which acts as a
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support by hanging antennal scale. Posterior border of carapace
articulated with abdomen on either side as blunt tooth like processes,
which held inside by a small projection located at antero-lateral angle of
1*' abdominal tergum. Lower base of abdominal ridge slightly blunt
inwardly. Abdominal terga strongly carinated. 3™, 4" and 5" abdominal
terga protruded backwards as long spines. 3™ spine is more than double
the length of 1% and 2" and fixed parallel to the body. While the other two
curved downwards. Antennular peduncle short, antennal flagella are more
than 1/3"¢ length of rostrum.

Anterior lower lobe of 1% abdominal pleura in female intact and 2nd
abdominal tergum very broad usually accommodating large but few eggs.
In males anterior middle portion bulged while lower part deeply excised
at the edge. Posterior half of abdomen more or less tapering towards
centre.

External maxillipeds of thoracic appendages are stout and they
reach beyond the end of antennal peduncle. Ischium and merus of
external maxillipeds strongly curved out wards as an expanded ‘v’ shape.
3" pair of pereopod longest and reaches beyond the tip of 1% pair while
4™ and 5" pair of pereopod almost equal. Telson and uropod is almost
equal in length. Uropod is thin, long and covered with setae. Eggs large of
1to 2mm in size.

Distribution and economic importance: Arabian Sea, Bay of Bengal,

Andaman Sea , Guif of Aden , New guinea ,Zanzibar , West Indies ,
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Malayan Archipelago ,Fiji Islands. Stray catches. Do not support fishery

due to their smaller size and sparse availability.

23.2.14. Acanthephyra sanguinea Wood-Mason , 1892

Plate: 2.7 B

Synonymy: Acanthephyra sanguinea Wood-Mason ,1892; Alcock ,1901;
Kemp, 1906; Chace, 1936 ; Calman ,1939; George and
Rao, 1966; Mohamed and Suseelan ,1973 .

Vernacular name : Mulaku Chemmeen

Diagnosis: 2" to 6™ abdominal terga sharply carinated, 3 to 6" terga

ending in to sharp spines.

Distinctive characters :

Rostrum slender and long armed with 8-9 teeth arranged
equidistantly throughout upwardly directed rostrum, 5-6 teeth on ventral.
Rostrum runs backwards as faint post rostral carina towards posterior
border of carapace. Cervical groove is obsolete, hepatic groove indistinct;
anteriorily carapace smooth with out any ridge. Post antennal spine very
minute and smaller than post antennular spine and not buttressed by any
carina. Abdominal terga from 2™ to 6™ segment sharply carinated; the
carination of 2™ tergum is low while that of 3rd is largest, fully overlapping
of 4" tergum. 3™ to 6" terga terminating posteriorily in to sharp spines.
Telson is slightly longer than exopod of the uropod armed with 4 pairs of

spines arranged dorso- laterally besides 3 pairs of spines at terminal end.
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Antennal scale very large, more than half of carapace, narrow and ends
terminally into a sharp spine. 1% pereopod is shorter than others. Ischium
and merus of 3™ and 4™ pereopods armed with a row of minute spines
on posterior margin.5" pair of pereopods are longer than other
pereopods.

Colour : Deep crimson through out the body.

Distribution and economic importance : Arabian sea ,Bay of Bengal ,
Indian ocean , Andaman Sea , Gulf of Aden , Sumatra. Usually landed
along with A.alcocki in small nhumbers and it is of moderate economic

importance owing to higher size and attractive colour.

2.3.2.15. Acanthephyra armata A. Milne-Edwards ,1881

Plate: 2.8 A

Synonymy: Acanthephyra armata A .Milne-Edwards ,1881.
Vernacular name : Mulaku Chemmeen

Diagnosis: a single tooth on ventral side of rostrum .
Distinctive characters:

Rostrum slender and very long, runs forward as shallow horizontal
line and titled upward abruptly in front of the scaphocerite and run
backwards as a feeble carina which fades after anterior two third of
carapace. In front of carapace, dorsally rostrum bears 3-4 very small
teeth followed by a single slightly large tooth above antennal peduncle.

Rest of rostrum is very smooth. Ventrally a single large tooth present at



62

middle of the rostrum, which act as a junction from where rostrum
ascended. Above eyes, a tuft of ciliae present in junction of carapace and
rostrum. A very prominent antennal spine is present which runs
backwards as post antennal carina to half of the carapace and is very
sharp which supports hepatic groove. Hepatic groove is very sharp and
ends at distal part of post antennal carina. A gastric crest appears as a
feeble arch just above distal end of post antennal carina and fade in front
of posterior border of carapace.

Abdominal terga from 2™ - 6" somite are sharply carinated of
which 3@ to 6" terga produced in to a sharp spine. Tergum of 2™
segment intact as a sharp keel without any spine. Spine of 3" tergum
very prominent and protrudes outwardly while the other three spines
curved downwards. Sternal plate of 2" segment is very broad and
marked with 2 vertical bars of which anterior one slightly curved while the
posterior one more or less straight ; both reaches full length of sternal
plate. Sternal plate of 4" and 5" segment in the mid ventral side
produced into a small notch. 6" segment twice the length of 5th. Telson
almost equal in size that of endopodite and smooth with out spines,
dorsal side of which produced in to a blunt carina.

Eyes are brownish black in colour. Antennular peduncle reaches
anterior 1/3" of scaphocerite. Scaphocerite thin and very fong, ends as a

pointed blade, reaching anterior two third of rostrum. A long spine
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borders outer margin of scaphocerite. Inner border fringed with small
setose hairs. Thoracic legs covered with setose hairs.

Colour: The body deep crimson throughout. Berries also having the
same coloration.

Distribution and economic importance: Arabian Sea, Bay of Bengal
and Andaman Sea obtained in stray catches only. Moderate economic
importance due to bigger size of the specimens represented in the

commercial catches and attractive colouration.

2.3.3. Morphometric analysis

Details of various morphometric measurements in respect of males
and females of 15 species of deep sea prawns collected and identified
from the exploited stock are presented in Table 2.1.1 to 2.1.15. Among
the various species under the super family Penaeoidea, females of
A.alcocki showed the largest total length and fall in higher size groups
with a mean of 129.5mm while the lowest length range was observed in
males of P.investigatoris. In the super family Pandaloidea , fargest total
length was registered in females of H.woodmasoni as evidenced from

higher mean values.

Range and mean of various ratios worked out in males and
females of deep sea prawns are presented in Table 2.2.1 to 2.2.6. Among

them, the most distinct morphometric features were further used for
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species wise comparison under the three super families viz., Penaeoidea
, Pandaloidea and Oplophoroidea . Like coloration and morphological and
meristic features, morphometric ratios also showed glaring differences
among various species. Among various species under the super family
Penaeiodea , S.hextii can easily be identified by the possession of very
high carapace (0.34) to total length ratio whereas A.alcocki stands apart
in possessing high rostral length (0.26) and propodus (0.09) of second
cheliped in relation to total length indicating the distinctiveness of these
species . In addition, the ratios of first and second chelipeds in relation to
carpus length were on a higher side in A.alcocki when compared to other
species which showed significant variation at 5 % level and these
parameters are useful for the easy identification of this species in the
exploited stock. In P. investigatoris , the ratio of rostral length in total
length was found to be lower than that of other species studied under the

Penaeoid super family (Table 2.5.1) .

In the two closely similar species , P.jerryi and M.andamanensis ,
the ratio of 2™ cheliped in relation to total length was 0.19 in the former
and 0.28in the latter and these ratios can be used for their easy
identification (Table 2.5.1). Two more non overlapping ratios could be
delineated in Pjerryi and M.andamanensis viz. , rostral length to
carapace length (0.85 ; 0.62) and carapace length to merus length (1.49
and 4.73) showed significant variation (P<0.05) and therefore be useful

for their easy differentiation ( Table 2.5.1) .
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Under the super family Pandaloidea ,P.spinipes stands out due to
the possession of very high ratio of 1%, 3™ | 4™ and 5" cheliped length in
relation to total length and carapace length which are found unique to
this species. In the remaining species, the cheliped to carapace length
and total length were found to be very low (Table 2.5.2) . Similarly, in
P.alcocki , the ratios of rostral and 2" merus length in relation to total
length were found to be higher than those of other species and showed
significant difference at 5% level (P<0.05). For distinguishing the two
closely related species of the genus Plesionika viz., P.martia and P.ensis
, three non overlapping ratios viz. fifth cheliped to total length and 2™
cheliped and rostral length to second merus length were found and these

characters can reliably be used for differentiating them (Table 2.5.2).

In order to differentiate the three closely related species of the
genus Heterocarpus viz. H.gibbosus , H.laevigatus and H.woodmasoni ,
a non overlapping ratio of 4" cheliped to carapace length was established
which would be helpful for their easy separation other than the
morphological and meristic characters. In H./aevigatus, the ratios of
carapace to total length and rostral length and 2™ propodus length to 2"
merus length were very high when compared other species while the
species stands out by possessing a low 2™ merus and carpus length to
carapace length. In order to differentiate H.woodmasoni and H.gibbosus
, the non overlapping ratios of 2™ ischial length and 2" short cheliped

length to carapace length were found useful (Table 2.5.2) .
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Under the super family Oplophoroidea, three species were
identified, among them A.sanguina is distinct in possessing a number of
unique characters which are useful for establishing the taxonomic identity
of the species. In A. sanguinea , first cheliped and telson length were high
, on the other hand , the ratio of first cheliped to total length was very low
in O.typus which possess a very high second cheliped to carpus
ratio(Table 2.5.3). In A.sanguinea and A.armata, the non overlapping
ratios of rostral length and 2" merus length in relation to carapce length
and length of telson in relation to carapace length and 2" carpus showed
significant difference ( P<0.05) and this can be reliably be used as the

characters for differentiating the two species(Table 2.5.3).

Various morphometric characters recorded from 15 species were
regressed each other and regression coefficients so obtained are
presented in Table 2.3.1 to 2.3.15. In females of A.alcocki, all the
relationships in respect of total length and carapace length were found to
be linear by obtaining significant ‘r’ values (Table 2.3.1) whereas in males
of A.alcocki, almost all morphometric characters showed non-linear
relationships while the relationship of carapace length with respect to 2™
podomers and 1% to gt walking legs showed a very good correlation due

to the high r values arrived at.

In females of P.investigatoris , the relationship between total

length to podomers of 2™ cheliped length and walking legs were found to
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be linear while in males the relationship between total length and rostral
length , 2™ cheliped and uropod lengths showed linearity as evidenced
by high regression coefficient values (Table 2.3.15). In females, the
correlation of carapace length to all morphometric parameters showed a
linear relationship in contrast to the non-linear relationship observed in
males (Table 2.3.15). In Pjerryi and M.andamanensis also, all the
regression relationships were found to be linear (Table 2.32 & 2.33).
However, in females of M.andamanensis , the correlation of dactylus of
2" cheliped and of 3™ walking leg with other morphometric parameters
resulted in low 'r’ values ranging from 0.01 to 0.204 which would suggest
that the relationship is non linear in females , while in males such

disparity could not be seen .

In females of S.hextii, the relationship between the podomeres of
2" cheliped, carapace length and rostral length with other morphometric
parameters showed a non-linear relationship as evident by very low ‘r’
values in males and females (Table 2. 3.4) . On the contrary, the length of
podomeres of 2" cheliped, carapace length and rostral iength showed a

linear relationship with total length in both the sexes.

In H.gibbosus and H.woodmasoni, almost all the relationships
were found to be non-linear (Table 2.3.5 & 2.3.6). In the former species,
the relation ship between total length to carapace length and length of

rostrum and 2" long cheliped showed a linear relationship in both the
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sexes while in the latter species, linear relationships were observed
between total length with carapace length, 3 to 5" walking legs and

propodus and 2cheliped length.

In H.laevigatus , podomeres of 2™ cheliped to total length
carapace and rostral length showed a highly linear relationship in both
males and females as evident by very high ‘r 'values ( Table 2.3.7). In
P.spinipes, all the relationships were found to be non linear, however , it
was significant for a few number of morphometric parameters (Table
2.3.8). In females, regression coefficient of total length to carapace
length, 1% cheliped and pleural breadth, carpus length to 2" cheliped
length and 4l pereopod to 5t pereopods showed a linear relation ship
whereas in males , the relationship between rostral to 2" cheliped and 4"
cheliped to 5" cheliped were found to be linear. On the contrary, in
P.martia , almost all the relationships were found to be linear . However,
in males, the correlation of total length to carapace length and rostral
length to podomeres of 2™ cheliped were found to be highly non tinear

while in females such disparity was not observed (Table 2.3.9) .

In P.ensis, only very few finear relationships were observed in
females while in males the number of linear relationships were on a
higher side (Table 2.3.10). In females, the relationship between total
length to carapace length and 2™ ischium showed linearity as evident by

high r values. In P.alcocki , the relationship between total length and
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carapace length , rostral length ,1%* cheliped length and podomeres of
2" cheliped showed linear relationships both in females and males
(Table 2.3.11) . In O.typus , A.sanguinea and A.armata , all the
relationships were found to be linear as manifested by significant ‘r

values (Table 2. 3.12t02.3.14) .

Regression coefficients of total length - carapace length
relationship among P jerryi, A.alcocki, S.hextii, P.investigatoris and
M.andamanensis were compared using ANACOVA and the results
showed there exist significant difference at 5% level (Table 2. 4.1).
Results of t-test showed that significant variation in the total length —
carapace relationship between P jerryi , A.alcocki (P<0.01) S hextii

(P<0.05) ,M.andamanensis (P<0.05) and P.investigatoris (P<0.05) .

Regression coefficient of the total length to rostral length ( F -
975.81,P<0.05) 1% cheliped length ( F - 3290.78, P<0.05 ) propodus
length (F - 267.21,P<0.05) 2" cheliped were also varied significantly (
Table 2.4.2) . Relationship between carapace length and rostral length of
the species also found to vary significantly at 5%level (Table 2.4.7).
Results of the t-test showed that the total length and rostral length varied
significantly between the species. The growth of 1% cheliped , propodus ,
2™ cheliped and merus length also showed deviation among most of the
species studied (Table 2.4.3 to 2.4.6). Comparison of regression

coefficient of total length to length of carapace , rostrum and 1% cheliped
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of various species under the super family Pandaloidea showed
significant difference at 5% level (F- 24.25,<p0.05) (Table 2.4.8 to 2.4.10

). The results of t-test showed significant species specific variations.

Regression coefficient of total length — rostral length relationship
total length — 2" cheliped length and carapace length - rostral length
were compared and the results showed that there exist significant
difference among various species under the super family Oplophoroidea.
The results of t-test also showed that significant variation exist in both
relationships between A.sanguinea and O.typus (P<0.01) and O.typus

and A.armata (P<0.01) (Table 2. 4.12 {0 2. 4.14).

2.4 DISCUSSION

The deep sea prawns collected from the exploited stock landed at
various harbours of Kerala were identified and classified with the help of
available systematic keys and majority of them showed very much
agreement with the descriptions by Alcock (1901,1906). Nomenclature
changes effected both in respect of species and definitions of body
characters, and therefore a full utility of Alcock (1901,1906) cannot be
made. Though key of almost all the species are available, adequate
descriptions are wanted for most of the species . Taxonomic changes
have nullified many nomenclatures as obsolete as well. Therefore, the

key developed in the present study based on easily measurable
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characteristics will be having much practical utility for easy identification

of the deep sea prawns inhabiting off Kerala waters.

In systematics where body proportions play an important role in
delineation of species, investigation on relative growth parts in relation to
the rest of the body or in relation to each other can throw more light for
arriving at true taxonomic status (Misra , 1959). The results of the
morphometric ratios revealed that like coloration, morphological and
meristic features, the morphometric ratios can also exhibit meaningful
understanding of species wise changes. When the morphometrics is
applied individually to each of the 15 species with out taking in to account
their generic affiliations, more than 50 non-overlapping ratios could be
recognised for their easy identification. The results of the study showed
that S.hextii can easily be identified by its large carapace length and
very low uropod length in relation to total length while A.alcocki stands
unigue in the super family Penaeoidea in possessing a very long rostral
length , and propodus length in relation to total length . P jerryi and
M.andamanensis usuaily do not easily lend themselves to field separation
because cf their close resemblance in morphology. The present results
showed that three non overlapping ratios viz. 2™ cheliped to total length,
rostral length to carapace length and carapace length to 2" merus could
be used for the easy identification of the two species. Similarly, the
closely identical species P.martia and P.ensis can easily be distinguished

from each other by observing the ratios 2" and 4™ cheliped to total length
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and 3¢ and 5" cheliped to carapace length. Parapandalus spinipes
stands out unique among the pandalids of the exploited stock of Kerala
due to its distinctly longer 1%'and 5" cheliped in relation to total length and
carapace length. This particular observation further corroborates the
splitting up of this species from genus Plesionika to Parapandalus, which
had been widely discussed by a number of workers (Calman , 1939;
Holthuis , 1980). The ratio of 2" cheliped to total length can be taken as a
criteria for the differentiation of H./aevigatus and H.gibbosus , the former

possesses a ratio of 0.30 while in the latter it was 0.42.

Growth of various body parts in A.alcocki with respect to total
length , carapace length and 2™ cheliped length was found to be higher
in females than males while the uropod length was high in males and this
can very well correlated to the faster growth rate and larger size of
females. Similarly, the difference in 1% and 2" chelipeds between the
sexes are also consistent with extent of sexual dimorphism seen in this
species which strongly corroborates with the hypothesis that, maximum
size of males is only about half the length of females (Sarda and
Demestre , 1987) . Accordingly, the swimming ability of males can be
expected to be better than that of females. Regression equations in
P.investigatoris showed that the relationship of total length to length of
carapace , rostrum and podomeres of 1 cheliped were observed to be
higher than that of males . The regression analysis of Pjerryi and

M.andamanensis were found to be nearly equal in both the sexes. In
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P jerryi positively allometric relationship could be discernible in females
between total length and rostral length and this can very well be
explained by the stoutness of females than males where as in
M.andamanensis, a positive allometry could be discernible in the walking
legs of both the sexes. These finding have been corroborated with Sarda
et al .(1993) who observed a positive allometric relation in A.antennatus .
Since the relationship between size and weight has been commonly
reported to increase following a power series (Bas ,1966;Le Reste et
al.,1978) and the ability for rapid locomotion decreases with size it is to
certain extent reasonable to expect the walking legs to become longer as
overall size increases. Carapace length, rostral length, podomeres of 2™
chelipeds and uropod showed higher regression coefficient in females of
S.hextii which can be explained due to the possession of large size in

female specimens.

The results of linear measurements in both the sexes of
H.gibbosus was found to be similar except for certain characters which
showed a high positive allometry in males than females. Similar results
was observed in H.woodmasoni , where the difference in growth of
carapace length in females showed a highly positive allometry. The
relationship between total length and pereopods of maies H.woodmasoni
showed very high correlation by registering ‘v’ values of 0.92 ; however,
in females ‘r' value was only up to 0.85. In H./aevigatus , there is no

significant difference in rostral length and 1% cheliped length between the
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two sexes while the carapace length in males showed a negative
correlation (r - 0.33) in contrast to the very high correlation value seen in
females (0.92) . This might be due to the lesser number of male
specimens observed in the present study. Comparison of regression
coefficient of various relationship in P.spinipes showed that almost all the
relationships were negatively correlated in both the sexes except for
carapace length ( 0.75) ,1*! cheliped (0.75) and pleural breadth (0.70) of
females. High correlation in these characters might be due to larger size
of females and the pleural breadth can be explained on the basis of larger
2" pleura, which act as brood pouch in berried females. In other egg
bearing females examined during this period also showed high pleural
breadth and depth in relation total length when compared to their male

counter parts.

In P.martia, a positive correlation was seen in all the relationships
showing higher ‘r’ values than males where as in P.ensis, males showed
a high degree of correlation than females. All the three species under
Oplophoridae showed very high degree of correlation with out wide
disparity between sexes. The comparison of regression coefficients of
various body parts with respect to total length, carapace length, rostral
length, 1% cheliped length  and podomeres of 2™ cheliped showed
species specificity among the members of Penaeoidea , Pandaloidea and

Oplophoroidea . This can be well explained based on variations noticed in
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carapace length, rostral length and size of the podomeres of 2" cheliped

among various species.



Bhls 211 Minimum ,maximum,mean and standard deviation of various morphometric measurements

recorded in males and femnales of Aristeus alcocki
Male Female
Si.No. measurements{mm) Min Max Mean sSD Min Max Mean SD
1 Total length 82 160 1265 28695 108 177 14529 17.77
2 total weight 512 2465 12.8 722 402 2121 13.39 444
3 Carapace length 30 49 387 763 28 52 4182 6.98
4 Rostral length 12 47 335 1258 27 53 38.68 5.91
5 1st pereopod length 21 45 36.2 926 26 50 37.86 6.68
6 Length of 2nd ischium 4 12 6.7 308 2 47 75 8.04
7 Length of merus 6 15 10 3.52 8 19 12.93 224
8 Length of carpus 6 18 10.7 493 9 16 13.68 202
8 Length of propodus 8 17 117 3.39 4 16 12.18 411
10 Length of dactylus 4 10 6.2 232 4 18 757 223
: 11 2nd pereopod length 31 72 452 1555 29 95 5386 12.06
12 length of 3rd pereopod 50 69 502 904 37 72 56.86 1.77
13 length of 4th pereopod 32 50 42 762 38 70 534 93
14 length of 5th pereopod 30 67 42 1726 43 77 59.88 9.54
15 Teison length 12 16 13 1.55 9 19 15.57 2.54
|
e 212 Minimum ,maximum,mean and standard deviation of various morphometric measurements
recorded in males and femaies of Parapenaeus investigatoris
Male Female
Si.No. measurements(mm) Min Max Mean SD Min Max Mean SD
1 Total length 57 73 6483 727 57 88 71625 1196
2 total weight 1.01 1.88 144 049 105 3.18 19225 0.80
3 Carapace length 19 20 1925 050 17 23 19875 242
4  Rostral length 6 57 1363 1825 5 ] 8.9 1.8
5 1st pereopod length 12 15 1350 129 13 17 15.1 1.78
8 Length of 2nd ischium 2 3 275 0.5 3 4 32 0.42
7  Length of merus 5 6 533 047 4 7 5.2 1.14
8 Length of carpus 5 6 533 047 4 8 59 1.25
9 Length of propodus 2 4 267 094 2 4 2.625 0.92
10 Length of dactylus 1 2 15 0.5 1 2 1.375 0.52
11 2nd persopod length 15 20 1733 213 15 22 17.375 262
12 length of 3rd pereopod 21 24 2175 150 21 28 23.25 287
13 length of 4th pereopod 20 26 25 265 20 32 23.75 4.03
14 length of 5th pereopod 27 29 2775 0968 28 38 31125 464
15 Telson length 6 10 8.25 1.71 8 1 8.75 183
16  Uropod length 9 14 1150 238 9 5 12 2.39




k213 Minimum ,maximum,mean and standard deviation of various morphometric measurements

recorded in males and females of Peneopsis jerryi

Male Female
Si.No. measurements(mm) Min Max Mean SD Min Max Mean SD
| 1 Total length 107 111 109 2 101 111 110 5
' 2 total weight 6.2 79 7 1 8 8 7 1
3  Carapace length 29 32 30 2 28 32 31 2
4 Rostral length 26 28 27 1 21 28 25 3
5 1st pereopod length 15 25 20 5 16 19 17 1
6 Length of 2nd ischium 3 4 4 1 3 5 4 1
7  Length of merus 7 9 8 1 4 7 5 1
8  Length of carpus 9 12 10 2 8 9 9 1
9  Length of propodus 3 5 4 1 2 4 4 1
10 Length of dactylus 2 2 2 0 1 2 2 1
11 2nd pereopod length 25 R 28 4 23 23 23 0
12  length of 3rd pereopod 37 39 38 1 32 39 39 4
13 length of 4th pereopod 42 45 43 2 40 45 44 2
14 length of S5th pereopod 42 44 43 1 42 48 43 2
15 Teison length 16 19 18 2 16 19 17 1
| 16  Uropod length 18 21 2 2 16 19 18 1
|
214 Minimum maximum,mean and standard deviation of various morphometric measurements
recorded in males and females of Metapenaeopsis andamanensis
Male Female
Sl.No. measurements(mm) Min Max Mean SD Min Max Mean SD
1 Total length 59 120 83 20 72 111 95 14
2 total weight 0.98 669 257 175 204 7.76 500 2.02
3 Carapace length 16 32 22 6 21 31 26 3.5
4 Rostrai length 10 21 13 4 10 28 18 6
5 1st pereopod length 11 25 17 5§ 16 31 22 6
8 Length of 2nd ischium 2 6 4 1 3 5 4 0.7
7 Length of merus 5 8 6 1 5 9 7 1
8 Length of carpus 5 12 8 2 4 13 10 3
9 Length of propodus 2 5 4 1 2 5 4 1
10 Length of dactylus 1 2 1 0 1 3 2 1
11 Total length of 2nd pereopo 16 33 24 5 16 35 27 7
12 length of 3rd pereopod 18 42 29 8 18 44 34 9
13 length of 4th pereopod 25 47 a3 8 27 45 33 8
14 length of 5th pereopod 21 48 33 g 30 46 37 6
15 Teison length 6 19 11 4 8 17 14 3
16 Uropod length 6 23 14 6 13 22 17 3




bis 218 Minimum maximum.mean and standard deviation of various morphometric measurements
recorded in males and females of Sofenocera hextil

Male Female

SiL.No. measurements{mm) Min Max Mean SD Min Max Mean 8D
1  Total length 55 109 65 17 5 11 7 2
2  total weight 1 8 2 2 1 13 3 4
3 Carapace iength 14 32 23 5 20 47 28 8
4  Rostral length 9 18 10 3 ] 21 13 5
$  1stpereopod length 9 28 14 4 8 4?2 13 9
8  Length of 2nd ischium 2 10 4 3 2 11 5 3
7  Length of merus 4 10 6 2 3 15 9 3
8  Length of carpus 3 11 8 2 8 21 9 5
Y Lengh of propodus 2 4 2 1 1 3 2 1
10  Length of dactylus 1 2 1 1 1 4 1 1
11 Length of 2nd pereopod 14 35 2 6 14 48 25 10
12  length of 3rd pereopod 24 37 3 3 25 44 K3 8
13  length of 4th pereopod 20 33 24 3 20 30 26 4
14 length of 5th pereopod 22 34 30 4 21 41 30 6
16  Teison iength 8 19 9 4 4 19 14 4
16  Uropod length 7 14 9 2 8 19 11 4

be2i$ Minimum maximum,mean and standard deviation of various morphometric measurements
recorded in males and femnales of Heterocerpus gibbosus
Male Female

Si.No. measurements(mm) Min Max Mean SD Min Max Mean SD
1  Toial length 83 118 98.68 10.66 88 133 111.05 12.21
2  ‘total weight 1.84 13.85 8.47 3.2 3.1 206 11.81 4.96
3 Carapace length 2 37 277 405 26 38 3443 3.22
4  Rostral length 32 44 3773 3.76 30 48 39687 388
§  1st perecpod length 24 “" 32.14 10 28 48 3578 512
6  Length of 2nd long ischium 8 12 10 1.11 8 14 1.1 1861
7  Length of 2nd long merus 8 13 10.36 1.56 8 14 11.57 157
8 Length of 2nd long carpus 13 22 1814 225 13 25 21 3
9  Length of 2nd long propodus 1 2 1.82 0.39 1 3 205 05
10 Length of 2nd long dactyius 05 1 0.91 0.2 05 1 0.95 0.15
11 TL of 2nd long pereopod 335 49 41.23 4.69 30 54 46.67 5.87
12 Length of 2nd short ischium 4 11 8 1.38 8 12 924 1.51
13 Length of 2nd short merus 4 8 ] 0.98 4 8 6.48 1.29
14  Length of 2nd short carpus 7 1 8.09 1.15 6 12 8.19 1.78
15 Length of 2nd short propodus 3 6 405 095 3 8 552 1.78
16  Length of 2nd short dactylus 2 3 227 0.48 2 262 05
17 length of 2nd (s)pereopod 24 34 28.41 25 21 41 33.05 5.74
18 length of 3rd pereopod 40 61 5073 585 Q 58.71 7.14
19 length of 4th pereopod 47 B84 54.68 7.82 45 68 58.71 7.66
20 iength of 5th pereopod 32 60 50.05 7.08 44 58.57 8.13
21 length of 2nd abdominal depth 8 10 7.57 133 5 15 8.95 3.08
22  length of 2nd abdominal width 6 10 7.82 1.24 5 15 9.81 244
23 2nd brood pouch length 26 38 i3 418 28 48 39 6.18
24 Teison length 8 17 13 2.18 8.00 18 15.1 228
25 Uropod length 8 19 1433 5.69 13 18 16 265




DBele 217 WMinimum maximum,mean and standard deviation of various morphometric measurements
recorded in maies and females of Heferocarpus woodmasoni

| }A}]

Male Female
SiNo. messurements(mm) Min Max Mean SD Min Max Mean SD
1 Total length K44 118 10138 1086 87 122 105.18 9.16
2 total weight 1.54 911 4.55 217 265 995 5.77 1.9
3  Carapace length 19 39 2894 592 15 M 2755 4.49
4  Rostral length 26 37 30.44 320 23 38 29.05 n
5  1stpereopod length 17 29 21.80 3.26 19 27 22.88 215
8 Langth of 2nd long ischium 3 7 580 1.14 5 8 8.45 0.74
7  Length of 2nd long merus 4 9 6.94 129 8 9 7.45 08
8  Length of 2nd long carpus 6 18 1119 308 10 15 125 144
9  Length of 2nd long propodus 1 2 1.50 0.52 1 2 1.59 05
10 Length of 2nd long dactyius 05 1 0.69 0.25 0S 1 18 0.25
11 TL of 2nd long pereopod 145 37 26.00 5585 235 33 288 272
12  Length of 2nd short ischium 4 7 527 0.88 3 7 5.38 0.85
13 Length of 2nd short merus 3 6 427 0.88 3 8 45 0.91
14 Length of 2nd short carpus 4 7 567 0.72 2 8 5.86 108
15  Length of 2nd short propodus 0.52 2 1.34 0.75 2 7 4.41 1.1
18  Length of 2nd short dactylus 0.25 1 065 0.38 15 3 209 o4
17  length of 2nd (s)pereopod 17 28 2160 290 145 31 22 3.3
18  length of 3rd pereopod 26 43 33.30 442 28 42 347 37
18 length of 4th pereopod 25 43 3313 492 29 41 35.14 329
20 length of Sth pereopod 23 40 293 483 27 38 33.15 3.44
21 2nd abdominal breadth 6 12 787 158 7 13 9.59 1.74
22 length of 2nd abdominal depth 8 9 7.00 097 4 12 7.55 209
23 length of 2nd abdominal width 4 10 713 151 5 1 7.59 1.84
24 2nd brood pouch length 13 40 27.45 7.01 25 37 31.05 3
25 Teison length 10 19 16.00 242 1 19 15.54 203
26 Uropod length 10 14 1243 127 12 18 149 1.84
Minimum ,maximum,mean and standard deviation of various morphometric measurements
recorded in males and females of Heterocarpus laevigatus
Male Female
8L.No. measurements(mm) Min Max Mean SD Min Max Mean SD
1 Totai length 100 104 102 18 88 105 102 35
2 total weight 8 8.5 8.2 0.2 48 7 8 1.1
3 Carapace length 5 38 37 1.8 35 38 36 2
4  Rostral length 33 35 Y 1 28 36 32 4
§  1st pereopod length 31 33 32 0.8 29 34 3t 25
8  Length of 2nd ischium 9 9 9 0 8 8 7 2
7  Length of merus 5 8 6 L] ] 7 6 1
8  Length of carpus 9 10 9 1 ] 10 9 1
9  Length of propodus 5 5 5 0 4 5 4 1
10  Length of dactylus 3 3 3 0 2 2 1
11 Total iength of 2nd persopod 31 3 32 1 23 K<) 30 3
12  length of 3rd pereopod 41 49 48 3 43 49 46 3
13  length of 4th pereopod 49 50 50 1 49 50 49 1
14 length of 5th pereopod 4“4 49 47 1 45 47 48 1
15 Telson length 14 15 14 1 1 16 14 25
16  Uropod length 12 13 13 1 12 13 13 1




219 Minimum maximum,mean and standard deviation of various morphometric measurements
recorded in maijes and females of Parapandalus spinipes

Male Female
Si.No. measurements(mm) Min Max Mean S$D Min Max Mean sSD
1 Total length 72 97 93 805 90 111 98 6
2 total weight 1.28 42 275 084 274 6.3 42 1.07
3 Carapace length 17 27 21 28 21 28 24 2
4 Rostral length 23 36 29 418 26 37 30 3
5 1st pereopod length 30 37 35 26 30 47 37 5
8 Length of 2nd ischium 6 8 7 1 6 9 8 1
7  Length of merus 7 10 8 1 7 10 8.8 1
8 Length of carpus 10 14 12 1 13 18 15 15
8 Length of propodus 1 2 2 1 1 2 2 0.3
10 Length of dactylus 1 1 1 0 1 1 1 0
11 Total length of 2nd pereopo 27 34 30 2 3 40 34 245
\ 12 length of 3rd pereopod 60 87 84 8 69 103 866 9.48
13 length of 4th pereopod 70 94 90 9 50 98 767 135
| 14 length of 5th pereopod 79 100 93 7 63 98 82 10
| 15 Telson length 8 14 12 2 10 15 1304 134
|
1110 Minimum maximum,mean and standard deviation of various morphometric measuroments
) recorded in males and females of Plesionika martia
‘ Male Female
SiLNo. messurements(mm) Min Max Mean S$D Min Max Mean SD
1 Total length 0 115 99 11 86 97 9185 4.18
2 total weight 1.28 4 3 1 18 26 2 0.2
3 Carapace length 42 25 21 3 18 20 19 1
4 Rostral length 275 42 31 6 32 34 33 1
5 1stpereopod length 0.84 34 26 5 23 28 26 2
6 Length of 2nd ischium 2.74 7 6 1 6 7 6 0
7 Length of merus 8.3 8 6 1 6 7 7 0
8 Length of carpus 42 13 10 2 9 10 10 0
§ Length of propodus 1 2 1 1 1 2 1 0
10 Length of dactylus 1 1 1 0.5 1 1 1 0
11 Total length of 2nd pereopox 22 31 23 36 23 27 25 2
12 length of 3rd pereopod 26 32 28 246 26 28 27 1
13 length of 4th pereopod 30 39 32 3.7 3t 34 32 1
14 iength of 5th pereopod 27 30 37 3 26 29 28 1
15 Teison length 9 15 11 2 9 10 9 1




hel1.11 Minimum maximum,mean and standard deviation of various morphometric measurements
mcorded in males and females of Plesionika ensis

Male Female
SLNo. measurements{mm) Min Max Mean SD Min Max Mean SD
1 Total length 92 116 99 8 96 113 103 ]
2 total weight 264 9 4 2 3 4 3 0
3 Carapace length 21 39 26 6 21 28 24 3
4 Rostral length 26 33 30 3 26 35 30 1
§ 1st pereopod length 20 49 31 9 21 30 26 4
6 Length of 2nd ischium 7 10 8 1 7 8 8 0.5
7 Length of merus 6 10 8 1 6 9 8 1
8 Length of carpus 10 14 12 2 10 12 11 1
9 Length of propodus 2 3 2 0 2 2 2 0
10 Length of dactylus 1 1 1 1 1 1 1 0
11 TL of 2nd pereopod 20 28 23 3 21 23 22 1
12 length of 3rd pereopod 29 K7 ) 3 2 30 35 32 2
13 length of 4th pereopod 27 34 32 2 25 30 28 2
14 length of 5th pereopod 30 36 32 2 30 32 31 1
15 Teison length 10 13 11 1 8 9 9 1
M 2112 Minimum ,maximum,mean and standard deviation of various morphometric measurements
recorded in mailes and females of Plesionika alcocki
Male Female
SiLNo. messurements(mm) Min Max Mean 8D Min Max Mean SD
1 Total length 56 60 58 2 57 69 62 6
2 total weight 1 1 1 0 1 3 2 1
3 Carapace length 12 14 13 1 12 16 14 2
4 Rostral length 21 25 23 2 21 28 24 3
$ 1stpereopod length 12 13 12 0 10 13 12 1
8 Length of 2nd ischium 4 5 5 0 6 8 7 1
7 Length of merus 6 7 7 0 6 9 7 1
8 Length of carpus 8 12 10 2 7 12 9 2
9 Length of propodus 2 2 2 1 2 3 2 1
10 Length of dactylus 1 1 1 0 1 2 1 0
11 TL of 2nd pereopod 16 16 16 0 16 16 16 0
12 length of 3rd pereopod 20 22 21 1 20 21 22 2
13 length of 4th pereopod 18 19 19 0 16 16 18 1
14  length of 5th pereopod 17 18 18 0 15 18 17 1
15 Telson length 7 8 8 0 7 8 7 0
18 Uropod 7 8 7 0 8 ] 8 0




Lzm Minimum ,maximum,mean and standard deviation of various morphometric measurements

recorded in males and females of Oplophorus typus
) Male Female

SLNo. measurements(mm) Min Max Mean SD Min Max Mean SD
1 Total length 57 64 61 29 58 63 60 22
2 total weight 1 1 1 0 1 1 1 0
3 Carapace length 12 15 14 1 12 14 13 1
4 Rostral length 16 19 18 1 15 18 16 1
5§ 1st pereopod length 9 13 11 2 8 13 10 2
6 Length of 2nd ischium 1 3 2 1 2 3 2 0
7 Length of merus 2 4 3 1 2 3 3 0
8 Length of carpus 1 4 3 1 1 3 2 1
9 Length of propodus 1 2 1 0 1 2 1 0
10  Length of dactyius 1 2 1 1 1 2 1 0
11 Total length of 2nd pereopor 6 15 10 4 7 13 9 3
12 iength of 3rd pereopod 9 15 12 3 10 16 13 3
13 length of 4th pereopod 10 16 13 3 1" 17 14 3
14 length of 5th pereopod 9 13 11 2 11 15 13 2
15 Teison iength 6 8 7 1 6 8 7 1
16 Uropod 8 9 9 1 5 9 7 2

PM.M Minimum ,maximum,mean and standard deviation of various morphometric messurements
recorded in males and females of Acanthephyra sanguinea
Male Female

SL.No. measurements(mm) Min Max Mean SD Min Max Mean 8D
1 Total length 87 101 96 B 96 100 98 2
2 total weight 5 87 16 29 5 7 6 1
3 Carapace iength 16 20 18 2 17 22 19 3
4 Rostral length 24 27 26 2 23 26 25 2
5 1st pereopod length 25 28 27 2 24 26 25 1
8 Length of Zna ischium 3 5 4 1 4 5 5 v
7 Length of merus 5 7 6 1 5 7 6 1
8 Length of carpus 3 6 5 1 5 6 6 0
g  Length of propodus 2 3 3 u 2 3 3 v
10 Length of dactylus 1 2 2 1 1 2 2 0
11 TL of 2nd pereopod 14 23 19 4 17 23 20 3
12 length of 3rd pereopod 24 29 27 2 23 28 26 2
13 length of 4th pereopod 28 31 29 1 25 31 28 3
14 1Iengn OT OIn pereopoa PL) 2y 21 1 40 K] 48 Z
15 Teison length 13 17 15 2 168 18 17 1
16  Uropod 12 15 14 2 14 16 15 1




2115 Minimum maximum,mean and standard deviation of various morphometric measurements
recorded in males and femaies of Acanthephyra armata

Male Female

$i.No. measurements{mm) Min Max Mean SD Min Max Mean SD
1 Total length 108 153 135 24 85 103 95 9
2 fotal weight 4 18 12 6 2 4 3 1
3 Carapace length 25 46 35 8 9 31 19 12
4 Rostral length 30 35 a3 2 9 31 19 12
5 1st pereopod length 28 3 30 1 16 26 21 5
6 Length of 2nd ischium 4 10 7 3 2 4 3 1
7 Length of merus 5 1 8 3 3 5 4 1
8 Length of carpus 7 9 8 1 5 8 6 2
$ Length of propodus 4 6 5 1 2 4 3 1
10 Length of dactylus 1 3 2 1 1 2 1 1
11 Total length of 2nd pereopo: 21 39 29 8 13 22 17 5
12 length of 3rd pereopod 45 48 47 1 25 45 M 10
13 length of 4th pereopod 40 46 43 3 20 39 29 10
14 length of 5th pereopod 36 40 38 2 23 42 31 10
15 Teison length 14 19 17 2 5 13 9 4
16  Uropod 17 25 241 4 8 16 12 4




Table 2.3.1

Values of intercept (a ) , regression cosfficient (b),correlation coefficlent(r) of
sicockl

Males Fomales
Regression Rsgression correiation Regression  Regression correlation
Relationships constant coefficient coeficient constant cosfficiert  coefficient
@ © v & \®) I
TLxCL -1.184 1.298 0.880 0.182 0.654 0.586
TLxRL -0.584 1.004 0.690 -2.808 2.042 0.917
TLxichi -0813 1.151 0.696 -0.890 1.158 0.851
TLx2¢ -1.074 1.020 0.651 -1.825 1.339 0.478
TLx2p -1818 1.325 0.164 -1.131 1.038 0.734
TLx2d -2670 1.638 0.471 -1.823 1.232 0.688
TLx2CH -1.138 1.324 0.484 -0.690 1.106 0.654
TLx3wi -1.160 1.336 0.753 1.425 0.164 0.077
TLx5w 0787 1.179 0.577 0.321 0.593 0.201
TLxUr 0915 0.178 0.008 0171 0.707 0.380
CLxRL 0533 0.651 0.553 0.888 1.526 0.374
CLxicM 0379 0.739 0.547 0.025 1.008 0470
CLx2i{ -2119 1.810 0.277 -0.662 0.832 0.183
Ctx2m 0.193 0.566 0.317 -1.627 1.672 0.858
CLx2¢ 0.120 0.774 0.715 -2.488 2.234 0.968
CLx2p -0838 1.168 0.242 -1.071 1.364 0.924
Cilx2d -1127 1.235 0511 -1.769 1.629 0.879
CLx2CH 0.047 1.038 0.567 -0.841 1.591 0.989
CLxdt 0201 0.944 0.717 1.081 0.443 0.408
ClLx4w 0298 0.860 0.543 1.242 0.252 0.099
CLx5w 0451 0.804 0.512 -0.285 1.190 0.592
ClxTel 0.200 0.608 0.342 0.958 0.099 0.031
CLxUr 0873 0.264 0.037 0.698 1.293 0927
RLxtchi 0313 0.795 0.485 0.811 0.493 0.702
RLx2i -2.112 1.841 0.219 0.096 0.594 0.465
RLx2m -0.054 0.733 0.407 0.633 0.231 0.102
RLx2 ¢ -0.083 0.771 0.544 0.302 0.463 0.259
RLx2 p 0025 0.643 0.056 0.450 0.405 0.508
RLx2d -1.072 1224 0.384 -0.023 0.531 0.581
RLxd 0220 0.948 0.363 0.994 0.431 0.452
RLx4wi 0408 0.830 0.425 1.655 0.077 0.078
RLx5w 0448 0.781 0.343 1.516 0.079 0.061
RLxTel 0.027 0.764 0.413 0.987 0.097 0.190
RL x Ur 1.263 0.023 0.000 0.963 0.237 0.194
fchix2 i 0754 0.990 0.083 0.028 0.492 0.111
ichix2 m 0025 0.688 0.468 0.023 0.648 0.278
ichix2¢ 0.168 0611 0.445 0.548 0.996 0.415
ichix2 p -0.200 0.791 o111 0208 0.816 0.714
ichix2 d 0802 1.061 0.376 0.574 0.869 0.539
tchix2CH 0.595 0.717 0.270 0.413 0.792 0.528
tchix3w 0.388 0.850 0.580 1.728 0.029 0.004
ichix4wl 0.485 0.763 0.428 1.697 0.041 0.006
ichix5e 0.588 0.740 0.433 1.005 0.364 0.120
ichixTel 0225 0.609 0.342 0.878 0.153 0.162
fchixUr 1230 0.043 0.001 0.487 0.549 0.381
2ix2m 1.046 0.075 0.067 0.901 0.096 0.013
2ix2 ¢ 1005 0.153 0.331 0.772 0.276 0.070
21x2p 0738 0.381 0.305 0.822 0.282 0.200
Ax2a 0642 0279 0.307 0.381 0.490 0.375
2i x2CH 1.443 0.347 0.752 1.343 0371 0.255




Relationships constant cosfficient coefficient constamt cosfficient  coefficient
10) {b) r (a) v) r

2ix 3w 1.599 0.155 0.228 1.665 0.132 0173
2ix 4wl 1.565 0.149 0.193 1475 0.202 0301

2i x 5wt 1675 0.090 0.076 1.255 0.397 0312
2ixTel 1.080 0.128 0.174 1.135 0.029 0013
2mx2c¢c 0546 0.526 0.334 0.194 1.212 0.929
2mx2p 0421 0.562 0.057 0.399 0.668 0.724
2mx2d 0280 1.035 0.383 0.087 0.716 0.554
2m x2CH 0939 0.707 0.266 0.867 0.788 0.787
2mx3w  0.926 0.720 0422 1574 0.200 0272
2mx 4w 0.942 0.671 0.334 1.595 0.040 0.008
2mx 5 1.002 0.674 0.364 0.941 0.642 0.561
2mxTel 0603 0.523 0.256 1.101 0.011 0.001
2mxUr  1.367 -0.062 0.002 0632 0.700 0.884
2cx2p -0.702 1.548 0.357 0.477 0.581 0.865
2x2d -0.741 1.424 0.569 0.096 0.678 0.784
2c x2CH 0.320 1.243 0.681 0.965 0.677 0.924
2cxwt 0714 0.895 0.539 1578 0.194 0.404
2cx4wl 0818 0.768 0.363 1.544 0.094 0.071
2cxwi 1071 0.600 0.239 1.092 0.481 0.498
2cxTel 0338 0.748 0.433 1.057 0.056 0.051
2cxUr 1.078 0.196 0.017 0.739 0.582 0.969
px2d 0414 0.432 0.352 D443 1.150 0.882
2p x2CH 1252 0.449 0.598 0.477 1.101 0.953
2px3w 1437 0.2713 0.338 1.530 0.228 0.218
2px4mt 1469 0.208 0.175 1511 0.117 0.043
2px5m  1.585 0.155 0.107 0.745 0.782 0.515
2oxTel 1.004 0.170 0.150 1.021 0.086 0.048
2ox Ur 0.989 0 297 0.260 0.406 0.864 0.833
2d x2CH 1.168 0.639 0.642 0.958 0.883 0.920
20xwi  1.284 0.507 0.617 1.558 0.276 0.479
20 x 4wl 1.270 0.479 0.503 1.45%0 0.240 0.270
2dx5v 1418 0.380 0.342 1.117 0.588 0.436
2dxTel 1.015 0.192 0.102 1.029 0.108 0.113
2dx Ur 1.066 0.269 0.113 0.790 0.685 0.786
2CHx3wl 0675 0.608 0.566 1.334 0.266 0.378
2CHx 4wl  0.760 0.537 0.402 1.385 0.165 0.108
2CHx 5w 1.076 0.390 0.229 0.335 0.754 0.608
2CHx fel 0.483 0.408 0.290 1.014 0.060 0.029
2CHxUr 0670 0.365 0.133 0.024 0.790 0.885
3mix4awt 0.280 0.815 0.607 0134 0.999 0.746
x5t 0.601 0.665 0.438 0.043 0.910 0.166
3wixTel 0380 0.465 0.248 0.638 0.268 0.111
wmixUr 0.752 0.317 0.066 0.997 1.307 0.454
avixS5wi 0.660 0.646 0.449 1.011 0.341 0.031
4wixTel 0514 0.396 0.198 0.720 0.240 0.119
4wixUr 0.940 0.213 0.032 0.360 0.585 0122
TL- Total length 2i - inchium of 2nd chetiped | CH- Length of Ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2¢ - carpus of 2nd chelped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped
Ur- uropod length 2d - Gactylus of 2nd cheliped 5 CH- Length ot 5th cheliped



Table 2.3.2 Values of intsrcept (a ) , regression coefficient (b),correlation coefficient(r) of
different morphometric meesurements of Peneopsis jerry!

Males Feenales
Regression Regression  correletion Regression  Regression corvelstion
Relationships constant cosflicient coefiicient constant  coefficient coeficient
a) ®) f @) ®) 4

TLxCL -1.103 12713 0.903 -3.290 2.341 0.801
TLxRL -3.6802 2645 0.904 0.537 0.438 0.051
TL x ichi -1.180 1.191 0.508 £.299 3.718 0.077
Mx2i 0.451 0.070 0.000 5.5 -2.440 0.078
Tx2m -7.488 4.041 0.558 -1.798 1.324 0.041
TLx2c¢ 2.058 0.552 0.179 -11.237 6.000 0.477
TLx2p 9.445 4.405 0.329 ~26.103 13.084 0.856
TLx2d 8.797 3249 0.179 0.301 0.000 1.000
TLx2CH 1.362 0.000 1.000 8.712 3.998 0.332
TL x 3wt -2.872 2.184 0.982 -1.120 1.324 0.925
TL x 4wt -0.718 1.158 0.820 0.110 0.749 0.167
TL x 5wl 0.471 0.576 0.404 0.171 0.885 0.530
TL x Tel -1.556 1.378 0.678 -9.025 5.042 0.944
TLxUr -1.909 1.554 0.849 -7.920 4.522 0.944
CLxRL -1.095 1.677 0.852 0.732 0.472 0.408
CL x 1chi -0.419 1.118 0.801 -3.847 3483 0.458
Clx2i 2292 -1.083 0.089 0.310 0.587 0.031
ClxZm 4770 3.703 0.841 -1.399 1.552 0.381
CLx2 ¢ 1.92% 0.687 0.468 -3.634 3.128 0.885
CLx2p 2.964 -1.663 0.084 8.757 4.961 0.839
CLx2d 6.012 -3.924 0.468 0.301 0.000 1.000
CLx2CH 1.382 0.000 1.000 -2.021% 2335 0.775
CL x Jvd 0.798 1.554 0.948 0.813 0517 0.966
ClL xdwd 0.307 0.895 0.998 0.634 0.542 0.597
CL x 5wl 0.793 0.571 0.713 1.395 0.161 0.118
ClL x Ted 0.119 0755 0.366 -0.992 1.516 0.584
CLxUr £0.613 1.255 0.993 0.714 1.360 0.584
RL x 1 0.854 0.276 0.211 -8.575 6.889 0.997
RLx2i -0.200 0.571 0.104 -5.029 3905 0.759
RLx2m -0.648 0.981 0.255 -3.954 3302 0.999
RLx2¢c 1.018 0.057 0.015 -4.525 3.858 0.741
RLx2 p 31560 -2.208 0.638 -3.821 2.944 0.181
RL x 2CH 1.362 0.000 1.000 -3.307 3.317 0.858
RL x 3wl 0.555 0.725 0.847 1.088 0.344 0.234
RL x 4wl 1.132 0.380 0.897 0.307 0.828 0.984
RL x 5wl 1475 0.119 0.133 2.088 -0.316 0.253
RL x Tel 0.437 0578 0.918 1.295 -0.029 0.000
RL x Ur 0.610 0.458 0.571 1.337 -0.026 0.000
fchix2 i 3.111 -2.034 0.479 0.144 0.548 0.712
ichix2 m -3.280 3.228 0.997 0.271 0.490 0.994
fchix2c 1.843 0.732 0.878 0.256 0.576 0.786
ichix2 p -0.451 0.770 0.028 0.017 0.475 0.225
1chix 2 CH 5529 -4.305 0.879 0.809 0.491 0894
1chi x 3 0.314 1.008 0.593 1.510 0.055 0.281
1chi x 4wt 0.858 0.628 0.781 1.462 0.136 0.981
1chi x 5t 0.973 0.539 0.908 1.687 -0.042 0208
Tchi x Tel 1.008 0.188 0.034 1.232 0.017 0.002

1chi x Ur 0.087 0.937 0.863 1281 0.015 0.002




Regression  Regression  correlation Regression Regression  correlation
Relationships constant cosfficient coefficient constant coefficient  coefficient
(@) (b) r (a) (b) r

2mx2c 1.098 0.222 0.843 -0.012 1.119 0.718

2mx2p 0.384 0.165 0.013 0.146 0.820 0.162

2m x2CH 1.362 0.000 1.000 0.568 0.967 0.840

2m x dwl 1.330 0.325 0.643 1.493 0.097 0.213

2m x 4wd 1.491 0.199 0.803 1.391 0272 0.953

2m x Swi 1.521 0.168 0.8976 1.721 0.097 0.276

2m x Tel 1.185 0.073 0.056 1.280 -0.029 0.001

2m x Ur 1.035 0.295 0.897 1.323 -0.026 0.001

2cx2p 3.259 -2.942 0.250 0.678 1276 0.685

2¢c x2CH 1.362 0.000 1.000 0.653 0.790 0.978

2cxIwl 2.349 0.840 0.250 1444 0.137 0.743

2cx 4wl 2181 0.595 0419 1.439 0.199 0.887

2c x S5ed 2270 0672 0.938 1.632 0.001 0.000

2cxTel 1.036 0.215 0.028 0.956 0.299 0.250

2cxUr 2.145 -0.959 0.551 1.033 0.268 0.250

3wl x 4wl 0.791 0.539 0.968 0.285 0.856 0.413

3w x 5wl 1.188 0.289 0.490 0.918 0.453 0.262

vt x Tel 0.320 0.588 0.593 -3.925 3.279 0.757

3w x Ur 0.102 0.732 0.805 -3.346 2.941 0.757

4 x 5wl 0633 0617 0.667 1.991 0.218 0.108

4od x Tel 0225 0.896 0.413 0.418 0.511 0.033

4wl x Ur -1.029 1.393 0.983 0.550 0.458 0.033

5wl x Tel 0.988 0.154 0.007 -4.803 3.708 0.756

5w x Ur -1.457 1648 0.785 -4.133 3.326 0.756

Tel x Ur 0.577 0.541 0.288 0.175 0.897 1.000
TL- Total length 2i - ischium of 2nd cheliped | CH- Length of Ist cheliped

CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd chelipec
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.3 Values of intercept (a ) , regression cosfficient (b),correlation
coefficient(r) of different morphometric measurements of
Metapenasopeis andamanensis
Males Females
Regression  Regression  correlstion Regression Regression  correlation
Relstionships constant cosfficient coefficient constant coefficlent coefficient

(a) ) r (®) (o) f
TLxCL -0.242 0.838 0.888 -0.606 1.016 0.939
TLxRL -2.284 1.768 0.755 -0.901 1.052 0.856
TLx ich £0.320 0.832 0.227 -0.798 1.050 0.895
TLx2c -3.449 2232 0.656 -1.188 1.091 0.812
TLx2p -3.455 2054 0.869 -2.380 1.528 0.867
Mx2d -2.159 1.158 0.134 -2.281 1.258 0534
TLx2CH -1.527 1.488 0.752 0.440 0.948 0.955
TLx 3 0.195 0.865 0.165 0.405 0.976 0.603
TL x 4wt -1.013 1.271 0.588 -0.098 0.842 0.668
TL x 5wl -0.157 0.864 0.579 -0.273 0.934 0.779
TLxTel -2.366 1.774 0.928 -1.753 1.4423 0.764
TLxUr -0.609 0.926 0.614 -1.830 1.547 0.698
CLxRL -1.683 2.045 0.800 0.202 0.981 0.819
CLxich £0.063 0.981 0.249 -0.149 1.017 0.924
Clx2i -0.292 0.636 0.248 0.432 0.782 0.277
CLx2 m £.967 1.278 0.683 0.216 0.427 0630
CLx2 ¢ -2.725 2.606 0.708 -0.522 1.063 0.848
CLx2p -2.407 2129 0.739 -1.354 1.418 0.821
CLx2d -2.062 1.549 0.188 -1.331 1.102 0.4519
CL x 2CH -1.032 1.728 0.804 0.207 0.868 0.885
CLxIw -0.441 1.381 0.333 0.110 1.010 0.711
ClL x 4wl 0.100 1.132 0.368 0.518 0.742 0.571
CLx 5 0.356 0.845 0438 0.337 0879 0.758
CLx Tel -1.412 1.804 0.759 -0.751 1.314 0.697
CLxUr 0.112 0.943 0.503 -0.917 1.530 0.750
RLx 1chi 0.918 0.337 0.154 0.316 0.804 0678
RLx2i 0.328 0.232 0.173 0.172 0.707 0.266
RLx2m 0.152 0.570 0.710 0.337 0.405 0.668
RLx2 ¢ 0.275 1.022 0.570 -0.047 0.851 0.639
RiLx2 p 0.468 0.887 0.671 0.762 1.171 0.658
RLx2CH 0.550 0.714 0.717 0.547 0.737 0.751
RL x 3w 0.890 0515 0.242 0.481 0.881 0.636
RL x 4wd 0.983 0428 0.276 0.732 0.701 0.599
RL x 5wl 1.150 0.332 0.355 0.595 0.826 0.787
RLx Tel 0.225 0.787 0.699 0.178 1.064 0.538
RL x Ur 0.851 0.307 0.279 -0.207 1.200 0.543
tchix2 i 0.322 0.217 0.112 -0.488 0.911 0.420
ichix2 m 0.048 0.601 0.582 0.249 0.444 0.763
ichix2c 0.509 1.114 0.500 0.264 0.960 0.776
ichix2 p -0.288 0.678 0.290 0.968 1.244 0.707
ichix2 d -1.683 1.369 0.570 -1079 1.009 0423
tchix 2 CH 0.426 0.748 0.581 0.357 0.834 0.915
1chi x 3w 1.585 -0.035 0.001 0.457 0.828 0.534
1chi x 4wl 1.408 0.073 0.008 0.697 0.672 0.524
1chi x Sw 1.457 0.073 0.013 0.639 0.720 0.570
1chi x Tel 0.627 0.391 0.138 -0.583 1.320 0.788
Ichi x Uy 1.259 -0.026 0.001 -0.476 1.323 0.629
ax2 m 0.655 0.312 0.066 0.616 0278 0.582
2ix2 ¢ 0.689 0.461 0.036 0.709 0.299 0.148
2ix2p 0.287 0.534 0.076 0.195 0.550 0.273
2i x2CH 1.089 0.540 0.128 1.082 0.459 0.546




Table 2.3.3 Continued

Reistionships conutant coefficiet  cosfiicient

Regression Regression corvelation Regression Regression  corvelation

constant  cosfficlent  coefficient

(®) () 4 (a) ®) r
2ix I 1.181 0.551 0.086 1.299 0.253 0.099
2i x 4 0.991 0.841 0.332 1.296 0.344 0271
2ix 5 1.209 0.565 0.319 1.380 0.189 0.077
2ixTel 0.778 0.602 0.138 0.695 0.493 0.217
2mx2c¢c -0.492 1.728 0.748 0.285 1.500 0.489
2mx2p -0.496 1.311 0.670 -0.893 1.815 0.389
2mx2d -1.300 1.698 0.543 -1.008 1.455 0.227
2m x2CH 0.426 1.174 0.887 0.196 1.485 0.750
2m x 3ml 0.993 0.621 0.161 0.420 1.318 0.350
2m x 4wt 1.188 0.377 0.098 0.583 1.177 0.416
2m x Swi 1.264 0.243 0173 0.585 1.174 0.392
2mxTel 0.343 0.950 0.504 0911 2433 0.692
2mxWr 1.012 0.252 0.086 -0.331 1.845 0.316
2x2p -0.066 0.700 0.767 -0.499 1.155 0.726
2c x2CH 0.835 0.602 0934 0.738 0.701 0.769
2cx 1413 0.108 0.020 0.630 0.924 0.792
2C x 4w 1.317 0.194 0.104 0.885 0.696 0.668
2c x 5wt 1.419 0.140 0.115 0.863 0.720 0678
2cx Tel 0.648 0.514 0.591 0.082 1.188 0.756
2cxUr 1.024 0.208 0.234 0.155 1.426 0.868
2px2d 0.172 0.501 0.121 0.289 0.789 0.581
2p x2CH 0.982 0.697 0.802 1.074 0.540 0.839
2p x I 1.347 0.278 0.083 1.154 0.563 0.541
2p x 4vd 1.188 0.516 0.470 1.283 0.476 0.575
2p x 5l 1.337 0.355 0475 1.221 0.535 0.689
2pxTel 0.663 0.792 0.897 0.594 0.757 0.567
pxlr 0.992 0.381 0.505 0.627 0.923 0.669
20 xZ2CH 1.371 0357 0.435 1.309 0.379 0.455
2d x 4wt 1.512 0.051 0.009 1.463 0.313 0274
2d x 5w 1.555 -0.003 0.000 1.446 0.438 0.502
2dxTel 1127 0.142 0.060 0.922 0.539 0.315
2dxUr 1.239 0.105 0.079 1.033 0.612 0.324
2CH x 3w 1.047 0.332 0.071 0.148 0.959 0.545
2CHx 4w 0.937 0.400 0.172 0.314 0.876 0.677
2CH x 5w 1123 0.304 0.211 0.348 0.851 0.605
ZCH x Tel -0.07% 0.860 0.642 .999 1.466 0.739
2CH x Ur 0.775 0.317 0.212 -0.845 1.441 0.567
Jwd x 4wl 0.994 0.337 0.187 0.704 0.551 0.453
I x 5wl 1.072 0.318 0.355 0.542 0.663 0.619
Iwix Tel 0.676 0.310 0.129 0.197 0.820 0.390
wd x Ur 0.844 0.251 0.204 0.57% 1.168 0.626
4wix5wl 0.554 0.685 0.943 0.364 0.758 0.544
4wl x Tel 0.115 0.838 0.569 0.638 1.083 0.457
4vd x Ur 0327 0.597 0.700 -0.658 1.178 0.429
Swi x Tel 0.687 1.180 0.528 08611 1.067 0.468
Sed x Ur 0.053 0822 0.624 -1.099 1.471 0.707
Telx Ur 0.831 0.519 0.653 0.160 0.960 0.732
1L- Total length 21 - isctwum ot 2nd chelped | CH- Length of ist chelped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd chelip¢
RL- Rostral length 2c¢ - carpus of 2nd chehped 3CH- Length ot 3rd chehpet
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th chelipe
Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th chelipe



Table 2.34 Vaiues of intercept (2 ) , regression coefficient (b),correiation cosfficient(r) of
different morphometric messurements of S.hexth

Reistionshipe constant cosfficiet  coefficient constant coefficlent  coefficient
(a) (o) r 8) (D) r

TLxCL 0.011 0.746 0.633 1629 0.148 0.021
TLxRL 0.744 0.974 0.649 0.267 0.703 0.533
TL x tchi -0.040 0.625 0.156 1.825 0.381 0.080
Tx2i -2.874 1.648 0.734 -2.787 1.854 0.696
Ttx2m 2227 1.607 0.797 <0.889 0.913 0.590
TLx2c¢c -1.240 1.149 0.643 -1.028 1.018 0.485
TLx2 p -0.156 0.257 0.080 1.249 -0.450 0.106
TLx2d -1.681 0.946 0.253 0.442 0.178 0.013
TLx2CH -1.186 1.350 0.889 0.290 0.890 0.673
TU x 3wt 0.653 0.440 0474 1267 0.117 0.053
TL xdéwd 0.839 0.241 0.202 1.182 0.107 0.033
Tt x 5wt 1202 0.145 0.041 1.827 0.197 0.128
TLx Tel -1.497 1.340 0.718 -1.821 1.524 0.801
TLxUr 0.544 0.842 0.511 1.470 -0.260 0.057
CLxRL 0.295 0.985 0.584 0.660 0.278 0.089
ClL x 1ch 0.622 1.236 0.538 -0.038 0.851 0.475
CLx2i -1.108 1.233 0.287 1.581 -0.684 0.101
Clx2m -0.890 1.211 0.397 0.985 0.133 0.013
Clx2¢ 0.825 1.241 0.658 0.783 0.059 0.002
Clx2p -0.576 0.635 0.320 -0.482 0.648 0.232
CLx2d -1.885 1.387 0.478 -0.981 0.810 0.298
CLx2CH 0335 1.205 0.623 1.432 -0.081 0.002
CLxdmt 0.798 0.484 0.504 1.510 -0.018 0.002
CL x 4wt 0.878 0.383 0.404 0.994 0.285 0.248
ClLx 5 0.986 0.344 0.203 1.242 0.162 0.0892
ClLxTel 0.422 1.036 0.378 1.741 -0.541 0.107
ClxUr 0.320 0.968 0.580 0.264 0512 0.236
RL x tcht 0.388 0.685 0.276 1.104 0.012 0.000
RLx2i 0630 1.183 0.418 0.388 1.002 0.188
RLx2m 0.216 0.952 0.408 0.181 0.601 0.237
RLx2c 012 0.748 0.398 0.071 0.901 0.337
Rux2p 0.159 0.159 0.033 0.664 0.241 0.028
RLx2d 0785 0.816 0.275 0.019 0.095 0.004
RLx2CH 0432 0.882 0.530 0.732 0.807 0.290
RL x I 1.087 0.363 0.473 1.386 0.084 0.032
RL x 4wl 1.250 0.134 0.091 1.212 0.162 0.070
RL x 5wl 1.368 0.102 0.029 1.456 0.006 0.000
RL x Tel 0.083 0.878 0.449 0.040 0.832 0.278
RL x Ur 0.202 0.772 0.628 1.034 0.044 0.002
ichix2i 0711 -0.040 0.001 1.802 -1.027 0.346
ichix2 m 0402 0.389 0.117 0.977 0.153 0.027
ichix2c 0.266 0.601 0.440 0.784 0.071 0.004
ichix2 p 0115 0.391 0.345 0.312 0.850 0.357
ichix2 d -1.034 1.008 0.718 0.792 0.813 0.458
ichix2CH 0.907 0.427 0.222 1.458 -0.084 0.010
Ichx3wd 1269 0.195 0233 1.431 0.048 0.014
10 x 4w 1.240 0.139 0.168 1.074 0274 0.349
1chl x 5wt 1.268 0.183 0.162 1.407 0.048 0.013
ichixTel 0.805 0.228 0.052 1.854 0.758 0.321
fehi x Ur 0.593 0.412 0.305 0.218 0.688 0.652
2ix2m 0.438 0622 0.555 0.537 0.410 0.587
2 x2CH 1.053 0.522 0818 1.102 0.388 0.665




Relationships constant coefficient cosfficient constant coefficient  coefficlent
(@) (b) 4 (a) (®) t
2ix Tel 0.680 0.588 0.635 0.562 0.680 0788
2mx2c 0.394 0.665 0.699 0.203 0.820 0.425
2m x2CH 0.754 0.759 0.910 0.721 0.796 0.760
2m x I 1.308 0.219 0.383 1.400 0.104 0.059
2mx Tel 0.420 0.762 0.750 0.2589 0.930 0.421
2mxUr 0.762 0.360 0.304 1.091 0.129 0.020
2cx2d -0.850 1.022 0.606 0.143 -0.030 0.001
2c x2CH 0.521 0.915 0.838 0.845 0.599 0.679
2cx Tel 0.288 0.813 0.541 0618 0.451 0.157
2cx Ur 0.635 0.453 0.303 1.089 0.004 0.017
2px2d 0.311 1.312 0.538 -0.254 0.896 0.655
2p x2CH 1.222 0.530 0.151 1.368 -0.015 0.000
2p x 3wl 1.386 0.284 0.234 1.446 0.091 0.062
2p x 4wl 1.307 0.276 0.293 1.328 0.131 0.093
2p x 5w 1.341 0.414 0.369 1.414 0.115 0.084
2p x Tel 1.018 0.151 0.010 1.272 0638 0.269
2p x Ur 0.859 0.625 0.311 0.798 0.4598 0.342
2d x2CH 1.335 0.500 0.431 1.352 0.081 0.013
20 x It 1473 0.166 0.238 1.472 0.088 0.088
2 x 4w 1.385 0.115 0.164 1.360 0.176 0.209
2d x 5wl 1.461 0.145 0.144 1.449 0.110 0.094
2dxTel 1.030 0.301 0.128 1.042 -0.291 0.069
2dxUr 1.021 0.269 0.348 0.929 0.498 0.494
2CH x 3w 1.053 0.315 0.500 1.197 0.211 0.204
2CH x 4w 1.114 0.205 0.300 1.079 0.221 0.165
2CH x 5wl 1.260 0.158 0.099 1.599 -0.101 0.040
2CH x Tel -0.261 0.950 0.737 0.376 1.016 0.419
2CH x Ur 0.298 0.551 0.448 1.133 0.107 0.011
vl x 4wd 0.463 0.827 0.561 1.435 -0.037 0.001
Jwi x Swl 0.267 0.812 0.525 0.952 0.344 0.100
Iwvixlel -1.076 1.435 0.335 0.501 0.342 0.010
3wixUr 0.763 1.228 0.442 0.313 0.454 0.045
4wix Swi 0.079 1.114 0.693 1.308 0.1 0.014
4wi x Tel -0.333 1.001 0.114 1.393 -0.279 0.009
4wt x Ur 0.027 0.745 0.114 0.121 0.627 0.117
5wl x Tel 0.971 0.066 0.001 2.570 -1.069 0.120
Swd x Ur 0.419 0.439 0.071 0.907 0.055 0.001
Telx Ur 0.661 0.382 0.264 1.267 0.277 0.189
TL- Total length 2i - ischium of 2nd cheliped 1 CH- Length of Ist cheliped
CL- Carapace length 2m - merus of 2nd chelped 2 CH- Length of 2nd chelipt
RL- Rostral length 2¢ - carpus of 2nd chefiped 3CH- Length of 3rd chehpe
TEL- Tetson length 2Zp - propodus of 2nd cheiped 4CH- Length ot 4th cheipe

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th chelipe



Table 2.3.5

diffferent

measurements of

Values of intercept (a ) , regression cosfficient (b),correlation coefficient(r) of
morphometric gibbosus

Heterocarpus

Females

Regression  Regression  correistion Regression Regression

correlation

Relationships constant coefficient cosfficient constant coefficient coefficient

(@) (b) 4 (s) () 4
TLxCL 0.086 0.708 0.624 -0.963 1.222 0.892
TLxRL 0.070 0.747 0.654 -0.064 0.823 0.780
TLxTel -1.325 1.23 0.594 -0.891 1.004 0.384
TL x tch 0.528 1017 0.641 -1.252 1.381 0.572
TLx2Li 1123 1.058 0.480 0.583 0.793 0.586
TLx2lm -1.026 1.021 0.630 -1.253 1.137 0.680
TLx2Lc -0.640 0.858 0.470 -0.358 0.810 0.475
TLx2Llp -2.695 1.485 0.363 -2.183 1.210 0.224
TLx2Lld -2.078 1.002 0.284 -2.4684 1.210 0.224
TLx2LCH 0.380 1.001 0.652 0.182 0.901 0729
TLx2Si 0.519 0.724 0217 0.464 0.217 0.014
TLx2Sm 0.776 0.773 0.159 -1.254 1.017 0.398
TLx2Sc 0.815 0.866 0.219 0.561 0.172 0.018
TLx2Sp -1.216 0.947 0.099 1.121 -0.263 0.018
TLx2Sd -0.724 0.555 0.093 -0.150 0.251 0.021
TLx2 SCH -0.063 0.771 0.218 0.809 0.323 0.157
TL x 3wt 0.132 0.798 0.476 0.632 0.537 0.250
TUx 4wt 0.320 0.707 0.334 1425 0.156 0.017
T x 5wl 0.563 0.588 0.200 0175 0.763 0.237
CLxRL 0493 0.718 0.488 0.655 0.628 0.756
CL x Tel 0.951 1.384 0.613 -0.145 0.852 0.463
CLx 1chl 0.409 0.743 0.275 0.015 1.010 0.511
Cilx2Li 0.230 0.528 0.096 0.197 0.544 0.462
Clx2im 0.285 0.876 0374 0.254 0.861 0.652
CLx2ic 0.647 0.437 0.078 0.492 0.520 0.327
Clx2tip -2.159 1.601 0.349 -1.282 1.039 0277
Clx2Ld -2.053 1.319 0.396 -1.583 1.039 0.277
CLx2LCH 0.712 0.621 0.202 0.879 0.635 0.605
CLx2Si -0.008 0.629 0.132 0.615 0.191 0.018
CLx2Sm 0.279 0.341 0.025 0.162 0.635 0.260
CLx2S8c¢ 0.452 09817 0197 0.667 0.161 0.027
CAx2Sp 0.283 0.653 0.038 1.139 -0.369 0.053
Cilx2Sd 0.655 0.700 0119 0.385 0.024 0.000
CLx2SCH 0.526 0.643 0.122 1171 0.191 0.092
Clxw 0.811 0.622 0.232 1.050 0.444 0.286
CL x 4wt 0.637 0.735 0.290 1.516 0.148 0.027
CL x 5w 1.075 0.449 0.094 0.842 0.580 0.229
RL x Ted 0814 1.245 0526 0.698 1.148 0.435
RL x 1chi 0.395 0.723 0276 -0.942 1.550 0.625
RLx2Li 0.323 0.854 0.267 0.064 0.593 0.284
RLx2Llm 0.077 0.712 0.262 0.749 1.118 0.570
RLx2lc -0.083 0.878 0.337 0.123 0.719 0.324
RLx2Lp -1.844 1.341 0.260 -1.584 1.162 0.180
RLx2Ld -1.877 1.033 0.257 -1.885 1.162 0.180
RLx2Si 0.333 0.835 0.387 0.345 0.805 0.505
RLx2Sm 0.528 0.271 0026 0619 0176 0.008
RLx2S¢ 0.155 0.405 0.037 0.798 0.997 0.332
RLx2Sp 0.123 0.521 0.068 0.746 0.100 0.00%
RLx2Sd 0.293 0.267 0.007 1121 0.210 0.058
RL x 3w 0815 0.596 0.225 0.876 0.525 0.207
RL x 4wl 1.030 0.480 0.121 1.525 0.133 0.011
RL x 5wl 1.154 0.382 0.072 0.321 0.872 0.268




Relstionships constant coefficient cosfficient constant coefficiet  coefficient
(@) (b) r (a) (b) r

Tel x tchi 0.939 0.521 0423 0975 0.473 0.176
Telx2Li 0.522 0.441 0.210 0.591 0.367 0.329
Telx2Llm 0.504 0.474 0.341 0.476 0.483 0.322
Teix2Lc 0.845 0.403 0.208 0.888 0.331 0.208
Teix2Llp 0.951 1.064 0.482 0.575 0.742 0.221
Teix2Ld 0.928 0.767 0.418 0.876 0.742 0.221
Telx2Si 1.128 0.458 0.343 0.704 0.173 0.023
Telx2Sm 0.503 0.389 0.158 0.480 0.264 0.070
Teix2Sc 0.372 0.497 0.181 0.750 0.138 0.031
Teix2Sp 0.186 0.772 0.165 0.924 0.295 0.053
Teix2Sd 0.251 0.564 0241 0.491 0.128 0.015
Tel x 3wl 1.212 0.4714 0416 1.460 0.219 0.109
Tel x 4wl 1.366 0.340 0.194 1.616 0.107 0.022
Tel x Swi 1.387 0.321 0.150 1.322 0.336 0.121
ichx2Li 0.110 0.742 0.381 0.622 0.250 0.194
ichix2tlm 0.162 0.789 0.607 0.216 0.530 0.493
ichix2Lc 0.062 0.811 0.543 0.840 0.277 0.185
ichix2Llp -1.339 1.056 0.304 -0.065 0207 0.022
ichix2tLd -1.021 0.640 0.187 -0.368 0.207 0.022
ichix2lLCH 0447 0.786 0.649 0.999 0.069 0.005
1chix2Si 0.040 0.645 0.278 1.121 0.328 0.322
1chix2Sm  -0.354 0.746 0.239 0.049 0.482 0.299
1chix2Sc 0.389 0.867 0.354 0.900 0.003 0.000
tchix2Sp -1.812 1.634 0476 0.796 0.133 0.014
ichix2Sd -0.946 0.875 0373 0.276 0.048 0.003
1chix2SCH 0.131 0.892 0.470 1.336 0.077 0.030
1chi x 3wl 0.863 0.582 0.407 1.295 0.272 0.214
1chl x 4wt 0.984 0.504 0273 1714 0.014 0.000
1chi x Swi 0.798 0.623 0.362 1.078 0411 0229
Aix2Lm 0.437 0.598 0.505 0.127 0.886 0.444
2Lix2Lc 0.634 0.658 0.517 0.585 0.692 0.372
2Lix2Lp 0.013 0.299 0.035 -0.850 1.099 0.199
2lix2Ld 0.139 0.108 0.007 -1.151 1.099 0.199
2Li x2LCH 0.953 0.685 0.713 0.784 0.831% 0.665
2L1x281 0.486 0.455 0.201 0.966 0.070 0.002
2lix28Sm 0.134 0.842 0.257 -0.064 0.839 0.291
2ix2Sc 0.430 0.505 0.173 0.524 0.381 0.095
ux2Sp 0.077 0.619 0.099 0.766 0170 0.007
2lix2Sd 0.418 -0.008 0.000 0.098 0.446 0.072
2L x2 SCH 1.017 0476 0.194 1.140 0.313 0.158
2Lix I 1.216 0.528 0.486 1.281 0423 0.166
2Li x 4wt 1.352 0.397 0.245 1.507 0.228 0.040
2L x Swi 1.407 0.243 0.159 1.180 0.515 | 0.116
2lmx2Lc 0.421 0.846 0.607 0.717 0.533 0.390
Amx2Lp -0.609 0.855 0.205 0.571 0.809 0.191
Amx2id 0.713 0.646 0.195 -0.872 0.809 0.191
am x2LCH 0.748 0.066 0.808 0.955 0.651 0.722
Amx2Si 0.427 0.503 0.174 1.054 0.158 0.014
Amx2Sm 0.083 0679 0.203 0.084 0.681 0.339
2mx2Sc 0.270 0.646 0.201 0.894 0.010 0.000

Amx2Sp -0.441 1.085 0.219 0.722 -0.124 0.007




Table 2.3.5 Continued

Relstionships constat  coeflicient  cosfficient

constmt  cosfficient  coefficient

(a (b) r (a) (b) t
Amx2Sd -0.169 0.546 0.149 0.190 0.158 0.016
Am x2SCH 0812 0.661 0.265 1.328 0.122 0.043
2Lm x 3wl 1.158 0.573 0.404 1.427 0.273 0.123
2Lm x 4wl 1.161 0.570 0.359 1.626 0.107 0.01€
2Lm x 5wl 11472 0.559 0.298 1.245 0.444 0.163
Acx2lp 0.728 0.779 0.200 -1.211 1.161 0.286
2Acx2ld 0.574 0.414 0.095 -1.512 1.161 0.286
Ac x2LCH 0553 0.844 0.906 0.592 0.813 0.820
Acx2Si 0.474 0.368 0.110 0517 0.302 0.037
Acx2Sm 0105 0.689 0.247 0.062 0.566 0.170
Acx2Sc 0.442 0.390 0.086 0.919 -0.012 0.000
Acx2Sp 0.488 0.902 0.175 0.683 -0.069 0.002
Acx2Sd 0.103 0.233 0.032 -0.195 0.434 0.087
2c x2SCH 0.850 0.503 0.181 1.149 0.242 0.121
Acx 1.163 0.465 0.314 1.623 0.143 0.024
2L x 4w 1.364 0.305 0.121 1.504 0.184 0.034
2cx 5w 1.190 0435 0.213 1.305 0310 0.054
Apx2Ld 0.223 0.654 0.714 -0.301 1.000 1.000
Ap x2LCH 1590 0.254 0.248 1.547 0.266 0415
Apx2Si 0.902 0.194 0.082 0.872 0.087 0.018
Apx2Sm  0.753 0.167 0.044 0.714 0.235 0.139
Apx2Sc 0.888 0.224 0.087 0.901 0.011 0.000
Apx2Sp 0.601 0.401 0.105 0.571 0.104 0.016
Apx2Sd 0.300 0.369 0.243 0.301 0.195 0.083
2lp x2SCH 1.440 0.244 0.129 1.423 0.119 0.138
2ipx 3w 1.722 0.146 0.094 1.708 -0.024 0.003
2Lp x 4w 1.744 0.070 0.019 1.703 0.128 0.077
2Lp x 5wt 1.706 0.183 0.127 1.700 -0.023 0.001
Ad x2LCH 1673 0.253 0.147 1.627 0.266 0.415
Adx2Si 0.960 0.020 0.001 0.901 0.097 0.018
Adx2Sm  0.805 0.089 0.007 0785 0.235 0.138
Adx2S¢c 0.958 0.087 0.010 0.905 0.011 0.000
2Adx2Sp 0.732 0.432 0.073 0.602 0.104 0.016
Adx2Sd 0.422 0.400 0.171 0.360 0.185 0083
2Ld x2SCH  1.517 0.157 0.032 1.458 0.119 0.139
2id x 3wt 1.769 0.115 0.035 1.701 -0.024 0.003
2Ld x 4wt 1.767 0.071 0.012 1.741 0.128 0077
2Ld x 5wd 1.767 0.134 0.037 1.693 -0.023 0.001
ACHx2Si  0.057 0.542 0.187 0.723 0.107 0.004
ACHx28m 0581 0.831 0.283 -0.642 0.877 0.330
ACHx2Sc -0.074 0618 0.171 0.750 0.096 0.006
ACHx2Sp -1.149 1122 0.214 0.753 -0.097 0.002
ACHx2S5d -0.189 0.360 0.060 -0.409 0.470 0.083
2A.CH x2 SCH 0.375 0.683 0.263 0.973 0.297 0.148
2LCH x Iwt 0.712 0.632 0.457 1.236 0.290 0.081
2LCH x 4wl 0971 0477 0233 1.346 0.241 0.047
2LCH x 5wl 0.834 0.558 0277 0.929 0.474 0.102
25ix2Sm -0.102 0.942 0.570 0.761 0.012 0.000
2Six2S¢ -0.021 1.017 0.726 0.841 0.070 0.010
25ix2 Sp 0.171 0.928 0.229 0.658 -0.069 0.004
2Six2 Sd -0.087 0.518 0.185 0.378 <0.032 0.001
25i x2SCH 0617 0.933 0.769 1224 0.254 0.330
2Six 3w 1.200 0.506 0.459 1.550 0.170 0.085




(a) ®) r (9 (b) r
2Si x 4wt 1.246 0.541 0.470 1.635 0111 0.030
25i x Swl 1.172 0616 0.528 1.520 0.194 0.052
2Sm=x2Sc 0.427 0.658 0473 0.743 0.209 0.069
25mx2 Sp 0.011 0.911 0.344 0.672 -0.098 0.006
25mx 2 Sd 0.202 0.260 0.076 0.256 0.1 0.013
28m x2SCH 0.936 0.719 0.710 1.236 0.280 0.308
2Sm x Iwd 1.457 0.384 0.412 1.478 0.291 0.190
25m x 4vA 1.453 0.388 0379 1478 0.335 0.211
25m x 5wl 1.313 0.562 0.684 1.282 0.520 0.286
25¢x 2 Sp -0.262 1.028 0.400 0.866 -0.299 0.034
2S¢x2 Sd 0.002 0.427 0.189 0.733 0.424 0.089
25¢ x2SCH 0.734 0.815 0.836 1.146 0.338 0.281
25¢ x Il 1371 0.413 0.436 1.307 0.437 0.271
2S¢ x 4w 1.300 0.487 0.543 1.275 0.509 0.306
25¢ x 5wl 1.205 0.585 0.679 11475 0.574 0.220
2Spx2Sd 0.124 0.398 0.433 0.062 0.481 0.335
2Sp x2SCH 1.192 0.445 0657 1.374 0.130 0.109
2Sp x v 1615 0.209 0.295 1.832 -0.217 0.175
25p x 4w 1.662 0.143 0123 1.789 -0.092 0.026
2Sp x St 1.541 0.308 0.499 1.064 -0.286 0.143
25d x2SCH 1290 0.543 0.358 1.404 0.138 0.086
25d x Il 1.680 0.209 0.108 1.781 0225 0.131
25d x 4w 1.699 0.161 0.057 1.798 -0.183 0.072
250 x 5w 1.627 0.332 021 1.814 -0.343 0.143
25CH x I 1.010 0.500 0.507 0.983 0.496 0.142
2SCH x 4w 1.008 0.501 0.456 0.799 0.644 0.199
2SCH x 5wl 0.691 0.709 0.783 0.657 0.714 0.138
I x 4wl 0.377 0.766 0.554 0.960 0.455 0.173
3w x Swi 0.472 0.732 0.416 -0.493 1.264 0.775
dwix 5wl 0.472 0.731 0.464 0.228 0.845 0.403

TL- Total length

CL- Carapacs length

RL- Rostral length

TEL- Teison length

Ur- uropod length

2y - ischium of 2nd cheliped
2am - merus of 2nd cheliped

2sc! - carpus of 2nd cheliped
28p - propodus of 2nd cheliped
234 - dactylus of 2nd cheliped
25 - ischium of 2nd cheliped
2m - mesus of 2nd cheliped
2Aci - carpus of 2nd cheliped
2p - propodus of 2nd cheliped

2id - dactylus of 2nd cheliped
1CH- Length of Ist cheliped

2sCH- Length of 2nd cheliped
3CH- Length of 3¢d chetiped

4CH- Length of 4th cheliped
5CH- Length of 5th cheliped
2LCH- Length of 21 cheliped



Table 2.3.6

Values of intercept (a ) , regression coefficient (b),correlation coefficient(r) of

different morphometric measurements of Heferocerpus woodmasoni

Males Females
Rogression Regression  correlstion Regression Regression  correistion
Relationships conetant coefficient coeficient constant  coefficient coefficient

(a) ®) r (®) ®) ’
TLxCL -1.625 1.514 0.759 -1.328 1.388 0.559
TLxRL 0.441 0.505 0.183 -0.047 0.763 0.654
TLx Tel 0.284 0.730 0.236 -1.297 1.246 0.717
TLxP -2.213 1.578 0.651 -1.078 0.985 0.356
TLx 1chl 0.254 0.798 0.650 -1.334 1.336 0.861
Mx2ti 0.694 0.743 0.248 -1.841 1.291 0.370
TLx2lm -0.701 0.778 0428 -1.471 1.150 0.386
TLx2lec -0.708 0.892 0.532 -1.341 1.184 0.187
TLx2lp -0.058 0.117 0.001 -1.691 0.919 0.080
TLz2Ld -0.359 0.117 0.001 -1.829 0.819 0.068
TLx2LCH -0.094 0.768 0.553 -0.951 1.176 0.306
Mx2Si -1.293 0.997 0.200 0514 0.616 0.403
TLx2Sm -1.501 1.062 0.262 -1.67% 1.151 0.594
Mx2S¢c -1.264 1.001 0.132 -1.632 1.192 0.926
TLx2Sp -1.734 1.17 0.176 -2.665 1.645 0.72%
TLx2Sd -1.066 0.683 0.133 -1.618 0.974 0.432
TLx2 SCH 0.672 0.997 0376 -0.909 1122 0.742
TLxd -0.365 0.940 0.695 0.749 1.135 0.853
TLx 4wl 0.225 0.876 0.755 -1.161 1 340 0.897
TL x 5w -0.369 0.931 0.645 -1.301 1.393 0.902
CLxRL 1.175 0.199 0.120 1.235 0.169 0111
CLxTet 0.906 0.198 0.263 0.529 0.481 0.582
CLxPI 0.081 0.624 0.404 0.309 0.404 0.455
CL x tchl -4.140 18.869 0.521 -20.099 29.146 0.511
CLx2Li 0.551 0.179 0.080 -0.221 0.685 0.582
CLx2Llm 0.278 0.413 0.479 -0.030 0.554 0.355
Clx2Lc 0.531 0.393 0.411 -0.043 0.739 0.251
CLx2Lp 0.275 0.067 0.001 -1.487 1127 0.415
CLx2id 0.026 -0.067 0.001 -1.705 1.044 0.380
CLx2LCH 1.013 0.310 0.358 0.374 0.708 0.385
CLx2Si 0.240 0.336 0.090 0.180 0.371 0.203
CLx2Sm -0.045 0.481 0.214 0.017 0.423 0.164
ClLx2Sc 0.323 0.303 0.048 0.024 0.504 0.528
CLx2Sp 0.141 0.342 0.060 -0.240 0.600 0.330
ClLx2S8Sd 0.293 0.423 0.203 -0.198 0.386 0.211
CL x 2 SCH 0.796 0.381 0.218 0.663 0.465 0.438
CL x 3wt 0.984 0.384 0.461 0.734 0.544 0.677
CLx 4wl 1.055 0.341 0.456 0.694 0.571 0.562
CL x 5wt 1.032 0.336 0.333 0.575 0.629 0.635
RLx Pl 0.117 0.588 0.119 0.468 0.921 0.277
RL x 1chi 1.241 0.080 0.008 0.403 1.178 0.596
RLx2Li 0.740 0.046 0.002 -0.646 0.939 0.174
RLx2Lm 0.692 0.122 0.014 -0.491 0.894 0.208
RLx2bLc 0414 0.465 0.191 -0.008 0.702 0.058
Rilx2Llp 2177 -1.369 0177 0.081 0.157 0.002
RLx2Si 0.570 0.884 0.208 0.279 0.675 0173
RLx2Sm 0719 -0.050 0.001 -1.144 1.199 0.341
RLx2S¢ 0.144 0617 0.066 -0.667 0.961 0.495
RLx2Sp 0.578 0.828 0.116 -1.893 1.704 0.688
RLx2Sd 0.197 0.350 0.046 -1.155 1.005 0.409
RL x 3w 1.088 0.306 0.097 0.181 0.908 0.486
RL x 4w 1.188 0.248 0.078 -0.190 1.157 0.598
RL x Swi 1.148 0.250 0.061 0.206 1.145 0.542




Reolationships  constant coefficient coeflicient constant coefficient  coefficient
(a) ®) 4 (@) (b) r

Teix P 0.488 0.411 0.100 0.255 0.535 0.228
Telx tchi 0.981 0.317 0.231 0.507 0.897 0.508
Telx2Li 0.293 0.432 0.266 0.421 0.872 0.456
Telx2Lm 0.487 0.321 0.185 0.182 0.846 0.454
Teix2Llc 0.845 0.209 0.066 -0.125 0.964 0.268
Teix2Llp 0.038 0.117 0.002 0.235 0.321 0.021
Teix2Si 0.602 0.100 0.005 0.403 0.264 0.065
Teix2Sm -0.036 0.572 0.172 -0.084 0.596 0.205
Teix2Sc 0.999 £0.203 0.012 0.161 0.765 0.764
Teix2Sp 0.947 0.266 0.021 -0.383 0.8456 0.413
Teix2Sd 0.254 0.051 0.002 -0.143 0.398 0.156
Telx 3 1.081 0.397 0.280 0.795 0.609 0.532
Tel x 4wl 1.134 0.345 0.264 0.637 0.739 0.593
Tel x Swl 1.026 0.409 0.281 0.665 0.688 0.477
Plx 1chl 0.958 0.410 0.658 0.853 0.546 0.392
Pix2Li 0.626 0.186 0.084 0.391 0.394 0.094
Pix2Llm 0.422 0.459 0.571 0.510 0.361 0.104
Pix2le 0.595 0.511 0.669 0.950 0.091 0.003
Pix2Lp 0.129 0.315 0.027 0.437 0.656 0111
Pix2Ld 0430 0.315 0.027 0.456 0.299 0.025
Pix2LCH 1.058 0.410 0.603 1.168 0.266 0.043
Pix2Si 0.355 0.376 0.109 0.699 0.023 0.001
Px28m 0.149 0.509 0.231 -0.151 0.873 0.553
Pix2Sc 0.421 0.346 0.060 0.307 0.501 0.413
Pix2Sp 0.099 0.546 0.147 0.045 0.654 0.311
Pix2Sd 0.048 0.273 0.081 0.049 0.318 0.125
Pix2 SCH 0.923 0.430 0.267 0.932 0.454 0.331
Plix 3wl 1477 0.367 0.405 1.178 0.388 0.271
Pix 4wt 1.168 0.386 0.562 1.008 0.575 0.451
Pl x Swi 1.202 0.319 0.290 1.041 0.500 0.217
Ichix2Lli -0.041 0.624 0.241 -0.174 0.684 0.216
ichix2ilm 0.430 0.957 0.634 -0.036 0.648 0.254
ichix2lc -0.018 0.819 0.439 0.185 0.630 0.110
tchix2Llp -1.281 1.074 0.081 -0.899 0.782 0.120
fchix2Ld -1.582 1.074 0.081 -1.154 0.720 0.109
e x 2 LCH 0.328 0.831 0.634 0.528 0.653 0.196
1chix28H 0.238 0.707 0.098 -0.125 0.630 0.351
tchix2Sm -1.160 1.329 0.402 0.387 0.759 0.318
ichix2Sc¢ 0.039 0.529 0.036 0.268 0.763 0.728
ichix2Sp -0.358 0.728 0.087 0.964 1.189 0.780
ichix2Sd 0.585 0.661 0.122 -0.760 0.815 0.626
tchix 2 SCH 0.218 0.827 0.253 0.227 0.828 0.837
fchi x 3wl 0.253 0.943 0.686 0428 0.817 0916
$chi x 4wl 0.398 0.844 0.688 0.257 0.944 0.922
1chi x 5wl 0.305 0.889 0.575 0.180 0.876 0.917
Aix2lm 0.660 0.260 0.076 0.241 0.795 0.830
2Lix2Llc 0.805 0.358 0.135 0.295 0.989 0.585

2L x2LCH 1.043 0.514 0.3 0.720 0.919 0.843




Relationships constant cosflicient cosflicient constant cosfficient  coefficient
(a) {b) f (a) (b r

2lmx2ic 0.509 0673 0.428 0.072 1.182 0.604
Am=x2Lp 0.532 0816 0.067 0.763 1.096 0.390
Amx2id 0.192 0.189 0.044 0.928 0.888 0.273
Am x2lCH 1162 - 0.279 0.127 0.500 1.086 0.895
2Amx2Sc -0.015 0.888 0.147 0.425 0.397 0.325
2lm x2SCH 0.717 0.718 0.276 1.089 0.298 0.181
2Lm x 3w 1.311 0.346 0.406 1.213 0.375 0.319
Amx4wi 1.405 0.217 0.198 1.175 0.418 0.298
2im x 5wl 1.327 0.288 0.265 1.137 0423 0.285
Acx2ip 0424 0.550 0.032 0.304 0.441 0.139
Acx2ld 0725 0.550 0.032 0.448 0.252 0.048
2lc x21LCH 0.658 0.730 0.748 0.664 0.718 0.859
Acx2Sc 0.179 0.856 0.145 0.600 0.151 0.103
Acx2Sp 0.612 1.136 0.249 0422 0.203 0.082
Acx2Sd L4421 0672 0.193 0274 0.058 0.012
2Ac x2SCH 0.442 0.822 0.382 1.217 0.118 0.061
Acxdmd 0.843 0.632 0.470 1.322 0.197 0.193
e x 4w 0.976 0.520 0.397 1.334 0.184 0.127
2Lc x 5w 0.928 0.537 0.320 1.279 0.204 0.146
Apx2Ld -0.301 1.000 1.000 -0.301 0.750 0.600
2Ap x21LCH 1.432 0.144 0.273 1.347 0.383 0.343
2px2Si 0.692 0.164 0.075 0.704 0.101 0.046
Apx2Sc 0.721 0.202 0.075 0.745 0.073 0.034
Apx2Sp 0.623 0.046 0.004 0.615 0111 0.035
2Apx2Sd 0.307 0.039 0.006 0.323 0.073 0.026
2Ap x2SCH 1.326 0.089 0.041 1.327 0.075 0.035
ApxIm 1.532 0.015 0.003 1.502 0.156 0.170
2p x 4nd 1.542 0.017 0.004 1.498 0.165 0.144
2Ap x 5wl 1.509 0.024 0.006 1.464 0.167 0.136
2Ad x2LCH 1.475 0.144 0273 1.463 0.309 0.209
Adx2Si 0.742 0.164 0.075 0.763 0.230 0.224
Adx25m 0.648 0.023 0.002 0.627 -0.026 0.002
Adx2Sc 0.782 0.202 0.075 0.776 0.108 0.070
Adx2Sp 0.637 0.046 0.004 0.648 0.085 0.0189
2dx2Sd 0.318 0.039 0.006 0.360 0.138 0.084
2ld x2 SCH 1.353 0.089 0.041 1.359 0.112 0.073
20d x 3wl 1.536 0.015 0.003 1.555 0.158 0.164
2Ld x 4wl 1.547 0.017 0.004 1.547 0.125 0.078
20d x 5wl 1.516 0.024 0.006 1.520 0.164 0.124
ACHx2Si -0.986 1172 0.295 0.494 0.181 0.050
ACHx2Sm 0487 0.777 0.150 0.509 0.087 0.009
ACHX2Sc -1.047 1.238 0216 0.357 0.284 0.219
ACHx2Sp -1.063 1.162 0.186 0.179 0322 0.124
aACHx2Sd 0.926 0.851 0.221 0.190 0.103 0.022
ACH x2SCH -0.153 1.026 0425 1.042 0.211 0.118
2LCH x Iwi 0.358 0.807 0.547 1.092 0.308 0.284
2LCH x 4wl 0.493 721 0.546 1.069 0.324 0.236

2LCH x 5wl 0.405 0.760 0.459 1.018 0.336 0.236




Relaionshipes  constant cosfficient cosfficient constant cosfficient  coefficient
(a) ) r (a) (b) r

2Six2 Sm 0.609 0.050 0.003 0.439 0.268 0.045
2Six2 Sc 0.096 0.817 0.551 0.513 0.337 0.160
2Six2 Sp 0.120 0.708 0.320 0.109 0.728 0.328
2Six2 Sd 0.058 0357 0.181 0.049 0.532 0.300
25i x2 SCH 0.919 0.586 0.645 0.910 0.595 0.488
2Si x Ind 1.335 0.277 0.298 1.179 0.481 0.358
2Six 4w 1.408 0.191 0.179 1244 0.388 0.176
2Smx2Sp 0.525 0.164 0.015 0.182 0.713 0.508
2Smx 2 Sd 0.182 0.189 0.044 0.215 0.189 0.061
2Sm x2SCH t.162 0.279 0.127 1.022 0.501 0.556
2Sm x 3wd 1.311 0.346 0.406 1.344 0.287 0.205
25m x 4w 1.405 0217 0.198 1.269 0.403 0.30%
25m x St 1327 0.288 0.265 1.252 0.376 0.247
25¢cx 2 Sp 0.021 0.806 0633 0.244 1.159 0.593
25¢x2Sd -0.002 0.417 0377 0.136 0.622 0.291
2S¢ x2SCH 0963 0.501 0.720 0.688 0.960 0.723
25¢ X Im 1.433 0.133 0.106 0.925 0.795 0.694
2S¢ x 4wl 1.482 0.082 0.050 0.808 0.946 0.742
25¢ x 5wl 1.440 0.097 0.053 0.783 0.9682 0.713
2Spx2 Sd 0.070 0.386 0.330 0.023 0.492 0.413
2Sp x2 SCH 1.024 0.504 0.746 0.937 0.636 0.895
2Sp x Jwt 1437 0.154 0.145 1203 0.511 0.648
25p x 4w 1.507 0.060 0.027 1.153 0.586 0.648
25p x Swd 1.435 0.125 0.090 1.095 0.624 0.681
2S8d x2 SCH 1.149 0.617 0.504 1.136 0.606 0475
28d x awl 1.443 0.282 0.234 1.305 0.660 0.634
2Sd x 4wd 1.483 0.197 0.133 1.290 0.697 0.534
254 x 5wl 1438 0.240 0.149 1.227 0.787 0.633
2SCH x Iwi 0.909 0.466 0.451 0.441 0.810 0738
2SCH x 4wl 1.158 0.287 0.215 0.315 0.903 0.692
2SCH x 5wl 1.001 0.382 0.286 0.221 0.948 0.709
I x 4wt 0.378 0.760 0723 0.124 1.080 0.881
Il x 5wl 0.055 0.950 0.853 0.265 1.150 0.928
wWixSwi 0.001 0.8978 0.725 -0.013 0.988 0.905
TL- Total length 2sci - carpus of 2nd cheliped 2d - dactylus of 2nd cheliped
CL- Carapace length 28p - propodus of 2ng cheliped 1CH- Lenghh of ist cheliped
Ri- Rostral lengih 28d - dactylus of 2nd cheliped 2sCH- Length of 2nd cheliped
TEL- Teison length 2 - mchium of 2nd chefiped 3CH- Length of 3rd cheliped
Us- uropod length 2m - merus of 2nd cheliped 4CH- Length of 4th chekped
2si - ischitm of 2nd cheliped acl - carpus of 2nd chediped 5 CH- Length of 5th cheliped

23m - merus of 2rd chetiped 2ip - propodus of 2nd cheliped 2LCH- Length of 2nd cheliped



Table 2.3.7

Vaiues of intercept (a ) , regression coefficient (b),correlation coefficient(r) of
morphometric lsevigatus

different measurements of Heterocarpus
Males Females

Regression Regression correlation Regression Raegression  correistion

Relstionships  constant coefficient coefficient constant coefficient  coefficient
@ ®) t (a) ®) r
TLxCL -3.563 2.553 0.929 0.170 0.693 0.330
TLxRL 3314 2.197 0.944 -5.770 3.624 0.997
TL x tchi DRAL 1.815 0.944 -3.054 2.266 0.966
TLx2 i -1.454 1.472 0.926 -11.078 5.957 0.979
MTx2 m 0.954 0.000 1.000 -5.238 2.996 0.380
TLx2c 9.309 5.005 0.944 -1.908 1434 0.667
Tix2p 4.829 2.892 0.944 -5.460 3.038 0.687
TLx2d 0.699 0.000 1.000 -10.713 5.517 0.667
TLx2CH 0.477 0.000 1.000 -5.480 3.463 0.999
TLx 3w -1.840 1.716 0.944 0.144 0.756 0.181
TL x 4wl -7.845 4730 0.982 1.141 0.275 0.667
TL x 5wl 0.581 0.555 0.944 2.384 -0.359 0.327
TL x Tel 4755 -1.534 0.301 -9.843 5467 0.995
TLxUr 0.055 0.548 0.079 -1.329 1.212 0.825
CLxRL 0.676 0.548 0.763 -1.402 1.862 0.383
CL x 1chi 0.599 0.578 1.000 0.636 1.366 0.511
CLx2i 0.954 0.000 1.000 -2.620 2.243 0.202
CLx2 m -1.913 1.700 0.763 2.605 1173 0.085
CLx2 ¢ 0.555 0.982 0.763 -1.168 1.370 0.886
CLx2p 0.699 0.000 1.000 -3.893 2.902 0.886
CiLx24d 0477 0.000 1.000 -7.867 5274 0.886
CL x 2CH 0.596 0.583 0.763 -1.015 1.583 0.308
CL x 3wl 0938 1.658 0.647 0.728 1.532 0.961
CL x 4wl 1.401 0.188 0.763 1.283 0.263 0.886
CL x 5w 2915 0.793 0.565 1.384 0.178 0.118
CL x Tel 1.138 0.011 0.000 -2.508 2333 0.264
CLxUr -0.067 0.748 0.763 0.754 0.198 0.032
RL x tchi 0275 0.801 0.758 0.548 0.630 0.983
RLx2i -0.987 1.360 1.000 -1.564 1.825 0.960
RLx2m 0.954 0.000 1.000 0.376 0.765 0.326
RLx2 ¢ -4.006 3.099 1.000 0.353 0.410 0.718
RLx2 p -1.765 1.791 1.000 -0.670 0.868 0.718
RLx2d 0.699 0.000 1.000 -2.011 1.578 0.718
RL x 2CH 0.477 0.000 1.000 0.040 0.951 0.994
RL x 3wl 0.122 1.063 1.000 1.310 0.235 0.204
RL x 4wl 2721 2.854 0.989 1.575 0.078 0.718
RL x 5wi 1.169 0.343 1.000 1.789 -0.091 0.276
RL x Tel 2.538 -0.564 0.113 -1.121 1.498 0.884
RL x Ur 0.256 0.586 0.250 0614 0.325 0.781
fchix2 i 0.954 0.000 1.000 -2.815 2470 0.895
ichix2 m -3.660 2.931 0.758 0.679 0.872 0.212
ichix2c -1.565 1.694 0.758 -0.065 0.692 0.826
ichix2 p 0.699 0.000 1.000 -3.622 2.663 0.826
ichix2CH -0.003 1.005 0.758 £0.727 1.470 0.957
1chi x I -2.648 2.862 0.842 0.874 0.460 0.317
1chi x 4wl 1.207 0.325 0.758 1.495 0.133 0.826
1chi x 5wl 3.750 -1.381 0.571 1.830 0.112 0.170
chix Tel 1.138 0.011 0.000 -2.307 2299 0.93%
1chi x Ur -0.834 1.287 0.758 0.397 0.472 0.666
2mx2c 0.550 0.578 1.000 0.956 0.017 0.002
2mx2p 0.699 0.000 1.000 0.606 0.037 0.002
2m x2CH 1.252 0.343 1.000 1.120 0.452 0.402
2m x Jud 0.969 0.921 0.989 1.805 0.184 0.225
2m x 4w 1.613 0.111 1.000 1.691 0.003 0.002



Relationships constant coefficient coefficient constant coefficient coefficient

(a) {b) r (®) (b) 4

2m x 5wd 1.809 -0.182 0.113 1.762 -0.129 0.997
2mx Tel 1.014 0.189 0.250 0.544 0.757 0.451
2m x Ur 0.772 0.439 1.000 0.914 0.244 0.791
2cx2p 0.699 0.000 1.000 -1.419 2.118 1.000

2¢ x2CH 0.925 0.593 1.000 -0.085 1.584 0.644
2cx 3w 0.092 1.594 0.989 0.1 0.920 0.734

2c x 4wl 1.507 0.192 1.000 1.507 0.192 1.000
2cxTel 0.834 0.327 0.250 -1.208 2412 0.597
2cx Ur 0.354 0.760 1.000 0.734 0.380 0.250
2CH x -2.393 2.686 0.989 1.358 0.207 0.144
2CH x 4w 1.208 0.323 1.000 1.578 0.078 0.644
2CH x 5wl 2.473 0.531 0.113 1.820 0.107 0.350
2CH x Tel 033 0.552 0.250 -1.193 1.581 0.998
2CHxUr -0.830 1.280 1.000 0.583 0.353 0.842
Il x 4wl 1.498 0.118 0.989 1.439 0.153 0.734
3wl x Swi 2.093 0.254 0.188 1.374 0.174 0.272
3wl x Tel 0.881 0.166 0.165 -0.483 0.971 0.111
Jwix Ur 0.319 0.471 0.989 1.125 -0.013 0.000
dwix 5w 4 458 -1.643 0.113 1.643 0012 0.000
&od x Tel -1.740 1.708 0.250 -20.168 12578 0.597
& x Ur 5617 3.962 1.000 -2.252 1.981 0.250

5wl x Tet 0.401 0.452 0.420 10.281 -5.503 0.397
Swix Ur 1.556 -0.271 0.113 4.152 -1.834 0.745
Telx Ur 0.432 0.580 0.250 0845 0.228 0.876

TL- Yotal length 2i - ischium of 2nd cheliped | CH- Length of Ist cheliped

CL- Carspace lengih 2m - merus ot 2nd chekped 2 CH- Length of 2nd chelpec
RL- Rostrai length 2c¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison iength 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.8

Valuess of intercept (a ) , regression coefficient (b),correlation coefficient(r) of

different morphometric measurements of Parapandafus

Males Femailes

Regression  Regression  cosrelation Regression Regression  corrsistion

Relstionships constant coefficient cosfficient constant coefficient  coefficlent
(a) ) r (e) m 4
TLxCL 0.414 0.887 0.441 -1.142 1.264 0.755
TUxRL -0.695 1.110 0.506 -0.524 1.008 0.425
TLxichi 0371 0.592 0.450 -2.576 2.078 0.846
Mx2i -0.951 0.941 0.387 0.018 0.442 0.075
Ttx2m 0579 0.172 0.018 -0.943 0.947 0.349
TLx2c 0.312 0.714 0.369 -1.043 1.108 0.488
TLx2p 4143 2214 0.280 -1.342 0.818 0.106
TLx2d 0.000 0.000 1.000 0.000 0.000 1.000
TLx2CH 0171 0.668 0.513 0.154 0.848 0.573
TL x 3wl 2.215 -0.154 0.022 0.173 1.059 0.360
TLxd4wl 1.963 -0.015 0.000 3.063 0.594 0.041
TL x 5wl 1.968 -0.005 0.000 3.577 -0.838 0.166
CLxRL 1.069 0.308 0.069 0.554 0.675 0.403
CLxichi 1134 0.288 0.204 0.114 1.220 0616
CLx2i 0.173 0.773 0.468 0.267 0.460 0.171
CLx2m 0419 0.377 0.155 0.205 0.538 0.236
Clx2c 0547 0.406 0.213 0.111 0.764 0.492
Clx2p -2725 2.204 0.494 -0.188 0.3468 0.040
CLx2d 0.000 0.000 1.000 0.000 0.000 1.000
CLx2CH 0745 0.555 0.630 0.735 0.581 0.570
Clx3wl 2128 -0.163 0.043 1.053 0.641 0.279
CLx4wi 2369 -0.330 0.117 2798 0.668 0.109
ClLx5d 2173 -0.163 0.055 2883 -0.705 0.250
Rixtchi 1069 0.306 0.069 0.196 0.923 0.399
RLx2i 0.173 0773 0.468 0.671 0.154 0.022
RLx2m 0419 0377 0.155 0.257 0.462 0.198
RLx2 ¢ 0547 0.406 0.213 0.361 0.540 0.277
RLx2p -2725 2.204 0.484 -0.643 0.628 0.148
RLx2d 0.000 0.000 1.000 0.000 0.000 1.000
RLx2CH 0.745 0.555 0.630 0.925 0411 0.322
RLxJw 2128 0.163 0.043 1.149 0.530 0.216
Rixawl 2.369 -0.330 0.117 2.253 0.251 0.017
RLx5+ 2173 -0.163 0.055 2.528 -0.415 0.008
fchix2 i -0.564 0.823 0.290 0.683 0.138 0.037
ichix2m 1112 0.129 0.008 0.187 0.482 0.462
fchix2c 0.082 20655 0.242 0377 0.501 0.511
fchix2p 4114 2812 0.352 -0.026 0.201 0.033
ichix2 d 0.000 0.000 1.000 0.000 0.000 1.000
fchix2CH 0587 0.583 0.303 0.847 0.37% 0.574
fchix3wl  2.181 0.175 0.022 1.346 0.377 0.233
fchix4wd 1083 0.557 0.145 2338 -0.293 0.051
fchix5wvi  1.310 0.425 0.162 2492 0.371 0.166
ix2c 0730 0.417 0.288 0.663 0.555 0.321
2i x2CH 1.013 0.548 0.789 1111 0.471 0.462
2ix vt 2.047 0.157 0.052 1.574 0.402 0136
2 x 4 1.958 0.029 0.001 1.755 0.139 0.006
2ix 5wl 1.916 0.051 0.007 2.037 -0.138 0.012
2m x2CH 1.169 0.336 0.212 1.159 0.398 0.326
2Zmx3wi  1.874 0.043 0.003 1.510 0.452 0.168
2mxSd 2293 -0.366 0.252 2538 -0.664 0.269




Table 2.3.8 Continued......

Relstionships constent cosficient coslficient constant cosfficient  coefficient

(s) ) r (a) {b) r

2cx2d 0.000 0.000 1.000 0.000 0.000 1.000

20 x2CH 0.844 0.584 0.540 0.775 0.653 0.855

2¢x 3wl 201 0.110 0.015 1.412 0.451 0.164

2c x 4w 1.407 0.487 0.197 2.285 0.348 0.035

2cx 5 1.628 0.308 0.149 2485 0.493 0.145

2px2d 0.000 0.000 1.000 0.000 0.000 1.000

2p x2CH 1454 0.126 0.317 1519 0.055 0.015

20x I 1.918 -0.026 0.011 1.908 0.094 0.018

2p x 4wl 1.934 0.000 0.000 1.845 0.122 0.011

2p x 5wl 1.954 0.023 0.011 1.898 0.050 0.004

2CHx3m 2,155 0.164 0.021 0.644 0.842 0.285

2CHx4w 2013 -0.054 0.002 2.764 -0.576 0.048

2CHx 5+ 1.900 0.040 0.002 3.176 -0.823 0.202

Ivixad 2425 0.257 0.043 2235 -0.183 0.012

xS 2494 0.280 0.099 2599 0.355 0.093

WixTel 2149 0.571 0.061 0.609 0.261 0.068

aix5wl 0637 0.683 0.854 0.727 0.630 0.815

mixTel 1938 -0.456 0.059 0.554 0.298 0.246

TL- Total length 2i - ischium of 2nd cheliped | CH- Length of ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2c - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd chefiped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.9

Values of intercept (a ) , regression coefficient (b),correiation coefficient{r) of

differort morphometric measuvements of Plesionika martia

Maies Females

Regression  Regression  correistion Regression Regression  correistion

Relationships constant coefficient cosfficient constant coefficient coefficient
(@) ®) r @) ) L3
TLxCL 1.279 0.000 0.000 -0.500 0.914 0.859
TLxRL 1.191 0.167 0.057 -1.029 1.270 0.726
TLxtchl -1.387 1.425 0519 -1.275 1.358 0.871
TLx2i 0778 0.000 1.000 -1.275 1.029 0810
TLx2m -1418 1.139 0.340 0.778 0.794 0.667
TLx2¢c 1311 0.163 0.022 -1.490 1.256 0.785
TLx2p 0000 0.000 1.000 -5.583 2.860 0.789
TLx2d -12148 6.126 0.496 -1.055 0.511 0.054
TLx2CH 0.555 0.422 0.233 -0.874 1.140 0.807
TLx3wl  0.65% 0.401 0.274 -0.001 0.731 0.932
Tix4wl 0487 1.016 0.891 0.208 0.867 0.863
TLx5ev 0855 0.303 0.076 0.125 0.682 0.643
TLxTel 2812 0942 0.745 -1.345 1.203 0674
CLxRL 0783 0.575 0.500 -0.100 1.212 0.643
CLx1chl 3.285 -1.4686 0.409 -0.273 1.290 0.764
CLx2i 0778 0.000 1.000 -0.585 1.030 0.788
CLx2m 0858 -0.031 0.000 -0.064 0.656 0.443
ClLx2c 1.004 0.011 0.000 0428 1.080 0.575
CLx2 p 0.000 0.000 1.000 -3.440 2.692 0.679
Clx2d 8243 £.541 0412 -1.065 0.778 0.122
CLx2CH 1643 -0.203 0.040 0.028 1.036 0.729
CLxdd 1452 -0.011 0.000 0.603 0.646 0.706
Clxdw 1141 0.287 0.053 0.527 0.751 0630
CLx5¢ 2758 -1.023 0.646 0.8687 0.468 0.293
CLxur 2.257 -1.005 0.421 0.437 1.123 0.486
CLxTel 0.950 0.011 0.000 -0.290 1.015 0.467
RLx fchi 3.362 -1.285 0.208 0.125 0.870 0.794
RLx2i 0778 0.000 1.000 0.102 0.585 0.580
RLx2m -1094 1.260 0.205 0.049 0.502 0.592
RLx2 ¢ 0332 0.872 0.314 -0.093 0.736 0.599
RLx2 p 0.000 0.000 1.000 -2.309 1.615 0.558
RLx2d 8.638 -5.768 0.212 0.142 0.070 0.002
RLx2CH 0.598 0.517 0.172 0.406 0.6680 0.675
RLx3wd 1903 -0.308 0.079 0.777 0.452 0.790
RLx4m 0376 0.745 0.236 0.730 0.526 0 704
RLx5e 2818 -0.901 0.332 0.953 0.354 0.384
RLxur  0.881 -0 005 0.000 -0.003 0.699 0.430
RLxTel 0.947 0.011 0.000 -0.216 0.844 0.737
1ehix2 i 0.778 0.000 1.000 -0.057 0.582 0.548
ichix2 m 0.345 0.338 0.116 0.001 0.560 0.702
ichix2c 1237 0.174 0.100 0.213 0.856 0.773
ichix2 p 0.000 0.000 1.000 -2.798 2035 0.845
ichix2 d -6.191 4.304 0939 -0.888 0.594 0155
1chix2CH 1.176 0.147 0111 0.302 0.765 0.865
fchix 3wl 1.122 0.224 0.335 0.764 0.483 0.861
ichix4wt 1.120 0.275 0.255 0.680 0.586 0.834
ichix 5wl 0.894 0.394 0.504 0.855 0.440 0.566
2chixur 0.296 0.480 0.505 0.020 0.717 0.432
ichixTet 1533 -0.404 0.537 0.030 0.756 0.564




Table 2.3.9 Continued......

Regression  Regression correlation Regression  Regression  correlation

Relationships constant coefficient coefficient constant coefficient  cosfficient
(a) (b U (a) {b) r
2i x 3t 1.404 0.042 0.012 1.030 0.549 0.687
2i x 4wi 1.157 0.436 0.627 0.998 0.671 0.676
2i x Swi 1.674 0.278 0.246 1.104 0.491 0.436
2ix ur 0.8681 0.114 0.028 0.191 1.102 0.630
2ixTel 1.147 -0.228 0.167 0.303 0.964 0.567
2mx2c¢c 0.711 0.342 0.375 0.110 1.123 0.594
2mx2p 0.000 0.000 1.000 -1.757 2.3 0.495
2mx2d 0.734 0.749 0.028 0412 0.466 0.042
2m x2CH 0.900 0.599 0911 0.544 1.062 0.744
2m x 3wl 1.305 0.162 0.171 0.961 0817 0.626
2m x 4wk 1.174 0.407 0.546 0.832 0.856 0.795
2m x Sed 1.550 0.122 0.047 0.869 0.767 0.767
2m x ut 0.600 0.456 0.444 0.364 0.850 0.271
2mx Tel 1.243 0.342 0375 0.208 1.051 0.487
2cx2p 0.000 0.000 1.000 -2.097 2.185 0925
2x2d 3.139 -3.289 0.167 0.141 0.102 0.004
2c x2CH 0613 0.785 0.487 0.566 0.821 0.944
2cx 3 1.697 -0.262 0.140 0.948 0.502 0.881
2c x 4wl 1.444 0.064 0.004 0.889 0.622 0.892
2c x 5wl 1.789 0.342 0.116 0.976 0.503 0.702
2cx Ur 0477 0.500 0.167 0.135 0.901 0.646
2cxTel 0.716 0.250 0.063 0.256 0.786 0.579
2p x2CH  21.500 2.750 0.587 1.356 0.352 0.895
2p x v 28.000 0.500 0.062 1431 0.215 0.834
2p x 4wl 29.500 2.250 0.460 1.488 0.262 0.821
2p x 5wl 27.000 1.000 0.118 1.462 0.198 0.561
2px Ur 8.500 0.750 0.375 1.004 0.364 0.547
2p x Tel 9.500 0.250 0.062 1.015 0.317 0.487
2CHx3w 1378 0.043 0.007 0.614 0.603 0.906
2CHxawl  0.709 0.573 0.632 0.459 0.758 0.947
2CH x 5w 1.566 0.084 0.013 0.637 0.607 0.730
2CH x Ur 0.121 0.611 0.465 -0.408 1.040 0.614
2CH x Tet 1.424 -0.331 0.205 -0.280 0.954 0.607
3wl x 4wl 0.485 0.72% 0.266 U.190 1.174 0.908
3wl x Swi 1.643 0.134 0.009 0.121 0.936 0.695
SwixUr 0.702 0.188 0.012 -1.634 1.841 0.772
3wl x Tel 2.765 -1.253 0.773 -1.455 1.722 0.793
4wl x 5wl 1.508 -0.037 0.001 0.242 0.818 0.805
4wl x ur 0.058 0.608 0.240 -0.848 1.312 0.594
4wl x Tel 2.248 £.852 0.707 -1.024 1.366 0.758
Swix Ur -0.008 0.676 0.309 0.963 1.353 0.525
5wl x Tel 1.069 £0.073 0.005 -0.835 1.271 0.545
Ur x Tel 1.288 0.333 0.167 0.267 0.750 0.661
TL- Total length 2i - ischium of 2nd cheliped 1 CH- Length of Ist cheliped
CL- Carapace length 2m - merus of 2nd chelped 2 CH- Length ot 2nd chehped
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd chetiped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.10

Values of intercept (a ) , regression coefficient (b),correlation coefficient(r) of
different

measurements of Plesionika ensis

Femnales

me Regression Regression  correlstion

Relstionships constant cosfficient coefficient constant  coefficient coefficient
(®) ®) ! (s) ) f
TLxCL 1.481 -0.052 0.001 -3.108 2262 0.713
TLxRL -1.792 1.627 0.899 1.817 0.174 0.025
TLxichl 1675 0.135 0.004 0.603 0.439 0.024
MLx2i 2644 -0.876 0.968 -1.517 1224 0.741
TLx2m 6242 -2.659 0.968 0397 0.651 0.086
TLx2c £0.538 0.786 0.557 -0.184 0.631 0.140
Mx2p 0.301 0.000 1.000 -1.869 1.095 0.468
TLx2d 0000 0.000 1.000 0.000 0.000 1.000
TLx2CH 2340 -0.496 0.894 0.068 0.648 0.184
TLxd  0.035 0.733 0.673 0.502 0.496 0.514
TLx4wm 0624 0.411 0.114 1.885 -0.206 0.031
TLx5+ 0789 0.349 0.880 0.839 0.332 0.144
TL x Tel -0.083 0.571 0.968 -0.192 0.623 0.485
CLxRL 1.077 0.292 0.083 1.817 0.174 0.025
CLx1chi 3.078 -1.215 0.991 0.603 0.439 0.024
CLlx2i 0734 0.109 0.043 -1.517 1.224 0.741
CLx2 m 0440 0.330 0.043 -0.397 0.651 0.086
ClLx2c 1628 0.427 0.474 0.184 0.631 0.140
Clx2p 0301 0.000 1.000 -1.869 1.095 0.468
Clx2d 0.000 0.000 1.000 0.000 0.000 1.000
CLx2CH 1469 -0.092 0.088 0.069 0.648 0184
Clx3wl 1941 0.314 0.356 0.502 0.496 0.514
Clx4awd 2388 0.681 0.904 1.895 -0.206 0.031
CL x Swi 1.395 0.070 0.101 0838 0.332 0.144
CL x Tel 1.152 -0.071 0.043 0.192 0.623 0.485
RLx tchi  2.081 -0.457 0.144 0.167 0.893 0.116
RLx2i 1.556 0.455 0.768 1.107 0.124 0.009
RLx2m 2837 -1.380 0.768 1.990 0.740 0.132
RLx2 ¢ 0.590 0.304 0.246 0.522 0.377 0.058
RLx2 p 0.301 0.000 1.000 0478 0.108 0.005
RLx2d 0.000 0.000 1.000 0.000 0.000 1.000
RLx2CH 1.795 -0.306 1.000 1.451 -0.060 0.002
RL x 3wl 1.050 0.310 0.355 1.799 0.210 0.109
RL x 4wt 1.428 0.015 0.000 0.145 0.911 0.722
RL x 5w 1.170 0.217 0.999 1.919 -0.284 0.125
RLxTel 0816 0.296 0.768 1.672 -0.422 0.285
tchix2 i 0.952 -0.049 0.013 0.760 0.111 0.050
jchix2 m 1.103 -0.148 0.013 0.518 0.260 0.111
ichix2c 0.601 0.313 0.379 0.776 0.203 0.117
ichix2 p 0.301 0.000 1.000 0.323 <0.004 0.000
tchix2 d 0.000 0.000 1.000 0.000 0.000 1.000
1chix2CH  1.205 0.098 0.149 1.075 0.195 0.136
fchix3w 1.195 0.223 0.267 1.506 £0.010 0.002
ichix4wi 0.695 0.538 0.841 1.444 0.027 0.004
ichix5wl  1.594 0.073 0.166 1.426 0.051 0.028
ichix Tel  1.008 0.032 0.013 1.092 0.028 0.008
2x2m -1788 3.036 1.000 0.521 0.413 0.070
2ix2 ¢ 1.831 -1.008 0.727 0711 0.395 0.111
2ix2 p 0301 0.000 1.000 0.234 0.596 0.280
2ix2d 0000 0.000 1.000 0.000 0.000 1.000
2i x2CH 0887 0.515 0.761 0.996 0.396 0.139
2ix 2.315 0.913 0.826 1.188 0.327 0.453
2ix 4wl 2.054 -0.683 0.250 1.646 0.174 0.045



Relstionships constant cosfficient cosflicient constant coefficient  coefficient
(a) (b) r (®) (b) f
2mx2c¢ 1338 0.332 0.727 0.711 0.404 0.283
2mx2p 0.301 0.000 1.000 0.032 0.315 0.192
2mx2d 0.000 0.000 1.000 0.000 0.000 1.000
2m x2CH 1190 0.170 0.761 0.839 0.580 0.731
2mxdd 1778 0.301 0.826 1.336 0.172 0.306
2mx4wl 1652 0225 0.250 1.698 0.238 0.202
2mx5mt  1.598 -0.118 0.742 1.304 0219 0.310
2mxTel 1.248 -0.215 1.000 0.901 0.168 0.170
2cx2p 0.301 0.000 1.000 -0.107 0.394 0.173
2cx2d 0.000 0.000 1.000 0.000 0.000 1.000
2c x2CH 1.596 0244 0.239 0.508 0.794 0.789
2cx3 0632 0.843 0.986 1.200 0.271 0.437
2Zcxéd 0395 1.014 0.772 1.244 0.224 0.105
2cx5M 1319 0.166 0.220 1.396 0.098 0.038
2cxTel 0565 0.470 0.727 0.971 0.074 0.020
2px2d 0.000 0.000 1.000 0.000 0.000 1.000
2p x2CH 0.138 4.000 0.000 1.195 0.529 0.314
2px3wl 1509 0.000 0.000 1.410 0.254 0.248
2pxaw 2655 -4.000 0.000 1.500 -0.047 0.004
px5A 1491 0.000 0.000 1.394 0.341 0.389
2CHxI 2855 -1.003 0.347 1.044 0.328 0512
2CHx 4wl 1491 -0.030 0.000 1.528 -0.032 0.002
2CHx 5wl 2443 0.709 0.999 1.143 0.263 0.207
2CHxTel 2.347 -0.964 0.761 0.762 0.212 0.128
wixawt 0222 1.109 0.665 2.184 -0.469 0.077
Jwix5wi  1.132 0238 0.326 0.742 0.510 0.163
wixTel 0.164 0.590 0.826 -0.088 0.751 0.337
4wixSwi 1495 -0.003 0.000 1.954 0.305 0.186
4ixTel 0.708 0.239 0.250 1.462 0.217 0.131
SwixTel -0.945 1.341 0.742 -0.052 0.735 0.516
TL- Total length 2i - ischium of 2nd cheliped | CH- Length of ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd chelped 5 CH- Length of 5th cheliped



Table 2.3.11 Values of intercept (a ) , regression coefficient (b),correlation coefficient(r) of
morphometric measurements of Plesionika alcocki

different

Regression Regression corvelstion Regression Regression  correlstion

Females

Relationships constant coefficient coefficient constant coefficient coefficient
@ ® r (8) (b) r

TLxCL -1.332 1.380 0.964 -3.138 2 407 0.939
TLxRL 0673 1.151 0.714 -2.517 2199 0.762
TLx ichl -0.383 0.817 0.324 -1.110 1.250 0939
TLx2 m -2.228 1.729 0.796 -0.361 0672 0.073
TLx2c -2.886 2.153 0.711 -9.263 5.817 0.999
TLx2p -3.585 2.208 0.993 0.301 0.000 1.000
TLx2d £.642 3.775 0.993 0.000 0.000 1.000
TLx2CH 1.204 0.000 1.000 1.204 0.000 1.000
TLx 3wl 0.4468 0.993 0993 1.869 0.311 0.055
TL x 4ust 0.538 0.401 0.182 0.856 0.236 0.073
TL x 5wt 0.489 0.425 0.182 0.808 0.249 0.073
TL x Tel 0.845 0.000 1.000 0.141 0.582 0.073
TLxUr 1.411 0.275 0.182 1.890 -0.582 0.073
CLxRL 0.584 0.706 0.530 0.275 0.980 0.934
CL x 1chl 0.250 0729 0.511 0.519 0.519 1.000
Clx2i 0.400 1.077 0.927 2.261 -1.448 1.000
Clx2 m 0.375 1.090 0.625 0.272 0.500 0.250
Clx2c¢ £0.535 1.320 0.528 -1.496 2.248 0.920
CLx2p -1.360 1.518 0927 0.301 0.000 1.000
CLx2d -2.839 2.595 0.927 0.000 0.000 1.000
CLx2CH 1.204 0.000 1.000 1.204 0.000 1.000
CLx 3wl 0.554 0.683 0.927 1.314 0.007 0.000
Clx 4wl 1.066 0.166 0.062 1.078 0.175 0.250
CL x 5wl 1.030 0176 0.062 1.043 0.185 0.250
ClxUr 1.048 0.114 0.062 1.342 0433 0.250
RL x 1chi 1.016 0.044 0.002 0.421 0.495 0.934
RLx2i -0.594 1.022 0.785 2.534 -1.379 0.934
RLxZm -1.088 1.415 0.991 -0.120 0.696 0.499
RLx2 ¢ -1.632 1.873 1.000 -1.694 1.973 0.730
RLx2 p -1.633 1.441 0.785 0.301 0.000 1.000
RLx2d -3.306 2483 0.785 0.000 0.000 1.000
Rl x 2CH 1.204 0.000 1.000 1.204 0.000 1.000
RL x I 0.421 0.648 0.785 1.128 0.143 0.073
RL x 4w 0.449 0.582 0.713 0.940 0.244 0.499
RL x 5w 0.375 0618 0.713 0.897 0.258 0.499
RL x Tel 0.845 0.000 1.000 0.067 0.603 0.499
RLxUr 1.472 0.393 0.713 1.681 -0.603 0.493
Ichix2 i 0.230 0.548 0250 3.708 -2.788 1.000
fchix2 m 0.660 0.185 0.019 0.228 0.963 0.250
ichix2c 0.885 0.069 0.002 3744 4.330 0.920
tchix2 p 0472 0773 0.250 0.301 0.000 1.000
fchix2 d -1.321 1321 0.250 0.000 0.000 1.000
ichix2 CH 1.204 0.000 1.000 1.204 0.000 1.000
1chl x 4wl 1.608 -0.328 0.250 0.903 0.338 0.250
Tchi x Swi 1.603 0.247 0.250 0.858 0.357 0.250
1chi x Tel 0.845 0.000 1.000 -0.026 0.834 0.250
Tohi x Ur 0679 0.224 0.250 1.774 -0.834 0.250
2ix2 m 0.077 1.142 0.858 1.053 0345 0.250
2ix2 ¢ -0.218 1.437 0.783 0.665 0.298 0.250
2ix2 p 0.798 1.408 1.000 2.014 -1.5583 0.920
2i x 5wl 0.969 0.317 0.250 1.352 0.121 0.250
2l x Tel 0.845 0.000 1.000 1.332 -0.128 0.250
2ixUr 1.088 0.205 0.250 1.083 0.299 0.250




Table 2.3.11 Continued.......

Relationships constant coefficient coeflicient constant coefficient  coefficient
(a) ®) r (a) (b) r
2mx2c¢c 0.167 1.311 0.990 0.525 0.551 0.055
2m x I 0.918 0.476 0.858 0.937 0.467 0.762
2m x 4wl 0.925 0.383 0.623 0.982 0.351 1.000
2m x 5wl 0.880 0.406 0.623 0.942 0.371 1.000
2mx Tel 0.845 0.000 1.000 0.171 0.866 1.000
2mx Ur 1.145 -0.262 0.623 1.577 -0.866 1.000
2x2p -0.377 0.768 0.783 0.301 0.000 1.000
2cx2d -1.158 1.313 0.783 0.000 0.000 1.000
2c x2CH 1.204 0.000 1.000 1.204 0.000 1.000
2cx 3w 0.996 0.345 0.783 1.382 -0.061 0.072
2px2d 0.515 1.710 1.000 0.000 0.000 1.000
2p x2CH 1.204 0.000 1.000 0.000 4.000 1.000
Il x 4wl 0.628 0471 0.250 0.515 0572 0762
3w x Swi 0.565 0.500 0.250 0.448 0.604 0.762
3wix Tel 0.845 0.000 1.000 0.983 1.412 0.762
Ivixur 1.349 0.323 0.250 2731 -1.412 0.762
4wix 5wl -0.101 1.061 1.000 -0.097 1.057 1.000
4wl x Tel 0.845 0.000 1.000 -2.255 2.470 1.000
4wl x Ur 1.780 -0.685 1.000 4.003 -2.470 1.000
5wl x Tel 0.845 0.000 1.000 -2.029 2.338 1.000
Swi x Ur 1.714 -0.646 1.000 3.778 -2.336 1.000
Teix Ur 1.301 0.441 0.250 1748 -1.000 1.000
TL- Total length 2i - ischium of 2nd cheliped 1 CH- Length of Ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd chefiped
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd chetliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ut- uropod length 2d - dactylus of 2nd cheliped § CH- Length of Sth cheliped



Table 2.3.12

Values of intercept (a ) , regression coefficient (b),correlation coefficient(r) of
different morphometric measurements of Oplophorus typus

Females

Regression  Regression  correistion Regression Regression  correlation

Reigiongships  constant cosffcient cosfficient constant  coefficient cosfficient
@) ) L4 (a) ) r
TLxCL -1.962 1.734 0.656 -2.273 1.911 0.979
TLxRL -2.914 2.312 0.834 -1.138 1.332 0.775
TLx 1chl -9.385 5.837 0.997 4.343 3.014 0.959
x2) -8.795 5.142 0.834 -16.225 9.241 0.980
Tx2m 0618 0.582 0.011 -9.800 5.750 0.972
TLx2c¢ -24 645 13.932 0.834 -21.431 12.225 0.952
TLx2p -15.549 8.790 0.834 -8.367 4.730 0.445
TLx2d -23.074 12.937 0.937 -17.035 9.459 0.445
TLx2CH -10.771 6.577 0.745 -13.707 8.222 0.959
TL x 3w -9.286 5824 0.949 -5.683 3.773 0.678
TLx4wl -8.073 5.174 0.973 -5.108 3477 0.619
TL x 5wt -5.681 3.808 0.979 -0.158 0.680 0.036
TL x Tet -5.259 3.427 0.979 -3.369 2.368 0.714
TLxle -8.257 5116 0.468 -0.532 0.818 0.246
CLxRL 0538 0.591 0.250 0420 0.723 0.851
CLx1ich -1.577 2299 0.709 0.739 1.563 0.961
CLx2i -1.118 1.315 0.250 -5.208 4818 0.994
Clx2m 1.896 -1.315 0250 -2934 2989 0.979
Clx2¢ -3.848 3.563 0.250 6929 6.437 0.984
CLx2p -2.426 2.248 0.250 -2.588 2.343 0.407
Clx2d 6.573 5812 0.867 -5.478 4.686 0.407
CL x2CH 0.672 1433 0.162 -3.878 4.263 0.960
CLxw -0.979 1.834 0.431 -1.267 2.040 0.738
CL x 4w -1.327 2.194 0.802 -1.100 1.933 0713
CL x 5w -0.349 1.288 0514 0.444 0.538 0.084
ClxTel -0.768 1433 0.785 0649 1.325 0833
ClxUr -3.004 3.431 0.964 0.369 0.492 0.466
RL x 1cht -1.461 2.051 0.789 -1.358 1.929 0.899
Rix2i -2.314 2224 1.000 6.911 5.781 0.879
RLx2m -0.919 1.112 0.250 -4.058 3.641 0.893
RLx2 ¢ -7.087 6.026 1.000 -8.728 7.340 0.786
RLx2p 4471 3.802 1.000 -4.347 3.560 0.577
RLx2d -5.002 4.125 0.611 -3.611 3.855 0.896
RLx 2CH -2.658 2.991 0.988 -5.568 5.262 0.899
RL x 3wt -1.704 2317 0.963 -2.650 2.980 0.968
RL x 4w 0.938 1.726 0.694 -2.476 2.877 0.871
RL x 5wl -0.8660 1.463 0.926 -0.801 1.495 0.400
RL x Tel 0.547 1.155 0.713 -1.322 1754 0.898
RLxUr 0.309 0.966 0.107 -0.092 0.822 0.799
tehx2 i 0.501 0.856 0.789 -2.855 3.011 0.986
teMx2 m 0373 0.045 0.002 -1.499 1.892 0.997
fchix2¢c 2173 2318 0.789 -3611 3855 0.896
1chix2 p -1.371 1.463 0.789 -1.784 1.791 0.605
ichix2 d -2.296 2.242 0.962 -3.868 3.583 0.605
1chl x 2 CH -0.153 1.086 0.694 -1.883 2.728 1.000
1chi x 3w 0.085 0.981 g.921 -0.368 1.369 0.845
1chl x 4wt 0.242 0.892 0.988 -0.218 1.268 0.780
1chi x Swl 0.450 0645 0.960 0.612 0.428 0.135
tchl x Tel 0249 0.590 0.992 0.029 0.798 0.769
Jehl x Ue 0.080 0.927 0.525 0.598 0.319 0.498




Table 2.3.12 Continued... ...

Regression Regression  cosvsiation Regression Regression  correlstion

Relationships constant cosfficient cosficient constant coeflicient  coefficient
{(a) ®) 4 (® (b) ¢

2ix2 m 0.239 0.500 0.250 0.296 0.624 0.996
2ix2 ¢ -0.816 2710 1.000 0.035 1.313 0.957
2ix2 p -0.515 1.710 1.000 -0.068 0.530 0.487
2ix2 d 0.709 1.855 0.611 -0.437 1.060 0.487
2i x2CH 0.455 1.345 0.988 0.727 0.893 0.986
2i x Jwl 0.707 1.042 0.963 0.935 0.436 0.788
2i x 4wl 0.860 0.776 0.694 0.988 0.409 0.747
2i x 5wl 0.862 0.858 0.926 1.022 0.124 0.105
2ixTel 0.655 0.519 0.713 0.784 0.271 0815
2ixUr 0.696 0.434 0.107 0.901 0.104 0.483
2mx2¢ -0.408 1.355 0.250 -0.572 2.070 0.928
2mx2p -0.257 0.855 0.250 0.344 0.902 0.550
2mx2d 0.107 -0.355 0.022 0.988 1.804 0.550
2m x2CH 0.604 0.800 0.350 0.300 1.438 0.997
2m x I 0.938 0.345 0.105 0.722 0.712 0.821
2m x 4wt 1.164 -0.058 0.004 0.790 0.664 0.768
2m x 5wl 1.029 0.168 0.060 0.957 0.213 0.121
2mx Tel 0.853 -0.025 0.002 0.659 0428 0.793
2m x Ur 1.216 -0.870 0.429 0.851 0.168 0.493
2cx2p -3.701 0.631 1.000 -0.042 0.302 0.285
2cx2d -0.151 0.685 0.611 0.386 0.604 0.285
2c x2CH 0.860 0.496 0.988 0.721 0.634 0.896
2Zcx 1.021 0.384 0.963 0.938 0.293 0.644
2¢ x 4w 1.094 0.286 0.694 0.968 0.283 0.642
2¢ x 5wl 1.060 0.243 0.926 1.030 0.067 0.055
2c x Tel 0.812 0.192 0.713 0.778 0.205 0.841
2cx Ur 0.827 0.160 0.107 0.900 0.073 0.427
2px2 d -0.151 1.085 0.611 -0.301 2.000 1.000
2p x2CH 0.860 0.787 0.988 0.899 0.922 0.606
2p x 3wl 1.021 0.609 0.963 1.011 0.548 0.719
2p x 4wt 1.094 0.454 0.694 1.063 0.470 0.570
2p x Swi 1.060 0.385 0.926 1.037 0.257 0.260
2px Tel 0812 0.304 0713 0.842 0.203 0.263
20xUr 0.827 0.254 0.107 0.920 0.113 0333
2CH x 3wt 0.379 0.749 0.911 0.567 0.502 0.845
2CH x 4wl 0.643 0.529 0.890 0.648 0.465 0.781
2CH x 5wt 0.659 0.468 0.859 0.904 0.157 0.136
2CH x Tel 0.509 0.355 0.610 0.574 0.292 0.768
2CHx Ur 0.647 0.218 0.049 0.815 0.117 0.498
I x 4w 0.262 0811 0.853 0.097 0.951 0.973
I x e 0.405 0.642 0.993 0.482 0.545 0.489
JwixTel 0.258 0.540 0.868 0.290 0.539 o777
dwd x Ur 0.172 0.629 0.252 0.643 0.271 0.798
4vix 5w 0.303 0.699 0.807 0.385 0.611 0.570
4wl x Tel 0.090 0.660 1.000 0.212 0.588 0.860
4wi x Ur -0.439 1.134 0.632 0.600 0.299 0.904
Swi x Tel 0.106 0.862 0.918 0.387 0.446 0.324
Swi x Ur -0.369 1.111 0.327 0.566 0.344 0.780
TL- Total length 2i - ischium of 2nd cheliped | CH- Length of ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2c¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Tetson length 2p - propodus of 2nd chetiped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.13 Values of intercept (a ) , regression coefficient (b),correiation coefficient(r) of
morphometric

different

measurements of Acanthephyra sanguinea

Males

Females

Regression  Regression  corvelation Rogression Ragression  correlation

Ralstionships constant cosficient coefficient constant coefiicient coefficient
(a) ®) 4 (®) ®) 4
TLxCL -11.276 6.304 0.803 -1.478 1.383 0.974
TLxRL -4.603 3013 0.755 0.028 0.697 0.934
TLx tchi 1.430 0.013 0.000 0.148 0.644 0.863
Tx2i -10.254 5.485 0.755 6.387 3.529 0.996
Tx2m -15.642 8.244 0.998 -3.808 2.324 0.996
TLx2¢ -8.171 4.481 0.755 -7.717 4.224 0.982
TLx2p -19.425 9.966 0.755 -5.131 2.801 0.996
TLx2d 33.73 17.037 0.755 -9.287 4.789 0.996
TLx2CH -13.488 7422 0.862 5239 3.292 1.000
TL x I -8.202 4829 0.887 0.628 1.035 0.816
TL x 4w -9.055 5.276 0.957 0.837 0.315 0.200
TL x 5wl -3.904 2690 0.539 0.380 0.533 0.643
TLxTel -4.504 2875 0.745 2.117 1.6668 0.975
TLxUr -5.338 3271 1.000 -1.910 1.542 0.996
CLxRL 0.949 0.351 0.451 0.763 0.512 0.990
CL x 1chl 1.270 0.104 0.094 0.890 0.424 0.735
ClLx2i 0.148 0.638 0.451 -2.480 2.462 0.952
ClLx2m 0.712 1.164 0.876 -1.249 1.622 0.952
CLx2¢ 0.086 0.522 0.451 -3.224 3.072 0.999
ClLx2p -1.063 1.161 0.451 -2.046 1.954 0.952
CiLx2d -2.332 1.985 0.451 4.013 3.341 0.952
CLx2CH 0.133 09823 0.587 -1.652 2327 0.960
CL x 3 0.634 0811 0.624 0.576 0673 0.677
CL x 4w 0.554 0.703 0.747 1273 0.150 0.089
CL x 5wl 1.109 0.268 0.236 0.905 0.421 0.788
CL x Tel 0.595 0.491 0.955 -0.335 1.204 1.000
CLxUs 0.580 0.467 0.895 0213 1.075 0.952
RL x 1chi 1.859 0.326 0.25%0 0337 0.772 0.644
RLx2i -1.876 1.820 1.000 -5.935 4.656 0.902
RLx2m -2.182 2.116 0.7 -3.524 3.067 0.902
Rlx2 ¢ -1.326 1.487 1.000 -7.748 5.962 0.996
RLx2p -4.202 3.307 1.000 -4.788 3696 0.902
RiLx2d -7.69% 5.654 1.000 -8.700 6.318 0.902
RLx 2CH -1.880 2.284 0.981 -4.968 4438 0.8944
RL x 3wl -0.621 1.456 0.970 -0.284 1.213 0.583
RL x 4wl -0.621 1483 0.908 1.182 0.198 0.041
RL x 5wl 0.014 1.029 0.949 0.230 0.856 0.862
RLx Tel 0.550 0.480 0.250 -2.096 2.327 0.990
RLx Ur 0.021 0.826 0.766 -1.722 2034 0.902
1chix2 i 2623 -1.394 0.250 -6.273 4839 0.901
ichix2 m 1.021 0.176 0.002 3.747 3.187 0.901
fchix2c 2.350 -1.139 0.250 8.771 5.207 0.703
ichix2 p 3873 -2.533 0.250 -5.056 3.841 0.901
1chix2 d 8.277 -4.330 0.250 -9.159 6.566 0.901
ichix2CH 3.182 -1.333 0.142 -4.948 4371 0.848
fch x 3wl 2.500 0.774 0.117 0.925 1.648 0.996
1ch x 4wt 2167 0.511 0.046 0.381 0.758 0.558
Ychi x Swi 3.003 -1.106 0.467 0.721 0.502 0.274
1chi x Tel 0.189 0.736 0.250 -1.795 2.088 0.738
fehix Ur 1.214 0.028 0.000 -1.869 2.114 0.901




Relationships constant coeficient cosflicient constant cosfiicient  coeflicient
(a) ®) r (a) ) 4

2ix2 ¢ 0.207 0817 1.000 -0.085 1.178 0.938
2ix2 p -0.793 1.817 1.000 -0.078 0.794 1.000
2ix2d -1.870 3.106 1.000 -0.647 1.357 1.000
2i x2CH 0.475 1.255 0.981 0.703 0.928 0.993
2ix 3wl 0.880 0.800 0.970 1.237 0.301 0.860
2ix &l 0.908 0.815 0.908 1.400 0.100 0.250
2i x 5wt 1.075 0.565 0.949 1.348 0144 0.585
2ixTel 1.045 0.264 0.250 0.892 0.466 0954
2ixUr 0.873 0.454 0.766 0.8714 0.437 1.000
2mx2c 0.322 0.556 0.79 0.773 1.788 0.938
2mx2p -0.538 1.236 0.791 -0.541 1.206 1.000
2mx2d -1.435 2113 0.791 -1.440 2.0680 1.000
2m x2CH 0604 0914 0.890 0.161% 1.409 0.993
2m x 0.954 0.594 0.912 1.061 0.456 0.860
2n x4v 0.952 0.645 0972 1.341 0.151 0.250
2m x Swl 1.190 0.338 0.581 1.262 0.218 0.585
2m x Tel 0.958 0339 0.707 0620 0.707 0.954
2mxUr 0.869 0.396 0.999 0.616 0.663 1.000
kx2p -1.253 2.224 1.000 0.008 0.630 0.936
cx2d -2.657 3.802 1.000 -0.501 1.077 0.836
2c x2CH 0.157 1.538 0.981 0.793 0.753 0.970
2cx I 0677 0.979 0.870 1.206 0.213 0.644
2c x 4l 0.701 0.997 0.908 1434 0.043 0.070
2¢ x 5wl 0.831 0.692 0.949 1.345 0.139 0816
2cx Tet 0.978 0.323 0.250 0.928 0.391 0.998
2cxUr 0.758 0.555 0.766 0.918 0.347 0.936
px2d -0.515 1.710 1.000 0.515 1.710 1.000
2p x2CH 1.023 0.691 0.981 0.794 1.470 0.993
20 x 3t 1.229 0.440 0.970 1.266 0.379 0.860
2px 4wl 1.263 0.448 0.908 1.409 0.126 0.250
2p x Swd 1.3 0.311 0.949 1.360 0.181 0.585
2xTel 1.160 0.145 0.250 0.937 0.587 0.954
20xUr 1.071 0.250 0.766 0914 0.550 1.000
2CH x 3 0.573 0.641 0.999 1.025 0.311 0.800
2CH x 4w 0579 0.665 0.971 1.344 0.092 0.183
2CH x 5wl 0.890 0.428 0.872 1.225 0.164 0.683
2CH x Tel 0.886 0.256 0.376 0.532 0.507 0.982
2CHxUr 0.875 0.382 0.871 0.544 0.467 0.993
I x 4wl 0.023 1.043 0.982 0772 0.484 0620
Jvd x 5t 0.523 0.657 0.846 1.049 0272 0.219
Iwix Tel 0.631 0418 0.413 0.548 1.215 0.681
dwd x Ur 0.322 0.604 0.895 0638 1.250 0.8580
aMxSw 0.605 0.584 0.739 1.678 0.166 0.031
4w x Tel 0.559 0.456 0.546 0.127 0.722 0.091
4wix Ur 0.313 0.595 0.962 -0.459 1.096 0.250
5wl x Tel 0.837 0.264 0.084 -2.044 2.247 0.784
5wl x Ur 0212 0.664 0.552 -1.408 1.777 0.585
Telx Ur 0.149 0.841 0.733 0.086 0.894 0.954
TL- Total length 2i - ischium of 2nd cheliped | CH- Length of ist cheliped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ur- uropod length 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.14  Values of intercept (a ) , regression coefficient (b),correlation coefficient(r) of
different morphometric measurements of Acanthephyrs anmats
Males Fernales
Regression  Regression correiation Regression Regression  correiation
Relstionships constant coefficient coefficient constant cosfficient coefficient
@) ®) ’ (@) o) 4
TLxCL -4.645 2975 0.788 -1.730 1.538 0.999
TLxRL -9.964 5.587 0.769 0.575 0.444 1.000
TLx tchl -32713 2.316 0.902 0.812 0.313 0.967
Tx2i -6.345 3441 0.970 -3.882 2.094 0.655
TLx2 m -4.388 2.519 0.961 -3.286 1.952 0.831
Ttx2c¢ -3.537 2.189 0.848 -0.479 0.650 0.911
TLx2p -5.159 2811 0.490 -1.551 1.056 0.923
TLx24d 0000 0.000 1.000 -6.016 2954 0.965
TLx2CH 3638 2.456 0.854 -1.780 1.519 0.813
TLx I -3.766 2.667 0.781 1.251 0.198 0.967
TL x 4wl -4.944 3.231 0.930 0.869 0.359 0.901
TL x 5w -3.851 2.691 0.740 1.005 0.270 0.888
TLx Tel -8.856 4.952 1.000 0.647 0.882 1.000
TLxUr -5.977 3.565 0.998 0.815 1.004 0.921
CLxRL -1.167 1.900 1.000 1.075 0.288 0.938
Clx tchi 0.417 0.718 0.974 1.166 0.202 0.953
CLx2i Q.17 0.994 0.910 -1.377 1.395 0.688
CLx2 m 0.320 0.736 0.923 -1.118 1.288 0.856
CLx2c -0.082 0.707 0.994 0.245 0.427 0.930
CLx2p -1.009 1.138 0.903 -0.372 0.693 0.941
Clx2d 0.000 0.000 1.000 -2.708 1.831 0.976
CLx2CH 0.242 0.790 0.993 0.054 1.003 0.839
CL x It 0.394 0.900 1.000 1475 0.128 0.953
CLx 4w 0.236 0.977 0.956 1.270 0.236 0.921
CLx 5w 0.318 0.932 0.997 1.306 0.178 0.919
CLxTel -0.700 1.322 0.801 0.347 0.573 0.987
CLxUr -0.122 0.965 0.822 0.305 0.658 0.938
RL x 1chi 0.860 0.376 0.967 0.405 0.706 0.969
RLx2) 0.156 0.519 0.896 -6.366 4.700 0.649
RLx2m 0.136 0.385 0.911 -5.799 4.389 0.826
RLx2 ¢ 0.353 0.371 0.990 -1.318 1.462 0.907
RLx2p 0.314 0.603 0.916 -2.914 2377 0.919
RiLx2d 0.000 0.000 1.000 -8.835 6.652 0.962
RL x2CH 0.728 0.415 0.988 -3.735 3416 0.808
RL x 3wl 0.947 0.474 1.000 0.993 0.448 0.969
RL x 4wt 0.840 0.511 0.946 0.406 0.808 0.898
RL x 5t 0.890 0.491 0.999 0.656 0.608 0.895
Rt x Tel 0.121 0.688 0.783 -1.792 1.989 1.000
RL x Ur 0.477 0.503 0.805 -2.111 2259 0.918
1chix2 i -1.393 1.418 0.979 -7.498 5.597 0.474
ichix2 m 0.774 1.046 0.986 -7.208 5.526 0.674
ichix2c¢ 0.476 0.972 0.993 -1.891 1.891 0.781
tchix2 p -1.510 1.463 0.789 -3.887 3.088 0.798
ichx2 d 0.000 0.000 1.000 -12.738 8.802 0.867
1chix2 CH 0.201 1.087 0.994 -4.865 4276 0.851
Yehl x Iwd -0.085 1.220 0.972 0.736 0.634 1.000
fchi x 4w 0.347 1.372 0.997 0.094 1.042 0.767
1chl x 5wl -0.165 1.253 0.954 0.423 0.783 0.763
1chl x Tel -1.697 1.940 0.912 -2.811 2,735 0.972
1chlx Ur -0.768 1.409 0.927 -3.013 2933 0.786
2x2m 0.254 0.735 0.999 0.240 0.811 0.959




Table 2.3.14 Continued. ...

Regression  Regression  correlation Regression Regression  correlation

Relationships  constant coefficient  coefficient constant  coefficient  coefficient
(a) {b) r {a) (®) 4

2ix2p -0.029 0.934 0.661 0.386 0.400 0.885
2x2d 0.000 0.000 1.000 -0.548 1.053 0.820
2 x2CH 0.878 0.743 0.853 0.956 0.641 0.968
2ix 4wl 1.007 0.955 0.991 1.526 0.139 0.908
2ix 5wl 1.087 0.838 0.875 1.499 0.105 0911
2ix Tel 0.283 1.400 0.976 1.018 0.273 0.639
2ixUr 0.608 1.013 0.983 1.025 0.381 0.887
2mx2c 0.256 0.807 0.960 0.628 0.316 0.986
2mx2p -0.365 1.293 0.685 0.255 0.508 0.980
2mx2d 0.000 0.000 1.000 0918 1.368 0 946
2m x2CH 0.618 1.015 0.963 0.770 0.787 0.999
2m x 4wt 0.675 1.301 0.995 1.481 0.176 0.989
2m x 5wl 0.781 1.150 0.891 1.465 0.133 0.990
2mx Tel -0.188 1.896 0.967 0.906 0.372 0818
2mxUr 0.260 1.373 0.976 0.900 0.483 0.981
2Zcx2p -0.835 1.559 0.852 0.761 1615 1.000
Zxx2d 0.000 0.000 1.000 -3.695 4.390 0.987
2 x2CH 0.333 1.118 1.000 0.759 2450 0.979
Zex 0.506 1.265 0.992 1438 0.262 0781
e x 4wt 0.338 1.397 0.882 1.132 0.556 1.000
2c x 5wl 0.437 1.304 0.982 1.202 0419 1.000
2c x Tel -0.595 1.932 0.860 0.119 1.230 0.901
2px2d 0.000 0.000 1.000 -1.629 2724 0.992
2p x2CH 0.976 0.609 0.846 0.400 1512 0973
2p x 1222 0.716 0.908 1.558 0.164 0.798
2p x 4wl 1.157 0721 0.746 1394 0.344 0.999
2p x 5wl 1.170 0.753 0.934 1.400 0.259 0.998
20 x Tel 0.585 0.879 0.507 0.695 0.767 0913
2d x2CH 1.228 0.008 0.000 1.308 0.542 0.935
2d x dwi 1.526 -0.161 0.046 1656 0.062 0.867
2d x 4wl 1.446 0.004 0.000 1.600 0.125 0.983
2d x Swid 1.492 0.203 0.068 1.555 0.094 0.882
2d x Tel 0.906 0.311 0.063 1.152 0.287 0.958
2 xUr 1.054 0.200 0.051 1227 0.346 0.991
2CH x I 0.140 1.114 0.949 1.532 0.097 0.651
2CH x 4wl -0.113 1.269 1.000 1.310 0.223 0.984
ZCH x 5wl 0.070 1.141 0.926 1.336 0.168 0.985
2CH x Tel -1.301 1.821 0.942 0.549 0.468 0.799
2CH x Ur -0.550 1.321 0.954 0.430 0.612 0974
vl x Swi -0.091 1.035 0.998 04886 1.235 0.763
dwt x Tel -1.270 1.463 0.795 -5.984 4313 0972
wix U 0539 1.068 0816 £.416 4625 0.796
amixSwi 0.169 0.901 0.930 0.349 0.754 1.000
4w x Tel -1.134 1.432 0.939 -2.366 2.201 0.891
4wi x Ur -0.429 1.039 0.951 -3.192 2.761 0.999
5wl x Tel -1.087 1.375 0.755 -3.376 2914 0.888
Swi x Ur -0.407 1.006 0778 -4 468 3663 0.998
leix e 0.398 0.720 0.999 L0.071 1.132 0912
TL- Total length 21 - ischium ot 2nd cheped 1 CH- Length ot Ist chelped
CL- Carapace length 2m - merus of 2nd cheliped 2 CH- Length of 2nd cheliped
RL- Rostral length 2¢ - carpus of 2nd cheliped 3CH- Length of 3rd cheliped
TEL- Teison length 2p - propodus of 2nd cheliped 4CH- Length of 4th cheliped

Ur- uropod iength 2d - dactylus of 2nd cheliped 5 CH- Length of 5th cheliped



Table 2.3.45 Values of intercapt (a ) , regression coefficlent (b),correlation
coefficient(r) ofdifferert morphometric measursments of Parapeneus investigstoris

Femailes

Regression  Regression  correlstion Regression Raegression  correiation
Relstionships conetant coefiicient  coefficient

constant  coefficient  coefiicient

(a) (b} U (a) () r

TLxCL -0.007 0.701 0.743 1.027 0.142 0.465
TLxRL 0.448 0.690 0.276 2.101 0713 0.967
TLx 1chi 0.400 0.420 0.372 0.492 0.352 0203
TLx2i 0.071 0.305 0.250 0477 0.000 1.000
Tx2m 0.493 0.645 0.332 0.699 0.000 1.000
Tix2¢ 0.493 0.646 0.332 0.109 0.337 0.206
TLx2p -1.274 0.904 0.220 -1.941 1.281 0.208
TLx2 d -2.000 1.142 0.283 -5.648 3.208 0.967
TLx2CH -0.049 0.685 0.644 0.184 0.581 0.458
TL x 3 0.282 0.585 0.686 0.890 0.247 0.206
TL x 4wl 0.414 0517 0.297 2.331 0.543 0.334
TL x 5wt 0.145 0.727 0682 1.022 0.233 0697
Tux Tel -1.381 1.251 0.822 -1.610 1.393 0.602
TLxUr -0.939 1.087 0.769 -1.881 1.623 0.800
CLxRL -1.238 1.595 0.760 3.385 -2.004 0.333
CLx 1chl 0.032 0.684 0.849 -2.504 2.828 0.570
CLx2i 0.093 0.308 0.132 0.477 0.000 1.000
CLx2m 0.751 1.122 0.517 0699 0.000 1.000
Clx2c 0.751 1122 0.517 2.240 -1.185 0111
CLx2p -1.140 1.188 0.196 6.161 4.504 0.111
CLx2d -1.863 1.525 0.260 -11.420 9.008 0.333
CLx2CH -0.137 1.059 0.772 1.579 -0.268 0.004
CL x 3w 0.387 0.754 0.589 2.451 -0.868 0.111
CLx 4wt 0.410 0.742 0.315 5113 -2930 0424
CL x 5w 0.198 0.998 0.665 1.129 0.245 0.034
CLxTel -0.498 1.105 0.331 -6.096 5454 0.403
CLxUr 0575 1271 0.543 £6.081 5539 0.458
RL x 1ch 0.753 0.512 0.954 1.521 -0.483 0.201
RLx21 0.371 0.147 0.100 0.477 0.000 1.000
RLx2m 0.159 0.856 0.591 0.699 0.000 1.000
RLx2 ¢ 0.159 0.656 0.591 1.199 -0.591 0.333
RLx2 p 0.109 0.350 0.057 2201 -2.248 0.333
RLx2d 0217 0.470 0.083 3.800 -4.497 1.000
RL x 2CH 0.804 0.521 0.626 1.982 -0.920 0.604
RL x 3w 1.101 0.317 0348 1.688 0433 0.333
RL x 4wl 1.012 0.433 0.360 0.899 0.556 0.184
RL x 5wl 1.211 0.335 0.251 1.727 0.350 0.825
RL x Tel 0.777 0.187 0.032 2.564 -2.039 0678
RL x Ur 0.691 0.459 0237 2.907 -2.284 0.937
tchix2 i 0.045 0.381 0.185 0477 0.000 1.000
Ichix2 m o721 1.2%0 0.552 0.689 0.000 1.000
tchix2c 0.72% 1.210 0.552 0974 0.228 0.057
tchix2 p -1.011 1.197 0.183 1.346 -0.859 0.057
tchix2 d -1.417 1.300 0.174 -1.956 1.887 0.201
1chix2 CH -0.054 1.085 0.760 1.278 -0.038 0.001
1chi x 3w 0.628 0.625 0.372 1.524 -0.165 0.057
1chi x Tel 0.286 0.567 0.080 -1.259 1.920 0.700
1chi x Ur -0.048 0.951 0.280 0.564 1.433 0.430
2ixTel 0629 0617 0.074 0.480 0.990 0.829
2ixUr 0.734 0.685 0.113 0.728 0.752 0.527
2ix2 m 0.364 0.688 0.140 0.854 0.150 0.111
2ix2 ¢ 0.364 0.688 0.140 0.654 0.150 0.111
2ix2 p -0.520 1.864 0.347 0.129 0.570 0.111
2ix2d 0.735 1.721 0.238 0.343 1.140 0.333
2i x2CH 0.755 0.975 0.470 1.044 0439 0.489
2ix 3w 1.209 0.313 0.073 1.289 0.110 0.111
2i x 4w 1474 0.405 0.068 1.259 0210 0137
2 x 5w 1418 0.148 o.on 1.405 0.089 0.275



2mxUr

2x2p
2cx2d
2c x2CH
2cx 3
2c X 4wi
2cx 5wl

2cx Tel
26X U0

px2d
2p x2CH
20xm
2p x 4wl
2p x 5wl
2p x Tel
2px\r

2d x2CH
20 x 3w
2d x 4wl
20 x 5wl
2dxTel
2d x Ur

2ZCHx It
2CH x 4wt
2CH x Swi
2CH x Tel
2CHx Ur

3w x 4wl
dwt x Sl
i xTel
dwi x Ur

SutxSwl

4wt x Tel
4wl x Ur

Swi x Tel
S x Ur

Telx Ur

1 218

1377
1.475
0.901
1.033

0.564
0.604
0.625

-0.128
-0.043

0.138
-0.018

0.968
-0.661

0.966

0.271
0.413

0.821

0.437

0252

0.108

0.159
0.016
-0.057
0.122

0.277
0.341

0.647
0.620
0.699

0.858
0.901

0.904
1.105

1.382
1.211

0.381
0.482
0.481

1.245
1.093

0.681

0.245

0.002
0.010

0 747
0.534
0.381
0.080
U.44D

0376
0315
0.025
0.009
0.089
0.208
0.028

0.156
0.002
0.017
0.089
0.187

0.630
0.320
0.474

0.290
0.397

0.452
0.788

0.508
0.524

0.169
0.110
0.135

0.630
0.601

0.574

-0.067

-2.358
-1.671
0.424
0.810
1.208
1.209
0.260
U.343

0.100
1.123
1.264
1.330
1.4114
0.833

0953

1.190
1.322
1.369
1.431

0.841
0977

0.816
1.429
1.119

-0.799
-0.741

0.989
0.849

0.486
-0.802

1.516
1.030
1.889

-5.276
8.191

0.244

1.558

3.802
2.535
1.127

0.198
0325

0.764
.Ul

0.667
0.286
0.183
0.052

0.201
0.267

0292
0.096
-0.124
0.078

0.453
0.508

0.422
-0.064
0.262
1.384
1.454

0.270
0.444

1.043
12388

0.054
-0.080
-0.604

4.288
5.020

0.890

0.458

1.000
0.333
0.649
1.000
0.024
0.750

0.100
U.Iw

0333
0.649
1.000
0.024
0.750
0.100

0.195

0.843
0.333
0.184
0.825
0.678
0.837

0.649
0.005
0.951
0.6414
0.779

0.024
0.750

0.100
0.195

0.033
0.002
0.110

0.444
0671

0.873
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Table 225 Minimum , maximum, and mean of different ratios worked out using various morphometric
measurements in deep sea prawns umder the super family Pandeloidea

H.gibbosus H.woodmasoni
Male Female Male Female
Ratios Min Max Mean Min Max Mean Min Max Mean Min Max Mean

am 0270 0322 030t 005 035 027 0242 0386 0.284 0.161 0293 0272
T 0339 0416 0383 03t 040 038 0267 0338 0.301 0233 0337 0285
1CHML 0281 0415 0324 028 038 032 0.194 0248 0219 0.198 0239 0217
UL 0088 0120 0102 006 0.1 0.10 0034 0075 0.056 0.054 0.075 0.082
Xxm/L. 0082 0124 0105 009 013 0.10 0026 0059 0.043 0028 0.059 0043
Xc/m 0083 0.113 0083 005 010 008 0051 0.157 0.110 0095 0.141 0.119
oM 0027 0067 0042 003 007 005 0008 002 0.015 0.008 0022 0.015
NdMm 0005 0.012 0008 001 0.01 0.01 0.004 0.011 0.007 0.004 0.011 0.008
ACHM 0349 04468 0418 032 048 042 0034 0.075 0.058 0.054 0075 0062
21T 0038 0103 0082 005 010 008 0038 0.065 0.053 0.02¢ 0.065 0.051
amm 0048 0081 0061 003 008 006 0028 0.059 0.043 0028 0059 0043
acm 0063 0113 008 005 010 008 0.05t 0.157 0.057 0085 0141 0.119
apm 0027 0067 0042 003 007 005 0032 0057 0043 0018 0031 0022
adm 0017 0034 0023 002 003 002 0018 0.031 0.022 0015 0.031 0020
BSCHTL 0243 0349 0290 018 038 030 0.190 0254 0217 0.142 0254 0211
XHM 0432 08651 0517 037 063 083 0305 0.374 0333 0294 0367 0.330
LHm 0458 0877 0560 039 065 053 0297 0368 0332 0310 0367 0334
SCH ML 0368 0651 0509 038 064 053 0286 0.357 0.309 0283 0357 0.318
TdTL 0082 0.155 0132 009 0146 0.14 0130 0.198 0.158 0.104 0.176 0.150

R 1135 1542 1276 097 129 116 0682 1667 1.085 0624 1667 1082
1CHQL 0897 1391 1079 078 129 1.04 0564 1400 0.781 0742 1400 0850
XL 0200 0423 0339 017 038 032 0.125 0467 0200 0.185 0467 0241
ML 0265 0394 0349 022 041 0.34 0156 0.400 0244 0226 0400 0276
XRc/L 0433 0739 0614 036 075 061 0.188 0733 0.390 0355 0733 0463
XeKCL 0033 0083 0081 003 009 006 003t 0.133 0.052 003t 0.133 0.080
XeKL 0017 0042 0031 002 004 003 0016 0.067 0.024 0016 0067 0030
acHA 1197 15883 1394 083 1.59 1.38 0516 1.800 0.909 0911 1800 1.069
21/CL 012¢ 0348 0272 017 035 027 0128 0333 0.188 0103 0333 0.199
Am/CL 0143 0280 0203 O.11 025 019 008 0267 0.153 0.128 0267 0.168
ekt 0208 0375 0276 017 034 027 0.154 0333 0203 0068 0333 0217
apkL 0088 0250 0139 008 025 0.16 0103 0267 0.153 0063 0267 0.163
Aoy 0054 0125 0078 006 0.11 0.08 0051 0111 0.077 0052 011t 0077

XHCL 1412 2250 1722 119 1.94 1.7 0872 2067 1.189 1143 2067 129
LHICL 1500 3360 1867 125 200 1.7 0846 2133 1.185 1074 2133 1308
SCHXCL 1143 2250 1685 122 214 1.71 0795 2067 1.009 1000 2067 1238
POCL 0182 0375 0261 014 048 029 0178 0533 0.2582 0.133 0533 0282
RL2SCH 1091 1593 1335 098 210 124 1.174 1931 1385 1037 193t 1328
TEUSCH 0208 0593 0480 028 067 047 0588 1241 0.731 0478 1241 0748
A2sd 3273 6143 4743 355 733 448 4500 14000 5340 4000 14000 5285
Qs d 2667 4857 378 291 600 387 4333 14500 5028 3000 14500 48987




Table 2.2.5 Continued

H.gibbosus H.woodmasoni

Male Female Male Female
Ratios Min Max Mean Min Max Mean Min Max Mean Min Max Mean
&ifZsd 0444 1288 1003 0.82 1.29 1.02 0.667 1500 0.933 0600 1500 0934
srv2sd Q444 1000 0751 050 0.89 071 0500 3000 0.760 0.500 3.000 0835
By 2sd 0273 0857 0512 040 1.00 0.60 0.600 1000 0.758 0500 1.000 0.757
2% 0182 0429 0288 018 043 029 0333 0750 0.383 0286 0.750 0368
SOWad 2889 4429 3554 310 429 362 3333 7250 3834 3333 7250 3894
R2sd 3273 6143 4743 355 7.33 448 4500 6500 5.340 4000 14000 5567
TeLad 1143 2206 1630 100 287 169 2500 3167 2.784 1.833 9.000 3.088
R2id 1.762 3000 2098 1.52 277 192 1833 5667 2946 1.867 2909 2341
o ¥r.1. ] 1353 2308 1651 133 2.77 167 2000 5333 2740 1.364 2818 2204
diRld 0471 0692 0555 040 0.67 0.53 0389 0857 0527 0385 0636 0520
Ami2id 0471 07689 0574 048 0.67 0.55 0.500 1.143 0648 0533 0727 0.599
3pad 0058 0125 0100 0.06 0.15 0.10 0083 0286 0141 0.067 0.182 0.128
Py 7. -] 0029 0063 0050 003 0.08 0.05 0036 0.143 0065 0.033 0091 0.064
ACH2d 2088 2577 2279 205 250 223 2056 3429 2379 2107 2636 2312
d2sm 0571 2000 1368 1.13 2.00 145 0.600 1500 0.934 0600 1500 0934
202sm 1000 2250 1379 1.13 200 144 0333 2000 12348 0.333 2000 1348
BpZsm 0429 1200 0696 050 117 0.85 0.333 1.687 1.008 0333 1500 1.005
p. 7.3 ] 0288 0600 0388 025 0.75 0.42 0250 1.000 0495 0250 0750 0478
AWham 1714 6750 4831 400 8.75 5.16 2417 8000 5.095 2417 6.687 5060
TR/sm 1333 3250 2210 133 3.50 241 2333 6000 3650 2333 5333 3564
R2im 3077 4558 3678 488 1100 638 4500 11.000 6.900 4500 10.667 6.696
tL2m 2538 3778 2889 243 450 3.0t 3.750 12.000 6.487 3.750 9333 8.255
4iim 0848 1222 0975 0.71 1.1 0.96 0.667 1.167 0.856 0.714 1167 0873
Jc2tm 1300 2125 1767 1.50 2.18 1.82 0.875 2.000 1649 1375 1875 1683
¥p/2im 0100 0222 0.177 0.10 0.27 0.18 0.111 0.333 0.214 0.111 0333 0.214
AdAm 0.060 0.111 0.088 0.05 0.13 0.08 0056 0.167 0.104 0.056 0.187 0.107
ACH2Im 3350 4.556 4.007 3.67 464 4,04 3.000 4500 3818 3357 4500 3.877
T1- Total iength 2si - ischium of 2nd cheliped 2Ip - propodus of 2nd cheliped
CL- Carapace length 2sm - merus of 2nd cheliped 2id - dactylus of 2nd cheliped
RL- Rostrai length 2scl - carpus of 2nd cheliped | CH- Length of ist cheiiped
TEL- Telson length 23p - propodus of 2nd cheliped 2sCH- Length of 2nd chefiped
tr- uropod iength 2sd - dactylus of 2nd cheliped 3CH- Length of 3rd cheliped

2li - ischium of 2nd cheliped
2im - merus of 2nd cheliped
2ici - carpus of 2nd cheliped

4CH- Length of 4th cheliped
5 CH- Length of 5th cheliped
2LCH- Length of 2nd cheliped
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Plate 2.1

B. Penaeopsis jerryl Perez Farfante ,1979



Plate 2.2

A Metapenaeopsis andamanensis (Wood-Mason, 1891)

B. Aristeus alcocki Ramadan, 1938



Plate 2.3
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A. Solenocera hextii Wood-Mason, 1891

B. Heterocarpus gibbosus Bate, 1888



Plate 2.4

A Heterocarpus woodmasoni Alcock, 1901

B. Heterocarpus laevigatus Bate, 1899



Plate 2.5

A. Parapandalus spinipes (Bate,1888)

B. Plesionika alcocki (Anderson, 1898)



Plate 2.6

A  Plesionika martia (Milne-Edwards, 1883)

B. Ptesionika ensis (Milne-Edwards, 1881)



A. Oplophorus typus (Milne-Etdwards, 1837)

B. Acanthephyra sanguinea (Wood-mason, 1892)



Plate 2.8

A. Acanthephyra armata Milne-Edwards, 1881
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3.1. INTRODUCTION

The Arabian Sea is a contiguous basin of Indian Ocean, delimited
eastwards and southwards by the Arabian and Indian coasts and it
articulates Red Sea through Gulf of Aden, Persian Guif through Gulf of
Oman and Bay of Bengal through Palk Strait. Such a geographical
position results in a complex hydrography owing to the presence of
different water masses. The deep-water region of Arabian Sea is
characterised by certain physical and hydrographic features, which are
significantly different from the conventional trawling grounds of the
inshore regions (Suseelan, 1985). Knowledge on the distribution and
abundance of deep sea fauna in the Arabian basin comes mostly from the
Indian continent where systematic surveys of the deep sea organisms
have been carried out ever since 1958 (John & Kurian, 1959; Kurian,
1964,1965; George and Rao, 1966; Rao and Suseelan, 1967, Suseelan,

1985).

The rich and diversified deep sea crustacean fauna and their
general distribution patten in the Arabian Sea had been studied during
the past four decades (Mohamed and Suseelan, 1973; Suseelan, 1974;
Suseelan et al., 1989a,b). The discovery on the availability of
commercially exploitable deep sea prawns by these surveys during the

recent past have offered tremendous scope for the onset of commercial
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deep sea fishery to enhance production of crustaceans along Kerala
coast. However, the concept of commercial deep sea prawn exploitation
became a reality only quite recently and contributed immensely to the
exploited fishery resource of Kerala. Analysis of exploited fishery data of
deep sea prawns during 2000-02 showed wide dwindling in the catch
rates and the respective contribution of various species to the fishery (for

details, see Chapter 5).

Benthic communities usually have a long life cycle and stable
community structure and therefore can often be used as a monitoring
index for pollution (Leppakoski, 1975). In addition, deep sea community
are also considered as biological indicators for assessing marine water
quality because the organisms are mostly sessile and affected by factors
causing environment pollution (Trong, 1996). As members of epifauna,
these crustaceans have much higher mobility than do members of the
nfauna. Therefore, whenever there are environmental changes, these
communities suddenly respond either with their disappearance,
suspending recruitment at species level, or with a quicker response by
the movement of individuals both in and out of an area (Chou et al.,
1999). Effect of fishing on ecosystem structure and processes have been
studied by a number of researchers from different parts of the world,
notably by Jennings and Kaiser (1988), Farina et al. (1997), Chou et al.

(1999), Hall (1999), Trong et al. (2000) and Donghia et al. (2002).
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In spite of the fact that the hydrographic features and the fishing
intensity can affect the distribution and abundance respectively of many
species and thereby influencing the diversity in marine ecosystems, such
effects on the species diversity and species richness have never been the
topic of research in the deeper waters off Indian coast. Therefore, in the
present study, an attempt is made in this direction with reference to deep

sea prawns off the coast of Kerala with the following objectives.

1. To calculate bio diversity indices of deep sea prawns off Kerala
with a view to examine the change in community structure, if any,

based on the taxonomic relatedness.

2. To assess the depth wise and year wise species abundance,

richness and evenness.

3. To work out similarity index among the populations from month

wise analysis.

3.2. MATERIALS AND METHODS

The data for the study were collected from commercial deep sea
trawlers operated at 150-650 m off Kerala during September 2000 to

August 2002. Data on the deep sea prawn catch and effort were collected
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at weekly intervals from six major harbours viz. Sakthikulangara,
Neendakara , Cochin, Munambum, Beypore, and Puthiyappa and 4 minor
harbours viz. Thottapally, Murikkumpadam, Ponnani and Mopla Bay
spread along 6 districts of Kerala . Besides, the data on deep sea prawn
resources and hydrographic parameters were also collected on board
FORV Sagar Sampada during her experimental trawl fishing cruise surveys
no. 174 (June — July, 1999), 183 (April, 2000), 189 (October — November,
2000), 191 (January, 2001), 196 (July, 2001) and 197 (April 2002) carried
out at depths varying from 100-750m in the latitudes 7° N and 13°N and
longitudes 71' E and 77" E. The hydrographical parameters were analysed
using, the facilities of FORV Sagar Sampada. Species level identification
of the deep sea prawns were done following Alcock (1901) and Suseelan
(1985). The data of individual species was expressed as numbers. Once
the species was identified, their respective numbers were analysed for
diversity indices at various depths using the PRIMER-5 (Plymouth Routine
in Multivariate Ecological Research) tool pack. Species diversity was
computed using the following Univariate ecological indices (Ludwig and
Reynolds, 1988).
a) Shannon —Wiener diversity index (H'):

S

Hg=-2 pi(log  pi) or - X ni(log 2 ni )
=1 N N
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where . pi is equivalent with nj
N
ni : the number of individuals in i'" species.

N : total number of individuals.

b) Evenness Index

J=H
Log ($)

Where : H'measured Shannon -Wiener index
S : total number of species

J': evenness

c) Margalef's species richness index

d=(S-1)
Loge N
Where d: richness index
S : total number of species

N : total number of individuals.

Similarities of deep sea prawn resources at five depth zones were
worked out using multivariate analysis in the PRIMER package (Carr,
1997). Before multivariate analysis, deep sea prawn numbers were

fourth-root-transformed, and the Bray — Curtis similarity measure was
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used to compute the similarity matrix. The abundance of each deep sea
prawn species in terms of their number at 5 depths was calculated using
herarchical agglomerative clustering using the unweighted pair group
mean arithmetic linking method (UPGMA). To test the significance one
and two way ANOVA was employed following Snedecor and Cochran

(1967).

3.3. RESULTS
3.3.1. Substrate characteristics

Substrate characteristics in the survey area of FORV Sagar
Sampada are described in detail (Table 3.1). It may be seen that fine
sand and mud constitute the major components of bottom sediments up
to 300m where good trawlable grounds exist especiaily beyond 125m. In
the lat. 9-10°N, beyond 300 m depth, occasional rocky and muddy
bottoms were encountered. Lat. 8-9°N which covers the Quilon bank is
found to provide a good trawling ground at all depths with fine sandy and
muddy bottom except for some rocky patches at 300-400m depths. The
bottom substrata between in lat. 10° and 13°N  were found to be either

sandy or muddy or have a combination of both.
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3.3.2. Hydrographic parameters

The salinity between the latitudes 7° N and 13°N showed a slight
ncrease with an increase of depth and ranged between 34 and 36 %,
fom 200 to 500m. The temperature showed a steady decline with
increase of depths which varied from 15.3°C at 150m to 9.9°C at 700m
whereas the dissolved oxygen level also showed an inverse relationship
with depth, which ranged from 0.13 to 0.04 ml/l between 150 m to 700m

(Table 3.2) .

3.3.3. Species composition

Fifteen species of deep sea prawns belonging to 5 family and 10
genera were recorded in the depth zones 150-550 m off Kerala coast.
The higher abundance of pandalids were observed at 250-350 m except
for Parapandalus spinipes which showed a preponderance at 150-250 m
depth along with penaeid prawns (Table 3.3). Among the deep sea
prawns, P.spinipes appeared as the most dominant species in the total

exploited stock followed by H.gibbosus and H.woodmasoni .

3.3.4.Year wise variation in diversity indices

Table 3.4 shows the ecological indices of Shannon diversity (H'),

species richness (d) and evenness (J') of deep sea prawns off Kerala
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during September 2000 to April 2001. The Shannon diversity was high in
January (2.34) while it was lowest during September (1.53). On the other
hand, the species richness varied from 0.818 in September to 1.422 in
December while the evenness values were in the range 0.73 in
September and 0.94 in January. An increasing trend in the H' values
were observed from November to December (Fig. 3.1) touching as high
as 2.31 in December and thereafter it gradually declined, however, no

such definite trend could be discernible during 2001-02 (Fig. 3.1).

Generally, the diversity indices showed a decline during the
second year, and the highest H” and J° were recorded in February with
203 and 0.88 respectively while high species richness value was
observed during January (Table 3.4). Results of ANOVA showed that
there exists significant variation (P< 0.001) in the community structure

between the first and second years (Table 3.5).

The multivariate analysis showed a clear pattern linked to seasons
highlighting the similarities in the distribution and abundance of
populations during 2000 to 2002 (Fig. 3.2). Maximum similarity was
observed between the population of October 2001 and November 2001

followed by December 2000 and January 2001.
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3.3.5.Depth wise variation in diversity

Depth wise variation in diversity indices of deep sea prawns during
2000-02 is depicted in Fig. 3.3. The H" was found to be highest at 251-
350m during both the years and a decline was perceptible in the
contiguous higher depths. Results of ANOVA showed significant variation
{(P<0.01) between H" values among various depth zones for both the
years (Table 3.6).

The species richness was also found to be highest at 251-350m
depth zones, however, a gradual declining trend was pronounced with an

increase in depth (Fig 3.4).

3.3.6. Diversity indices at 151-250m

Table 3.7 shows the diversity indices of deep sea prawns at 151-
250m depths during 2000-01 & 2001-02 respectively. During 2000-01, the
H and d were highest in February with 1.96 and 0.75 respectively while
J' was high in October. The Shannon diversity showed significant
increase in species abundance from November to February during the
first year while no such definite trend could be discernible during the

second year of study (Fig. 3.5).

The H™ showed a slight decrease when compared to the previous

year (Fig. 3.5), showing a peak in March (1.784), on the other hand
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species richness showed a sharp increase in March with 1.17. Maximum
evenness was observed during October (0.932). Resuits of analysis of
variance showed that there was significant difference (P<0.001) between

the seasons (Table 3.8).

Results of multivariate analysis showed maximum similarity in
species abundance between the population in November 2000 and April
2001 (95.33%) (Fig. 3.6). In the second year also the trend was same in
November and April with 99.64% similarity between the above two

months (Fig. 3.7).

3.3.7.Diversity indices at 251-350 m

During 2000-01, the diversity index was high in February while the
nchness and evenness were maximum during October and December
with 1.51 and 0.99 respectively (Fig. 3.8). Where as in the second year
both the H™ and d declined sharply, showing the peak value in March and
December while J' remained almost constant, showing high value in
March (Table 3.9). There exist significant variation between the

populations during the two years (P<0.001) (Table 3.10).

Results of cluster analysis showed maximum similarity between the
population of January 2001 and February 2001 (99.57%) in species
abundance while it was between October 2002 and March 2002 during

the second year (98.45%)(Fig. 3.9& 3.10).
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3.3.8. Diversity indices at 351450 m

Table 3.11 shows the diversity indices at 351-450m during 2000-
01. All the three indices were found highest in December registering
200,090 and 0.90 respectively for H", d, J°. In 2001-02 H'and d were
highest during October with 1.706 and 1.205 respectively while highest

evenness value was observed in September (0.974).

Shannon diversity index showed an increasing trend from
November to March during the first year, in contrast, a decreasing trend
was discemible during the same months during the second year (Fig.
3 11). The difference was found to be statistically significant (P<0.05)

(Table 3.12).

Results of multivariate analysis showed maximum similarity in the
species abundance between the population of November 2000 and
March 2001(99.60%) during 2000-01 while the similarity was high
between November 2001 and December 2001 during 2001-02 at 350-

450m (97.11%) (Fig. 3.12 & 3.13).

3.3.9.Diversity indices at 451-550 m

Diversity indices of deep sea prawns at 451-550m depths are
gven in Table 3.13. The diversity indices were maximum during

December with 1.525, 0.897 and 0.737 for H’, d, J° respectively. During
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the second year, the diversity indices showed a declining trend and the
maximum H" (1.44) and d (0.599) were attained in November while the J’

was high in December (0.907).

H" showed a gradual increasing trend untii December and
thereafter showed a decline up to February and further it increased (Fig.
3.14). During the second year, there was a steady increase until

November and thereafter it declined (Fig. 3.14).

The cluster analysis showed maximum similarity between
population of September 2001 and February 2001 during the preceding
year while in the succeeding year the similarity was high between March
2002 and April 2002 in the populations of deep sea prawns (Fig. 3.15 &
3.16).

3.3.10. Diversity indices at 551-650 m

Table 3.14 shows the diversity indices of deep sea prawns at 551-
650m depths during 2000-01. Shannon diversity was observed to be high
in November while the species richness and evenness were high during
October and January. H' showed an increase from October to February
with peak in January (Fig. 3.17). Results of multivariate analysis showed
maximum similarity between the populations of November 2000 and April

2001 (97.80%) (Fig 3. 18).
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3.4. DISCUSSION

In the present study, a pioneer attempt was made to work out the
biodiversity indices of deep sea prawns off Kerala. The depth wise and
month wise species diversity, species richness and evenness in the deep
sea prawn population were computed using univariate analysis whereas
multivariate analysis was employed in order to assess the similarities
exist in the distribution and abundance of populations during different

months of 2000-01 and 2001-02.

Results of the bio diversity indices of deep sea prawn species
nhabiting at various depth zones off Kerala coast during 2000-01 showed
that it was high at 151-250m and 251-350m whereas at higher depths of
351-450m, 451-550 and 551-650, the diversity showed a gradually
declining tendency. The species richness was also found to be relatively
high at lower depth zones of 251-350, against the low values registered at
higher depths. During 2001-02 aiso, similar findings were made with high
diversity as well as species richness at 251-350m while it was lowest at
451-550m thus showing that diversity as well as species richness are
showing inverse relationship with depth. It appears that the depth
profoundly influences the assemblage structures of deep sea prawns.
Clarke et al. (1993) opined that community structure would change with
an increase of water depth and the present finding is complementary to

the above statement. The structure of decapod crustacean assemblages
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on the continental regions in different geographic area are largely
determined by spatial differences in environmental and oceanographic
conditions, and particularly, by depth, bottom type and characteristics of
the water masses (Lagard re 1973,1977; Wenner and Boesh, 1979;
Gonza'lez and Olaso, 1987; Abell6 et al., 1988; Markie et al., 1988;
Basford et al., 1989; Olaso, 1990; Macpherson, 1991; Cartes and Sarda,

1993; Sarda ef a/., 1994).

Off the Kerala coast, there is a marked deep sea faunal zonation
along the bathymetric gradient. The distribution and abundance patterns
of deep sea prawns off Kerala showed strong agreement with those
reported in earlier studies (Mohamed and Suseelan, 1973; Suseelan,
1985) who had also reported that there is a reduction in species diversity
as well as ichness commensurate with increase of depth. Besides depth,
the spatial structure of the shelf and upper slope of crustacean
assemblages is well related to sediment granulometry (Bianchi, 1992,
Setubal, 1992). Other habitat parameters such as character of bottom
substratum, fishing disturbances, flow of various water bodies, salinity
and oil spills etc. can also significantly change community structure (Wu,
1982). The variation encountered in the species diversity and species
nchness of deep sea prawns among various depth zones and seasons in
the present study might possibly be due to the differences noticed in the
bottom substratum as well as hydrographic factors at different depths. As

the salinity do not shows severe change among the depth zones studied,
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t can reasonably be presumed that this parameter may not have been
any significant influence on the species diversity. A strong correlation,
however, is exist between the richness and diversity of deep sea prawns
and the existing hydrographic parameters, by and large by water
temperature, which exhibits strong variation with respect to depth zones.
The relatively cooler water temperature coupled with fine muddy
substrate provide the most congenial habitat for the pandalid prawns
between the latitudes 8 to 9°N in Quilon Bank (Suseelan,1985) ,where
the species richness and diversity at 251-350 m was very high when
compared to other zones. The penaeid prawns such as Penaeopsis
jenyi, M.andamanensis and Solenocera hextii appear to be showing
strong preference towards slightly higher water temperature and a
substrate demarcated by mixture of sand and mud as evidenced from
their distribution within 250m. John and Kurien (1959) investigated on the
influence of boftom temperature and the type of substratum on the
distribution of Penaeopsis philippi along the south west coast of India
and reported that there exists a positive correlation among temperature ,
optmum depth and soil composition in the distribution of this species off

Kerala coast.

Several workers have made effect of temperature on the
dstribution and abundance deep sea crustaceans. Smidt (1967) reported
that Pandalus borealis fishery was constantly high in the warmer waters

of Greenland whereas instability in temperature results in the fluctuations
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of species abundance. Rasmussen (1967) and Squires (1968) observed
a positive correlation between the temperature and abundance of
Pborealis from the Norwegian and Newfoundland waters. According to
Dow (1967), seawater temperature, which ranged between 0°C and 16°C
and soft muddy bottom had profoundly influenced the species richness of
the shrimp population than any other factors. Thompson (1967) also
repoited similar views in the abundance of Hymenopenaeus robustus ,
which showed highest concentration in the isothermal layer between 250-
450 m depths. According to Sharma and Murty (1973), the isothermal
layer and gradient of temperature play a decisive role in the distribution of
prawns off south west coast of India while Suseelan (1985) pointed out
that the deep sea prawns dwelling in the deeper waters are more
sensitive to environmental factors than the littoral species. The species
nchness and abundance of deep sea prawns in certain months observed
in the present study might be due to the large scale periodic migration of
the prawns across the various depth zones, probably influenced by the
slight change in water temperatures as opined by Silas (1969) and

Suseelan (1985).

Interestingly, the diversity index H" in the lower depth zones was
glaringly high where intensive deep sea trawl fishing was in vogue.
Though the deep sea fishing has started quite recently, there are
possibilities of its impact on the deep sea prawn species diversity in

Arabian Sea besides causing changes in sea bottom ecology. According
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o Murawski (2000) the great H’ values registered in Italian waters is
caused by heavy exploitation of prawns which in tum caused an increase
in evenness and interalia diversity. Present findings strongly corroborates
with the above observation, wherein a glaringly high evenness values
were observed during the second year irrespective of depth zones or
months. The low H™ reckoned invariably observed in deeper waters might
be due to clear dominance of one (A.alcocki) or few species
(A sanguinea, A.armata) and aiso due to the relatively low intensity of
trawl fishing. The trawl fishing impact will be more on the deep sea
prawns which are less resilient than to their counter parts of coastal

waters even though the commercial exploitation started only since 1999.

Though the present results are still preliminary, however, it will
serve as a baseline and pioneer database relating to variations in the
species diversity, abundance and evenness of deep sea prawns of
various depths off Kerala. It is also indicative of showing the combined
influence of soil type and water temperature as well, probably throw some
ight on the immediate impacts of deep sea trawling operations on
bodiversity. Further data collection and analysis are required to evaluate

the role of each process and to what extent these parameters interact.



Table 3.1 Depth wise substrate characteristics in the sea bed off Kerala
between latitudes 8°N -13°N

Latitude Depth (M)

Zones 100-200 200-300 300-400 400-500 500-600
Latitude 8°N sandy sandy sandy/muddy sandy/muddy muddy
Latitude 9°N sandy muddy | sandy/muddy/rock muddy muddy
Latitude 10° N sandy muddy muddy/rock muddy/rock |sandy/muddy
Latitude 11°N sandy muddy muddy muddy/rock |sandy/muddy
Latitude 12°N sandy muddy muddy muddy [sandy/muddy
Latitude 13°N muddy muddy muddy muddy |sandy/muddy

Table 3.2 Depth wise average hydrographic parameters of six cruises
off Kerala in the latitudes 7°N- 13°N

Depth Temperature  Salinity Dissolved oxygen

(m) “c) (og) (mi)
50 21 342 0.59
100 17.43 34.91 0.54
150 16.27 34.68 0.53
200 13.86 351 0.59
250 12.85 35.18 0.48
300 11.81 35.12 0.28
350 11.58 353 0.27
400 11.41 35.74 0.25
450 11.24 3568 0.21
500 11.11 36.01 0.21
550 10.55 36.07 0.28
600 10.1 35.98 0.25
650 9.72 36.21 0.25
700 9.19 36.04 0.21
800 8.96 36.01 0.20




Table 3.3 Species composition of deep sea prawns collected from

150-550m depth zones
Vertical
Family Species Distributional
range (m)

Pandalidae Heterocarpus gibbosus 250-350
Heterocarpus woodmasoni 250-300

Heterocarpus laevigatus 250-300

Parapandalus spinipes 150-250

Plesonika ensis 250-350

Plesionika martia 250-350

Plesionika alcocki 250-350

Anisteidae Aristeus alcocki 350-550
Solenoceridae Solenocera hextii 150-250
Oplophoridae Acanthephyra sanguinea 350-550
Acanthephyra armata 350-550

Oplophorus typus 250-350

Penaeidae Peneopsis jerryi 150-250
P.investigatoris 150-250

Metapenaeus andamanensis 150-250




e i4  Ecological indices of deep sea prawns off Kerala between latitudes 7°N and 13°N

during 2000- 01 and 2001-02

2000-01 2001-02
month loge species richness pieious even- loge species richness pleious even-
(H') index (d) ness index(J') {H) index (d) ness index{J')
August - - - 0.189 0.268 0272
Seplember 1530 0.818 0.736 1.608 0.982 0732
October 1703 0.933 0.819 1.921 1.163 0.834
[November 1.607 1.145 0.698 1.843 1.255 0.768
December 2309 1422 0.929 1.977 1.332 0.824
January 2335 1.388 0.940 1.720 1.412 0.692
February 2.136 1.127 0.927 2.035 1.268 0.884
March 2.017 1.220 0.841 1.806 0.914 0.868
April 1.811 0.864 0.871 1.801 1.207 0.782

Result of ANOVA of diversity indices of deep sea prawns between
2000-01 and 2001-02.

Source df S8 MSS F Prob.
bet.samples 3 1619.08 539.69 16.08* P<0.001

within sample 44 1477.04 33.57

Total 47 3096.12 * significamt at 1% level
Result of ANOVA for depth wise diversity indices of deep sea prawns

between 2000-01 and 2001-02.

Source df 88 MSS F Prob.
bet.samples 3 1447 .87 482.62 20.29* P<0.001
within sampie 44 1046.7 23.79

Total 47 2484 .57 * significant at 1% level




Wel! Ecological indices of deep sea prawns off Kerala at 151-260m

between latitudes 7°N and 13°N
200001 200102
month foge species richness | piefous even- foge species richness | pielous even-
M) index {d) ness index(J) or) index (d) ness index(J)
August - - -
September | 1.227 0.382 0.885 1.358 0.739 0.698
October 1.824 1.157 0.792 1.671 0.665 0.932
November | 1.312 0.571 0.815 1.569 0.791 0.808
December | 1.508 0.637 0.936 1.553 0.715 0.867
January 1.887 0.833 0.970 1.575 0.688 0.879
February | 1.960 0.875 0.943 1.245 0.450 0.898
March 1.650 0.855 0.794 1.784 1.177 0.775
Apnil 0.943 0.423 0.680 1.289 0.792 0.662
83! Result of ANOVA for depth wise diversity indices of deep sea prawns
a 151-250m
Source df SS MSS F Prob.
bet samples 5 632.47 158.12 662 P<0.001
within sample 44 1313.79 23.89
Total 59 1948.25 * significant at 1% level
taa3s Ecological indices of deep sea prawns off Kerala at 251-350m
between latitudes 7°N and 13°N
2000-01 200102
month loge species richness | pielous even- loge species richness | pielous even-
o) index (d) ness index(J) ) index (d) ness index(J)
September | 0.713 0.259 0.651 1.330 0.612 0.742
October 1834 1.505 0.748 1.701 0.785 0.874
November 1.164 0.711 0.601 1.688 0.641 0.942
December 1.752 0.707 0.988 1.5468 0.855 0.795
January 1.874 0.893 0.905 1.517 0.581 0.942
February 1.999 1.147 0.872 1.541 0.602 0.957
March 1.780 0.753 0918 1.767 0.660 0.986
April 1.886 0.932 0.913 1.004 0.623 0.680




lan 318 Result of ANOVA for depth wise diversity indices of deep sea prawns

2 251-350 m

Source df 8S MSS F Prob.

bet samples 5 33833264 33833264 33.13* P<0.001

within sample 44 102107.89 10210.79

Total 59 440440.5273 * significant at 1% level

tok 311 Ecological indices of deep sea prawns off Kerala at 351-450m
between latitudes 7°N and 13°N

2000-01 2001-02
month loge species richness | pielous even- loge species richness | pielous even-
M) index (d) nessindex{)) | (W) index (d) ness index(J)
September 1.380 0.726 0.709 1067 0.325 0974
October 1431 0816 0736 1708 1.205 0748
INovernber 1514 0773 0.778 1591 0.760 0822
December 2.003 0.804 0.963 1532 0638 0859
January 1.663 0.815 0.855 1.337 0.527 0835
Februsry 1.895 0780 0974 0622 0.169 0909
{march 1.497 0.518 0930 1.441 0.555 0.901
Aprit 1.129 0.394 0.815 1.574 0.676 0884

28k 1.12 Result of ANOVA for depth wise diversity indices of deep sea prawns

2t 3561480 m

Source df S8 MSS F Prob.
bet.samples 6 1571.440243 261.91 133.03* P<0.001
within sample 26 54.56 1.95

Total 32 1626.01 * significant at 1% level



e 343 Ecological indices of deep sea prawns off Kerala at 451-550m
between latitudes 7°N and 13°N

2000-01 2001-02
month loge species richness | pielous even- loge species richness | pielous even-
{H') index (d) ness index(J") {H) index (d) ness index(J")
September | 0.507 0.146 0.736 0.200 0.000 0.000
October 0.870 0.476 0.637 0.700 0.000 0.000
November 0.945 0.332 0.874 1.449 0.599 0.812
December 1.525 0.897 0.737 0.991 0.277 0.907
January 1.389 0.549 0.866 0.912 0.265 0.834
February 0.740 0.291 0.680 0.320 0.000 0.000
March 1.376 0.498 0.858 0.986 0.000 0.000
April 0.925 0.379 0.670 0.030 0.000 0.000

Wtk 3.14 Ecological indices of deep sea prawns off Kerala at 551-650m
between latitudes 7°N and 13°N during 2000-01

2000-01
month loge species richness | pielous even-
(H') index (d) ness index{J’)
October 0.581 0.670 0.419
November 1.347 0.658 0.837
December 1.280 0.421 0.923
January 0.691 0.206 0.997
February 0.520 0.000 0.000
March 0.905 0.251 0.824
April 0.503 0.331 0.457




Fig. 3.1 Shannon diversity indices of deep sea prawns off Kerala during
2000-01 and 2001-02
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Fig.38 Depthwise diversity indices of deep sea prawns at 251-350m
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fg)2 Dendrogram of year wise similarity index(in percentage) of deep sea prawns off Kerala
between latitudes 7°N and 13°N during 2000-02
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fgdé Dendrogram of depth wise similarity index(in percentage) of deep sea prawns off Kerala
at 151- 250m during 2000-01




g7 Dendrogram of depth wise similarity index(in percentage) of deep sea prawns off Kerala
at 161-250m depth during 2001-02
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%1% Dendrogram of depth wise similarity index(in percentage) of deep sea prawns off Kerala
# 251- 350m depth during 2001-02
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14112 Dendrogram of depth wise similarity index(in percentage) of deep sea prawns off Kerala
at 361450m during 2001- 02
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#¢1% Dendrogram of depth wise similarity index(in percentage) of deep sea prawns off Kerala
2 451-850m depth during 2001- 02
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4.1. INTRODUCTION

The demand for shrimps are ever increasing on a global basis, on
the other hand, landings from the inshore waters is getting diminished
alamingly. This situation calls for the judicious exploitation and
management of the coastal resources and exploration of new fishing
grounds and resources in the offshore waters. Species contributing to
capture fisheries needs to be investigated from various angles, especially
their availability and abundance in those regions of inhabitation over
space and time, before it is sought for the commercial exploitation
{Kesteven , 1971). The exploratory surveys had been undertaken
globally for the demarcation of potential fishing grounds for un exploited
and under exploited deep sea crustaceans during the past many decades
wth the accomplishments of great oceanic expeditions viz., PORPOISE
(1838-1842), CHALLENGER (1872 -1876), BLAKE (1877-1880),
TRAVAILLEUR (1880 -1881), TALISMAN (1882), INVESTIGATOR
(1884-1925), ALBATROSS (1891-1905), VALDIVIA (1898-1899),
SIBOGA (1899-1900), KARL WOLFF (1989), ERNST HAECKEL (1982),
XIANG YANGHONG (1989) and POLKA (1993). The salient features of

the bathymetric and zonal distribution of the populations of pandalid
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shrimps along western Mediterranean have been described by Carbonell

and Abell6 (1998).

Availability of a wide array of deep sea prawns and their general
distribution pattern in the Indian Ocean have been studied by Alcock
{1901), Wood — Mason (1891, 1892), Alcock and Anderson (1839) and
Kemp and Sewell (1912) who participated in the surveys during 1884-
1925 in the Royal Marine Survey Steamer ' INVESTIGATOR'. Exploratory
surveys carried out by the research vessels R.V.CONCH, R.V.KALAVA
and R.V.VARUNA during 1958-1968 (John & Kurian, 1959; Kurian, 1964,
1965, George and Rao, 1966; Rao and Suseelan, 1967) unravelled the
exploitable deep sea prawn stock along the shelf edge and the upper
continual slope off south west coast of India. Indo — Norwegian vessels
M.V. KLAUS SUNNANA, M.V.TUNA and M.V. VELAMEEN (1967-1968)
unfolded valuable information on the deep sea finfish and shelifish
resources in the deep sea fishing grounds (Mohamed and Suseelan,
1973; Suseelan, 1974) off Kerala and Karnataka coasts and strongly
suggested the possibility of their large scale exploitation. Exploratory
surveys carried out by FORV Sagar Sampada since 1980's (Suseelan et
al, 1989 a, b) also recorded the availability, abundance and depth wise
distribution of deep sea fishery resources off South West coast of India.
Suseelan (1985, 1988) reported the bathymetric distribution and

abundance of deep sea prawns off south west coast of India.
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The revelation of commercially exploitable deep sea prawn wealth
beyond the continental shelf by these surveys in the recent past has
asserted immense scope for the commercial exploitation of deep sea
crustaceans along Kerala coast. Following this, the commercial trawlers
ventured in to the deep sea prawn fishing grounds off Kerala coast and
thus the deep sea prawn fishery became a reality in Kerala since
November 1999. In order to make deep sea prawn fishery more
economically viable, a thorough knowledge on general distribution, area
of abundance, resource characteristics etc., are essential pre requisites.
Keeping this in view, the present study was undertaken to compile data
relevant for their commercial exploitation such as catch and effort data,
demarcation of regions of distribution and abundance of commercially
important species, etc., based on the results of six exploratory survey
cruises of FORV Sagar Sampada undertaken between the latitude zones
713N during 1999-2002. it is hoped that this would serve as baseline
information for the judicious exploitation and management of this new

high valued resource off Kerala coast.

4.2. MATERIALS AND METHODS

The data for the study was collected on board research vessel

FORV Sagar Sampada (Dept. of Ocean Development, Govt. of India)
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during her cruise surveys no. 174 (June - July, 1999), 183 (April, 2000),
189 (October - November, 2000), 191 (January, 2001), 196 (July, 2001)
and 197 (April, 2002). The experimental fishing was conducted at every
1° x 1° square grids at the depth ranging from 100-750m along latitude
(at) between 7-20°N. The data collected from latitudes 7-13°N are
presented. High Speed Demersal Trawl Il (HSDT-II crustacean) having 30
mm square mesh and V.form ofter boards were used for the trawling
operation. Survey and samplings were carried out at each station and the
total catch, effort and species composition were recorded. A total of 20
hauls were taken during cruise no .174, 23 hauls during cruise no. 183,
26 hauls during cruise n0.189, 37 hauls and 29 hauls each during cruise
n0.191 and 197 respectively. The geographical position of the vessel
during trawling and the depth of operation were recorded for delineating
the spatial and bathymetric distribution and abundance of exploitable
deep sea prawn resources. Area wise abundance of deep sea prawns
were estimated by clustering the latitudes in to three regions viz. region -
1: 7, 8% and 9 ° N Iat. zones, region-2: 10° and 11° N lat. zones and
egion -3: 12° and 13° N lat. zones. Depth wise distribution and
abundance were estimated after consolidating the data collected from
various stations under 9 depth zones following Suseelan (1985) viz., 151-
200, 201-250, 251-300, 301-350, 351-400, 401-450, 451-500, 501-600,

601-700m.
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4.3. RESULTS

43.1. Latitude wise abundance of deep sea prawns

Table 4.1 shows the latitude wise total fishing effort expended in
the area surveyed and the average catch per hr (C/hr) obtained together
wth minimum and maximum values recorded at various latitude zones.
Of the entire Kerala coast surveyed, the effort spent in the region
encompassing lat. 8 to 10° N was highest due to the intensive
experimental trawling operations carried out between Quilon to
Thottapally. During the period of study, a total of 2444.08 kg of deep sea
prawns were harvested and the area between lat. 8° N to lat. 10 ° N was
found to be most productive with highest average catch/hr of 66.53 kg.
On the other hand, comparatively low catch rates were recorded at lat. 7°

Nand lat. 13° N.

43.2. Depth wise catch per hour of deep sea prawns at

different latitude zones

In lat. 7 ° N, which encompasses the southern most part of
the Wadge Bank, the deep sea prawns were found to be relatively less in
their abundance and were encountered only in traces from 201-300 m
depth (Table 4.2). The average catch rates worked out was 2.25kg/hr at

251-300 m while it was 2.97 kg /hr at 201-250m. Lat. 8-9 N was
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appeared as the most productive zones of deep sea prawns. The highest
average catch from lat. 8°N was recorded at 251-300 m (114.62 kg/hr)
followed by the next highest catch at 301-350m (96.92kg/hr). From lat.
9 °N also, the catch rates were high at 251-300m (114.83kg/hr), 301-

350m (71.51kg/hr) and 401-450 m (80.07kg/hr) on Quilon Bank.

In lat. 10°N, which covers a part of Cochin to Ponnani region, the
deep sea prawns were comparatively sparse and the highest catch at lat.
10°N was recorded from 301-350 m (16.62 kg/hr). Lat. 11°N, which
covers the Malabar Coast from Thanur to Cannanore, the deep sea
prawns were very scanty at 150 — 450m. In this zone, the highest catch
rate was observed at 301-350 m (17.67kg/hr) while it was very least at
351400m (1.33kg/hr) thus showing that their abundance was highly

restricted in certain pockets.

Though the catch rates of deep sea prawns were relatively less in
the lat. 12 °N, however, their presence was encountered from almost all
depth zones surveyed, which ranged between 201- 700m, thus unfolding
their distribution to very higher depths up to 700m. In this zone, highest
catch rate of 31.11kg/hr was recorded at 251-300 m, in contrast, 601-700
m showed the lowest catch rates of 0.25 kg /hr. Lat. 13 ° N, which
encompasses the northern most part off Kerala coast, the deep sea

prawns were encountered from only three depth zones, among them the
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hghest catch rate was recorded in 501-600 m while it was lowest in 251-

300m.

43.3. Distribution of catch and effort at various depth

ones

Variation in the prawn catch from different depths in relation to
trawling effort is depicted in Table 4. 3. Highest concentration of deep sea
prawns were found in the depth zones 251-300 and 301-350 m in all the
latitude 2ones surveyed. Furthermore, the results indicate that the
availability of prawns were moderate in depth zones 251-300 (18.09kg/hr)
in it 7-9°N. In 351-400 and 401-450 m also, moderate catch rates of
18.94 kg/hr and 17.95 kg /hr respectively were recorded in the lat. 9°Nto
13° N. Interestingly, in 601-700 m, the deep sea prawns were totally
absent, however, it appeared in traces at lat. 12°N. Similarly, no deep sea
prawns could also be encountered in the depth zones 151-200 m but for

the negligible quantities registered in the lat. 11°N.
434. Region wise species composition

The deep sea prawns at the three regions evinced very distinct
region specific and depth specific distribution pattern. In the region 1,
which encompasses lat. 7.8 and 9°N, H.gibbosus emerged as the

dominant species in 351400 m (61.74%). Whereas H.woodmasoni was
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dominant at 301-350 m (62.40%) (Table 4.4). In contrast, depth zone
201-250 m, P.spinipes contributed to 61.07% of the total prawn catch
while A.alcocki appeared as the dominant species in 401-450 and 451-

500m depths registering 61.68 and 51.28% of the total prawn catch

respectively (Fig. 4.1).

In region 2,which encompassing lat. 10 and 11°N, H.gibbosus
showed its dominance at 251-400 m depth while A.alcocki predominated
at 401-500 m. On the other hand, 90.63% of the total catch at 151-200m
was contributed by M.andamanensis while at 301-400 m H.gibbosus
showed its dominance (Table 4.5). In 401-450m and 451-500m, A.alcocki
dominated in the total catch with 70.7% and 95.65% respectively whereas
Hwoodmasoni formed only in traces in this region with 5.80% and
11.27% of the total catch obtained from 301-350m and 351-400m depth

zones respectively (Fig. 4.1).

In region 3, coming under lat. 12 and 13°N, P.spinipes (60.45%)
and M.andamanensis (38.18%) appeared as the major deep sea prawns
both in 201-250 and 251-300 depth zones (Table 4.6). There was the
dominance of H.gibbosus at 301-350 m, which accounted for 66.48% of
the total catch. lts vertical distributional range was observed even up to
500m while A.alcocki appeared as the single most dominant species in
the higher depths of 501-600 m with a contribution of 90.09% while it

represents 100 % in the catches observed from 600-700 m (Fig. 4.1).
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43.5. Depth wise species composition

A comparison of deep sea prawns recorded in the landings from
various depth zones of different latitudes revealed that lat. 7 °, 8°and 9°N
were characterised by highest numerical species strength, predominantly
represented by pandalids at various depth zones. Lat. 10° and 11°
appeared as the region of second highest species assemblage of deep
sea prawns where both penaeids and pandalids were represented
equally in the total exploited catch. On the contrary, in lat. 12° and 13°,
only very few species of pandalid shrimps were found, however, the
penaeid and aristeid prawns showed a modest representation in the

deep sea prawn catch from these latitudes (Table 4.7) .

While assessing the species strength and the preponderance of
individual species in the entire region of investigation, it can be seen that
the deep sea prawns were represented by 15 species, among them
Pspinipes appeared as the most predominant species followed by
H.woodmasoni. In lat. 7-8°N S.hextii appeared as the dominant species in
the depth zones 151-200 whereas the dominance of Pjerryi was

observed at 201-250 m.

In Iat. 8 -9°N, four species were found in appreciable quantities viz.
P spinipes, H.woodmasoni, H.gibbosus and S.hextii, among them P.

spinipes showed the dominance at 251-300m  while H.woodmasoni
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was dominant at 301-350 m whereas H.gibbosus caught in moderate
quantities at 301-350 and 351400 m depth zone. In lat. 9 °N, which
accommodate part of Quilon Bank, the depths between 201-250 and 401-
450 m were delineated as the most productive region for deep sea
prawns as manifested by highest species diversity and catch rates. Nine
species were identified from this area, among them H.woodmasoni,
Hgibbosus and A.alcocki showed very high concentration at 201-450
depth. Other species encountered from this area include P.martia
(9.23kg/r), S.hextii (8kg/hr) at 251-300m depth zones, P jerryi (8kg/hr) at
201-250 m and P.ensis at 401-450m (2.79kg/hr).

Altogether 9 species of deep sea prawns were recorded from the
fve depth zones viz. 251-300,301-350,351-400,401-450,451-500m
suveyed at lat. 10°-11°N. The catch rates recorded in almost all the
species were so negligible and there is no clear-cut dominance of a single
species in any of the regions surveyed except for H.gibbosus in 301-
350m was discernible. H.gibbosus, P.spinipes, M.andamanensis, S.hextii
and A.alcocki were found mainly concentrated in the depth range 251-
400m in lat. 11°N — 12°N. H.gibbosus appeared as the dominant species
in this region followed by M.andamanensis at 301-350 m whereas
P spinipes, A.alcocki, S.hextii and P.martia were found in traces at 251-

300 m.
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M.andamanensis and P.spinipes appeared as the dominant
species in lat. 12 ® to 13° N at 251-300 m. P.ensis, P.spinipes and
A alcocki were found in all the three depth zones viz. 251-300, 451-500
and 600-700 m in the lat.13 ° N.

4.3.6. Distribution and abundance of deep sea prawns in

lat. 7° N -13°N

The results of the present exploratory trawling surveys revealed
that H.woodmasoni was distributed in varying quantities from off Cape
Comorin to off Cochin (lat.8°N-10°N) in the depths between 201 and
600m (Fig. 4.2). Highest concentration of this species was encountered at
8" to 9°N between 251and 350 m depth zones. Average catch rate in the
area of highest concentration was estimated to be 57.42kg/hr. The
species was rarely encountered beyond 400m and restricted between

at8° and 10°N.

Among the various deep sea prawns, Heterocarpus gibbosus
showed more or less wider distribution along the Kerala coast. This
species was recorded between the lat. 8°N to 12°N at 251-500m (Fig.
4.3). Comparatively higher catch rates were encountered at 301-350m in
all the latitudes surveyed, except for lat. 9° N, where the highest
concentration of H.gibbosus was recorded at 351-400m (24.31kg/hr).

Beyond 400m, a gradual reduction in abundance was showed by the
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species. In 1at9°N where maximum concentration was observed, the
average catch rate was worked out to be 18.65 kg/hr and the same for

entire distribution area of H.gibbosus was computed as 7.94kg/hr.

In the present exploratory surveys, A.alcocki was recorded in
varying quantities between Lat.9 ® N and 13°N in the depth zones ranging
from 301-700m (Fig.4.4). This species invariably showed its inhabitance
in the deeper waters. Bathymetrically, the highest abundance of this
species was encountered in 401-450m and 451-500m in lat. 9 ON that
encompasses part of Quilon Bank also, the catch rates were high in 351-
500 m while in the north off Ezhimala this species showed a wider
dsstribution in 301-600 m depth. Average catch rate of A.alcocki in the
area of highest concentration was worked out to be 49.76kg/hr while the

same for the entire region of distribution was computed as 6.01kg/hr.

Among the various species of deep sea prawns , P.spinipes
emerged as the most predominant one of the Kerala coast . This species
was recorded in varying quantities along the entire coast between 7°N to
13N at 151400m depths (Fig. 4.5). It preferred to inhabit in relatively
shallower grounds as evidenced from the highest catch rates and density
at 251-300 in both the latitude zones 8°N — 9°N of Quilon Bank. In the
nothern part of Kerala coast, comparatively better catch rates were
registered at lat.12°N, off Ezhimala between 150-250m depth ranges. In

the area of highest concentration, the average catch rate of P.spinipes
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was computed was 42.46kg/hr while the average catch rates for the entire

distributed area was estimated to be 12.52kg/hr.

M.andamanensis showed a highly restricted distribution in the Ilat.
10'N to 12°N, off Aleppey to off Cannanore (Fig. 4.6). This species was
mostly found inhabiting in the shallow waters in the depth 150-250m.
However, the catch rate was highest at 251-300m showing very high
concentration at lat.11°N to 12° N. The catch rate of this species in the
area of highest concentration was computed as 8.12kg/hr while the same
for the entire area of distribution was worked out to be 4.23kg/hr.
Bathymetrically the species was found distributed up to 350 m between
10°N to 11°N while in 12°N the distribution was found very much confined

to 300m.

4.4. DISCUSSION

Results of the catch composition of deep sea prawns in different
latitudinal and bathymetric zones revealed that the deep sea prawn
resources of Lat.9 °N and Lat.10° N (Off Quilon to Off Cochin) are
comprised of multi species and have a numerical strength of 15 species
viz, P.spinipes, H.woodmasoni, H.gibbosus, H.laevigatus, M.
andamanensis, A.alcocki, P.martia, P.ensis, P.alcocki, H. alfonsi,

O.lypus, A.sanuinea, P. investigatoris, P. jerryi and S. hextii. The patterns
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of catch trends recorded from different latitude zones showed that there
exst distinct variation in the availability and abundance in these species
in various depth zones. The highest C/hr was observed at Lat.8°N
(58.91kg/hr) followed by Lat.9°N (55.92kg/hr) at 251-300m depth Zones.
The results of the exploratory surveys of INP vessels M.V.Velameen,
MV.Tuna and M.V. Klaus Sunnana (Oommen , 1980) also almost
comoborated with the present findings . Among them, the catch rates of
Tuna and Velameen show very strong agreement with the present
results. The catch rates of deep sea prawns by M.V. Tuna was reported
to be 48.65kg/hr at lat. 8°N while M.V.Velameen registered 34.73kg/hr. At

lat 9°N Velameen registered a catch rate of 37.06 kg/hr (Suseelan, 1985).

In the latitudes 8-13°N, it is observed that the depth zones 201-
500m were rich in deep sea prawn resources, which can very well sustain
and support a commercial fishery. The existence of a very well
established deep — sea prawn fisheries in the temperate and arctic
oceans (Gulland, 1971; Holthuis, 1980) are primarily based on the shrimp
stock located on the upper continental slope and are comparable with the

depth zones demarcated in the present study.

Based on the results emerged from the present synoptic surveys, it
can reasonably be concluded that there exists strong spatial and
bathymetric variation in the species composition as well as stock

availability of deep sea prawn resources off Kerala coast. Depth varying
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fom 151-200m in the latitudes 7- 13°N is found to be significantly
ynproductive for deep sea prawn resources and were sparsely
represented only by penaeids such as P. jerryi and M.andamanensis and
solenocerid shrimps in traces, however, with an increase of depth (201-
250m) smaller pandalids like P.spinipes also appeared along with the
penseid prawns. With a further increase in depth, species like
H.woodmasoni showed its emergence especially at 251 to 350m. Depth
nes beyond 300m are characterised exclusively by the presence of
pandalid shrimps such as H.woodmasoni , P.martia and H.gibbosus and
reciprocally there is a decline of penaeid prawns to insignificant
quantities . From 350 m onwards, the availability of H.woodmasoni
became so scarce , on the contrary, the deep sea dwelling species like
Aalcocki showed its emergence and abundance . Interestingly, beyond
400m. there was the preponderance of aristeid prawns, while the

availability of H.gibbosus , A.armata and A.sanguinea became stray.

A scrutiny of literature on the inhabitance of deep sea
crustaceans indicated that invariably at lower depths , penaeid prawns
showed its abundance in tropical and sub tropical seas as reported by
Gulland (1971) and Holthuis (1980) , followed by solenocerid shrimps
{Anderson and Lindner , 1971). Where as in western Africa, the penaeid
prawn Parapaneaus longirostris showed its abundance at 150-350 m
folowed by Plesionika martia between 250-400 m, Plesiopenaeus

edwardsianus, Aristeus antennatus and Aristeus varidens up to 700 m
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depth ranges (Crosnier and Forest , 1973 ; Holthuis ,1980). Exploratory
hshing conducted off Madagascar and Africa revealed that the
solenocerid shrimp Haliporoides triarthrus inhabited at 360 — 550m depth
while H.woodmasoni at 300-400m depth (Crosnier and Jouannic, 1973;
Hoithuis, 1980; Miquel,1984). The depth and latitude wise variation in the
distnibution and abundance of species might be due to the difference in
the nature of substratum, bottom contour, water temperature or owing to
some other hydrographic or environmental factors that influence the
habitat of the species (Cartes and Sarda , 1993; Chou et a/., 1999; Dow,
1967; Farina et al., 1997). Mary and loannis (1999) also reported similar
observation on 5 deep water decapods from the experimental trawl
surveys along the continental slope of Eastern Mediterranean. According
b them, the differences in the distribution patterns of Plesionika ensis,
Polycheles  typhlops, Parapenaus longirsotris and Plesionika
heterocarpus between the depth gradient 100-1000 m were due to highly
diverse diet habitats among the species. The species occurring shallower
depths become active predators with higher dietary diversity than those
imng above 500 m. Since the dietary overlap when they co exist was
high, it is possible that competitive trophic interactions accounted for the
low overlap in the bathymetrical distribution of the species. Food and
feeding analysis of H.gibbosus and H.woodmasoni also support this view

where the deep water dwelling H.gibbosus showed less dietary diversity
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when compared to the lesser deeper dwelling H.woodmasoni (Refer
Chapter 7 for details ) .

Results of depth wise prawn catch in relation to trawling effort in
different latitude zones revealed that region one encompassing lat 8°N-
&N which covers Quilon bank appeared as the most productive ground
for deep sea prawns ,especially at 251-350 m . This region was also
demarcated as the most important ground for pandalid shrimps where the
dominance of H.woodmasoni, H.gibbosus, P.spinipes, P. ensis were
discemible. Suseelan (1985) reported similar findings based on resuits
compiled from the exploratory surveys of R.V. Varuna along south west

coast of India.

Region two encompassing off Ponnani and off Aleppey was
delineated as the next important deep sea prawn ground from the
commercial point of view due to the abundance of both penaeid prawns
35 well as pandalid shrimps in deeper waters of 251-500m depth. The
next important deep sea prawn ground delineated in the present study
was north off Ezhimala between 300-600 m depth where aristeid and
pandalid shrimps emerged as the most predominant species. Deep sea
trawlers operated from various harbours recorded very good catches of

A alcocki from these ground during February to April.

Catch and effort data from various depth zones showed that the

depth zones between 151-200m and 600-700 m were not good grounds
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for the commercial exploitation of deep sea prawns between 7°N and
1°N. On the other hand, comparatively shallower depth zones of 251-
300 and 301-350m were found to be ideal for commercial fishery as
evidenced from higher catch rates. Variations in the abundance of deep
sea prawns at different depths in deeper waters have been reported by
lagardere (1972) and Maria Figueiredo et al. (2001) from Portugal
waters, Demestre (1994) from north western Mediterranean Ocean and
Ragonese et al. (1994) from the western Mediterranean and Oommen

(1980) and Suseelan (1985) from south west coast of India.

it appears that the population of H.woodmasoni is found well
restricted with in lat. 8 ° N and lat.10 °N in the Quilon Bank and the
presence of this species was not observed beyond this zone whereas
Heterocarpus gibbous was found distributed between 8-12°N (off Quilon -
off Ezhimala). The occurrence of Arsteus alcocki, the principal species
constituting the deep sea prawn fishery in Kerala, is distributed in the
southern latitude zones 9-10°N (off Aleppey and Cochin) at 401-500m
depth zones. In the northern zones, off Ezhimala (lat.12°-13°N), where
this species was observed in high concentration at 401-600m, appeared

to be a potential ground for commercial exploitation of Aristeus alcocki.

P.spinipes was distributed in the latitude zones 8-12 °N at 201-350
m. The distribution of Metapenaeopsis andamanensis was restricted to

only Lat 10-12°N in the depth zones 200 to 350 m (4.45kg). In contrast to
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the observations made in the exploratory surveys by Suseelan (1985), in
the present study, P.spinipes emerged as the principal species in the
trawl catches leaving other species far behind in percentage composition.
In the commercial deep sea prawn landings also P.spinipes appeared as
the dominant species contributing 19% and 40% during 2000-01 and
2001-02 respectively to the total deep sea prawn landings of Kerala

{Refer Chapter 5 for details).

The present results will be utmost useful in predicting the size and
number of vessels needed for the deep sea prawn exploitation off Kerala
coast. Besides, the data on the standing stock gives an idea of resource
position and depth of occurrence of various species in different regions,
which in tum, would be helpful for the policy makers in taking decisions
for the rational exploitation of deep sea prawns for catering to the ever-

mcreasing demand of prawns on a global basis.
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weid Percentage wise species composition of deep sea prawns in region - 1
(Lat.7,889°N) at 150-500 m depth off Kerala coast
Species Depth {m)
150-200 201-250 251-300 301-350 351400 401-450 451.500
‘aocrs hexti 100 15.19 4.14 1.21 1.29
JrmETisls spnpes 61.07 56 21 14.27 156
Avesss vy 2374 174
AFEETLS WOOdMESONi 31.77 62.40 33.03 457 10.26
s ghbosus 257 2148 6174 30.14 31.46
Ay soocki 0.30 61.68 58.28
Auceka martia 3.56 0.36 2.38 0.15
Awerice ans's 0.01 345
ATWENYS SANGUINGE 0.001
A evwgalus 0.001
Racwes acocky 0.001
aa0erarus typiss 0.001
T 45 Percentage wise species composition of deep sea prawns in region - 2
(Lat.10&11 °N) at 150-500 m depth off Kerala coast
, Species Depth (m)
150-200 201-250 251-300 301-350 351400 401450 451-500
haaenna heitd 3.84
Armandass spinipes 938 17.16 872
Vrampot jome 580 1127
XELS WOODMESON 997 3286 70.70 95.65
smaocarpus gbbosus 27717 57.13 55 87 29.30
fsias akcocki Nodata 4.06
ppcoky martia 90.83 47.18 18.37
Aumrks ens's 435
|
Tokdd Percentage wise species composition of deep sea prawns in region - 3
( Lat.12813 °N) at 150-700 m depth off Kerala coast
! Species Depth (m)
i 150-200 201-250 251-300 301-350 351400 401-450 451-500 501-800 601-700
|
Argangalus spivpes 60.45 3453 321 9 91
s gbbosus 2525 6648 2000 4813 261
Auts gcocks 3352 80.00 51.87 41.80 90 09 100
Nepenssopsis andamanensis 38 18 3060
Py ansis 9.61




Fig. 4.1.
Region wise species composition of Deep Sea Prawns off Kerala
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Fig. 4.2.
Distribution and abundance of
Heterocarpus woodmasoni between 7°and 13°
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Fig. 4.3.
Distribution and abundance of
Heterocarpus gibbosus between 7°and 13°
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Fig. 4.4.
Distribution and abundance of
Aristeus alcocki between 7°and 13°
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Fig. 4.5
Distribution and abundance of
Parapandalus spinipes between 7°and 13°
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Fig. 4.6
Distribution and abundance of |
Metapenaeopsis andamanensis between 7°and 13°
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Chapter 5

DEEP SEA PRAWN FISHERY OFF KERALA
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5.1. INTRODUCTION

The deep sea environment is both dark and cold and therefore,
generally been regarded as a system characterised by low energy and
low productivity. Until the past few decades, there had been little activity
or interest in the deep sea apart from an occasional foray by scientists
(Merrett and Haedrich, 1997). However, deep water fisheries on the
upper continental slope beyond 600m, have developed and are today
became an important component of commercial fisheries in a number of
countries and continued to be an area of potential interest to nations

whose coastal and shelf fisheries are fully or over exploited (Clark, 2001).

Deep sea fisheries include groups like deep sea prawns, lobsters,
red shrimps, orange roughies, oreos, red fishes, a number of dogfishes
and other fin fishes (Hopper, 1995). Among them, the deep sea prawn
fishery is an important commercial activity performed by bottom trawl
fieets all over the globe (Paulo Sartor et al., 2001). The lucrative price
offered for the penaeid prawns has eventually led to over exploitation of
them in most of the tropical maritime states in the territorial waters and

further prompted many countries for deep sea fishing. Information on their
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commercial exploitation and potential fishing grounds of deep sea prawns
such as Solenocera membranacea (Risso), Aristeus antennatus (Risso0),
Anstaeomprpha foliacea (Risso), Plesiopeaneus edwardsianus (Johnson)
and Parapenaeus longirsotris (Lucan) from Mediterranean sea had been
reported by a series of workers, South Portuguese and Barents Sea in
Russia (Massuti, 1959; Maurin ,1965 ; Monod ,1966 ; Williams ,1968;
Alvarez , 1968; Longhurst ,1970; Crosnier and Forest ,1973; Holthuis ,
1980 ; Arrobas and Cascalho, 1987; Berenboim ,1989, Ivanov ,2000 ;
Martineze Bano et al. , 1991). The multi faceted decline of shrimp
fisheries in the Greater Gulf of Alaska has been reported by Oren Sanz et
al. (1998). Analysis of harvest strategies for pandalid shrimp populations
has been reported by Caihong et al. (2000) where as Aquilla (1991)
reported the existence of commercially feasible quantities of deep sea

prawns in the Var Maritime Fishery Area.

Availability of a number of deep sea crustaceans in the Indian
Ocean region was reported by a few workers notably by Hida and
Pereyra (1966), Gulland (1971) and Holthuis (1980) from the upper
continental slope of Mozambique, Pakistan, Sumatra, North Western
Malaysia and Burma. Studies on the deep sea crustacean resources of
the south west coast of India were comparatively littie, however, the work
of John and Kurien (1959) and Kurien (1964,1965) based on exploratory
catches of R. V. Conch and George (1966), George and Rao (1966) ,

Rao and Suseelan (1967) and Mohamed and Sueelan (1968) on the
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basis of materials collected from R.V. Varuna are worth mentioning.
Sias (1969). Mohamed and Suseelan (1973), Kathiravel et al. (1989)
Suseelan (1974), Oommen (1980) and Suseelan (1985) investigated the
deep sea resources of Indian Sea by giving emphasis to area wise and
depth wise distribution and abundance on the basis on exploratory fishery

survey cruises conducted in the EEZ of India.

The prawns occupy a prominent position because of their high
export value in marine fishery resources of Kerala. The tremendous
developments taken place in the fisheries sector of the state during the
past four decades can be attributed to the growing demand for shrimps in
the overseas markets. Increasing fishing effort exerted indiscriminately
targeting the crustacean resources along the coast has resulted in the
drastic decline of catch rates and this coupled with rapid biooming of the
prawn processing industry followed by the great hike in the operational
cost necessitated for a vigorous search for new fishing ground and new
resources. As a result, the deep sea prawn fishery became a reality in
Kerala since November 1999. Rajan and Nandakumar (2001) quantified
the deep sea prawn landings from three major harbours of Kerala for a
period of five months during 1999 while Nandakumar et al. (2001)
quantified the deep sea prawn landings during September 2000 to March

2001 based on landings from the same harbours.
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in the present study, an attempt is made to quantify the exploited
deep sea prawn fishery resources by the deep sea prawn fishing trawlers
based on observation from ten fishing harbours of Kerala during
September 2000 to August 2002. Information on craft and gears
employed, fishing area, season, depth of operation, month wise, depth ,
wise, species wise and harbour wise landing trends were also compiled.
Comparison on the magnitude of fishery between the two years was
based on the data on catch per unit (CPU) and catch per hour (C/hr). A
dose monitoring of the landings of deep sea prawns is found very
essential in view of its unique life history traits such as recruitment,
gowth, fecundity and regeneration. As there is no comprehensive
mformation is available on the deep sea prawn fishery, the information
generated in this study would be invaluable for a judicious exploitation

and management required for the sustainability of these resources.

5.2. MATERIALS AND METHODS

Data on the deep sea prawn catch and effort were collected at
weekly intervals from 6 major harbours viz. Sakthikulangara, Neendakara,
Cochin, Munambum, Beypore, and Puthiyappa and 4 minor harbours viz.
Thottapally, Murikkumpadam, Ponnani and Mopla Bay spread over 6

districts on Kerala during September 2000 to August 2002. The
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observations on deep sea trawl landings were carried out for a period of 12
hrs during daytime while details of night landing, if any, were compiled on
the basis of enquiries to boat crew, fish vendors, auctioneers, etc.
Selections of trawl units for detailed observation were done following
Alagaraja (1984). Deep sea fishing boats deployed from each harbour
were enumerated on the day of observation and all the trawlers landed
were observed from each harbour since their number is very few. Details
on OAL (Loa), gear specifications, make and size of the craft, engine with
model size, catch and species composition, etc., were recorded from the
selected units while data on  cruise time, facilities on board, fishing
endurance and actual fishing hours exerted along with the number of
hauls, crew strength, duration and number of hauls performed, depth of
fishing, fishing ground details, etc. were collected from the fishing crews on

the basis of personal interviews.

The daily catch was computed by muitiplying the average catch
arived at from the observed units multiplied by total units operated from
the harbour on a daily basis. The monthly catch was estimated by
multiplying the daily landings with actual number of fishing days recorded
in every month. Details of number of deep sea trawlers operated from
different fisheries harbours of Kerala were collected from the harbour
offices and the data so obtained were cross verified with the help of
auctioneers, Government officials, boat owners association, boat crews,

eic. On the other hand, the average number of deep sea trawlers operated
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on a daily basis from each harbour was enumerated based on visual
counts done during the four visits made in a month at each harbour. The
catch per unit of individual trawl net and species were computed following
Scariah et al. (1999). The effort in terms of fishing hours was worked out

on the basis on actual time spent for fishing (Anon, 1984).

5.3. RESULTS

5.3.1 Craft and gear

Deep sea prawns were exploited exclusively by trawl nets
operated from bottom trawlers constructed of either steel or wood coated
with fiberglass, measuring an Over All Length (Loa) ranged between 48 to
72t Loa powered by 106-140Hp diesel engines. From Sakthikulangara
harbour, smaller crafts of 40-45ft Lo were also used for deep sea prawn
fishery, having an endurance of three days. The fleet strength of deep
sea prawn fishing is around 325 numbers at present, majority of them

{>50 ft Loa) operating with their base at Munambum harbour (Table 5.1).

5.3.2 Facilities onboard

Almost all the boats at Munambum and around 80% of the boats
from Sakthikulangara and Cochin were equipped with hi tech devices
such as Global Positioning System (GPS) enabling to locate the vessel

position in the sea and to reach the identified fishing grounds during the
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subsequent trips (Table 5.2). Echo sounders were also employed to
determine the depth of operation and to identify the resources. Recently
some of the vessels have started using wireless sets also. Most of the
larger trawlers were provided with television and radio sets for

entertainment.

5.3.3 Fishing area and season

Deep sea trawl fishing season commences during the post
monsoon period in September and continues up to April while the same
remain suspended during the south west monsoon period (June to
August) due to the imposition of ban for 45 days both in the territorial and
the entire EEZ of Kerala and also due to inclement weather conditions. At
the onset, very few vessels ventured for deep sea fishing from
Sakthikulangara and Munambum harbours. With the high returns
registered, vessels belonging to the large size classes shifted their area
of operation towards deep sea, targeting deep sea prawns. In the
beginning, the duration of fishing lasted three to four days with 4 hauls
each of 2-2”% hour duration every day and as the season advances the
duration of fishing trip extended even for five to six days. The cruising
time itself varied between 24 to 38 hrs depending on the depth and area
of operation. Trawling operations were generally being carried out off
Quilon to Aleppey in the south at 200-400m depth ranges, off Ponnani

(250-350m) and off Ezhimala (300-600m). In the lean season, the area of
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operation shifted to off Kanyakumari to Tuticorin at 250-380m, mainly

targeting for H.woodmasoni, H.gibbosus and S.hextii.

Details of deep sea prawn fishing showing Loa of trawlers,
endurance, fishing area and depth of operation of boats operated from
three major harbours of Kerala are summarized in Table 5.3 a-c. In
Cochin fisheries harbour, the size of boats was in the range of 40-60° Loa.
At the beginning of fishery, fishing endurance was limited for 4-6 days,
and the fishing was conducted at 250-350m along Quilon to Aleppey belt
targeting P. spinipes, H. woodmasoni and H.gibbosus. The depth of
operation was further extended to 430m in the Quilon bank where
Ansteus alcocki was found abundant. A glut in the catch was observed
during January to March in most of the boats and thereafter, most of them
shifted their area of operation to Tuticorin and Kanyakumari targeting
hghly priced species like H. gibbosus, H.woodmasoni and A.alcocki.
Ezhimala, off Kannur also appeared as the most productive fishing
ground for A.alcocki and therefore many units shifted their operations to

this region mostly during February — April.

In Sakthikulangara harbour, the size of the trawler deployed for
deep sea prawn fishing was in the range of 40-50' Loa. Trawl units
operated along Quilon Bank were mostly targeted for H.woodmasoni,
Hgibbosus, P.spinipes and A.alcocki. During January and February in

both the years, the main area of operation of these boats was shifted to
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Kanyakumari to Tuticorin coast at 300-450m mainly targeting A.alcocki,

H.gibbosus and H.woodmasoni as the principal species.

At Munambum fishing harbour, during both the years, only larger
trawlers above 50’ Loa were engaged in deep sea prawn fishing which
are characterized by a prolonged fishing endurance (Plate 5.4). During
September to October, area of fishery was mostly confined between
Aleppey and Quilon encompassing the Quilon Bank at 280-400m. On
the other hand, from November onwards, there was a total shift in the
fishing area towards Ponnani while some units shifted their operation to
Ezhimala targeting A.alcocki. During April, the fishing was mostly carried

out aiming at A.alcocki.

534 Quantification of deep sea prawn landings

The fishing season of deep sea prawns in Kerala during 2000-01
was reckoned as September to April. The landings of deep sea prawns in
Kerala during September 2000 to April 2001 was quantified as 48675t.
During the second year (September — May), the same was computed at
19285t, thus registering a reduction to the tune of 60.35% in the deep sea

prawn landings when compared to the preceding year.
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5.3.5 Month wise landings

Monthly trends in production of deep sea prawns during 2000-02
are depicted in Fig. 5.1 and 5.2. Though the fishing season commenced
from September, bulk of the landings was observed during December to
March. The peak fishery was observed during December followed by
January and February. On the contrary, during 2001-02, the
commencement of fishery was observed slightly earlier from August
onwards and continued up to April with peak landings in October followed
by September. The landing pattern of deep sea prawns showed wide
variation between the former and latter years. In both the years, the peak
fishery was observed during December to April while the fishery was

appeared to be very bleak in the months of August and October.

5.3.6 Species composition

The deep sea prawn fishery of Kerala was constituted by the
following 15 species. However, the first ten species listed below were
represented in the exploited stock in substantial quantities on a regular
basis and their percentage composition during 2000-01 and 2001-02 are

shown in Fig.5.3 & 5.4.

The deep sea prawn fishery of Kerala is constituted by the

following species:
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1. Parapandalus spinipes (Bate)

2. Heterocarpus woodmasoni Alcock

3. Heterocarpus gibbosus Bate

4. Aristeus alcocki Ramadan

5. Penaeopsis jerryi Perez Farfante

6. Plesionika martia Milne —Edwards

1. Metapenaeopsis andamanensis Wood-mason

8. Solenocera hextii Wood-mason

©w

. Acanthephyra sanguinea Wood-mason

10. Acanthephyra armata Miine —Edwards

11. Heterocarpus laevigatus Bate

12. Plesionika alcocki Anderson

13. Oplophorus typus Milne-Edwards

14. Parapenaeus investigatoris Alcock and Anderson
15. Plesionika ensis de Man

P.spinipes appeared as the most dominant species contributing to

'0% and 40% of the total exploited stock during first and second year
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respectively. H.gibbosus and H.woodmasoni accounted for 7980t (16%)
and 7786t (16%) respectively to the preceding year, however, their
contribution declined to 10% and 13% respectively in the succeeding year
where as M.andamanensis accounted for 14% and 21% respectively of
the total catch during 2000-01 and 2001-02. A.alcocki formed 12% and
10% of the total deep sea prawn landings in these years. S hextii
contributed to 14%, with an annual average catch of 6640t. The catch of
this species was very insignificant during the second year with mere 341t
forming 2% of the total landings. Similarly, the percentage of P jerryi also
gdeclined drastically from 8 to 0.5% from the preceding to succeeding
years. The share of P.martia was 600t (1%) during 2000-01, which was
so insignificant in the exploited stock; however, it showed a marginal
increase in the succeeding year while the stock position of A.sanguinea

remained almost static (0.2%).

5.3.7 Month wise catch composition

Monthly catch composition of various species in the exploited stock
of deep sea prawns from September 2000 to August 2002 are depicted in
Fig. 5.5 & 5.6. Among the various species of deep sea prawns landed,
P.spinipes formed the mainstay of the landings in almost all the months
except September while both H.woodmasoni and H.gibbosus were the
second most important groups of deep sea prawns in the landings in

almost all the months. Both M.andamanensis and A.alcocki contributed to
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a substantial portion of the exploited stock during pre-monsoon months
duing January to April while the contribution by P.martia, P.jerryi,
Asanguinea and A.armata were insignificant and represented in meager

quantities in almost all the months.

5.3.8 Harbour wise landings

The harbour wise landings of deep sea prawns in the ten harbours
of Kerala during 2000-O1and 2001-02 are depicted in Fig.5.7.
Sakthikulangara ranked first in deep sea prawn landings during 2000-01,
accounting for 61% of the total landings foliowed by Munambum and
Cochin with the share of 21 and 10% respectively. Whereas, the
contributions of Murikkumpadam (0.15%), Puthiyappa (0.62%), Ponnani
(0.29%), Mopla Bay (0.04) and Thottapally harbours (1.06%) were very

insignificant.

The deep sea prawn landings showed a sharp decline during
2001-02 and were found restricted to just five harbours of Kerala viz.
Sakthikulangara, Cochin, Munambum, Neendakara and Thottapally. The
landings from Sakthikulangara showed a drastic decline from 29863t to
12076t while in Munambum it declined from 10102t to 5105t during the
second year, thus showing a decline of 40% and 47% of the total deep
sea prawn landings from these harbours respectively. Whereas in Cochin

harbour, the landings decreased significantly from 5105t in the former to
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1580t in the latter year. The contribution of Neendakara (3.70%) and
Thottapally harbours (0.69%) were almost insignificant during the second

year.

5.3.9 Species wise landings at major harbours

Species wise deep sea prawn landings at various harbours of
Kerala from September 2000 to April 2002 are depicted in Fig.5.8 & 5.9.
Dunng the first year, highest landings of P.spinipes were registered at
Munambum with 4939t followed by Sakthikulangara and Cochin harbours
wth 2867 and 716.8t respectively, occupying the second and third
postions. Highest landings of deep sea prawns such as S.hexti,
Hwoodmasoni, M.andamanensis and H.gibbosus were also reported at
Sakthikulangara. On the contrary, during the second year, P.spinipes
showed an increase in all the harbours with respective landings of 4865t,

2260t and 339t at Sakthikulangara, Munambum and Cochin.

5.3.10.Catch per hour and catch per unit

Monthly C/hr and CPU of deep sea prawns at various harbours are
depicted in Fig. 5.10 & 5.11. The average C/hr was computed at 12.14kg
during 2000-01, which declined to 7.13 kg during 2001-02. Highest C/hr

was observed in September in both the years while the lowest was in
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QOctober and February in 2000-01 and 2001-02 respectively. In contrast,
the average CPU showed an increase from 24.8 kg in the preceding year
b 31.28kg in the succeeding year. The CPU varied from 12.96 kg in
August to 42 kg in December in the former while during the latter year the
lowest and highest values were in August and January with 5.38kg and
55.07 kg respectively.

5.3.11.Month wise C/hr at major harbours

At Munambum fisheries Harbour, the highest C/hr of deep sea
prawns was registered in November during 2000-01 while the same was
high in December during 2001-02. The C/hr of H.gibbosus and
Hwoodmasoni were high in November during both the years. Highest
Chr of M.andamanensis and A.alcocki was registered in January and
March during first year while similar values were found in December and

Apnil during the second year (Fig. 5.12 & 5.13) .

At Cochin fisheries harbour, C/hr of both H.woodmasoni and
Pspinipes were high in November for both the years while that of
Hgibbosus and S.hextii, the same was observed in January (25.53kg)
and November (57kg) respectively in 2000-01. The C/hr was at its peak
in December and January for H.gibbosus (12.5kg) and S.hextii (2.08kg)

respectively during the succeeding year (Fig. 5.14 & 5.15).
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At Sakthikulangara harbour, the highest C/hr of three species viz.
Pspinipes, S.hextii and H.woodmasoni was observed in September
during 2000-01 while the peak C/hr of M.andamanensis, A.alcocki and
Hgibbosus was noticed in April. During 2001-02, high C/hr of P.spinipes
was registered in December while that of H.woodmasoni, H.gibbosus and

M. andamanensis it was in September (Fig.5.16 & 5.17).

5.3.12.Depth wise variation of C/hr and CPU

C/hr of deep sea prawns at various depths during 2000-01 and
2001-02 is given in Fig.5.18. The C/hr was comparatively high in all the
depths studied during 2000-01, however it sharply declined during 2001-
02. The highest C/hr was at 450-550m followed by 250-350 m during both
the years. On the contrary, the CPU of deep sea prawns were
comparatively high during the second year in almost all the depths when
compared to the first year (Fig. 5.19 ). The CPU was at its peak at 350-
450m and 450-550m during the first and second years with 31.05kg and

47.16kg respectively.

5.3.13.Month wise variation in C/hr and CPU of major

species of deep sea prawns

The annual average C/hr and CPU of H.gibbosus were estimated

at 8.00 kg and 20.64 kg respectively. Lowest C/hr and CPU were
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registered in October while the same was highest in March with 19.81 kg
and 36.05 kg respectively. The average C/hr and CPU showed a decline
during the succeeding year, with 5.67kg and 26.47kg respectively. The
values were high in September while the lowest value was registered in
January during 2001-02 (Fig.5. 20 & 5.21). In H.woodmasoni, during
2000-01, high C/hr of 21.91 kg was observed in November while the CPU
was high in October with 28kg. During 2001-02, high C/hr and CPU of
17.15 and 48.74 kg respectively were observed in September (Fig.5. 22 &
5.23).

The annual average C/hr of A.alcocki was computed at 8.64 kg
during the preceding year, which declined to 3.22kg in the succeeding
year whereas the CPU showed an increase from 27.96kg in the first year
1o 37.77kg in the second year. The highest C/hr of A.alcocki during
2000-01 and 2001-02 was recorded in February and January respectively
while the lowest value was in September for both the years whereas the
CPU of A.alcocki was high in October and January during the first and

second year respectively. (Fig.5. 24 & 5.25).

The C/hr and CPU of P.spinipes showed wide fluctuations and the
annual average C/hr showed a drastic decline from 21.74 kg during first
year to 9.18kg during the second year. In the preceding year, the C/hr
varied between 84 kg in September to 0.08kg in October while the

highest and lowest CPU value could be discernible in November
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(87.14kg) and October (0.15kg) respectively. In the succeeding year, the
Chr as well as CPU of P.spinipes showed a reduction after September

and touched the lowest value in February (Fig.5. 26 & 5.27).

The annual average C/hr and CPU of M.andamanensis were
estimated to be 11.25 kg and 22.10 kg respectively during 2000-01. The
Chr was high in November and September during both the years, with
21.9 kg and 31.7 kg respectively while CPU was at its peak in April and
September with 78 kg and 32 kg respectively during the preceding and

succeeding years (Fig.5. 28 & 5.29).

The annual average C/hr of S.hextii was worked out to be 7.09 in
2000-01, which declined to 5.58 kg during 2001-02 while the CPU
showed a marginal increase from 22.30 kg from the first year to 23.01 kg
in the next year. During former year, the C/hr and CPU were very low in
September while very high values were registered in November. During
the second year, both the C/hr and CPU of S.hextii were high in January

(Fig. 5.30 & 5.31).

In both P. martia and P.ensis, the C/hr and CPU were estimated to
be high during pre monsoon months. In P.martia the C/hr and CPU were
high in November and January respectively during the first year, while
both the values were high in March during the second year (Fig. 5.32 &
6.33). The presence of P.ensis in the deep sea prawn landings was

observed only for six months during 2000-01 with an average C/hr and
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CPU of 6.89 kg and 31.24 kg respectively. The lowest C/hr and CPU
values were observed in September with 0.12 kg and 0.69 kg respectively
while the highest respective values registered in January were 84.37 kg
and 64.65kg. The peak C/hr and CPU of P.ensis during the succeeding
year was observed in January where as the values were found to be very

low in April. (Fig. 5.34 & 5.35).

The annual average C/hr and CPU of P jerryi were estimated to be
0.74 kg and 0.92 kg respectively. During 2001-02, the average C/hr and
CPU showed an improvement showing 2.76 kg and 28.26 kg respectively
(Fig. 5.36 & 5.37) (Fig. 5.36 & 5.37). A.sanguinea registered an average
Chr and CPU of 0.78 kg and 4.78 kg respectively during 2000-01. The
Chr ranged between 2.96 kg in November to 0.01 kg in March whereas
the CPU in general was moderate with peak in September (9.62kg)
{Fg.5.38) .

The average C/hr and CPU of A.aramata during 2001-02 were
computed at 0.60 kg and 5.32 kg respectively (Fig. 5.39). The C/hr varied
from 0.121 kg in February to 2.46 kg in January. The CPU of the species
varied from 1.20 kg in April to 19.75 kg in January. In P.investigatons,
both the C/hr and CPU were high during the months of winter, with peak

G (6.35kg) and CPU (23.14kg) in December (Fig. 5.40).
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5.3.14.Depth-wise and Species-wise variation in C/hr and

CPU

Depth wise C/hr and CPU of deep sea prawns landed at various
harbours of Kerala are depicted in Fig.5.41 to 5.64. During the present
study, both the C/hr and CPU of H.gibbosus were high at 451-550m
followed by 251-350 m. The depth zones 151-250 m are comparatively
less productive as manifested by the very low CPU and C/hr values

(Fig5.41& 5.42).

The highest C/hr of H.woodmasoni was registered at 151-250m
during both the years, showing 22.19 kg /hr and 8.85kg/hr in 2000-01 and
2001-02 respectively while peak CPU was recorded at 351-450m (42kg)
during the preceding year and at 451-550m (45.57kg) during the
succeeding year (Fig.5.43& 5.44). Both C/hr and CPU of A.alcocki was
high at 451-550, the CPU showed a sharp increase from 34 kg in the first

year to 99 kg during the second year (Fig. 5.45 & 5.46).

The highest C/hr of P.spinipes was estimated at 251-350 m depth
while it was high at 351-450m during the second year. The CPU showed
a shamp increase during 2001-02 when compared to the preceding year

with peak at 451-550 m (Fig. 5.47 & 5.48).

The C/hr of M.andamanensis was high at 151-250m and 251-350

m during 2000-01 and 2001-02 while the CPU also showed peak at
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hese depths (Fig. 5.49 & 5.50). The c/hr of P.martia was found high at
251-350m during the first and second years while the CPU were high at
351-450m and 451-550m during the above periods (Fig. 5.51 & 5.52).
Pensis though observed in all the depth zones in negligible quantities, it
showed high C/hr and CPU at 251-350 m during both the years (Fig. 5.53
45.54)

The high C/hr of S.hextii was observed at 251-350 m during 2000-
01 while the same in respect of CPU was at 351450 m (29.52kg). The
Chr showed a reduction during the second year with 12.18 kg at 251-
350m(Fig. 5.55 & 5.56). The C/hr of P jerryi increased from 7.65 kg in
first year to 12.33 kg in second year while the CPU also showed a
substantial improvement at 251-350m from 11.82 kg in the former to

36.51kg in the latter year (Fig. 5.57 & 5.58).

The presence of A.sanguinea was observed only in minor
quantities from 251-350m depths onwards with high C/hr and CPU at
451-550m (Fig. 5.59 & 5.60). A.armata also caught in stray quantities
from 251 to 450m depths (Fig. 5.61 & 5.62) with high C/hr and CPU at
351-450 m. The C/hr of P.investigatoris was high at 251-350m (1.10kg/hr)

while the peak CPU was observed at 150-250m (Fig. 5.63 & 5.64).
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5.3.15.Marketing and disposal

Though deep sea prawns gained significant attention with in a very
short duration, the entire landings were processing for export owing to
their high demand in the overseas markets. From the harbours, after
auction, prawns are directly transported to pre-processing centers and
processing plants in refrigerated container vehicles (5.1B). At Cochin,
Sakthikulangara, Munambum and Murikkumpadam harbours, almost the
entire catch of deep sea prawns were packed in ice and transported to
peeling sheds, which are located around the Cochin and Quilon belts
(Plate 5.1A, 5.3 B). A.alcocki, H.gibbosus and S.hextii were exported as
PD and PUD shrimp products because of their smaller size while the
larger species such as H.gibbosus, H.woodmasoni and A.alcocki were
either exported as whole or head less IQF or block frozen products. A
very poor demand in the domestic market notwithstanding, many foreign
countries prefer the cooked deep sea prawn products due to their
attractive colouration and bright appearance; however, very high leaching
loss and black spot formation are regularly reported. The price details of
deep sea prawns prevailed in the three major harbours of Kerala are
given in Table 5.4. Among the deep sea prawns, A.alcocki, locally known
as ‘red ring’ is the most sought after species by virtue of its bigger size
and dazzling red coloration and its price varied between Rs. 150-200/kg
(according to the size) while the assorted catch of smaller varieties

fetched Rs.25-30/kg (Plate 5.2).
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5.4. DISCUSSION

The innovative small and medium shrimp trawlers ventured in to
the deep sea prawn fishing for the first time in the history of Kerala in
November 1999 defying the long held concept that deep sea prawn
resources could be harvested only with the help of large trawlers. This
endeavor proved successful with the realization of 23426t during
November 1999 and March 2000 from 3 harbours (Rajan et al, 2001) and
48675t from 10 harbours of Kerala lasting between September 2000 and
April 2001 (Rajasree and Kurup, 2004). Due to the encouraging results
realized from the deep sea trawling operations during the first two years,
more and more boat owners modified their trawlers and equipped them
for deep sea trawling and started venturing to greater depth zones. Yet,
during the succeeding year the fishery dwindled drastically compared to
the previous years in total landings, species composition as well as catch

per hour of the constituent species.

The deep sea prawn landings in Kerala showed a drastic decline
from 48675t in 2000-01 to 19285t in 2001-02, thus registered a sharp
gdecline to the tune of 60.35% in the landings during the second year.
Rajan and Nandakumar (2001) also made similar observation on the
decline of deep sea prawns landed at Sakthikulangara, Cochin and
Munambum harbours from 23426t during 1999-2000 to 10042t during

2000-01, thus showing a plummeting of catches by 60% in the deep sea
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prawn landings. The total catch reported in 2001-02 was 17888t (CMFRI,

2003) .

The harbour wise deep sea prawn landings also showed similar
pummeting during 2001-02 and the landings were found confined to five
harbours against the ten harbours from where landing was reported
during the first year. There was a decline in the landing to the tune of
40% at Sakthikulangara, 47% at Munambum and 31% at Cochin. The
overall C/hr in deep sea trawls also showed a glaring reduction to 7.13kg

in 2001-02 against 12.14kg recorded in the previous year.

Among the 15 species of deep sea prawns landed at various
harbours of Kerala, the commercial fishery was mostly focused on §
species viz. A.alcocki, H. woodmasoni, H. gibbosus, P.spinipes and
M.andamanensis in their order of preference. By virtue of the excellent
demand for export, A.alcocki was exclusively procured by the seafood
processing plants. As a result, with the onset of fishery, majority of the
fishermen started selective harvesting of this species of high value by

embarking in the grounds known for their predominance.

in contrast to the observation of Rajan and Nandakumar (2001) on
the dominance of H.woodmasoni in the exploited stock, P. spinipes
appeared as the most dominant species in the total deep sea prawn
landings, contributing 19% and 40% respectively during 2000-01 and

2001-02. H.gibbosus and H.woodmasoni contributed to 16% each during
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the first year and occupied second position in the landings, however, their
contribution declined to 10% and 13% respectively thereby shifting to
third position during the second year. These species were replaced by
M.andamanensis, which emerged as the second dominant species during
2001-02, showed a steep increase from 14% during the former year to
21% during the latter year. The exploratory survey results on deep sea
prawn fishing along Kerala coast by FORV Sagar Sampada also showed

similar trends (Refer chapter 4).

A comparison of catch per hour of deep sea prawns registered for
various depths during 2000-02 also showed a steady decline in all the
depths during 2001-02 when compared to 2000-01. Depth wise analysis
of catch in relation to effort of deep sea prawns computed based on
harbours data also strongly corroborates with the results of exploratory
surveys conducted during 1998-2002. For H.gibbosus , the depths from
151-250 m were comparatively less productive while the higher depth
fom 351 and 450 was endowed with rich abundance of H.gibbosus.
Availability of A.alcocki at lower depth zones was only in insignificant
quantities while the catch rates showed an increase commensurate with
an increase in depth. P.spinipes was recorded from all the depth zones;

however, its high catch rates recorded from 351450 m is worth reporting.

Though the presence of M.andamanensis was also observed from

all the depth zones studied, however, it preferred relatively shaliower
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grounds .The nature of species composition of deep sea prawns
deiineated from different depth zones on the basis of commercial data
showed very strong agreement with that of exploratory survey results.
The results revealed that the occurrence and abundance of deep sea
prawns are both depth specific and latitude specific along Kerala coast
and these findings corroborate well with that of Mohamed and Suseelan

(1973) and Suseelan et a/.(1989a, 1989b).

Due to the ever increasing demand for prawns from the processing
industry, deep sea trawl units engaged in trawl fishery showed aimost a
double fold increase during 2001-02 when compared to 1999-2000 and
consequently there was an exponential increase in the fishing effort with
in a short period of two years. At present, nearly 300 shrimp trawlers have
been converted for deep sea operations and also by fitting GPS and Echo
sounders, besides more than a dozen of new crafts were recently
commissioned in and around Munambum harbour exclusively targeting
for deep sea prawn fishery. Results of spawning biology of deep sea
prawns showed that the peak spawning was more or less synchronizing
with peak fishing season. In addition, the results of month wise and
lengthwise sex ratio analysis brought out the preponderance of females
over males in a number of commercially important species such as
P.spinipes, H.woodmasoni, M. andamanensis and A. alcocki. This skew
ness in the sex ratio by females would suggest the possibility of

diferential migration of male population from the fishing ground and this
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can be postulated as one of the reasons for the stock depletion of deep
sea prawns. Percentage of berried pandalid shrimps were found very
high during December to March, in the range 71.33 to 91.25% and a
decline of the fishery registered during the second year can well be
attibuted to the indiscriminate exploitation of berried females by the

commercial fishing units.

From the resuits arrived at on the growth rates of deep sea prawns
based on monthly distribution of length frequency collected from
commercial landings, it appeared that the growth rate of deep sea prawns
gre very slow when compared to their counterparts inhabiting in the
coastal waters. The length at maximum of H.woodmasoni was observed
as 157.99mm in males and 178.95 mm in females during when they
aftain an age of around 5 yrs. The L max Of H.gibbosus was estimated at
195.44 mm at the age of 6 yrs for males and 198.60 mm at 7 yrs for
females (For details refer Chapter 10). Based on the above data, the
longevity of the deep sea prawns was found to be three times more than
to coastal shrimps. In view of their slow growth rate, it can reasonably be
inferred that the time required for their recruitment to the usable stock will
be at least two times higher when compared to their counterparts in the
coastal waters. The relative yield per recruit analysis of H.woodmasoni
also showed that the present level of exploitation has exceeded the
optimum exploitation rate in males while the females were subjected to

the over exploitation when compared to males. In H.gibbosus also, the
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males were over exploited than females beyond the sustainable level.
The deep sea prawn stock therefore may not be in a position to with
stand the rapidly increasing fishing pressures exerted in the deeper
waters off Kerala and this situation calis for fishing effort management for

the sustenance of stock.

The pandalid shrimps have already been proved as a very
susceptible group due to their distinctive biological characters, patchy
distribution and sexual segregation, makes them vulnerable to high and
uncontrollable levels of fishing pressures (Maria Figueiredo et al., 2001;
Caihong et al, 2000; Anderson, 2000). These groups are also highly
variable in their annual recruitment pattern, seasonal growth and natural
mortality, which have profound influence on their population dynamics. So
a number of harvesting strategies have been adopted for the sustainable
fishing like fishing right after hatching, fishing after spawning,
implementation of minimum mesh sizes of 35mm to reduce the catch of
young shrimp, imposing marine protected areas to safeguard the
ovigerous females and prohibition of fishery of shrimps with carapace less

than 15mm (Caihong et al., 2000; Berenboim, 1989).

The annual closure of the fishery during south west monsoon and
the limited period of fishing season (September to April) together with the
restricted operation of trawlers in more deeper waters for minimizing the

fishing pressure etc. would be some of the conservation efforts useful in
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ameliorating the resource crunch of deep sea prawns off Kerala.
However, the ever-increasing demand of deep sea prawns for export
purpose may further aggravate the fishing pressure even at higher depths
and hence there is every possibility of stock depletion in near future. The
indiscriminate exploitation of berried population of deep sea prawns may
lead to recruitment over fishing as defined by Pauly (1982). It would thus
appear that the stock of deep sea prawns would be in a dangerous
stuation in near future unless otherwise the fishery is strongly regulated
at optimal levels by framing strong legislations giving due weightage to
maximum sustainable yield, stock-recruitment relationship and growth

rate of individual species.



»f Number of deep sea trawlers at three major harbours of Kerala
and their OAL
Harbour Trawler size (L.,) total units
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astum 82 18 2 100
wii Details of deep-sea trawifishing off Kerala
showing facilities on board and gear specifications
Iemertial Fishing 1999
Sy ason Sept- April
N mson December -April
e of Fighing 3-6 days
e operation Quilon bank-Thottapally,
Ponnani, Ezhimala
e o aperation 200-600
ling ondoard GPS , Echo sounder
- 45-80°
"] 100-140Hp Leyland ,Turbo
fp apacity 12-20tonnes
iwhenge 5000-7000litres
(1 150 blocks
s pons 8-10
» four seam trawi net
et V- form
] 10-22mm
aap ngth 1800-2500m
wt o ngth 100-150ft
wiaghh of net 130-150ft
mis Price details of deep sea prawns landed at the harbours of Kerala
Spacies Local name Harbour
Sakthikulangara Cochin Munambam
Price (Rs/Kg)
Aaloockd Red ring 90-160 120-200 100-175
o phobosus Thakkali 60-90 60-120 60-80
« s000mBSon ” 35-45 40-80 35-50
P spinipes Chuappu pullan 25-30 25-40 30-60
Y damanensis Vella pullan 30-60 30-50 20-60
Pjerryi Vella pullan 20-40 20-40 25-40
Sherti Mulaku chemmeen 25-30 30-60 35-50
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Fig. 51  Monthly variation in the deep sea prawn landings in Kerala (2000-01)
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Fig. 52 Monthly variation in the deep sea prawn landings in Kerala (2001-02)
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Fig.53 Percentage contribution of various species to the total deep sea landings
during 2000-01
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Fig. 5.4 Percentage contribution of various species to the total deep sea landings
during 2000-01
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Fig. 5.5

Fig. 5.6

Fig.5.7

Monthly species composition of deep sea prawns landed at various harbours
of Kerala (2000- 01)
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Fig.58 Harbour wise landings of deep sea prawns during 2000-01
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Fig.5.10 Month wise C/hr and CPU of deep sea prawns in Kerala
during September 2000 to April 2001
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Fig.5.11 Month wise C/hr and CPU of deep sea prawns in Kerala
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fig.512 MonthwiseC/hr of various deep sea prawn species at Munambum Fisheries Harbour

during 2000-01
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fig 513  MonthwiseC/hr of various deep sea prawn species at Munambum Fisheries Harbour

during 2001-02
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Fig.5.14 MonthwiseC/hr of various deep sea prawn species at Cochin Fisheries Harbour
during 2000-01
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Fg 515 Monthwiee C/hr of various deep sea prawn species at Cochin Fisheries Harbour

during 2000-01
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Fig. 5.18 Comparison of c/hr of deep sea prawns at various depths
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Fig. 519 Comparison of CPU of deep sea prawns at various depths
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Fig. 5.20 C/hr and CPU of Heterocarpus gibbosus during 2000-01
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Fig. 5.21 C/hr and CPU of Heterocarpus gibbosus during 2001-02




Fig.5.22 C/hr and CPU of Heterocarpus woodmasoni during 2000-01
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Fig.5.23 C/hr and CPU of Heterocarpus woodmasoni during 2001-02
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Fig. 524 C/hr and CPU of Aristeus alcocki during 2000- 01
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Fig. 5.25 C/hr and CPU of Aristeus alcocki during 2001-02
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Fig. 5.26 C/hr and cpu of Parapandalus spinipes during 2000- 01

Fig. 5.27 C/hr and cpu of Parapandalus spinipes during 2001-02
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Fig. 5.28 C/hr and cpu of Metapenaeopsis andamanensis during 2000-01
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Fig. 5.29 C/hr and cpu of Metapenaeopsis andamanensis during 2000-02
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Fig. 5.30 C/hr and cpu of Solenocera hextii during 2000-01
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Fig. .32 C/hr and cpu of Plesionika martia during 2000-01
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Fig. 5.33 C/hr and cpu of Plesionika martia during 2001-02
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Fig. 5.34 C/hr and cpu of Plesionika ensis during 2000-01
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Fﬁ.m C/hr and cpu of Acanthephyra sanguinea during 2001-02
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Fig.5.39 C/hr and cpu of Acanthephyra armata during 2001-02
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Fig. 540 C/hr and cpu of Parapenaeus investigatoris during 2001-02
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Fig. 541 Depth wise c/hr of Heterocarpus gibbosus during 2000-02
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FM Depth wise CPU of Heterocarpus gibbosus during 2000-02
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Fig. .43 Depin wise c/hr of Heterocarpus woodmasoni during 2000-02
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Fig. 5.44 Depth wise CPU of Heterocarpus woodmasoni during 2000-02
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Fig. 5.45 Depth wise c/hr of Aristeus alcocki during 2000-02
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Fig. 5.46 Depth wise CPU of Aristeus alcocki during 2000-02
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Fig. 5.47 Depth wise c/hr of Parapandalus spinipes during 2000-02
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Fig. 5.48 Depth wise CPU of Parapandalus spinipes during 2000-02
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Fig. 5.49 Depth wise c/hr of Metapeaneopsis andamanensis during 2000-02
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Fig. 5.50 Depth wise CPU of Metapenaeopsis andamanensis during 2000-02
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Fig. 5.5 Depth wise c/hr of Plesionika martia during 2000-02
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Fig. 5.52 Depth wise CPU of Plesionika martia during 2000-02
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Fig. 5.53 Depth wise c/hr of Plesionika ensis during 2000-02
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Fig. 5.54 Depth wise CPU of Plesionika ensis during 2000-02
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Fig.5.56 Depth wise CPU of Solenocera hextii during 2000-02
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Fig. 5.57 Depth wise c/hr of Penaeops:s Jerryi durmg 2000-02
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Fig. 5.58 Depth wise CPU of Penaeopsis jerryi during 2000-02
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Fig. 5.59 Depth wise c/hr of Acanthephyra sanguinea during 2000-02

Fig. 5.60 Depth wise CPU of Acanthephyra sanguinea during 2000-02
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Fig. 5.61 Depth wise c/hr of Acanthephyra armata during 2000-02
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Fig. 5.62 Depth wise c/hr of Acanthephyra armata during 2000-02
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Fig. 5.63 Depth wise c/hr of Parapenaeopsis investigatoris during 2001-02
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Fig. 5.64 Depth wise CPU of Parapenaeopsis investigatoris during 2001-02
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Plate 5.1

A Harvest of deep- sea prawns at Munambum Fisheries Harbour
- An early morning sight

B. A busy morning at Munambum Fisheries Harbour — Deep sea
prawns getting iced for dispatch to processing sheds.



Plate 5.2

#eaps of Aristeus alcocki - the most prized of deep-sea prawn species —

satng auction at Shakthikulangara Fisheries Harbour.



Plate 5.3

A A crate full of deep-sea prawns after auction.

A sight at the Cochin Fisheries

B. Deep-sea prawn landings

Harbour



Plate 5.4

A fully equipped deep-sea trawler preparing for
next cruise —



Chapter 6

RESOURCE CHARACTERISTICS
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6.1. INTRODUCTION

Life history traits of deep-water pandalid shrimps are practically
ynknown. This data gap is a very serious laxity since the deep sea
prawns are rich and diversified for their species composition and
abundance, besides offering immense potential for commercial fishery in
the tropical and subtropical bathyal environment (Alvarez, 1968; Crosnier
and Forest 1973, Cartes et al., 1994, Sarda et al., 1994). In recent years,
deep sea prawns are emerging as an important resource of economical
sgnificance in the commercial deep sea fishery of Kerala. In order to
make a proper evaluation on the magnitude of this newly exploited
resource and assessing its sustainability for the commercial fishing off
Kerala in the long run, reliable data base on the life history traits such as
iength-weight relationships, relative condition factor, sex ratio, size groups
constituting the fishery and percentage of berried females in the exploited
stock, etc. of the various species contributing to the fishery are essential
prerequisites. Estimation of population size of a fish stock for the rational
eploitation often calls for knowledge of individual body length-weight
riaionships in the population. Besides high biomass and abundance
ievels of the deep sea prawns, some of the pandalids show extensive diel
vertical migration (Company and Sarda, 2000). Pandalids also occupy
mportant ecological role in the marine ecosystem and forms key

component in the marine food web responsible for the transfer of energy
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from pelacic to the benthic habits (Relini Orsi and Relini 1990; Golani and

Gaiil 1991; Cartes 1993; Pipitone et al., 1994; Bozzano et al., 1997).

A scrutiny of the relative condition factor at different size groups
tan give valuable information regarding the general well being,
maturation and spawning or the state of development of gonad in the life
span of animals whereas a close look at the conditions at different
months may give definite clues regarding the breeding season (Le Cren,
1951). Determination of sex ratio will help to assess sex specific
dgifferential migration and rate of growth of deep sea prawns in the
exploited stock whereas percentage of berried females to the total female
population of the pandalid prawns will give an indication of annual
regeneration capacity in the deep sea dwelling species when compared

¥ their shallow water counterparts.

Studies on the resource characteristics of deep sea prawns of
south west coast of India is practically nil, but for the work of Kurien
{1965), Mohammed and Suseelan (1973), Suseelan (1985) and Suseelan
¢t al. (1988, 1989). The above investigations were mostly in the form of
exploratory surveys, nevertheless, detailed life history studies pertain to
te commercially important deep sea prawn species and their
nraspecific comparisons had never been hitherto attempted to.

Therefore, in the present study a sincere effort is made to investigate the
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resource characteristics of deep sea prawns contributing to the

commercial deep sea prawn fishery of Kerala with the following objectives

1. To establish length-weight relationships of deep sea prawns and

make correlations with their life habits.

2. To determine the relative condition factor both month wise and

length wise

3 To reveal sex specific skewness in the ratio of commercially

important species.

4 To delineate the modal class of deep sea prawns representing

fishery.

5. To determine the percentage of berried population in the total female

pandalids exploited.

6.2. MATERIALS AND METHODS

Samples of eight deep sea prawns were collected during
September 2000 to August 2002, from the commercial deep sea trawi
landings at three major harbours of Kerala viz. Sakthikulangara, Cochin

and Munambum at weekly intervals. Besides, the samples were also
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coliected during the exploratory fishery survey cruises of the research
vessel FORV Sagar Sampada carried out between the latitude zones 8'-
1IN. 765 specimens of M.andamanensis, 301 of S.hextii, 437 of
H.gibbosus, 538 of H.woodmasoni, 891 of P.spinipes, 46 of P.ensis, 37 of
Pmartia and 345 of A.alcocki were examined for their length weight
refationship. Sex wise sorting of the pandalid shrimps was done with the
help of a binocular microscope based on the presence or absence of the
appendix musculina on the second pair of pleopods. In penaeid, aristeid
and solenocerid shrimps, petasma and thelycum were used for sex
determination. The specimens were measured and weighed in fresh
condition, total length was measured from tip of the rostrum to the
extremity of the telson up to nearest millimeter with the abdomen keeping
fully stretched (Nandakumar, 1997). The individual prawn was weighed to
the nearest 0.1 gm using a top loader electronic balance. The sample
number of both the sexes could not be maintained uniform due to the
dfferential availability in their landings. Deep sea prawns were
categorized in to ‘meso pelagic’ (species showing active diel migration),
‘nektobenthic’ (benthic species of moderate locomotary ability and no diel
migrational behaviour) and ‘benthic’ based on the life habits of various
species such as swimming behaviour, trophic aspects and peculiar
harvesting methods following Heegaard (1967), Burukovsky (1992),
Lagardere (1977) Omori and Ohta (1981), Cartes (1991,1993,1995),

Cartes ef al. (1993, 1994) and Company and Sarda (2000) .
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Data on length and weight were analysed separately for males and
females following Le Cren (1951) in order to unravel the difference, if any,
in dimensional equality between the two variables for a better
understanding on the growth pattern. The length — weight relation is
expressed as

w=al®

where, w = weight (g)
| = total length (mm)
a&b = constants

Logarithmic transformation of the above formula gives a linear
equation

logw=loga+blogl

Regression analysis, ANACOVA on the regression equation,
comparison of slopes and calculation of correlation coefficient values
were done following standard statistical procedures (Snedecor and

Cochran, 1967).

Relative condition factor of ‘Kn’ (Le Cren , 1951) was estimated for

males and females using the formula Kn = W

W
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Where ‘W' is the observed weight and ‘W' is the expected weight
derived from the length weight relationship (Le Cren, 1951). Length
weight relationship and condition factor were established for both the
sexes of H.gibbosus, H.woodmasoni, A.alcocki, P.spinipes and
Mandamanensis. Kn values for the various length groups and for
difierent months were also calculated after obtaining the mean length and
mean weight for the corresponding length groups and months

{Nandakumar , 1997) .

Chi square analysis was carried out in five commercially important
species of deep sea prawns viz. H.gibbosus, H.woodmasoni, A.alcocki,
P.spinipes and M.andamanensis in order to assess the variation if any, in
sex ratio from that of hypothetical value 1:1 (Snedecor and Cochran,

197)

In order to determine the modal size class representing the fishery
and to assess the modal progressions in the length frequency distribution,
the length data were collected during the same period, grouped them in to
10mm class intervals and pooled them against different months. A total of
2781 males and 1248 females of H.gibbosus , 1122 and 1640 males and
lemales of H.woodmasoni , 728 males and 1226 females of
Mandamanensis ,1229 and 988 males and females of P.spinipes , 662
males and 1037 females of A.alcocki were analysed. Exploitation level of

ovgerous females of the most commercially important pandalid shrimps
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v. Hwoodmasoni , H.gibbosus and P.spinipes were computed on the
basis of their occurrence in the exploited stock and was expressed as
percentage of berried prawns to the total female population present in

numbers in the landings.

6.3. RESULTS

6.3.1.Length weight relationships

Minimum and maximum values of total length and total weight in
both the sexes of various species of deep sea prawns are given in Table
6.1. Linear relationship established between length and weight of males
and females of eight species of deep sea prawns are depicted in Fig. 6.1
- 6.15. The respective logarithmic regression equations so obtained are

as follows:

M.andamanensis

Male logw=-4.0899+2.3616logi (r =0.7849)

Female logw =-4.8991+2.78391og! (r =0.8306)

S.hextii



Male logw =-3.9348+2.32591og! (r =0.8435)

Female logw =-3.1280+1.9638log! (r =0.9217)

H.gibbosus

Male logw =-58188+3.3392log! (r =0.9233)

Femalelogw =-5.7165+3.2945log! (r =0.7401)

H.woodmasoni

Male logw =-6.0063+3.3652log] (r =0.7362)

Female logw = -6.2331+3.4953log! (r =0.7240)

P.spinipes

Male logw=-48392+2.73081logl (r =0.6857)

Female logw =-5.2426+2.9439log! (r =0.6441)

P.ensis

Male logw =-3.5890+2.1400log! (r =0.3452)

Female logw =-4.5910+2.60001log ] (r = 0.5203)

148
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P.martia

Female log w = -5.3837+2.9001 log | (1 = 0.7126)

A.alcocki

Malelogw =-3.4992+2.12451ogl(r =0.4676)

Female logw = -5.0550+3.0711 log | (r = 0.8956 )

Scrutiny of ‘r values showed significance at 1% level in the
correlation of length and weight in all the species except for P.ensis
(Tabe 6.1). In M.andamanensis, comparison of the regression
coefficients using F-test (Table 6.2) revealed that both the slope as well
as elevation of both males and females is significantly different at 5%
level (P<0.05). In S.hextii, the results of F- test for b values showed
significance at 1% level (P<0.01) for both slope and elevation (Table 6.3).
Results of F- test showed that H.gibbosus (P < 0.05), P.spinipes
(P<0.01), S.hextii (P<0.01) and A.alcocki (P<0.05) are significantly
different in their b values of males and females whereas in H.woodmasoni
and P.ensis the slope values were not significant but elevation showed

sgnificant difference at 5% level (P<0.05) (Table 6.4-6.8).

In the deep sea prawns studied, there exist three well-defined
trends in regression coefficients (b) commensurate with the life habits

seen in the various species. [n the length-weight relationships of
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mesopelagic species such as M.andamanensis and S.hextii which are
exhibiting active diel vertical migration, the b value showed a strong
negative allometry (b < 3) between length and weight. Species belonging
lo Plesionika , Parapandalus and Heterocarpus which are nektobenthic,
the b values were approximately equal to ‘3’ and did not differ
significantly , thus exhibiting an isometric growth pattern through out the
life stages. On the other hand, P.ensis showed an exception to this
situation; nevertheless, it was represented by a very few number of
specimens. In the strictly benthic species A.alcocki , ‘b’ value of around 3
was observed in females , in contrast , a very low b value of 2.13 was
observed in males , thus manifesting that the males maintain a poor body

dmensional equality during their growth when compared to females .

The b values derived from the length weight relationships of deep
sea prawns showed a strong correlation with their individual life habits
(Fig. 6.16). The slope values showed a significant increase from the
mesopelagic to nektobenthic while in the benthic habit a decrease was
observed, with a mean 'b' of 2.36 for mesopelagic species, 3.09 for
nektobenthic and 2.59 for the benthic habit (Table 6.9). Results of
ANOVA showed that there exists significant difference in the regression
coefficient values of deep sea prawns in relation to their life habits at 5 %

level (P<0.05) (Table 6.10).
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6.3.2.Relative condition factor

The monthly index of relative condition in respect of males and
females of various species studied are depicted in Fig.6.17 — 6.21. In
females of H.gibbosus, Kn values increased during January to March
aftaining its peak in February while in males a similar peak was not
discemible due to insignificant representation of matured males in the
commercial landings. However, a slight improvement in the Kn curve was
seen during January and February , on the other hand , a distinct trough

was observed during May (Fig. 6.20) .

The Kn values in females of H.woodmasoni showed two peaks, a
minor one in November (1.120) and a major one in February (1.28) (Fig.
6.19). In males also , a minor peak was noticed in November followed by
a gradual increase in condition in January which attained peak in April
whereas M.andamanensis showed an increase in Kn values during
November to February in both males and females. In males, highest Kn
values were observed in December and it was lowest in October while in

females Kn values were invariably high in January (Fig. 6.17) .

The Kn values in females of A.alcocki showed two peaks, a minor
one in October and a major one in January while in males the Kn values

were high during March and April (Fig. 6.18). In P.spinipes also two peaks
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were observed in January and March in males, while in females only one

peak was observed in November (Fig. 6.21).

Kn values at 10mm class intervals in respect of males and females
of H. gibbosus are depicted in Fig. 6.23. It appeared that the fluctuation
with reference to length seems to be more or less similar in both the
sexes. The highest value was noticed at 60-65mm in both the sexes
folowed by a trough at 75mm in females was quite discemible. The
subsequent peaks represent the cyclical gonadal development and

spawning. The peak at 25 mm is not well differentiated in males.

In females of H.woodmasoni, the Kn showed a steady increase
from 85mm onwards and registered a highest value at 135 mm. In males,
higher Kn values were observed at 75mm, which showed a plummeting
w o 5mm and thereafter a slow increase was recorded with peak at

135mm (Fig. 6.22).

In M.andamanensis, the fluctuation in the relative condition with
reference to length seems to be more or less similar in both the sexes
{Fig. 6.25). In females, the highest peak was observed at 105-115 mm,
bllowed by a trough at 125-135mm whereas in males the peak was
observed at 125mm.

Variation in Kn values at 10 mm length groups of males and

females of P.spinipes showed that the relative condition was high in
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younger size groups (Fig. 6.24). In males, highest Kn value was observed
at 75 mm where as the lowest was at 125 mm. In females also, the peak
Kn values were noticed at 75 mm while the second peak was registered

at 115 mm length.

Kn values for different length groups in respect of males and
females A.alcocki are depicted in Fig. 6.26 . The Kn values in both the
sexes showed strong oscillation and in females the highest Kn values
were observed at 45 mm length, thenceforth it declined gradually up to
65mm, thereafter it increased , attaining the next highest value at 145
mm. The Kn values in males oscillated strongly between 75 and 145 mm
length, registering highest value at 135 mm , thus manifesting the
factors other than maturation and spawning behind its oscillation

tendency .

6.3.3.Sex ratio

Monthly sex ratio of deep sea prawns collected from the exploited
stock landed at various harbours of Kerala during 2000-01 and 2001-02
are depicted in Tables 6.11, 6.13, 6.15, 6.17 & 6.19. In the deep sea
prawns, the sexes are separate through out the life history stages and no
sex reversal was observed. The monthly sex ratio of H.gibbosus during
the two years is separately shown in Table 6.11. The results indicated

that there exists a significant departure from 1:1 ratio during almost all the
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months due to the dominance of males in the exploited stock. Chi-square
analysis of sex ratio showed significant deviation from 1:1 ratio at 5%level
while there was no skewness in the sex ratio (P>0.05) during October
2000 , March 2001 and December 2002.

The sex ratio in different length groups for the two seasons
showed that there exist significant deviation in H.gibbosus from 1:1 ratio
al 5%level up to 151-160mm length group due to the out numbering of

males (Table 6.12).

The monthly sex ratio of H.woodmasoni for the two years is shown
in Table 6. 13. The chi-square value showed a significant deviation from
1:1 ratio during September to December in both the years due to the
predominance of females in the catch. A further spurt in the values was
observed during May to August due to the abundance of females . Sex
ratio analysis in different length groups showed that males predominates
the population in the lower groups (41-70mm) whereas in the higher

length groups females outnumbered males ( Table 6.14) .

The month-wise sex ratio in P.spinipes indicated that there was
significant deviation from 1:1 ratio at 5% level during all the months owing
o the dominance of females except during October, March and
September in 2000-01 and January and May in 2001-02. Females
dominated in the population during November to February in both the

years whereas predominance of males was discernible from April to
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September (Table 6.17). Sex ratio in different length groups (Table 6.18)
showed that females were dominant up to 70-80 mm length groups .

However, in the higher length groups, from 80-80 mm onwards, only

males were encountered.

In A. alcocki , the monthly sex ratio showed a significant departure
from the hypothetical ratio 1:1 in all the months except in July in 2000-
01. The skewness was due to the predominance of females in September
and December while males predominated in the rest of the months. In the
second year, the ratio skewed in almost all the months. The departure
fom the hypothetical value in September, November, December and
February was due to the dominance of females while males dominated

during the other months (Table 6.19).

In the lengthwise distribution of sex, the females of A. alcocki
showed glaring predominance from 70-80mm to 190-200 mm, the overall
sex ratio being 1:21.01 (Table 6.20). The chi-square values were

significant in most of the length groups at 5% level (P<0.05).

The male to female ratio of M.andamanensis in the exploited stock
was 1:2.44 during 2000-01 and 1:1.87 in 2001-02 thus showing the
preponderance of females in the population (Table 6.15). The month wise
analysis indicated a significant deviation from 1:1 ratio in September to
Aprl in both the years owing to the predominance of females (P <0.05).

While examining the lengthwise sex ratios, males showed dominance up
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o 61-70 mm where as in the higher length groups only females were

exclusively represented (Table 6.16).

6.3.4.Length frequency distribution

Monthly distribution of length of males and females of
Hwoodmasoni during 2000-01 and 2001-02 are shown in Fig. 6.27 and
6.28 respectively. In 2000-01, the modal classes of male and female
were 91-100 and 81-90mm respectively followed by 81-90mm and 91-100
mm respectively. In contrast, during 2001-02 the modal values were
represented by two length groups of 91-100 and 101-110 mm, both in

male and female population followed by 81-90 mm in both the sexes.

In males and females of H.gibbosus, the length frequency
dstribution showed a uni modal character with the modes frequently
observed at 91-100mm and 111-120mm length range. The modal length
for females was at 121-130mm during September to November. Smaller
ndividuals appeared in the fishery during December. Similar observations

were made in males too (Fig. 6.35) .

During 2001-02, the modal length class of males and female
Hgibbosus was found at 91-100mm followed by 111-120mm. From
December onwards, juveniles started appearing in the fishery with 51-

60mm in males and 91-100 mm in females (Fig. 6.36).
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In females of A.alcocki 131-140 mm, 141-150m and 151-160 mm
were the length classes dominated during September to November. In
females, 121-130mm appeared as the modal size class followed by 101-
110mm and 131-140mm (Fig.6. 33). Males found to be very smaller than
females in the exploited stock. In males of A.alcocki, 81-90 mm formed as
the modal class during July, August while 101-110mm length groups

frequently represented in the catches during rest of the months (Fig.
6.34).

The fishery of P.spinipes was constituted by specimens ranging in
length from 51-150 mm in females and 51-160 mm in males, however,
specimens below 71 mm and above 121 mm were barely represented in
the commercial landings. Length frequency distribution of P.spinipes
during 2000-01 and 2001-02 are shown in Fig.6.31 & 6.32. In general,
the monthly size frequency distribution during 2000-01 was appeared to
be uni modal in character with the modes ranging between 81-90 mm and
111-120mm. However, the principal mode was found at 90-100 mm in
females and 101-110mm in males. From May onwards, a shift in the
modal class was discernible in females from 81-90 mm to 91-100mm.
Ouring 2001-02, the modal class of both male and female remained more

or less the same.

The fishery of M.andamanensis was constituted by individuals in

the range 32 to 148 mm in females and 39 to 141 mm in males in the
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commercial landings (Fig. 6.29 & 6.30). The modal class of females in the
fishery during 2000-01 was 91-100 mm whereas in males it was 81-
%9mm. Juveniles of 51-60mm were appeared from January onwards and
the peak was observed during March and April indicating the spawning
and entry of new recruits to the fishery. From May onwards, a
predominance of 61-70mm size groups was registered in the fishery thus
showing a slow shift in the monthly modal progression. During 2001-02

the modal class was found at 90-100 followed by 70-80 in both the sexes.

8.3.5.Percentage of berried prawns to the female

population

The monthly percentage of berried females in the total female
population exploited is given in Table 6. 21. In H.woodmasoni, the peak
occurence of berried females was observed during December to
February during when on an average 88.7% of females were found to
cary eggs attached on the pleopodal setae. The second major peak
was observed in October during when 81.4% of the total female
poputation were found ovigerous. From March onwards, there was a
stieady decline of egg carry females to half and the lowest value was
realized during July with only 22.75% berries in the total female

population.
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in H.gibbosus, very high breeding activity was observed from
December to March on the basis of occurrence of berried females |,
registering its peak in January (83.7%) followed by February (80%) . On
the other hand, lowest number of berries appeared during May (52.06%),

which is indicative of its low breeding activity.

In P.spinipes , the percentage of berried prawns in the landings
were very high through out the year except in July (48.28%). The peak
breeding was observed during October to January with highest numbers

registered during November (92.15%) followed by December (91.03%).

6.4. DISCUSSION

In the present study three separate, well-defined trends in
regression coefficients were observed corresponding to the diversified life
habits of the various species of deep sea prawns. M.andamanensis,
being a mesopelagic species, exhibited a strong negative allometric
growth and maintained its dimensional equality less than 3 when length
and weight were correlated which indicates that the prawns become more
siender as they increase in length (Grover and Juliano , 1976). In male
prawns (b — 2.36), the departure from 3 was found more pronounced
than that of females ( b — 2.78 ) . This is in contrast with the observation
made by Suseelan (1985), who reported allometric coefficients >3 in

maes and females of M.andamanensis collected during exploratory
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surveys off south west coast of India. In S.hextii, another important fast
svMmming mesopelagic species also, the b values were found to be less
than 3, thus manifesting a greater increase in length rather than in weight
by exhibiting a very strong negative allometry. A strong negative
dometric value of <3 were also reported by Company and Sarda (2000)
nthe three mesopelagic prawns Sergestus arcticus , Passiphaea sivado
and P.multidentata from the northwestern Mediterranean Sea and opined
thal the negative skewness less then 3 were due to the diel vertical
mgration and active swimming habits of these groups. Similar
observations of negative allometry have been observed in Metanephrops
andamanicus by lvanov and Krylov (1980) from the western indian

Ocean.

On the contrary, a diametrically different relationship was observed
n the nektobenthic species, which showed a regression coefficient value
aound 3 which means the body of prawns remain constant at different
lengths  which is indicative of the maintenance of its body dimensions
duing growth. In the present study the regression coefficients of
Hgibbosus , H.woodmasoni, P.spinipes, P.ensis and P.martia showed b
vaes around 3 and generally did not differ significantly from the
isometric values and this may be attributed to their nektobenthic nature of
moderate locomotary ability and no diel migratory behaviour. This finding
show strong agreement with Company and Sarda (2000) who observed

# sometric ‘b’ value of ‘3’ in all the species of the genus Plesionika
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except for P.gigliolii and P.acanthonotus and Ivanov and Krylov (1980)
who also observed ‘b’ values around ‘3’ in the deep water penaeid
prawns Penaeus marginatus ,Penaeopsis balssi and in Parapenaeus

sextuberculatus from westemn Indian Ocean.

In the benthic species, A.alcocki the ‘b’ values were found to be
lower than 3 as this species showed a strong decrease in weight and
become slender with relative increase in length. Suseelan (1985)
reported similar results in A.alcocki during the exploratory cruise surveys
off west coast of India. In contrast to the present results, Company and
Sarda (2000) reported an increase in weight of Aristeus antennatus with
the increase in length from the Mediterranean Sea. However, the results
of the present study agree with those of Cartes et al. (1993), who linked a
decreased carapace length : wet weight ratio to increased adaptation to
the benthic habit . Therefore, amongst other factors , the length weight
rlationship can be used in prescribing the life habits of deep sea
decapod crustaceans as opined by Company and Sarda. (2000).
According to Cartes et al. (1993), weight is a limiting morphological factor
for deep sea crustaceans with marked migratory behaviour, but not for
nekiobenthic species and a certain extent to some benthic species , in
which weight does not appear to be a limiting morphological factor. A
kerally compressed body with a rudimentary rostrum are two further
swolutionary morphological adaptations in mesopelagic crustaceans viz.

Mandamanensis and S.hextii (Cartes et al., 1993), while a laterally
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uncompressed carapace and a long rostrum are common features in
nektobenthic species such as H.gibbous , H.woodmasoni , P.spinipes ,
Pmartia and P.ensis (Burukovsky ,1972; Sarda and Demestre ,1989 ;
Company and Sarda,2000), where as males of A.alcocki possess a very
compressed and short body (Cartes et al.,1993). This may be the reason

for the negative allometry shown by the males in the present study.

In the present study, higher Kn values observed during November
fo March invariably in all the species may be indicative of their peak
spawning period. Results on the food and feeding habits of H.gibbosus
and H.woodmasoni have revealed that the weight of the food ingested by
them is very negligible in comparison with the body weight ( Refer
Chapter 7 for details) . Therefore, it is quite evident that the food cannot
affect the Kn values in pandalid shrimps. The rise in Kn values at the time
of spawning was reported in the littoral penaeid P.semisulcatus (Thomas,
1975) and in deep sea fishes by Philip and Mathew (1996), Anibeze
(2000) , Shanmugham et al. (2000) and Joung and Chen (1992). In both
Hwoodmasoni and H.gibbosus, spawning was found to be a continuous
process commencing from October to April with a peak in January in the
former species and December to April in the latter. Whereas in P.spinipes
and A.alcocki , peak spawning season was observed during December
b May while in the deep sea penaeid prawn M.andamanensis , the same

was observed in December.
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The point of inflection in the curve of Kn values at a specific length
group is indicative of the length at which sexual maturity starts (Hart ,
1946 ; Pillay ,1952). The present results support this observation as the
pont of inflection was seen in the size group 90-100mm for both the
sexes of H.woodmasoni and the size at first maturity of male and female
were estimated at 96.756mm and 100mm respectively. In H.gibbosus , the
point of inflection was seen in the size groups 80-90mm for males and
females of H.gibbosus while the size at first maturity arrived at for males

and females were 97mm and 98.5mm( Refer Chapter 8 for details).

Results of the histological analysis of H.gibbosus and
Hwoodmasoni revealed that there is no incidence of sex reversal in these
prawns however, the same is reported as a regular phenomenon in their
counterparts inhabiting temperate waters (Rasmussen, 1953; Horsted
and Smidt, 1956; Burukovsky, 1972; Hancock and Henriques , 1968,
Anderson and Lindner ,1971 ; Omori ,1971). Sex ratio analysis of the
exploited stock of five important deep sea prawn species indicated that,
te females outnumbered males heavily in all the species except
Hgibbosus, wherein the dominance of males in the exploited stock was

quite discerible.

A comparison of the overall sex ratio of the commercial important
deep sea prawns revealed that in H.woodmasoni , P.spinipes ,

Mandamanensis and A.alcocki , the females outnumbered the males,
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with the highest preponderance in A.alcocki ( male : female 1:17.78) .
Suseelan (1985) reported the predominance of males of H.woodmasoni
over their counter part which is disagreement with the present study |,
however, similar observations were made in males of H.gibbosus (male :
female 1:0.60 ) .Result of Chi-square analysis in H.gibbosus also showed
that the variation is significant ( X2 = 710.71 P<0.05) .A season wise
analysis of sex ratio showed that females of H.woodmasoni |,
Mandamanensis , P.spinipes and A.alcocki showed a clear
preponderance over their counterparts during November to February in
both the years whereas in H.gibbosus ,predominance of females over

males during September was quite discemible.

The simultaneous occurrence of the two opposite conditions of sex
dsparity in the exploited stock may be due to the sex-segregated
migration of animals associated with breeding (Suseelan, 1985). Females
of deep sea prawns such as Pasiphea sivado and P.multidentata
undertake differential migration for breeding from lower to higher depths
duing mid-winter months (Company et al., 2001). According to George
and Rao (1967), inshore prawn fishery prevailing in the coastal areas of
swouth west coast of India might be due to the result of breeding migration
of females outside the fishing areas. In contrast, Suseelan (1985) opined
that the disparity of sexes among deep sea population might be due to
greater natural mortality sustained by one of the sexes, however, no such

fnding was observed during the present study.
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While examining the length wise sex ratio of the commercially
important deep sea prawns during two years, while the females distinctly
dominated in the higher size classes of M.andamanensis , H.woodmasoni
and A.alcocki, a clear preponderance of males over females was
observed in the higher size classes of P.spinipes. Interestingly, in
Hgibbosus, males dominated in all size groups, from 41-50mm to 181-
190 mm size groups. In M.andamanensis, dominance of females was
observed from 101-110mm to 151-160mm. In H.woodmasoni, females
were absent up to 41-50mm, hence showed a gradual increase up to
141-150mm. The occurrence of large sized females in the fishery might
be due to the combined effect of differential migration and fishing intensity
mposed on the fishing stock. In contrast, in the exploited stock of
Pspinipes, females dominated in the lower size class , but showed a
steady reduction with increase in size and above 121-130 mm , they
were completely absent. An inverse phenomena was observed in
Asglcocki , in which , females completely dominated the higher size
groups from 111-120 mm to 171-180 mm . Donghia et al. (1998) also
reported the dominance of large size females in the fishery of
Ansteomorpha foliacea from Mediterranean Sea and in  Aristues

anfennatus by Relini and Orsi (1987) and Sarda and Demestre (1987).

Results of the size group counts for the fishery of 5 species of
deep sea prawns showed that there exists an intra specific size

segregation by season and inter specific size segregation among species.
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The exploited stock of deep sea prawns is an assemblage of species
having wide variation in size groups, which varied from 34mm in
Pspinipes to 268mm in A.alcocki. However, it appeared that a major
portion of the exploited stock collected by deep sea trawlers were
comprised of adults and sub adults. Female pandalid shrimps always
appeared as either being in the berried stage or as head roe condition but

their exact area of recruitment was not known so far.

Results of length frequency analyses showed that new individuals
were continuously being recruited into fishing area and there is a very
slow progression in the mean sizes observed in different months. In
addition, the juveniles appeared in the fishery by the end of February and
t is further inferred that the spawning might have occurred during the
early winter. Like the littoral penaeid prawns, no juvenile assemblage of
deep sea prawns was fished from shallow waters which would suggest
that the recruitment was not taking place in shallow waters. Ohtomi
(1997) noticed the larger concentration of eggs of Pandalopsis dispar
among plankton in Pacific waters while Paulinos and George (1976)
reported the occurrence of larger concentration of pandalid shrimp larvae
i the offshore west coast of India. From the above observations, it may
be inferred that larval recruitment, growth and maturity of deep sea

prawns were taking place in the offshore waters.
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Based on the intensity of occurrence of berried females in the total
female population, it can reasonably be asserted that their breeding takes
place continuously or almost year round in the Arabian Sea, contrary to
the pandalids of temperate waters characterized by a seasonal breeding
(Horsted and Smidt ,1956; Butler ,1964; Dahistrom ,1970;Company and
Sarda ,1997). However, year round breeding has been reported in deep
sea prawns of tropical and sub tropical waters (Hancock and Henriques ,
1968; Anderson and Lindner ,1971 ; Omori , 1971,1974; Ohtomi , 1997)

and the present finding is corroboratory to these.

A perusal on the pattern of distribution of berried females in the
population of H.woodmasoni , H.gibbosus and P.spinipes would indicate
that they are continuous spawners with intensive spawning activity during
October to March . Suseelan (1985) reported similar observation with two
peaks of breeding in deep sea prawns, the major one during October to
April and a minor one in July .Thus, present finding is corroborating with
that of Suseelan(1985) . This finding was further strengthened by
Hancock and Henriques (1968) on the basis of their observations on
Chilean shrimp H.reedi , which breeds extensively during December to
January while very low reproductive activity was observed during
summer. Further, Anderson and Lindner (1971) reported the peak
spawning season of H.robustus during January to May along US coasts
id Company and Sarda (1997) noted the reproductive cycle of

Piesionika heterocarpus during winter in the Mediterranean Sea.
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B8 Aalysis of covariance tor comparison of s\opes in Aristeus alcocki

DEVIATIONS FROM REGRESSION

| SS MS

> df x2 {xy {y2 RC f {dyx2

. 189 7.912 3254 4039 0411 188 2700 0.014

-~ 153 10.017 8042 16293  0.803 152 9836 0.065

") 340 12536 0.037

ot 1 0678 0678

DN M2 17.829 11297 20.332 0630 341 13214 0039 18.38"
s 1 2255 2255 5819
L 7Y 344 19.276  13.954 25.570 342  15.469

* Significant at 5% level (P<0.05)

lms Varistion in slope values of deep sea prawns as a function of
| ife habit

I

|

|

Ispecies life habit  |Siope value({b) Mean
male female b values

M andamanensis|meso pelagiq 2.78 236 2.38

o Shexti 232 | 196
N gdbosus nektobenthic| 3.34 3.29
' |+ woodmasoni - 3.37 35 3.09
P angis . 2.14 26
" |pspinipes . 274 | 295
P martia - - 29
A aloocki benthic 212 | 3.07 2.59

i fResult of one way ANOVA showing slope coefficients against

species habit in deepsea prawns

Source of Variatior SS df MS F P-value F orit
Between Groups 0.323 2 0.161 569.824° 0.00013 9.552
Mithin Groups 0.001 3 0.000

Total 0.324 5

* Significant at 5% level (P<0.05)



Tk 8.11 Sex ratio of Heterocarpus gibbosus in the exploited stock of

deep sea prawns

2000-01 Male Female M: F Chi-square Probability
September 2000 135 1. 0.47 26.18 P<0.05
October 9 8 1. 0.89 0.08
November 311 26 1: 0.08 241.02 P<0.05
December 58 15 1:0.28 25.33 P<0.05
January 2001 76 34 1: 0.45 16.04 P<0.05
February 263 53 1: 0.20 139.56 P<0.05
March 45 46 1:1.02 0.01
April 380 73 1. 0.19 208.06 P<0.05
May 98 44 1. 0.45 20.54 P<0.05
June 6 2 1: 0.33 32.00 P<0.05
July 327 146 1: 0.45 69.26 P<0.05
Total 1708 510 1: 0.44 880.54 P<0.05
2001-02
August 2001 199 78 1. 0.39 52.86 P<0.05
September 15 97 1. 6.47 60.04 P<0.05
October Kl 21 1. 0.54 540 P<0.05
November 92 43 1. 0.47 17.78 P<0.05
December 30 24 1: 0.80 0.67
January 2002 95 57 1: 0.60 9.50 P<0.05
February 309 258 1. 0.83 459 P<0.05
March 261 147 1. 0.56 194 61 P<0.05
Apail 33 10 1: 0.30 19.13 P<0.05
Total 1073 735 1:1.22 194.99 P<0.05




Weéi3 Sex ratio of Heterocarpus woodmasoni in the exploited stock of

deep sea prawns

]
2000-01 Male Female M: F Chi-square Probability
September 2000 127 267 1. 2.10 269.10 P<0.05
October 48 132 1. 275 134.75 P<0.05
November 174 227 1. 1.30 228.30 P<0.05
December 28 38 1:1.29 37.29 P<0.05
January 2001 104 158 1: 1.49 156.49 P<0.05
February 59 57 1: 0.97 57.97 P<0.05
March 25 24 1: 0.98 24 96 P<0.05
April 51 47 1:0.92 47.92 P<0.05
May 8 34 1:4.25 38.25 P<0.05
Jumne 7 1 1: 1.57 12.57 P<0.05
Juy 0 3 1: 0.00 3.00
August 14 25 1:1.79 26.79 P<0.05
Total 645 1018 1: 1.62 588.80 P<0.05
2001-02
August 2001 198 78 1:1.16 95.16 P<0.05
September 81 o4 1: 0.77 10.77 P<0.05
October 13 10 1: 0.67 1467 P<0.05
November 21 14 1: 1.15 11415 P<0.05
December 98 113 1: 043 77.43 P<0.05
January 2002 181 77 1:6.33 253.33 P<0.05
February 39 247 1:1.35 38.35 P<0.05
March 26 35 1: 1.10 12.10 P<0.05
Apdil 10 11 1: 2.00 8.00 P<0.05
May 3 6 1. 2.00 6.00 P<0.05
June 2 4 1: 3.50 10.50 P<0.05
July 2 7 1: 4.00 8.00 P<0.05
August 1 4 1:4.00 8.00 P<0.05
Total 477 622 1. 2.27 609.14 P<0.05




‘2615 Sex ratio of Metapenaeopsis andamanensis in the exploited stock

of deep sea prawns

2000-01 Male Female M: F Chi-square Probability
September 2000 9 20 1:2.22 417 P<0.05
October 16 26 1:1.63 238

November 18 42 1:2.33 9.60 P<0.05
December 31 84 1:.2.M 24 43 P<0.05
January 2001 12 81 1.6.75 51.19 P<0.05
February 36 124 1: 3.44 48.40 P<0.05
March g 29 1. 3.22 10.53 P<0.05
April 14 58 1. 4.14 26.89 P<0.05
May 51 17 1:0.33 17.00 P<0.05
June 14 4 1: 0.29 5.56 P<0.05
Juty 20 28 1: 1.40 1.33

August 101 87 1: 0.86 1.04

Total 331 600 1: 244 202.52 P<0.05
2001-02

September 2001 26 67 1: 2.58 18.08 P<0.05
October 51 58 1:1.14 0.45

November 86 69 1. 0.80 1.86

December 19 83 1. 437 40.16 P<0.05
January 2002 75 81 1: 1.08 0.23 P>0.05
February 46 126 1. 2.74 37.21 P<0.05
March 9 25 1. 278 7.53 P<0.05
April 35 51 1: 1.46 2.98 P>0.05
May ) 28 1: 3.1 9.76 P<0.05
June 11 7 1. 0.64 0.89

July 8 4 1: 0.50 1.33

August 22 27 1:.1.23 0.51

Total 397 626 1: 1.87 120.98 P<0.05




Wwebi7 Sex ratio of Parapndalus spinipes in the exploited stock of
deep sea prawns

2000-01 Male Female M:F Chi-square Probability
September 2000 38 176 1: 0.22 1979.83 P<0.05
October 8 5 1. 1.60 0.12

November 34 14 1: 2.43 17.36 P<0.05
December 181 34 1: 5.32 2525.41 P<0.05
January 2001 212 1 1: 18.27 8205.68 P<0.05
February 27 14 1: 193 425 P<0.05
March 32 27 1: 1.19 0.04

Apni 7 27 1: 0.28 34.60 P<0.05
May 1 16 1: 0.06 4379 P<0.05
June 10 39 1: 0.26 73.64 P<0.05
Juty 85 55 1. 1.55 10.33 P<0.05
Total 835 418 1: 3.10 12895.07 P<0.05
200102

August 2001 81 50 1. 1.62 13.45 P<0.05
Seplember 48 35 1:1.31 0.56

October 45 18 1. 2.50 33.47 P<0.05
November 72 49 1: 1.47 478 P<0.05
December 17 47 1: 0.38 49.44 P<0.05
January 2002 123 121 1. 1.02 0.00

February 53 114 1: 048 12412 P<0.05
March 9 6 1: 1.50 0.09 P>0.05
April 2 20 1: 0.10 54 22 P<0 05
May 8 7 1. 1.14 0.00

June 9 28 1: 0.32 23.80 P<0.05
July 29 74 1. 0.39 96.63 P<0.05
Total 494 569 1: 1.02 400.56 P<0.05




%819 Sex ratio of Aristeus alcocki in the exploited stock of deep sea prawns

2000-01 Male Female M: F Chi-square Probability
September 2000 19 14 1:1.38 22.28 P<0.05
October 6 45 1. 0.13 168.32 P<0.05
November 28 63 1: 0.44 23.96 P<0.05
December 67 47 1: 1.43 80.51 P<0.05
Jenuary 2001 17 65 1. 0.26 21.10 P<0.05
February 32 78 1: 0.41 28.24 P<0.05
March 15 15 1: 1.00 15.00 P<0.05
April 27 43 1. 0.63 22668 P<0.05
May 20 27 1: 0.74 17.54 P<0.05
June 30 89 1: 0.34 29.75 P<0.05
July 22 25 1. 0.88 20.69

Total 283 511 1:1.22 298.03 P<0.05
2001-02

August 2001 19 203 1. 0.09 79.50 P<0.05
September a3 20 1: 1.65 42,69 P<0.05
October 8 3 1: 0.26 10.06 P<0.05
November 73 43 1: 1.70 95.76 P<0.05
December 66 47 1:1.40 78.69 P<0.05
January 2002 36 80 1: 0.45 30.69 P<0.05
February 125 61 1: 2.05 179.02 P<0 05
March 16 24 1: 0.67 13.60 P<0.05
April 3 17 1: 0.18 5.80 P<0.05
Total 379 526 1: 0.94 535.82 P<0.08




#6412 Length wise sex- ratio of Heterocarpus gibbosus

[ 140

length group {mm) Male Female M: F Chi square Probability

3140 0 3 1. 0.00 3.00

41-50 1 3 1: 0.33 0.33

5180 12 35 1:0.34 3.48

81-70 20 81 1. 0.25 20.75 P<0.05
71-80 48 201 1. 0.24 5485 P<0.05
B1-90 67 287 1.023 81.56 P<0.05
91-100 251 715 1. 0.35 63.45 P<0.05
101-110 240 877 1. 0.27 179.71 P<0.05
111-120 282 990 1:0.28 183.31 P<0.05
121-130 183 600 1. 0.31 81.26 P<0.05
131-140 90 221 1: 0.41 7.61 P<0.05
141-150 30 81 1: 0.37 544 P<0.05
151-160 6 28 1: 0.21 9.14 P<0.05
161-170 1 4 1: 0.25 1.00

171-180 10 31 1:3.90 390

181-190 4 13 1. 1.92 1.82

Total 1245 4170 1: 0.60 710.71 P<0.08

Length wise sex- ratio of Heterocarpus woodmasoni

length group Male Female M: F Chi square Probability
41-50 0 1 1: 0.00 0.50
51-80 5 6 1: 0.83 0.05 P<0.05
81-70 23 42 1: 0.55 5.27 P<0.05
71-80 172 164 1: 1.05 0.19
81-80 211 350 1. 0.60 3419 P<0.05
91-100 228 284 1: 0.80 6.13 P<0.05
101-110 167 275 1: 0.61 26.39 P<0.05
111-120 180 314 1. 0.57 36.35 P<0.05
121-130 103 180 1. 0.57 20.88 P<0.05
131-140 23 22 1. 1.05 0.06
141-150 2 2 1: 1.00 0.00
Total 1114 1640 1. 7.83 129.80 P<0.08

o 2 3




wtis Length wise sex- ratio of Metapenaeopsis andamanensis

length group (mm) Male Female M: F Chi square Probability
41-50 2 1 1: 2.00 0.33 P>0.05
51-80 12 7 1:1.71 1.32 P>0.05
81-70 67 54 1: 1.24 1.40 P>0 05
71-80 160 142 1:1.13 1.07 P>0.05
81-90 150 117 1:1.28 4,08 P<0.05
91-100 148 275 1. 0.54 38.13 P<0.0§
101-110 108 359 1: 0.30 134 .91 P<0.05
111-120 55 133 1: 0.41 32.36 P<0.05
121-130 21 79 1: 0.27 33.64 P<0.05
131-140 5 47 1: 0.1 33.82 P<0.05
141-150 0 9 1: 0.00 9.00 P<0.05
151-160 0 2 1: 0.00 2.00 P>0.05
Total 728 1228 0 8.99 292.16 P<0.05

P e e

9818 Length wise sex- ratio of Parapandalus spinipes

| length group {mm) Male Female M:F Chi square Probability
31-40 2 1 1. 2.00 0.33
41-50 12 7 1:.1.71 1.32
51-80 67 54 1: 1.24 1.40
81-70 160 142 1:.1.13 1.07
71-80 150 117 1:1.28 408 P<0.05
81-90 148 275 1: 0.54 38.13 P<0.05
81-100 108 359 1. 0.30 134.91 P<0.05
101-110 55 133 1: 0.41 32.36 P<0.05
111-120 21 79 1: 0.27 33.64 P<0.05
121-130 5 47 1: 0.11 33.92 P<0.05
131-140 0 9 1: 0.00 9.00 P<0.0S
141-150 0 2 1: 0.00 2.00
Total 728 122§ 1. 0.78 292.16 P<0.05

Pt +—+ + >+




Tible 6.20 Length wise sex- ratio of Aristeus alcocki
egth group{mm) Male Female M:F Chi square  Probabilit
71-80 6 25 1. 0.24 11.65 P<0.05
81-90 35 145 1. 0.24 67.22 P<0.05
91-100 71 179 1. 0.40 46.66 P<0.05
101-110 115 127 1: 0.91 0.60
111-120 125 65 1. 1.92 18.95 P<0.05
121-130 134 41 1: 3.27 49.42 P<0.05
131-140 182 41 1. 444 89.15 P<0.05
141-150 158 24 1. 6.58 98.66 P<0.05
{61160 216 11 1. 19.64 185.13 P<0.05
181-170 176 1 1: 176.00 173.02 P<0.05
171-180 35 2 1. 17.50 29.43 P<0.05
181-190 7 0 1. 0.00 7.00 P<0.05
191-200 5 0 1. 0.00 5.00 P<0.05
Total 1265 661 1: 17.78 781.89 P<0.05
Tadie 6.21 Monthly distribution of ovigerous females to the total female population
of deep sea prawns
Parapandalus- Heterocarpus Heterocarpus
Raths spinipes gibbosus woodmasoni
' females ovigerous females ovigerous females ovigerous
examined(nos.) | females(%) |examined(nos.)|femaies(%)examined(nos.] females(%
Smtsmber 211 87.5 141 59.7 361 63.4
Omber 23 89.51 105 68.3 142 81.4
Jovember 60 92.15 47 59.78 241 76.21
Damber 81 91.03 58 71.3 149 82.51
2Ry 132 89.8 58 83.7 232 88.7
reusry 128 79.05 110 80.1 304 84.32
h 20 87.58 304 76.5 59 74 11
¥ 47 82.41 220 67 58 63.25
w 36 75.48 54 52.06 * *
- » * N - - -
By 58 48.28 * * 10 2275
Al 63 60.32 * * 29 44 .81

"Ry samples




Figé.1 Length weight relationship of Metapenaeopsis andamanensis (Female)
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fig62 Length weight relationship of Metapenaeopsis andamanensis (Male)
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Fg63 Length weight relationship of Heterocarpus woodmasoni (Female)
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Fig64 Length weight relationship of Heterocarpus woodmasoni (Male)
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Fg6.5 Length weight relationship of Heterocarpus gibbosus (Female)
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Fig6.6 Length weight relationship of Heterocarpus gibbosus (Male)
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Fig6.7

Fig 6.8

Fig.6.9

Length weight relationship of Parapandalus spinipes (Female)
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Length weight relationship of Parapandalus spinipes (Male)
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Length weight relationship of Plesionika ensis (Female)
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Fig6.10 Length weight relationship of Plesionika ensis (Male)
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Fig.6.11 Length weight relationship of Solenocera hextii (Female)
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fig.6.12 Length weight relationship of Solenocera hextii (Male)
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Fig6.13 Length weight relationship of Plesionika martia (Female)
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Fig.6.14 Length weight relationship of Aristeus alcocki (Female)
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Fig. 6. 15 Length weight relationship of Aristeus alcocki (Male)
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Fig.6. 17 Monthly variations in the mean Kn values of Metapenaeopsis andamanensis
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fig. 6, 19 Monthly variations in the mean Kn values of Heterocarpus woodmasoni
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Fig. 6. 20 Monthly variations in the mean Kn values of Heterocarpus gibbosus

Fig.6. 21 Monthly variations in the mean Kn values of Parapandalus spinipes
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Fg.6. 22 Relative condition factor of Heterocarpus woodmasoni in relation to
length
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Fig. 6. 23 Relative condition factor of Heterocarpus gibbosus in relation to
length
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Fig. 6. 24 Relative condition factor of Parapandalus spinipes in relation to
length
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Fig. 6. 25 Relative condition factor of Metapenaeopsis andamanensis in relation to
length
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Fig. 6. 26 Relative condition factor of Aristeus alcocki in relation to
length
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Fig. 8. 16 Slope values as a function of species habit
from the length weight relationship of deep sea prawns
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Fig.6.27 Length frequency distribution ot H.woodmasoni (Male )

in the exploited stock
2000-01 S
_ W161-170
= 1% }1 E 0 151-160
‘?‘g il = B141-150
% i} 1 B 131-140
40 : 0121-130
£ 0 I
? 4 i m111-120
g 18ls @101-110
m91-100
fﬂo"&fb 081-90
071-80
= - VT,
200102 o _ B160-170 |
2 90/ B 0 150-160
gg: = = B140-150
60 B W 130-140
.- = = 0120-130
E zag = = =110-120
m
0 W90-100
080-80
e"? 070-80
B60-70
men on

Fig. 6.28 Length frequency distribution of H.woodmasoni (Female )
in the exploited stock (in mm)
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Fig. 6.29 Length frequency distribution of M.andamanensis (Female )
in the exploited stock (in mm)
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Fig. 6.30 Length frequency distribution of M.andamanensis (Male )
in the exploited stock (in mm)
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Fig. 5.31 Lengu requency QiSUiDUON OF F.SPINIPes (remaie )
Iin the exploited stock (in mm)
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Fig. 6.32 Length frequency distribution of P.spinipes (Male )
in the exploited stock
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Fig. 6.33 Length frequency distribution of A.alcocki (Female )

in the exploited stock (in mm)
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Fig. 6.34 Length frequency distribution of A.alcocki (Male )

in the exploited stock
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Fig. 6.35 Length frequency distribution of H.gibbosus (Female )
in the exploited stock (in mm)

W 181-190
E171-180
W161-170
m151-160
0141-150
B131-140
m121-130
0111120
W101-110
091-100
WB1-90

071-80

061-70

B51-60

2000-01

length
( percentage)
03885833888

2001-02 N ) m181-190
= - | : m171-180

W161-170
|151-160
0141-150
§131-140
121130
28111120
|101-110
@91-100
m81-90
071-80
061-70

. B51-60

Fig. 6.36 Length frequency distribution of H.gibbosus (Male )

in the exploited stock (mm)
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Section 4

BIONOMICS OF DEEP SEA PRAWNS



Chapter 7

FOOD AND FEEDING HABITS OF
HETEROCARPUS GIBBOSUS AND

H.WOODMASONI
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7.1. INTRODUCTION

The study of food and feeding habits of an animal is very essential
in understanding the various aspects of biology namely growth,
development, reproduction, migration and seasonal variation in the body
condition . Further, knowledge on natural diet of an animal is important in
fundamental community analysis for studies of food webs,
trophodynamics, resource partitioning and ecological energetics (lviev,
1961, Landenberger, 1968). An understanding of the relationship
between animals and food organism especially the favourite food items
and their seasonal distribution may help to locate the potential feeding
grounds per se provide clue for the prediction and exploitation of the

resources (Muthiah, 1994).

As food being the major factor regulating the abundance, growth
and movement of animals, any information in this regard will add to the
existing knowledge needed for better management of prawn stock. Many
asthors have discussed the food and feeding habits of deep sea prawns
n many parts of the world ever since exploratory/ commercial fishing
began for these crustaceans. One of the earliest works on feeding habits
of deep sea prawns was by Murie (1903) on the Pink shrimp Pandalus
montagui. The most significant contributions in the food and feeding on

the pandalid prawn Pandalus borealis Kroyer, the principal species
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supporting the cold-water fisheries of Northermn Atlantic and Northern
Pacific waters were that of Allen (1959), Turpaeva (1948,1953), Butler
{1964,1968), Berenboim (1981,1992) and Weinberg (1980). Burukovsky
(1982) studied the feeding habits of shrimps from western Africa. Food
and feeding habits of Plesionika ensis, Polycheles typhlops, Parapenaeus
jongirostris and Plesionika heterocarpus were studied by Mary and
loannis (1999). Cartes (1993) studied the diets of deep water pandalid
shrimps Plesionika edwardsi, P.martia and P.acanthonotus of the western
Mediterranean slope. Mistakidis (1957) and Allen (1963) examined the
qut contents Pandalus montagui , while Kubo (1851) and Omori(1971)
studied the feeding habit of Pandalus kessleri Czeriavsky and Plesionika

aumiae Omori respectively.

Notable contribution on the food and feeding habits were made by
Bullis (1956), Bullis and Rathjen (1959), Bullis and Thompson (1959),
Thompson (1967), Klima (1969) and Anderson and Lindner (1971) on the
Royal red shrimp Hymenopenaeus robustus Smith from the south east
ovast of United States and of Burukovsky (1978) on Anisteus varidens

Holthuis from the west coast of Africa.

Nevertheless, in the Indian Ocean, only very little is known on the
food and feeding habits of deep sea prawns, though similar information
on coastal Penaeid prawns are aplenty (Gopalakrishnan, 1952; Panikkar,

1952; George, 1959; Kuttyamma, 1974;Kunju, 1967). The pioneer study
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on the food of deep sea prawns Penaeopsis jerryi from india was made
by Kurian (1965) who studied the gut contents and compared its feeding
habits with those of littoral penaeids. Suseelan (1985) conducted a
prefminary study on the gut contents of Heterocarpus gibbous and
Hwoodmasoni collected during the exploratory surveys off south west
¢oast of India, however, information on their food preference pertaining to
season, sex, maturity stage and size class are still lacking. Therefore, the
present study is aimed at to unravel the seasonal variations if any in sex
wise, maturity stage wise, size group wise food preference and stomach
tondiions of males and females of H.gibbosus and H.woodmasoni

mhabiting off Kerala coast.

Various methods are employed in the stomach content analysis of
prawns and these were critically discussed by Haynes (1950) and Pillay
1852), The method employed for the study of food and feeding habits of
anmals should suit the nature of diet of the fish to be investigated. It
apears that the quantity of food in the stomach of prawns is very little,
ad therefore, instead of volumetric method, the points (volumetric)
method (Pillay, 1952) was employed for studying the food and feeding
nabits of H.gibbosus and H.woodmasoni. In order to get a summary
pcture of frequency of occurrence as well as volume of various food
tems, index of preponderance method (Natarajan and Jhingran, 1961)
was employed. For studying the dynamics of feeding habits of marine

anmals a combination of numerical and volumetric methods would give
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better picture of food item when each of these methods is applied in
solation (Qasim , 1972). As this method is suitable for studying the food

and feeding habits of prawns, this method is extensively employed.

7.2. MATERIALS AND METHODS

Samples of H.gibbosus and H.woodmasoni were collected
regularly on a weekly interval from the deep sea trawl landings of
Sakthikulangara, Cochin, Munambum and Murikkumpadam harbours
between September 2000 and August 2002. In the laboratory, the
specimens so collected were washed, segregated sex wise and maturity
stage wise and preserved in 5 % formalin, after making some perforations
on the carapace for better preservation of gut, gonads and
hepatopancrease. Each prawn was measured for its total length (TL) and
weight (TW) to the nearest mm and g respectively. After cutting open the
carapaceal wall, the stomach was dissected out, weighed and stomach
tiiness was recorded. The intensity of feeding was determined by
observing the degree of distension of the stomach due to the quantity of
food inside the anterior and posterior chambers of the proventriculus and
tis is further expressed by computing the gastro somatic index, as the
percentage weight of stomach to the total body weight. The condition of

leeding was expressed as full, ¥/, full,'/, full, % full, trace and empty and
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each one was assigned 100,75, 50, 25,10 and O points respectively
(Nandakumar,1997).

A preliminary qualitative analysis of gut contents showed that
Hgibbosus and H.woodmasoni are camivores and detritus feeders and
therefore the Index of Preponderance method (Natarajan and Jhingran,
1962) suitable for carnivore animals was adopted in this study. The Index

of Preponderance was worked out by the formula:

li= ViOi X 100

2 Vioi
Where ViOi represent the percentage of volume and

percentage of occurrence indices of each food item respectively.

Food items of prawns were identified up to generic level wherever
possible, counted and measured volumetrically. All identifiable and
partially digested food remains were grouped under semi-digested matter.
A tolal of 407 specimens of H.woodmasoni and 596 specimens of
Hgibbosus were used in the present study. Food analysis was done in
refation to months, sexes, maturity stages and size groups. The prawns
were grouped with a class interval of 10 mm. For maturity stage wise
analysis, three stages in males and seven stages in females were
employed. The specimens collected from Cochin, Munambum and

Sakthikulangara were pooled for gut content analysis.
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7.3. RESULTS

Analysis of stomach contents of H.gibbosus showed that the food
comprised of four major groups; euphausids, detritus, foraminifers and
echinoderms. These four groups together formed 91% of the diet while
miscellaneous items represented by semi digested matter, nematodes,
sand and fish scales constituted the remaining 9% (Fig. 7.1). In
Hwoodmasoni, the above four major items contributed to the tune of
81.71% while the miscellaneous items formed a meager 18.29%(Fig.

12).

Following food items were encountered in the stomach contents of both

the species.

1. Euphausids was the most predominant among the food items
and could be easily identified by the presence of appendages,
broken bright orange colored shells and antennae. In H.gibbosus
they formed 40% of the diet whereas it was 27.8% in

H.woodmasoni.

2. Detritus formed 16% and 14% to the diets of H.gibbosus and
H.woodmasoni respectively and were identified by their black

and brown colour.
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Foraminifera constituted 13% and 22.87% to the diets of
H.gibbosus and H.woodmasoni respectively. Among the
foraminifers encountered from the stomachs Globigerina species
showed its predominance. In most cases, this was represented
as whole organisms. This was followed by Lagena vulgaris ,
Proteonina fusiformes , Entosolenia marginata , Rotalina

mammalia , Redobolivina mexicana while Cristellaria calcar was

found only very occasionally in the diet.

Echinoderms and sponge spicules were present as spicules
of glass sponges and skeletal rests of echinoderms, contributed
significantly in the stomach contents of H.gibbosus (11%)and

H.woodmasoni (16.67%).

Fish scales were mainly belonged to species of the family
Gadidae encountered in the stomach of H.gibbosus (4%)and

H.woodmasoni (5.13%) in appreciable quantities.

Other crustaceans comprising of mostly amphipods and rarely
isopods were encountered in the stomach of H.gibbosus in
significant quantities (11%). On the contrary, in H.woodmasoni, it
was not regularly represented and if present, was only in traces

(3%).
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Polychaetes consisting of mostly Paramphinome species and
aphrodites were rarely encountered from the stomach of
H.woodmasoni (0.5%). These groups can easily be identified by
the presence of setae, jaws and occasional body fragments in

the proventriculus.

Molluscan shells were present in the stomachs of both the
species in quite negligible quantities. Among them, thecostomata
(Cavolina trispinosa ) and gastropoda (Gapulus ungaricus ) were
the dominant items . Crushed unidentified items were also often

met with.

Nematode worms were sparsely seen .

Copepods were present in many of the guts examined.

Semi digested matter and unidentifiable items were

occasionally found mixed with sand particles in all the stomachs.

1.3.1. Preference to food items

Index of preponderance of various food items worked out in males

and females of H.gibbosus and H.woodmasoni are given in Table 7.1 and

12. Euphausids and foraminifers showed a regular occurrence in

moderate quantity in males and females of H.gibbosus where as both
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the sexes of H.woodmasoni showed preference towards euphausids,
sponges, detritus and foraminifers. Fish remnants, semi-digested food
and polychaetes were also observed in minor quantities in the guts of

both males and females of H.woodmasoni.

Monthly variation in the Index of preponderance of various food
tems encountered from the guts of males and females of H.gibbosus and

Hwoodmasoni are given in Table 7.3 and Table 7.4 respectively.

Euphausids appeared as the most preferred food in most of the
months in both the sexes of H.gibbosus. Highest preference for this item
n females was observed during February and in males during
September. Detritus turned out to be the major food items in November in
females and September in males. Foraminifers were found aplenty in the
female diet during September, May, January and August. In males,
significant quantities were found in most of the months. Other
trustaceans occurred as an important diet in February and April in
females and January in males. Sponges and echinoderms were found in
the diet in appreciable numbers in males and females during February
and November. Fish scales were found in appreciable quantities during
March 2001 and January 2002 in females and February 2001 in males.
Molluscan food items were found only in minor quantities in males and

females.
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Monthly variation in the diet preference of H.woodmasoni showed
fhe predominance of euphausids in some of the months in the gut
contents of females (September, January, February, March, April, August,
March) whereas the foraminifers showed its preponderance in October,
December, January, July, January and February. In males, euphausids
and foraminifers were found equally in most of the months. Detritus was
found in significant quantities during September, November and February
i females but found in less quantity in males. Echinoderms showed its
reqular occurrence during most of the months in both the sexes especially

during May.

In H.gibbosus, immature females preferred detritus as the major
component (50%), however, with the progression of maturity, the
presence of euphausids was very regular. The foraminifera were mostly
preferred by grey berried (53.33) and spent females (Fig. 7.4). In males,
the euphausids and detritus showed a regular occurrence in all the
maturity stages (Fig. 7.3). The presence of foraminifera was encountered
only in maturing males while sand, molluscs and fish remains were

preferred by maturing and spent males.

in females of H.woodmasoni (Fig. 7.5), the maturity stages
immature, maturing, head roes and spent showed a strong preference
lowards euphausids while in other maturity stages detritus also showed

squal preference .The foraminifera were found in relatively higher
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quantities in immature, maturing and spent females whereas the diet of
orange berries was mostly comprised of glass sponges (33.33%).
Copepods and fish remnants were observed in appreciable quantities in
the diets of maturing females (10.19%) and black berries (34.62%),
whereas molluscan shells showed a regular occurrence in all the maturity
stages. The polychaetes were present in black berries and spent stages
only. In males, euphausids and detritus dominated the diets of immature
males (50%) where as matured males showed preference towards

foraminifera , detritus and echinoderms (Fig. 7.6).

In females of H.woodmasoni, besides euphausids (47.06),
foraminifera, detritus, echinoderms, fish remains, moliuscs and semi-
digested matter showed regular occurrence up to 80-89mm length
groups. From 90mm onwards euphausids formed the principal food item
folowed by detritus and copepods (Fig. 7.7). Small males of
Hwoodmasoni (Fig. 7.8) preferred detritus and euphausids as the major
food items and with growth the preference got shifted to detritus (53.3%)

and sponge spicules (66.7%).

Euphausids, detritus and foraminifers were the most favored food
tem in females of H.gibbosus in 70-79mm length group (Fig. 7.9). From
80mm onwards females of H.gibbosus fed on sponge spicules,
echinoderms, molluscs. Euphausids was the most preferred food item in

males of H.gibbosus of 60-139mm length group (Fig. 7.10).
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1.3.2.Stomach conditions

Percentage occurrence of various stomach conditions in different
maturity stages of H.gibbosus and H.woodmasoni during September
2000 to August 2002 is presented in the Fig. 7.11 to 7.14. In female
Hwoodmasoni, the percentage occurrence of empty stomachs increased
from 8.7% in immature to 20% in head roes where as in males the ‘empty’
stomach was observed only in immature animals (10%). Higher
percentage of ‘ % full’ stomachs was observed in orange (75%) and grey
berries (60%) due to the voracious feeding during spawning while ‘full
stomachs could be discernible only in black berries (20%) (Fig. 7.11).
Among male maturity stages of H.woodmasoni, highest percentage of ‘ %

full stomachs were observed in spent animals (Fig. 7.12) .

The presence of ‘empty’ and ‘1/4™ stomach conditions were
predominant in females of different maturity stages of H.gibbosus viz.,
mmature females (50%) and head roes (51.52) whereas higher numbers
of ful’ stomachs were noticed in spent females (21.43) as well as orange
bemes (18.75). In orange, black and grey berries, high occurrence of ‘%2
ful stomach was observed which would manifest their voracious feeding
habits after the gonadal maturation process (Fig. 7.13). In males of
Hgibbosus, high percentage of ‘full’ stomachs was observed in spent
males (17.24) in contrast to the high percentage of ‘empty’ stomachs

seen in mature males (33.33) (Fig. 7.14).
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In males of H.woodmasoni, empty stomachs were noticed in the
length groups 80-89mm, 90-99mm, 110-119mm and 120-129mm while in
female H.woodmasoni the empty stomachs were more in 80-89mm, 90-
%mm and 100-109mm length groups. Active feeding was noticed in 130-
139mm and 140-149mm length groups as manifested by the occurrence

of ‘% full' and ' full’ stomachs in these prawns (Fig.7.15 & 7.16).

Incidence of empty stomachs was less in 60-69 and 70-79 length
group in males and females of H.gibbosus (Fig.7.16 & 7.17). In male
H gibbosus, the number of full stomachs were invariably high from 120-
129 to 150-159mm, showing highest percentage in 140-149mm (50%)

length group .

1.3.3.Gastro somatic index (GSI)

Variations in the gastro somatic index observed from males and
females of H.woodmasoni commensurate with ovarian maturation
process during September 2000 to August 2002 are depicted in Fig.7.18
4 7.19. The feeding intensity was high in immature females (1.59) and
orange berries (3.8) as evidenced by higher GSI, while it was low in head
roes (1.00) and grey berries (0.94). Among the three maturity stages of
males of H.woodmasoni, the lowest GSI| values were recorded in
mmature males (1.20) in contrast to the high GSI| values observed in

spent males (3.56).
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Gastro somatic indices recorded in different maturity stages of
Hgibbosus are depicted in Fig. 7.20 & 7.21. Among various maturity
stages of H.gibbosus, the highest GSI values were observed in immature
and spent of both females and males while it was lowest in matured

males and head roe females.

7.4. DISCUSSION

The results of stomach content analysis have shown that the food
of pandalid shrimp H.woodmasoni consisted of two major groups viz.
euphausids and foraminifera whereas H.gibbosus feeds mainly on
euphausids. This observation agrees with that of Belogrudov (1981) that
the most preferable food component of pandalids from Ohotsk Sea and in
Bay of Alaska (Bering Sea) were crustaceans whereas polychaetes and

molluscs were less preferred by these prawns.

Even though the diets of the two species were found to be almost
similar, however, H.gibbosus showed strong preference towards detritus,
echinoderms and other crustaceans, which together contributed to
51.22% of the diet. The presence of detritus, euphausids and mixture of
bottom and planktonic organisms in the food of H.woodmasoni and
Hgibbosus suggests their greater inclination of bottom feeding habits.

Similar observations have been reported by a number of workers in other
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pandalids. Turpaeva (1948,1953) reported dominance of flakes like
detritus mainly composed of fragments of crustacean chitin, foraminifera,
Polychaetes and planktonic copepods in the gut contents of P. borealis’s

from Barents Sea.

Berenboim (1981,1992) reported that P.borealis of Barents Sea
fed chiefly on Polychaeta, Euphausiacea, early aduits of bivalves and
foraminifera. According to Weinberg (1980), the diets of pandalids
collected from Northern Sea and Skagerrak Strait were predominated in
their food by detritus (70%), sand, Polychaetes, Paramphinome species,
nematodes, echinodermata, euphausiacea and representatives of macro

plankton.

Though there exists inter specific dietary overlap between two
species, H.woodmasoni exhibits highly diverse preference for diets, on
the contrary, H.gibbosus has a restricted dietary preference as the
number of taxa observed in their diet is lesser than that of H.woodmasoni.
Though H.woodmasoni and H.gibbosus exhibit nektobenthic behaviour,
the depths of inhabitance of both the species differ significantly and this
may be attributed to the variation in the dietary preference.
Hwoodmasoni inhabits comparatively shallower depth zones in the range
200 and 300m while the distribution of H.gibbosus is recorded from 300 to
50m (Suseelan, 1985). Although displaying a wide range of feeding,

demersal fauna ultimately depend on the transfer of food item from the
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productive epi pelagic zone to near bottom zones, while moving to deeper
witers, the productivity of the overlying surface water becomes
substantially very less and the benthic fauna has to change their feeding
habits (Berenboim,1981). As a result of inhabitance in deeper waters and
less productive zone, the animals exhibit scavenging behaviour and
become more detritophagus (Mary and loannis, 1999). The diet of
Hgibbosus is predominated by high concentration of euphausids
(40.75%), detritus (16.91%), other crustacean carcasses (10.84%) and
semi-digested matter (2.55%). Sporadic presence of carapaceal
remnants and chewed muscle tissue of pandalid shrimps indicate its
cannibalistic behaviour due to lack of food items in its place of
mhabitance (Turpaeva, 1953). From the presence of copepods,
polychaetes and nematodes in H.woodmasoni and their total absence in
the diets of H.gibbosus, it can reasonably be inferred that H.woodmasoni
prefers more to the shallower depth zones. This is further confirmed by
the presence of trace quantities of euphausids (27.79%) and detritus
(4.38%) and predominance of shallow water foraminifers (22.87%) in the
gut contents. Mary and loannis (1999) reported that there exist strong
dfferences in the dietary behaviour Plesionika ensis and Polycheles
lyphlops inhabiting at greater depths than Parapenaeus longirostris and
Pesionika heterocarpus from Eastern Mediterranean Sea. According to
Cartes (1993), the diets of deep-water pandalids Pandalopsis edwardsi

and P.martia consisted primarily of bentho pelagic eucarid crustaceans
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(Pasiphea spp.) where as P.acanthonotus preferred siphonophores,

hypesiids and euphausids.

Suseelan (1985) reported that 73% of the stomachs of
Hwoodmasoni are empty while the crustacean remnants predominated
followed by foraminifers, fish remnants and sand particles in the
remaining 27%. Whereas in H.gibbosus, crustaceans constituted the
major element (54%) and foraminifers (37%) appeared as the second
major component. From the nature of food consumed and the presence
of high proportion of detritus and crustacean remnants though in varying
quantities, it can well be inferred that both the species are typical bottom

feeders.

The qualitative analysis of food in relation to size showed that
there exist significant variation in the diet composition of juveniles and
adults of both the species. In H.gibbosus, immature male and female
devoured more actively on other crustaceans, sponges and echinoderms
. the former up to 80-89 mm and latter up to 100-109 mm where as in
aults of both the sexes, a glaring shift in the diet composition was
observed towards molluscs, fish scales and nematodes. The percentage
composition of foraminifers declined steadily with the increase of length
groups and in aduits, foraminifera was rarely observed in males and

females of H.gibbosus.



185

in H.woodmasoni, juveniles devoured less detritus and more
foraminifers than adults and with progression of length groups, the
amount of detritus in the diet also showed an increase thus exhibiting
more and more detritophagus behaviour with increasing stages of growth.
anova (2000) also reported similar findings in the diets of P.borealis
from Flemish Cap. According to Lebour (1922) the food preferences of
pandalid larvae from British waters were calcareous fragments, molluscan
shells, echinoderm spines, coccoliths, and diatoms. Alden and Herbert
(1981) reported similar observations in juvenile pandalids from the Guif of
Maine wherein crustacean remnants formed principal diets of adults

followed by sand and debris.

Sex wise analysis of food preference in various length groups
showed that in females of H.gibbosus and H.woodmasoni the higher
iength groups showed more selectivity in comparison with their males.
Females of H.woodmasoni showed preference to detritus, euphausids
and other crustaceans where as males preferred euphausids, detritus,
foraminifers, other crustaceans, echinoderms, sponges, nematodes and
semi digested matter. In H.gibbosus, females preferred euphausids,
nematodes semi digested matter and sand particles whereas non-
selective feeding was observed in males by the occurrence of diverse
number of diets than females. Ivanova (2000) noticed slight difference in
the diets of both the sexes of P.borealis where main food items of males

were comprised of detritus, amphipods, crustaceans, foraminifers,
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molluscs, crustacean and fish remnants, gastropods etc. thus exhibiting
nch diversity of dietary preference, however, in females, the diets were
predominated by amphipod and detritus, there by exhibiting only a narrow

range of dietary variation.

Maturity wise feeding intensity of H.gibbosus and H.woodmasoni
indicated that in both the species, highest number of empty stomachs
were observed in head roes of females and matured males. The
voracious feeding habits in females after the oviposition was observed as
evidenced by the occurrence of highest number of ‘full stomachs' and
"Y4full stomachs in the orange berry, grey berry and black berry stages.
This finding strongly corroborates with that of Suseelan (1985) who
reported highest frequency of empty stomachs in ovigerous females. The
feeding intensity studies also showed that occurrence of ‘trace’ stomachs
were high in all the months. This might be due to the faster digestive rates
of camivores (Qasim, 1972) or may be due to regurgitation while

removing from deeper waters (Job, 1940).

Low feeding intensity of head roes and matured males are further
eplained on the basis of their lower gastro somatic index. In
Hwoodmasoni and H.gibbosus , higher GSI values were observed in
spent males whereas in females the GS| values were maximum in orange
bemies and spent females. The lowest values recorded in head roe

females have been attributed to less space in the cephalic region due to
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the fully developed ovaries thus affecting food intake (Weinberg, 1980).
Length group wise stomach condition indicated that H.gibbosus showed
greatest influx in stomach condition from 80-89mm to 110-119 mm in
males and 80-89mm to 120-129mm in females. Similarly, in
Hwoodmasoni, the empty stomachs were more from 80-89mm and 90 to
109 mm in males and females respectively. The low feeding condition in
the above size groups would manifest about the spawner size groups,
which are indiscriminately exploited by the commercial deep sea trawlers.
This was also further confirmed by the highest occurrences of berried
prawns (Ref. chapter 5 for details). Based on the results, it may be
concluded that:

1. H.gibbosus and H.woodmasoni are bottom feeders.

2. H.gibbosus is a detritophagus scavenger feeder, feeding mainly
on euphausids remnants and detritus where as H.woodmasoni is

a camivore combining with necrophagus and detritophagus.

3. There exists significant variation in the diets of juveniles to aduits

both in H.gibbosus and in H.woodmasoni.

4. In both the species, females exhibit selective feeding habits in

contrast to the non-selective feeding seen in males.

5. Depth of inhabitance is greatly influencing the feeding habits of
pandalid prawns.



Table 7.1 Index of preponderance of various food items in
males and females of Heterocarpus gibbosus

FOOD ITEMS MALES FEMALES
1 Euphausids 5227 48.05
2 Detntus 2223 20.59
3 Foraminifera 11.96 16.27
4 Other crustaceans 0.40 0.57
5 Semi digested matter 1.58 229
6 Echinoderms &sponges 484 6.35
7 Nematodes 0.89 057
8 Sand 247 0.14
9 Fish scales 247 459
10 Moliuscs 0.89 0.57

Table 7.2 Index of preponderance of various food items in
in males and females of Heterocarpus woodmasoni

FOOQOD ITEMS MALES FEMALES

1 Euphausids 29.86 25.72
2 Foraminifera 22.41 23.33
3 Debris &detritus 18.75 10
4 Echinoderms &sponges 14.15 19.18
5 Copepods 0.52 165
8 Fish remnants 2.88 7.37
7 Molluscan shells 4.85 274
8 Polychaetes 0.08 1.01
9 Nematoda 0.08 5.42
10 Other crustacens 485 2.37
11 Semi digested matter 1.55 121
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Fig.7.1  Index of preponderance of various food items
in Heterocarpus gibbosus
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Figl4 Index of preponderance of various food items
in different maturity stages of female Heterocarpus gibbosus
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in different maturity stages of female Heterocarpus woodmasoni
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Fig.7.10 Size wise index of preponderance of different food items in
in males of Heterocarpus gibbosus
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Fig.7.13  Variations of stomach condition in female maturity stages of

Heterocarpus gibbosus
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Fig.7.16 Variations of stomach condition in male length groups of

Heterocarpus woodmasoni
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Fig7.18  Variation of gastrosomatic index in female maturity stages of
Heterocarpus woodmasoni
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Chapter 8

REPRODUCTIVE BIOLOGY
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8.1 INTRODUCTION

A thorough knowledge of the reproductive biology of any given
species is an essential prerequisite for stock assessment of wild
populations, sustainable exploitation and successful fishery management.
The reproductive traits include aspects such as size at first maturity, size
dependent fecundity, sex ratio, nature of gonads, frequency and season
of spawning (Wootton, 1984). Information on these aspects is essential

for sustainable exploitation and management of fish stocks.

Reproductive biology of several pandalid prawns have been
subjected to detailed investigation from different parts of the world,
among them Pandalus borealis Kreyer, the principal species supporting
the fisheries of Atlantic and Pacific waters was studied by a number of
researchers from North America and Europe (Hjort and Ruud, 1938,
Rasmussen, 1953,1967; Horsted and Smidt, 1956; Allen, 1959; Hoglund,
1962; Jensen, 1965, 1967; Dow, 1966, 1967; Squires, 1968; Butler,
1964,1968; Pontaine, 1979; Balsiger , 1981) . Shumway et al. (1985)
nvestigated the life cycle of P jordani Rathbun in the Pacific where as the
bology of P.montagui Leach, another commercial important species in
the North Atlantic have been investigated by Mistakidis (1957), Allen
{1963), Stevenson and Pierce (1985). Reproductive biology of several
pandalids shrimps of Japan and adjacent waters have been studied, viz.

Pnipponensis Yokoya by Tamura (1950), P.kessleri Czemiavski by Kubo
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(1951), Aoto (1952), Kurata (1955), Kashiwagi (1974); P.hypsinotus
Brandt by Kurata (1957), Pandalopsis coccinata Urita by Abe (1965),
Pjaponica Balss by Ito (1978) and Plesionika izumiae Omori by Omori
(1971). Larval development of pandalid shrimps have been investigated
by Modin and Cox (1967), Wickins (1972), Haynes (1976,1978, 1979),
Rothlisberg (1980), Weinberg (1982), Mikulich and Ivanov (1983),
Needler (1938), Lebour (1940) and Hiroshi (1978). Schultze and Anger
(1997) assessed the larval growth pattern in P.montagui from North Sea.
The life history traits of commercially important pandalid shrimps of North
America viz. Pandalus platyceros Brandt, P.danae Stimpson, P.goniurus
Sémpson, P.stenolepis Rathbun and P.hypsinotus Brandt have been
studied by Berkeley (1929), Tegelberg and Smith (1957), Butler (1964,
1870) and Dahistrom (1970). Clark et al. (1991) reported the egg size and
reproductive output of P.borealis off Sweden while Quinitio et al. (1991)
assessed the changes in GSI and HSI of P.kessleri during annual
reproductive cycle. Ohtomi (1997) described the reproductive biology of
Piesionika semilasvis from Kagoshima Bay while Company and Sarda
(1997) gave a comprehensive account on the comparative reproductive
biiogy of 5 deep water pandalids shrimps Plesionika hetrocarpus,
Pedwardsii, P.gigliolii, P.martia and P.acanthonotus inhabiting a depth
gradient 150-1100m off western Mediterranean. Legaki (1992) and
Colioca (2002) made comparative reproductive studies in Parapandalus

narwal and P.edwardsii from Central Mediterranean Sea.
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Investigations on the reproductive biology of pandalid shrimps
Heterocarpus gibbosus and H.woodmasoni are limited in spite of the fact
hat these species are widely preferred in the export market due to their
bigger size and therefore, a regular commercial fishery has been
developed in the deeper waters off Kerala. Though Heterocarpus spp.
ihabiting Pacific and Atlantic waters were studied for their reproductive
biology (Wilder, 1974; Moffit, 1983; King, 1984,King and Butler, 1985)
smilar information with regard to Indian Ocean population are scanty.
Rao and Suseelan (1967) made preliminary observations on the pre zoea
stage of H.woodmasoni collected from the exploratory surveys, while
Menon (1972) reported the larval development of the genus Heterocarpus
coflected from International Indian Ocean Expedition surveys. Suseelan
{1885) made a preliminary account on the general life history traits of
deep sea prawns collected from the exploratory surveys off South West
coast of India, however, the information generated are too inadequate for
making decision on fishery regulatory activities. Against this background,
an attempt was made to investigate the reproductive characteristics of

hth H.gibbosus and H.woodmasoni inhabiting off Kerala coast.

8.2 MATERIALS AND METHODS

Weekly samples of H.gibbosus and H.woodmasoni were

ckected from the commercial deep sea trawl landings at
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Sakthikulangara, Cochin, Munambum and Murikkumpadam Fisheries
harbours of Kerala during September to April 2000-02. Samples were not
available during May - August due to the suspension of commercial
fishing activities. However, during the closed fishing season (May -
August), the specimens were collected from the cruise surveys of the
exploratory research vessel FORV Sagar Sampada carried out off south

west coast of India.

In the laboratory individuals were sorted by species level following
Alcock (1906) and were sexed by morphological examination according to
the shape of the endopod of the first pleopod and the presence or
absence of appendix masculina on the endopod of the second pleopod
(King and Moffitt, 1984). Total length was measured from the tip of
mstrum to the extremity of telson up to nearest millimeter with the
abdomen keeping fully stretched. The total weight of the individual prawn

was taken to the nearest 0.1g using an electronic balance.

Animals were segregated maturity stage wise following Ceccaldi
{1966) and Company and Sarda (1997) based on colour and dimension
both of gonads and embryos. The specimens were then dissected out to
remove gonad and hepatopancreas after recording total weight to the
nearest 0.1 g. The gonads and hepatopancreas were then dissected out
and their weights were recorded to nearest 0.01g after removing excess

moisture using filter paper.
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Gonado somatic (GSl) and hepato somatic indices (HSI) were
cakulated as the percentage weight of gonad and hepatopancreas
respectively to the total body weight (June, 1953). Monthly average of
GSI and HSI were sequentially arranged in time series in order to
delineate spawning season (King, 1995). Length at first maturity was
caiculated for males and females from the length at which 50% of the

ndividuals showed maturity.

To determine fecundity, 55 berried females of H.gibbosus and 24
beried females of H.woodmasoni were sorted based on length and
embryonic development. Eggs were carefully removed from the brood
pouch and fixed in modified Gilson’s fluid. After four to five days, the eggs
were weighed after removing the adhered water and absolute fecundity
was estimated following standard procedures (Kurup and Kuriakose,
1934). Absolute fecundity so arrived at was regressed to 25
morphometric measurements by least square method (Snedecor and
Cochran, 1967) to establish the relationship of various body dimensions
o fecundity. The diameter of 300 ova each was taken at different
embryonic stages to measure the diameter of eggs using ocular

micrometer where each micro divisions equal to 0.015 mm.

in order to identify various developmental stages of ovary,
histological studies were carried out following Anekutty (2003). For this

pupose, fresh ovarian tissue was fixed in 20 volumes of Bouin's
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proformal for 12 to 24 hrs. Afterwards the tissue was dehydrated in
dflerent graded strengths of alcohol, cleared in xylene and embedded in
paraffin. The blocks were then sectioned at 6-8 ym. Sections were later
sained with Delafield’'s haematoxylene, counterstained with Alcoholic
Eosin, and mounted permanently for microscopic analysis. Oocytes were

measured with an ocular micrometer to the nearest 0.01mm.

8.3 RESULTS

$3.1 Description of maturity stages

There were glaring differences in the colour and shape of the
ovaries in H.gibbosus and H.woodmasoni, though the variation in gonad
stucture was not prominent in males of both the species. In females,
seven stage maturity were identified of which four stages (immature,
maturing, head roe, spent) were defined according to the relative intensity
of colour and dimension of ovary in the cephalothorax while the later
tree stages of maturity were defined on the basis of the color of embryo
n ovigerous females. In males also, the maturity stages could be

assigned to three stages based on external macroscopic examination.
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3341 H.gibbosus

Females

{. Immature stage

Ovaries very thin, translucent ill developed thread like tissue and
cnfined to more than %2 length of cephalothorax; Ovary not visible
through carapace. Total weight of the ovary varied between 0.01 and 0.03

g while the total length of the animal was below 60 mm.

2 Maturing stage

Size of the ovary increases, becomes creamy white in colour, not
wsible through carapace and the weight varied between 0.03 and 0.05g.
The lobes extend forwards in the cephalothorax and girth increases.

See of the maturing females was in the range 70-80 mm in total length.

3. Head roe stage

The ovary is very clearly visible through the exoskeleton, bright
yelow mostly and in a few cases greenish yellow. Ovary very well
developed and due to its fullness, the ovary occupies the entire space
aaiable in the cephalothorax, which seems bulged due to the swolien

ovary. The posterior end of the ovary extends up to lower portion of the
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1* abdominal segment and can be visible through the base of the

rostrum.

4  Ovigerous females with orange eggs (Orange berry)

Females with eggs of immediate spawning with intense colour and
no embryo pigmentation visible. Yolk fills most of the egg volume. Colour

of the eggs bright orange.

5. Ovigerous females with grey eggs (Grey berry)

Appearance of a ventral cleft and slightly pigmented eyespot.

Colour of the egg mass tumns grey.

8. Ovigerous females with black eggs (Black berry)

Eye spots fully pigmented and clearly visible. Segmentation

completed and ready to hatch. Eggs mass brownish black in colour.

1. Spent recovering stage

Females after liberating one brood retains ovigerous setae,
emnants of immature eggs and mucous threads, may or may not having

another set of ripening ovaries for the subsequent spawning.
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Males

1. Immature stage

Small males with testis narrow thread-like and transparent; extend
34" length of cephalothorax and having not more than 0.02 g in total

weight. Prawns invariably belong to less than 60 mm.

1 Mature stage

Broader than immature stage, thicker leaf like and occupies entire
iength of cephalothorax; creamy white in colour. Animals more than

60mm in total length. Weight of testes ranged between 0.04 to 0.22 g.

3. Spent males

Gonads appear like white threads having less than 0.02g in total
weight. This stage is distinguishable from immature males on the basis of

relative size of the prawn.

83.1.2 H.woodmasoni

Females

1. Immature stage
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Ovary thin, ribbon like, glassy transparent and thread like. Pale
white, occupy more than %2 length of cephalothorax. Ovary having less

than 0.02g in total weight.

2 Maturing stage

Size of the ovary increases and colour tums to milky white with a

weight in the range 0.02 and 0.09 g.

3. Head roe

Ovary clearly visible through exoskeleton and occupies entire
cephalothorax; granulated appearance; generally light yellow, sometimes

ioht green and weighed in the range 0.20 to 0.90 g.

4. Ovigerous females with orange eggs (Orange berry)

Ovigerous females with newly spawned bright orange colored

egps. Some possessing fully developed ovaries in the cephalothorax.

8§,  Ovigerous females with grey eggs (Grey berry)

Egg mass grayish in colour. Eyespot clearly visible and pigmented.

8. Ovigerous females with black eggs (Black berry)

Egg mass turns pinkish brown to black and ready for hatching.
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1.  Spent recovering females

Ovary loose, shrunken. Females after extrusion of embryos,

possessing another brood in the cephalo thorax. Pleopods with ovigerous

setae and mucous threads.

Males

{. Immature stage

Small males with translucent body; testes appeared as a thin

thread like and weighed in the range 0.01 to 0.02g.

2  Mature stage

Testis milky white in colour, broad thread like appearance and

weighed in the range 0.03 to 0.07 g).

3. Spent stage

Large males, testes transparent thread like with weight of 0.01 g.

832 Histology of ovarian tissues at different stages

Histological examination of the ovaries of H.gibbosus and
Hwoodmasoni showed the presence of oocytes having different stages of

sevelopment (Plate 8.1 A). During differentiation, in H.gibbosus and
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Hwoodmasoni four stages were identified as oogonial cells, developing
mocytes, early vitellogenic and late vitellogenic cells (Table 8.1). The
dflerentiation of these stages was made based on their cytoplasmic

EY
content and the size of the oocytes. The gemminal zone was found o the v

*
6"

ventro lateral region of the ovary (Plate 8.1 B). The ventro lateral po;]tion f.
of the ovary in the cephalic region would be advantageous for the grow;ﬁ" -
of oocytes in the opposite direction due to the tubular nature of the body
cavity of the prawn and the availability of more space in the dorso -lateral
regions (Adiyodi and Subramaniam , 1982). The oogonial cells were
found in clusters near germinal zone. These cells were basophilic with
large round nuclei surrounded by a thin rim of oocortex, which lack
sistainable yolk materials (Victor and Sarojini, 1985). By rapid mitotic
dvisions, the oogonial cells increased in number and size in H.gibbosus

and H.woodmasoni.

Developing oocytes organized themselves in to tubule like
sructural units (ie. ovarian parenchyma). Each tubule, with wall
composed of a thin layer of developing follicular cells, packed with
developing oocytes in a row. These developing oocytes becoming semi
spherical with diameter 1.5 to 3um in H.gibbosus (Plate 8.2 A) and 3 to
5m in Hwoodmasoni (Plate 8.5 A); nucleus bearing 2-9 nucleoli and
cyoplasm composed of basophilic mass (colour bluish pink under H-E
stain). At the end of early vitellogenic phase, the nucleus of the primary

tocytes swelled in to germinal vesicle and possessed granular cytoplasm.
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Vitellogenic oocytes measured between 20- 47 pm in
Hwoodmasoni and 25-64 um in H.gibbosus. During vitellogenic phase,
te yolk granules started accumulating in the oocortex. Eosinophilic
granules were observed in the perinuclear cytoplasm (Plate 8.2 B &
85B).

The perinuclear ring disappeared with the advancement of
vieflogenesis. Generally yolk was formed from both extraoocyte sources
(reemotymph) by diffusion through follicular cell layer in collaboration with
nuciear extrusion granules (Beams and Kessel, 1963; Hinsch and Cone,
1959) (Plate 8.3 & 8.6A) .The oval, non gemminative, accessory, follicular
cells were also helpful in the uptake of extraoocytic yolk protein because
they were always found attached themselves around the early vitellogenic
oocytes. As the oocyte grows in size, the yolk droplets became strongly
eosinophilic and increased in size and number (Plate 8.4 & 8.6B). After
maturation, the ova were ovulated and oviposited in the brood pouch of
the fomales. The presence of more than one size range of oocytes in the
wvaries of H.gibbosus and H.woodmasoni provided evidence for the

continuous breeding pattern of these prawns.

833 Seasonal occurrence of maturity stages

Percentage occurrences of various maturity stages in the female
population of H.woodmasoni are presented in Fig. 8.1 & 8.2. Females

with different stages of maturity were observed in all the seasons of the
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year which would indicate the possibility of a prolonged breeding. The
percentage occurrence of various stages, however, showed marked
vanations in different months. Non-berried immature and maturing
females were predominant from February to April and July to August and
enceforth a dominance of head roe females couid be discernible during
October, November, December and January. Ovigerous females with
Orange Berry (OB), Grey Berry (GB) and Black Berry (BB) were
encountered in highest numbers during March, April and May (Plates 8.8
B). In contrast, the percentage occurrence of spent females showed an

increasing trend from July to August and December (Plate 8.9 B).

Monthly variations in the occurrence of female maturity stages of
Hobbosus are presented in Fig. 8.3 & 8.4. immature and maturing
females were encountered in all the months with varying degrees but
were absent during March to May (Plate 8.7 A). The head roe females
were predominated from October to April but were absent during May to
September (Plate 8.7 B). The ovigerous females also showed a distinct
predominance in all the months except from July to August with peak
occurrence registered in December, March and April (Plates 8.8 A, 8.9 A
48.10).

in males of H.woodmasoni, gonads with different stages of
maturity were encountered in most of the months during 2000-02. Highest

mmber of immature and maturing males could be registered during July
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- September (Fig. 8.5& 8.6) while the peak occurrence of spent males

was registered during March to May and December.

Immature males of H.gibbosus (Fig. 8.7 & 8.8) were encountered
in all the months observed except during February to May in both the
years. Highest abundance of immature males could be registered in
September 2000, January 2002 and July 2002. During May, towards the
end of breeding season, a higher percentage of spent males could also
be registered.

834 Seasonal variation in Gonado Somatic Index (GSl)

Monthly variation of GSI in males of H.woodmasoni during
September 2000 to August 2002 is depicted in Fig. 8.9. The GSI values
showed a gradual increase from 0.50 in September to 0.68 in October,
and thereafter an inflexion was observed up to December. A sharp
increase was discernible during January to April 2001 with peak in
February (0.97). Aimost similar pattern was seen during 2nd year also,

showing peak GSI in January 2002(1.24).

GSI of females of H.woodmasoni showed similar trend when
compared to that of males (Fig. 8.10). A steady increase in GSI of
females from 0.58 to 2.35 was noticed during September 2000 to January
2001. Thereafter gradual descend was noticed with lowest GSI value in

March (0.56). During the second year also a rapid increase could be
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noticed from November (0.41) and attained peak in January (1.98), and

henceforth it declined glaringly up to May 02 (0.01).

in males of H.gibbosus (Fig. 8.11), GSI showed lowest value in
te months of July, August and December and increased thereafter,
showed an upward trend from January to April 2001. Similar trend could
dso be seen in the 2™ year. In females of H.gibbosus (Fig. 8.12) two
dgstinct peaks in GS| were observed, the former in October and the later
n March during both the years. The values were found invariably very low

during June and July.

815 Variation of GS| among various maturity stages

In females of H.woodmasoni, an increase in GS| could be noticed
during ovarian development from immature (0.55) to head roe stage
(5.09), in contrast, a decline could be discernible in orange berries (0.41).
Again, a slow progression in GSI commensurate with the embryonic
development was seen in females as ripe ovaries were encountered in
the ovigerous females. In these prawns, the ovary and the incubating
eges have been developing simultaneously at the same rate, so that
when the attached eggs were hatched and shed, the ova will get ready for
another spawning. This was evidenced from higher GSI values of spent
females (Fig. 8.13).
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Among males of H.woodmasoni, an increase in GSI| was
observed with progression of maturity from immature to head roe,

however, the values showed a decline in spent males (0.41) (Fig. 8.14).

In females of H.gibbosus, the pattern of GSl in different
female maturity stages were found to be more or less similar to that of
Hwoodmasoni, however, the decrease in GSI value of ovigerous females
were more pronounced when compared to H.woodmasoni (Fig. 8.15). In
males of H.gibbosus, GS| showed an increase from immature to maturing

but a sharp decline could be discernible in spent stage (Fig. 8.16).

836 Seasonal variation in Hepato Somatic Index (HSI)

In females of H.woodmasoni, HSI values showed distinct peak and
wough during both the years of study (Fig. 8.17). High HSI values could
be discernible in December during both the years, with 5.64 and 4.93
rspectively. HSI of females were lowest in January with 1.46 and 1.24
respectively for 2001 and 2002.

In males of H.woodmasoni, HS| showed a gradual increase during
September to January 2001 and thereafter it declined during May (2.98)
(Fg. 8.18). In the second year also, similar pattern could be recorded with
the highest and lowest HSI values during February 2002 (7.85) and
September 2001 (1.64) respectively.
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in males of H.gibbosus, an increase in the HSI was recorded from
November to January during both the years followed by a decrease
duing February to March. Highest HSI was encountered in December
2000 (0.20) and January 2002 (0.21) respectively (Fig .8.19). HSI of
females of H.gibbosus was highest (0.42) during January 2001, and it
gradually decreased, showing lowest (0.09) in October 2000. In the 2™
year, highest (0.79) and lowest (0.09) HS! values could be discemible in
December 2001 and March 2002 respectively (Fig. 8.20).

83.7 Variation in HS| among maturity stages

Among female maturity stages of H.woodmasoni, an increasing
patten of HSI could be noticed from immature (2.95) to maturing stage
(384) but declined in the head roe stage (2.87), however, it started
ncreasing in the subsequent ovigerous stages (Fig. 8.21). In males of
Hwoodmasoni, highest HSI value (5.18) was encountered in spent stage

(Fig. 8.22).

In males of H.gibbosus, an increase in HS! from 0.10 in immature
0 0.35 in mature males was registered coinciding with the gonadal
maturation (Fig. 8.23). The HSI values of female of H.gibbosus showed a
decrease from maturing (0.21) to head roe (0.19) where as in ovigerous
slages such as orange berry, black berry and grey berry, the HSI was
dstinctly on a higher side when compared to head roe and spent female

[Fig. 8. 24).
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838 Size at first maturity

Percentage occurrence of matured males and females of
Hwoodmasoni is shown in Fig. 8.25. The size at first maturity of
#woodmasoni was estimated to be 96.75mm and 100mm for males and
females respectively and that of H.gibbosus were 98.5 mm for females

and 97mm for males (Fig. 8.26).

839 Ova diameter

Ova diameter of H.gibbosus and H.woodmasoni at different stages
of larval development is shown in Fig. 8.26 to 8.32. In H. woodmasoni, the
dameter of orange berries (Fig. 8.27) ranged from 180-240um while the
dameter of gray berries ranged between 195 and 270 ym (Fig. 8.28).
The black berries were measured between 270 to 345 ym (Fig.8.29). In
Hgibbosus, the diameter of orange berries varied between 150 to 210um
(Fig.8.30) where as in gray berries it was ranged between 225 and 285
um (Fig.8.31). Ova diameter of black berries of H.gibbosus varied from

255 to 330um with peak at 300um (Fig. 8.32).

8.3.10 Fecundity

Minimum, maximum, mean and standard deviation of fecundity
and various morphometric characters studied in H.gibbosus are

presented in Table 8.2. Mean absolute fecundity of H.gibbosus was
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esimated as 20672 eggs. Fecundity varied between 5670 and 33962
eggs in berried females having the total length ranged between 94mm
(188g) and 136mm (25.51g). Fecundity per unit measurement of body
dmension was estimated directly from the mean of observations as well
& from the logarithmic equations derived (Table 8.2). Number of eggs
er unit dimension of total length, carapace length and total weight

recorded from H.gibbosus was found to be 173,618 and 1261

respectively (Fig. 8.33 to 8.36)

Results of regression analysis of fecundity with various
morphometric measurements are also presented in Table 8.2. Relative
fecundity of orange, grey and black berried females of H.gibbosus
showed a gradual decrease commensurate with the embryonic
development (Table 8.3) though the variation was not found significant
P>0.05). Difference noticed in the relative fecundity in various length
groups of H.gibbosus are presented in Table 8.4. Average absolute
fecundity showed a gradual increase with increase in length groups
where as the relative fecundity showed a gradual increase in 91-100,101-
110,111-120 and 121-130mm length groups and a sharp decrease in

131-140mm length group are worth reporting.

Details of various morphometric measurements and the
fecundity stages in H.woodmasoni and results of regression analysis are

presented in Table 8.5. Highest fecundity enumerated in H.woodmasoni
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was 17472 eggs (total length 118mm, weight 8.53g) while lowest were
34 eggs (total length 98mm, weight 4.75g). The mean absolute fecundity
was worked out to be 6585 eggs. Number of eggs per unit dimension of
wial length, carapace length and total weight recorded from
Hwoodmasoni was estimated to be 61, 219 and 1051 respectively (Fig.

§37108.39).

Variation in fecundity in different length groups of H.woodmasoni is
presented in Table 8.7. Relative fecundity of ovigerous females at
dfferent stages of embryonic development showed a gradual reduction

fom OB to BB stages (Table 8.6).

8.4 DISCUSSION

Head roes and matured males of H.woodmasoni showed a regular
xcurrence in  commercial landings from September onwards and
subsequently berried females also started appearing from November with
peak availability during January — March periods. By examining the
sattern of availability of male and female H.woodmasoni, it appears that
November to April is the peak-breeding season of H.woodmasoni with
mense spawning activity in January. Presence of head roes and berries
n aimost all months of observation except during July shows the

polonged reproductive activity of this species. Suseelan (1985) also
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reported similar findings with peak period of breeding during October to
Apil in H.woodmasoni. Similarly, in H.gibbosus also, the occurrence of
head roes and berried females were recorded in all the months except
during August indicating the possibility of a prolonged breeding of this
species. However, intense spawning activity was observed during
October to March with peak in February. The seasonal breeding nature of
Hgibbosus reported by Suseelan (1985) do not match with the present
results as the presence of head roes and berries were seen in almost all
the months except August due to suspension of both exploratory as well

as commercial fishing for deep sea prawns.

In the present study, higher Kn values recorded from November to
March for both the species also suggest their peak spawning period
duing January to March. The highest percentage of berried females
encountered in the population of H.woodmasoni and H.gibbosus during
October to March also suggest the peak period of spawning activity of the

two pandalid prawns (Refer Chapter 5 for details).

King and Butler (1985) also reported on the prolonged breeding
behaviour of H.laevigatus and H.sibogae from northern Chile. Present
findings corroborate with Hancock and Henriques (1968) in Chilean
shimp H.reedi, which showed intense reproductive activity during
December to January while very low reproductive activity was reported

during May to June . Further, Anderson and Lindner (1971) also reported
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the peak spawning season of H.robustus as January to May along US
coasts and Company and Sarda (1997) observed the peak reproductive
ssason of Plesionika Heterocarpus during winter in the Mediterranean
Sea. The peak reproductive behaviour of deep sea prawns during winter

might be due to the increase of water temperature.

Omori (1974) observed continuous reproductive pattern for
ower meso and bathypelagic decapod with fewer eggs. Although
seasonal reproduction has been observed in different deep sea taxa, the
most predominant reproductive pattem generally reported in deep sea
tustaceans is the continuous reproduction (Tyler, 1986,1988; George
ad Menzies, 1967; Harrison, 1988, Gage and Tyler, 1991; Bishop and
Shella, 1994). However, the reason for continuous reproduction was not
yet fully unraveled due to the difficulty in performing experimental studies,
which faithfully reproduce the conditions of the deep sea environment
[Company and Sardd, 1997). Several workers suggested the possibility of
laval food availability, sinking organic matter originating from surface and
pmary production as reasons for the continuous reproductive activity of
deep sea prawns. Maximum abundance of both the species were
registered around 250-350m depth range in the neritic zone. The neritic
nne is more productive through out the year than the adjacent oceanic
wne, in relation to both phytoplankton biomass and zooplankton biomass
fEstrada ef al. , 1985; Estrada and Salat ,1989) . This is one of the main

factors which would allow both H.woodmasoni and H.gibbosus to have an
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edended breeding season in contrast to the deepest dwelling species
such as Plesionika acanthonotus (Company and Sarda, 1997) and
Ansteus antennatus (Relini Orsi and Relini , 1979 ) . Colocca (2002) and
Company and Sarda (1997) also reported the occurrence of ovigerous
females of pandalid shrimps through out the year from the central

Mediterranean.

In aquatic animals, variation in the gonado somatic index can be
ken as a useful criterion for determining the duration and intensity of
spawning (June, 1953; Erdman, 1968). An increase of GSI was noticed in
head roes and again during the later stages of embryonic development,
both in grey and black berries. This would suggest the possibility of a
continvous development of immature ovary to mature head roe stage
aong with the embryonic development. Higher GSI values in spent
animals also lend to support the possibility of more than one spawning of
he individual in a single breeding season. This finding is well in
agreement with that of Ohtomi (1997) and Omori (1971) who reported
multiple broods with in a single prolonged reproductive period in

Pesiontka semilaevis and P.izumiae in Japanese waters.

Hepatopancreas plays a major role in the food assimilation (Dhall
and Moriarty, 1983) and its relative weight probably manifests the
provision for energy utilization for growth and metabolism. An increase in

HS! was discernible with the progression of gonadal development in both
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Hwoodmasoni and H.gibbosus. However, it showed a drastic decline
during breeding season as the fully ripe ovaries may occupy the major
poion of the cephalothorax. Quinitio et al. (1991) reported similar
observation in Pandalus kessleri, which showed a sharp decrease in HSI

with the increase in GSI during the spawning season.

Seven maturity stages in females and three maturity stages in
males were identified in H.gibbosus and H.woodmasoni during the
present study based on colour and dimensions of both gonads and
embryos. The results from the histology of ovarian tissues showed that
changes in colour and size of the ova match very well with the
development of oocytes and size of the ovary. In the immature stage, only
primary oocytes were present with no sign of development. In maturing
females the ovarian tissues possessing high number of nucleoli indicate
that these oocytes have become very active. The enlargement of oocytes
duing development is due to expansion of cytoplasm which then
becomes acidophilic. The presence of yolk granules in vitellogenic
oocytes might be due to the presence of glycoprotein for the growth of
ovarian cells (Relini and Semeria , 1982) . Similar observation on the
occutrence of numerous yolk granules have been reported in deep sea
ansteid prawn Aristeomorpha foliacea Risso by Hui-Chen et al. (1999),
Caridina rajadhari (Bouvier ) by Victor and Sarojini (1985) , Chirocephalus
bundyi by Linder (1959) and Palaemon paucidens by Kamiguchi (1971 ).

In head roes, oocytes with different stages of development were present
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and therefore it can be inferred that the changes in the oocyte size and
morphology observed in the ovary can truly reflect the different
developing stages of the ovarian tissue of H.gibbosus and

Hwoodmasoni.

The size at first maturity of H.gibbosus was 96.75 mm in males
and 100mm in females while in H.woodmasoni size at first maturity of
males was observed to be 97 and 98.5 mm in females, which is in close
agreement with that of Suseelan (1985). According to him, the females
atained maturity at 103.2mm in H.woodmasoni and 104mm in
Hgibbosus collected during exploratory surveys off south west coast of

India.

The result of fecundity estimation showed that in H.gibbosus the
average absolute fecundity was 20672 eggs, which varied from 5670 to
33962 in females having total length of 94 to 136mm. According to
Suseelan (1985) H.gibbosus with the size range from 105 to 125 mm total
length, the absolute fecundity varied from 10732 to 31822 eggs with an
awrage absolute fecundity of 19745. it would thus appear that the
absolute fecundity arrived at in the present study agrees with that of
Suseelan (1985). Whereas King and Butler (1985) observed a slightly
higher value of 28312 eggs in H.gibbosus, followed by 23292 in
Hsibogae and 34461eggs in H.laevigatus from British Columbia. The

fecundity of H.woodmasoni was estimated as 6586 eggs, and this is well
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tomparable with that of Suseelan (1985), however, when compared to
Hgibbosus it is very low. The absolute fecundity of H.gibbosus was found
b be high when compared to other deep sea prawns viz. P.spinipes,
Pmartia and P.ensis which are characterized by an absolute fecundity of
3972, 2733 and 2655 eggs respectively (Suseelan, 1985). However,
these form only 2.29% of the regeneration capability of their counter parts
inhabiting in coastal waters (Hall, 1962; Rao, 1968; Nalini, 1976; Rao,
1889).

In the present study, a strong correlation could be established
between total weight and fecundity of H.gibbosus followed by carapace
length and rostral length where as in H.woodmasoni, fecundity showed a
strong correlation with total length, total weight and rostral length. The
exponential values (regression coefficient) between total length and
fecundity was found to be higher than the cube in H.gibbosus which
showed a positive deviation and this is in disagreement with the generally
accepted view about fecundity and the total length (Bagenal, 1978).
However, exponential values greater than 6 have been reported in the
case of fecundity — length relationship of Penaeus indicus and 3.45 in
Parapenaeopsis stylifera (Rao, 1968). Similar values greater than 4 have
been reported in fishes by Selvaraj et al. (1972), Siddiqui et al. (1975) and
Pathak and Jhingran (1977).
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The fecundity in H.gibbosus showed a strong correlation with total
weight than the total length. Positive relationship between fecundity and
body weight have been reported Siddhiqui et al. (1975) and Kurup and
Kuriakose (1994) lend support to the present findings. The exponential
values of total length, total weight, carapace length and rostral iength
were found to be 4.34, 2.09, 2.32 and 2.81 mm respectively. in respect of
the short and long second chelipeds are 1.14 and 1.08 respectively. The
relative fecundity of the first four length groups showed a gradual
ncrease, commensurate with the progression of size. In  130-140mm
kength group, a decreasing trend in relative fecundity was observed which
might be attributed to the significant loss of eggs due to advancement of

maturity stages in H.gibbosus.

The relative fecundity of orange berry, grey berry and black berry
both in H.gibbosus and H.woodmasoni showed a gradual decrease
commensurate with the progression of maturation though the difference is
not found to be significant. This might due to the embryo loss as a
function of the mortality of embryos during the incubation of females. King
and Butier (1985) and Ohtomi (1997) also reported the egg loss during
embryonic development in H.sibogae and P.semilaevis while Haynes
(1979) reported 36% in embryo loss in ovigerous females of P.borealis

during larval development.
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Of the twenty five fecundity indices established in the present
study, the indices in respect of total weight, carapace length and rostral
kength can be taken as most reliable morphometric characters as the
measurement of these parameters are very easy and therefore be useful
for the indirect enumeration of the number of eggs carried by the berried
females. Indirect estimation of fecundity by resorting to reliable indices is
found immensely useful in assessing the regeneration capacity of these
emerging resources. The result of the present study showed that the eggs
per gram body weight of H.gibbosus varied from 502 to 1690 and the
same in respect of millimeter carapace length ranged from 252.46 to
737.44 while in the case of rostral length it ranged from 272.39 to 880.29
eggs. it would thus worked out to be an average egg per gram body as
1317 while the same per mm of carapace length and rostral length were
658 and 578 respectively. In the case of H.woodmasoni, the average
number of eggs computed per gram body weight was 1051.92, while in
unit millimeter of total length and carapace length were 61 and 219 eggs

respectively.
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(Females) during 2000-01

Fig.8.1 Seasonal variation of maturity stages in Heterocarpus woodmasoni
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Fig.8.2 Seasonal variation of maturity stages in Heterocarpus woodmasoni
Fig.8.3 Seasonal variation of maturity stages in Heterocarpus gibbosus
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Fig.8.4 Seasonal variation of maturity stages in Heterocarpus gibbosus

(Males) during 2000-01

Fig.8.5 Seasonal variation of maturity stages in Heterocarpus woodmasoni

(Males) during 2001-02

Fig.8.6 Seasonal variation of maturity stages in Heterocarpus woodmasoni



Fig.8.7 Seasonal variation of maturity stages in Heterocarpus gibbosus

(Males) during 2000-01
100 ANnAnn
o (TRTRTHUHT -
llllllllll Cspent
oMM ]
i IS
S oAU NIl PN
oMU UARITHIT |
2 HHHHUH
o W Rimmature

FPSS IS

Fig. 8.8 Seasonal variation of maturity stages in Heterocarpus gibbosus
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Fig.8.9 Variation in the gonadosomatic index of
Heterocarpus woodmasoni (Male)
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Fig.8.10 Variation in the gonadosomatic index of Heterocarpus woodmason/ (Female)
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Fig.8.11 Variation in the gonadosomatic index of Heterocarpus gibbosus (Male)
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Fig. 8.13 Variation in the gonadosomatic index in various maturity stages of
Heterocarpus woodmasoni (Female)
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Fig. 8.14 Variation in the gonadosomatic index in various maturity stages of
Heterocarpus woodmasoni (Male)
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Fig. 8.15 Variation in the gonadosomatic index in various maturity stages of
Heterocarpus gibbosus (Female)
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Fig. 8.16 Variation in the gonadosomatic index in various maturity stages of
Heterocarpus gibbosus (Male)
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Fig. 8.17 Variation in the hepatosomatic index of Heterocarpus woodmasoni (Female)

Fig. 8.18 Variation in the hepatosomatic index of Heterocarpus woodmasoni (Male)
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Fig. 8.19 Variation in the hepatosomatic index of Heterocarpus gibbosus (Male)

Fig. 8.21 Variation in the hepatosomatic index in various maturity stages of
Heterocarpus woodmasoni (Female)
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Fig.$. 22 Variation in the hepatosomatic index in various maturity stages of

Heterocarpus woodmasoni (Male)
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Fig.8. 23 Variation in the hepatosomatic index in various maturity stages of

Heterocarpus gibbosus (Male)
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Fig.8. 24 Variation in the hepatosomatic index in various maturity stages of
Heterocarpus gibbosus (Female)
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Fig. 8.25 Size at first maturity of Heterocarpus woodmasoni (Male and Female)
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Fig.8.26 Size at first maturity of Heterocarpus gibbosus (Male and Female)
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Fig. 8.27 Ova dismmster in Ovange berriss of Heterocarpus woodmesond (Femals)
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Fig. .28 Ova diametsr in Grey berries of Heterocarpus woodmason! (Female)
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Fig.8.30 Ova diametsr in Orange berries of Heterocarpus gibbosus (Female)
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Fig. 8.31 Ova diameter in Grey berries of Heterocarpus gibbosus (Female)
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Fig. 8.32 Ova diameter in Black berries of Heterocarpus woodmasoni (Female)
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Fig. 8.33  Relationship between log total length
to fecundity in H.gibbosus

20 204 208 208 2% 212 114

Log total length (mm)
Fig. 8.34 Relationship between log rostral length
to fecundity in H.gibbosus
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Fig.8.35 Relationship between log total weight
to fecundity in H.gibbosus
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Fig. 8.38 Relationship between log carapace length
to fecundity in H.gibbosus
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Fig. 8.37 Relationship between log total weight

to fecundity in H.woodmasoni
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Fig. 8.38 Relationship between log total length
to fecundity in H.woodmasoni
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Fig. 8.39 Relationship between log carapace length
to fecundity in H.woodmasoni
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= L1 A: Sectional view of ovary of H.gibbosus showing oocytes in different stages of development (X
& (\follicular cells, 2 - oocytes , 3- oogonial cells).

hiil;WdeM*hhde.Ml!ul .(1-
mpaial colis 2- nucieus )



) X .
Plate 8.2 A: Early vitellogenic o es with central nuclei and
granular oocortex in the ovary of H.gibbosus ( X 100) (1-

vitellogenic oocytes,2-Follicular cells ,3- Germinal vesicle,4 —
nucleoli )

i

Piate 8.2 B : Vitellogenic oocytes showing perinuclear eosino-
philic granules ( X 100) in the ovary of H.gibbosus. ( 1-Perinuclear
ring,2-ovarian wall)



Plate 8.3 : Oocytes showing yolk droplets (X 100) in the ovary
of H.gibbosus. (1- Yolk droplets, 2 — germinal vesicle)

Plate 8.4 : Matured oocytes showing eosinophilic yolk
droplets, ( X 100 ) in the ovary of H.gibbosus. (1- matured
oocytes ,2- degenerative oocytes , 3- yolk droplets )



Plate 8.5 A: Oocytes with central nuclei and granular
oocortex ( X 10 ) in the ovary of H.woodmasoni. (1- oocortex

. 2- nucleus )

Plate 8.5 B: Bilobed ovary of H.woodmasoni showing
clusters of vitellogenic and matured oocytes ( X 10 ) in the
germinal zone



Plate 8.6 A: vitellogenic oocytes in the ovary of
H.woodmasoni

Plate 8.6 B: Matured oocytes in the ovary of H.woodmasoni



Plate 8.7 A: Dorsal view of male Heterocarpus gibbosus (carapace
removed) showing immature gonad

Plate 8.7 B: Dorsal view of female Heterocarpus gibbosus showing head roe through
carapace



Plate 8. 8 A: Ventral view of grey berried female of Heterocarpus
gibbosus showing eggs with advanced embryonic stages.

Plate 8.8 B : Lateral view of black berried H.woodmasoni showing
extruded eggs.



Plate 8.9 A: Lateral view of female black-berried Heterocarpus
gibbosus showing extruded eggs attached to pleopodal setae.

Plate 8.9 B : Dorsal view of female Heterocarpus woodmasoni with
spent ovaries



Plate 8.10 : Dorsal view of female Heterocarpus gibbosus
showing spent ovaries through carapace.



Chapter 9

CAROTENOID ESTIMATION AND PROXIMATE

ANALYSIS
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9.1. INTRODUCTION

Deep water prawns are characterized by very distinct life history
raits such as extreme longevity, late age of maturity, slow growth rate
and low fecundity, very high lipid content and vibrant coloration (Company
and Sarda, 1997). It is generally accepted that the colour of the deep sea
prawns is considered as one of the most important quality parameters.
from the point of taking decisions on purchase of deep sea shrimps and
red salmons, the general consumers perception is that the reddish
coloration of both the shrimps and salmons are considered as an index of
freshness, better flavor, higher quality and higher price. Therefore, color
plays a decisive role when evaluating the quality of the product at point of
sale. The coloration, which is the resultant product of deposition of
carotenoids, is considered to be of significant in behavioral importance of
animals. Carotenoids in prawns are seen dissolved in fatty acid droplets
present in the eggs, gonad and exoskeleton. These pigments ingested
through the food is converted and deposited in tissues of muscle and
hepatopancreas subsequently being mobilized to the gonad for

maturation (Harrison, 1990).

A review of literature shows that no concerted attempt has so far
been made to evaluate biochemical as well as carotenoid variation

commensurate with the change in phases of reproduction in deep sea
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pawns though detailed information on the lipid and carotenoid
concentration of a variety of coastal decapod crustaceans are provided by
Fisher (1962) and Fisher et al. (1952, 1953, 1954, 1957). The role of diet
n imparting colouration to various organs in rainbow trouts was
demonstrated by Hubbs and Stavenhagen (1958). It has been well
documented that the diet is presumably responsible for differences in
carotenoid pigmentation (Storebakken et al.,, 1987; Choubert and
Storebakken, 1989: Bjerkeng et al., 1992). The ingested carotenoids
accumulate in the liver and muscle during the breeding season and are
mobilized to gonad as they ripen (Torrissen, 1989). The carotenoid
pigment composition and distribution in decapods have also been the
subject of separate investigation on species of both Natantia (Tsukuda,
1963; Larry and Salwin, 1966; Ishikawa et al., 1966: Czerpak and
Czeczuga, 1969; Katayama et al., 1972) and more frequently Reptantia
{Goodwin and Srisukh, 1949; Wolfe and Cornwell, 1964; 1965). Most of
these animals examined were shallow-water species while Herring (1973)
studied the depth wise variation of carotenoid pigments and lipids in deep
water decapod crustaceans Acanthephyra pelagica, Systllaspis debilis
and Gennadas brevirostns. In Indian waters, Lethakutty (1993) studied
the mobilization of total carotenoids in relation ovarian maturation in
Mdobsoni while Krishnakumar et al. (1987) studied the carotenoid

content of Perna vindis. Patnaik (2001) reported the mobilization pattern
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of total carontenoids with the progress of maturation in the demersal fish

Pnacanthus hamrur from Cochin coast.

Biochemical changes in relation to reproductive cycles and the
sexual periodicities of invertebrates hailing from different parts of the
world have been studied extensively by many workers. Seasonal variation
in different organic constituents of oysters had been reported by Russel
(1923), Okazaki and Kobayashi (1929), Sekine et al. (1930), Tully (1936)
and Humphrey (1941). Castle and Lawrence (1989) reported the
relationship between maturation and biochemical composition of gonad
and digestive gland in Penaeus aztecus and P.setiferus while Teshima et
a (1989) investigated the variation in lipid profile of ovary and
hepatopancreas during maturation in P japonicus. Read and Caulton
(1981) studied the changes in body composition in relation to mouiting
and ovarian development in P.indicus of South Africa while Lawrence et
al. (1979) assessed the protein, carbohydrates and lipids in ovary and
hepatopancreas of ablated and unablated females of P.vannamei,

P.stylirostirs and P.setiferus.

Literature on the variation in biochemical composition in relation to
reproduction of pandalids is scanty. Quinitio et al. (1991) studied the
pofiles of progesterone and estradiol from haemolymph of Pandalus
kessleri during the reproductive period while Hopkins et al. (1993)

assessed the total lipid content and fatty acid composition of P.borealis.
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Olsen et al. (1991) extracted phosphatase from the hepatopancreas of
Pborealis while lkeda (1991) and Anderson (1991) studied its dry weight
and elemental composition from the cast moults and percentage

composition of extractable and non-extractable proteins.

In India, very few studies were carried out on the biochemical
changes in relation to reproductive cycles in penaeid prawns (Mohamed
and Diwan, 1992; Sherief and Xavier, 1994). George and Patel (1956)
sudied the seasonal variation in the fat content of liver and gonad in
marine decapods. Pillai and Nair (1973) examined the variation in
bochemical composition of ovary and hepatopancreas in relation to
reproductive phases in  Metapenaeus affinis. Kulkami and
Nagabhushanam (1979) reported similar findings in Parapenaeus
hardwickii while Achuthankutty and Parulekar (1984) made biochemical
comparison in M. affinis, M.dobsoni, P. merguiensis and Parapenaeus

stylifera.

Aristeus  alcocki, Heterocarpus gibbosus, H.woodmasoni,
Solenocera hextii and Metapenaeopsis andamanensis are major
commercially important deep-water shrimps, which are fetching very high
wice at par with major coastal shrimps by virtue of their attractive
colouration and size. Despite the fact that these species inhabit deeper

salers at various depth zones, and characterised by deep reddish
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exoskeleton, however, these species were not investigated for their

pigmentation aspects.

The present work is, therefore, undertaken with the following

objectives:

1 To evaluate the proximate composition in the muscle tissue and
hepatopancreas in H.gibbosus and H.woodmasoni and to bring

out variations, if any, in both sex wise and maturity stage wise.

2 Studying the distribution and mobilization pattern of ftotal
carotenoids in various tissues like exoskeleton, muscle,
hepatopancreas and gonad in H.gibbosus during different stages

of gonadal maturation.

3. To delineate depth linked variation in total carotenoids, if any,

among important species of deep sea prawns.

9.2. MATERIALS AND METHODS

Samples for the present study were collected from deep sea trawl
tandings from Cochin and Munambum fisheries harbours of Kerala during
September 2000 to August 2002. The specimens were brought to the

laboratory in fresh conditions. Identification of sexes was done following



222

King and Moffitt (1984). The total length and weight were observed and

e maturity stages were determined following Ceccaldi (1966).

For proximate composition analysis, muscle and hepatopancreas
were taken. A weighed portion of the sample was kept in the hot air oven
at 70°C (Sherief et al., 1992) and dried to constant weight in order to
getermine the moisture content. The fat content was extracted from a
known volume of dried tissue in Soxhlet Apparatus and the percentage fat
was estimated (Folsch et al., 1957). The nitrogen was estimated by Micro
- Kjeldahl's method (Hawk et al., 1954) and the amount of total protein
was calculated by multiplying nitrogen value by 6.25(Giese et al., 1958).
The ash content was estimated by igniting the known volume of over
dried samples in a porcelain crucible kept in the muffle furnace at 550°C
to 600°C for about 10 hours. The ignited residue thus obtained was
reckoned as the ash content. The Nitrogen Free Extract (NFE) was
estmated on dry weight basis following Hastings (1976) using the

following formula

NFE = 100 - (protein + lipid + moisture + ash)

The results of proximate composition were analysed statistically

using ANOVA (Snedecor and Cochran, 1967).

For the estimation of total carotenoids, fresh samples of the

selected species were collected from the same harbours. Total
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carotenoids in  exoskeleton, muscle, hepatopancreas and gonad of
Hgibbosus and exoskeleton and muscle tissue of Acanthephyra
sanguinea, Aristeus alcocki, Metapenaeopsis andamanensis, Solenocera

hextii and Parapandalus spinipes were estimated following Olson (1979).

1g of fresh tissue was weighed and placed in 25ml screw cap clear
test tubes. To this 2.5g of anhydrous sodium sulphate was added and the
sample was gently macerated with a glass rod against the walls of test
tube until it mixes thoroughly with sodium sulphate. 5ml chloroform was
added and the test tube was sealed and placed at 0°C ovemight after
covering each test tube with aluminum foils. When the chioroform formed
a clear layer of 1 to 2cm height above the caked residue, optical density
was read at 475nm and 500nm, taking 0.3ml aliquots of chloroform

dituted to a column of 3ml with absolute ethanol.

A blank prepared in a similar manner was used for comparison. A
wavelength of 475nm at which maximum absorption obtained was used
for calculation. The total carotenoid content was caiculated as ug
carotenoid /g wet weight of tissue as follows:

Absorption at 475nm X 10

Carotenoid content =
0.25 X sample weight (g)

Where, 10 = dilution factor
0.25 = extinction coefficient
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Analysis was done repeatedly for more than five times in each
maturity stages and average was computed with standard deviation. The
results of carotenoid estimation were subjected to statistical treatments

using ANOVA (Snedecor and Cochran, 1967).

9.3. RESULTS

9.3.1. Proximate composition

93.1.1. Muscle tissue

The average values of moisture, protein, fat, ash and NFE content
of muscle tissue estimated from various maturity stages of H.woodmasoni
are given in Table 9.1. The moisture content found varied between 75.82
10 82.93 % while the protein ranged between 13.86 and 16.82 %. The fat
content was comparatively high in all the maturity stages; however, it
showed an increase with the progression of maturity stages with peak in
head roe stage (2.97+ 0.05) but decreased thereafter. Results of analysis
of variance showed significant difference in fat and NFE value (P<0.01),
on the contrary, no such difference was seen in the muscle protein and
ash content. Among the males, the moisture content was high in spent
males while it was lowest in maturing males, however, the fat content

was very high in the latter. NFE content showed a gradual increase from
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immature to maturing males and it was statistically significant (P<0.01)

(Table 9.2).

Mean values of various proximate constituents estimated from the
muscle tissue of females of H.gibbosus are presented in Table 9.3.
Moisture content of the muscle tissue varied between 77.90 and 80.71%
and there was a decreasing trend from immature to head roes while the
protein and fat content showed an increasing trend. The protein, ash and
NFE were found to differ significantly among maturity stages while no
such difference was discernible in fat and moisture contents in muscle

bssue.

The moisture content in males of H.gibbosus did not show
significant difference among the maturity stages. The protein and fat
content showed a reduction in head roes in contrast to the high NFE
content. The NFE value showed significant variation among male maturity

stages (P<0.01)(Table 9.4).

8.3.1.2. Hepatopancreas

Average values of various biochemical components of
hepatopancreas in various maturity stages of female H.woodmasoni is
given in Table 9.5. The fat content in the hepatopancreas were found to
be invariably high in all the matunty stages when compared to the muscle

while the protein and moisture content were on a lower level. A
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decreasing trend could be apparent in the moisture content from 57.42%
in immature female to 56% in head roes, however, it increased thereafter
in the successive stages. Results of ANOVA showed significant variation
in moisture, fat and NFE content at 1% level (P<0.01) while no such

variation could be seen in protein and ash content.

in males of H.woodmasoni also, high fat content was observed in
all the stages with low moisture and protein content, however, the
difference was insignificant among the maturity stages (P>0.01) (Table

9.6).

In females of H.gibbosus, the moisture content varied from 56.23%
in spent males to 59.09 % in berried females, thus showing a higher fat
content (Table 9.7). Results of ANOVA showed significant variation in fat
and NFE values. The proximate composition values in males were more

of less comparable with that of females (Table 9.8).

9.3.2. Total carotenoid estimation

9.3.21. Total carotenoids in exoskeleton

Table 9.9 shows the total carotenoid content in the exoskeleton of
females of H.gibbosus during different maturity stages. In the tissue of
Hgibbosus , total carotenoids of exoskeleton in females (32.47ug/g) was

slightly higher than the males (30.87ug/g). In females, the carotenoids
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showed a sharp increase from immature (31.19 ug/g + 5.73) to spent
stages (38.30pg/g + 1.70) thus manifesting that the pigmentation of the
exoskeleton increased during the process of maturation (Fig. 9.1).
Results of ANOVA showed significant variation among maturity stages

(P<0.05) (Table 9.10).

The carotenoid content of males (Table 9.11) showed a gradual
increase from immature stage (26.32 + 1.29) to maturing stage (33.32 +
2.39), while in spent stages a slight reduction was apparent (32.97 +

1.52)(Fig 9.2). The values were highly significant among various maturity

stages at 5% level (P<0.05) (Table 9.12).

83.2.2. Total carotenoids in muscle tissue

The total carotenoids in muscle tissue were found to be very low
when compared to exoskeleton, the average value being 4.2ug/g of
tissue (Table 9.13) (Plate 9.1. A). Though it was very low, the total
carotenoid concentration showed a gradual increase from immature (2.80
£0.21) to head roe stage (5.23 + 1.63) but declined during oviposition in
orange berry stage, thereafter showed an increase during subsequent
maturity stages, thus indicating mobilization of total carotenoids during
maturation process (Fig. 9.3). The variation in the carotenoid
concentration of muscle tissue was found to be significant among various

maturity stages (P<0.05) (Table 9.14).



228

The mean total carotenoids in muscle tissue of H.gibbosus males
were estimated as 2.95pug/g showing a very low value than females
(Table 9.15). The muscle carotenoid decreased from maturing (3.04 +
0.41) to spent stages (52.80 + 0.75). (Fig. 9.4) Results of ANOVA showed

no significant variation among maturity stages (P>0.05) (Table 9.16).

93.2.3. Total carotenoids in hepatopancreas

The mean carotenoid content in hepatopancreas of females of
Hgibbosus was estimated to be 584 ug/g which showed a sharp
increase from immature (2.56 + 0.34) to head roe (9.87 + 1.06), however,
3 reduction after oviposition was observed in grey berry (5.46 + 1.14)
(Table 9.17) (Plate 9.1.B). The values increased thereafter in black berry
and spent stages (Fig. 9.5). The resuits of ANOVA showed significant

variation among various maturity stages (P<0.05) (Table 9.18).

in males, the mean carotenoid concentration of hepatopancreas
was estimated to be 2.87ug/g (Table 9.19). The values showed an
increase from immature (2.93ug/g + 0.16) to maturing males (3.09 t 0.26)
however, in spent males, it showed a reduction (2.60ug/g = 0.53) (Fig.
96). There exist significant variation between maturity stages (P<0.05).

(Table 9.20) .



33.24. Total carotenoids in gonads

The total carotenoids in the ovary of H.gibbosus (12.774g/g) were
found to be higher than the carotenoid concentration of muscle and
hepatopancreas (Table 9.21) (Plate 9.1.C). The total carotenoids in
females showed a sharp increase from immature (7.93 + 0.90) to head
roe stage (27.88 + 1.30), and then decreased gradually thereafter in the
subsequent maturity stages (Fig. 9.7). Highly significant difference was

observed between maturity stages at 5% level (P<0.05) (Tabie 9.22).

Total carotenoid concentration of gonad of males of H.gibbosus
was on a lower side than ovary of females (4.29ug/g) (Table 9.23). The
values showed a gradual increase from immature (4.09 + 045) to
maturing stage (4.96 * 0.75), on the other hand, in spent males it
declined (3.84 + 0.97) (Fig.9.8). No significant variation was found in the

carotenoid concentration among male maturity stages (P>0.05) (Table

9.24).

9.3.3. Depth linked variation in carotenoid content

9.3.3.1. Exoskeleton
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The deep sea prawns showed glaring variations in the total
carotenoid content commensurate with the depth at which they are
inhabiting (Table 9.25). The depth of occurrence of five species of
Asanguinea, A. alcocki, M.andamanensis, S.hextii and P.spinipes are
shown in Fig.9.9. Among the various prawns studied, A. sanguinea
(51.98ug/g) and A. alcocki (40.02pg/g). which usually inhabit at high
depths of 450-650m (Fig.9.9) , the total carotenoids in the exoskeleton
were highest. Next in order of carotenoid content were that of P. spinipes
and H.gibbosus which are occupying at 250-350m depth zones (Fig. 9.9).
On the other hand, M. andamanensis which inhabits at 150-250 m
showed the lowest concentration of carotenoids in the exoskeleton while
S. hextii which is a relatively deep water species when compared to
M.andamanensis and inhabits 250-350 m, the carotenoid values were

relatively higher when compared to the former species (25.93ug/g) .

Results of ANOVA showed that there exists significant difference
(P<0.05) in the carotenoids of exoskeleton in deep sea prawns inhabiting

different depth zones (Table 9.26).

93.3.2. Muscle tissue

Total carotenoid content in the muscle tissue of six species of deep

sea prawns are given in Table 9.27. There exist very wide variation in the
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muscle carotenoids commensurate with the depth of inhabitance. The
muscle tissue carotenoid was highest in the deepest dwelling species
Asanguinea (9.30ug/g) while it was lowest in M.andamanensis
(.71pg/g), a shallow water species which inhabits at 150-200m depth.
Fig. 9.10 shows difference in muscle carotenoid content in various
species of deep sea prawns inhabiting at various depths from 150-650m.
Results of ANOVA showed that there exists significant difference in the
fotal carotenoids among various deep sea prawns studied which are

distributed at different depth zones (P<0.05) (Table 9.28).

9.4. DISCUSSION

Results of the present study showed that in H.woodmasoni and
H.gibbosus moisture formed the major constituent in all the tissues, which
ranged between 78-82%. This in comparison with those of coastal prawns
was on a higher side in contrast to the low protein content (Gopakumar,
1997). Both the species are having very high fat content, which ranged
between 2.33 to 2.97% and 2.19 to 2.41% in H.woodmasoni females and
males respectively whereas in H.gibbosus it ranged from 1.55 to 2.38 in
males and 1.57 to 1.82 in females. Morris (1972) reported a fat content of
25 % and 3.5% in the epibenthic species H.grimaldii and H.ensifer
respectively from northeastern Atlantic. The high lipid content in both the
species studied can be correlated with their deep sea life history

characteristics. According to Childress and Nygaard (1974), the very high
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lipid content of mesopelagic and nektobenthic deep sea crustaceans may
be useful in attaining neutral buoyancy in the water column. Herring
(1973) also expressed similar views on the high fat content of deep sea
prawns, and reasoned that the attached eggs in the pleopods and
mobilization of wax esters reduces the stability of carideans in the deeper
waters and the center of buoyancy of females would change considerably
with resuiting changes in the stability of animals in waters. The
maintenance of high wax ester levels in females is very useful in
sustaining the buoyancy. Inogradov (1970) found very high lipid
concentration in deep macroplanktonic crustaceans whereas Lee et al.
(1971) reported that the lipid content of deep-water species is consistently
higher than that of shallower species. Morris (1972) made an attempt to
establish the relationship between depth and wax ester component in
deep sea crustaceans and reported that benthic decapods showed fat
content in the range 14.2 to 29.6% while it was 1.9-6.3% in epibenthic
and nektobenthic species. Gopakumar (1997) observed very high lipid
content ranging from 2.59 % in Chlorophthalmus agassizi to 12.10 % in
lantem fish Benthosoma pterotaa collected from south west coast of

India.

The total fat content in the muscle was high during the ripening
stages of the gonads in both the species except in males of H.gibbosus .
In Hwoodmasoni, highest of 2.97% was observed in head roes and

2.41% in maturing males while in females H.gibbosus, the fat content was
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high in orange berries though the difference was not significant. After
oviposition, the fat level in the muscle showed a reduction. Similar
changes in fat content in relation to reproductive activity have been
reported by Clarke (1977,1979) in the shrimps Chorismus antarticus and
Pandalus montagui ,wherein there was an increase in total lipid content
fom 6 to 20% and 4 to 24% on dry weight basis respectively in the
muscle tissue during peak reproductive period . The fat appeared to be
one of the important sources of energy metabolism during the breeding
season. With greater catabolism of fat during the spawning period, there
was a reduction in the fat content significantly. The levels of fat content of
both the species were also similar to those reported by Hopkins et al.

{1993) in P.borealis .

Carbohydrate level probably represents the storage level of food in
tissues and might be expected to vary during the reproductive stages. A
siiking change in the nitrogen free extract level was seen during the
various reproductive stages in testis and ovary of H.gibbosus and
Hwoodmasoni . In females of both the species, the NFE level decreased
in muscle tissue towards the fully maturing stages and after oviposition
the level showed an increase. It may be inferred that the accumulated
glycogen might be utilized for reproductive activities and this attributes for
the reduction of NFE levels during the fully maturing periods. Giese
(1969) observed similar changes in the gonads of the mollusc Kathorina

tunicata which showed a low level of glycogen during spawning period, on
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the other hand, the level increased again after spawning period. Okazaki
and Kobayashi (1829) also stated that the glycogen levels become low in
the oyster Ostrea circumpicta during breeding season. It would thus
appear that the NFE levels in muscle tissue showed significant changes

in connection with the sexual maturation and metabolic activity.

In females of H.gibbous, the protein content of muscle tissue
showed significant difference among various maturity stages and this can
be taken as an index of high cellular activity (Lemmens, 1959). Among
them, peak value was observed in orange berries while low level of
protein was observed in immature females. Though the protein levels did
not show any remarkable difference among various maturity stages of
H.woodmasoni, the values were highest in head roes while it was lowest
in spent females. From the results, it may be inferred that there exist

significant differences in the metabolic activity of both the species.

Hepatopancreas plays a significant role in the food assimilation
and mobilization of energy during moulting, pigmentation,
gluconeogenesis and carbohydrate storage (Dhall and Moriarty, 1983;
Skinner, 1985; Ghidalia, 1985). The fat content of hepatopancreas was
found to be very higher when compared to muscle tissue, however,
showed an inverse relation with moisture and protein content. The fat
content in females of both H.woodmasoni and H.gibbosus showed an

increasing trend with the progression of maturity, oviposition and



235

hereafter decreased drastically during the spent stage. Commensurate
wth this, the moisture content showed a decreasing trend during
spawning period. It may, therefore be inferred that as in other marine
shrimps (Jeckel et al., 1989; Teshima et al, 1989: Mourente and
Rodrigues, 1991; Allen et al., 2000), the accumulation of total fat in the
hepatopancreas of H.gibbosus and H.woodmasoni takes place during the
period of peak reproductive development. Present results also
corroborate with Pillai and Nair (1973) who established an antagonistic
relationship between moisture and protein or lipid content in gonad and
hepatopancreas of crustaceans. Hence, the hepatopancreas act as a
storage organ for the principal storage nutrients such as fat and glycogen
{Yonge, 1924). Significant variation noticed in the moisture, fat and NFE
of the hepatopancreas in females of both H.woodmasoni and H.gibbosus
in the present study would lend support to the observations on the
difference in growth and relative size of hepatopancreas among various

maturity stages of both the species.

9.4.1. Total carotenoids

Carotenoids are a group of pigments that cannot be
biosynthesized by animals. They are taken up from the diet and can be
transformed afterwards from one carotenoid to other. The bright
coloration of the deep sea prawns might be attributed to the type of diet

consumed by the individual groups. The levels of pigment in the
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exoskeleton, muscle, gonad and hepatopancreas are determined both by
the pigment content of the feed and uptake efficiency which in turn is
dependent on the carotenoid requirement of each species. The food and
feeding habits of H.gibbosus showed that it feeds mainly on euphausids
(50%), foraminifers (16%) and detritus (21%) as the major food items.
Similarly, other deep sea crustaceans inhabiting the same habitat are
also characterized by the presence of similar type of food items in their
gut content (Suseelan, 1985). Fisher et al. (1952) could extract carotenoid
content as high as 50 to 88ug/g from euphausids. The total amount of
carotenoid in the carapace, flesh and eye of Antarctic krill Euphausia
superba was found to be 1.13mg, 1.06mg and 90.82 mg/100g
respectively (Maoka et al., 1985). Gillam et al. (1939) estimated high

concentration of carotenoids in zooplanktons from North Sea.

Highest concentration of total carotenoids was observed in the
exoskeleton of deep sea prawns. In addition, the pigment concentration
was more in female than males. Tsukuda (1963) found more than 90% of
the pigment of P.borealis in the exoskeleton while Mc Beth (1970) found
%% of astaxanthin and its esters in the total pigments in Betaeus
harfordi. A comparison of carotenoids in the exoskeleton of females
H.gibbosus showed a sharp increase up to head roe stage but declined
during orange berry after which the values increased up to spent stage.
An increase in the carotenoid content would manifest the possibility of

accumulation of pigments in the exoskeleton during ripening stage of
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females. While during oviposition the pigments were been transferred to
eggs from hepatopancreas. The increased carotenoids in spent stage
may be ascribed to the increased size of female prawn since the animals

tend to store pigments in the exoskeleton until mortality (Patnaik, 2001).

In males also, the carotenoid showed a sharp increase during the
advancement of maturing stage, on the other hand, it showed a reduction
in spent stages. The low value recorded in spent males can be explained
as a result of lesser mobilization of carotenoids from hepatopancreas
after spawning possibly because of the minor utilization of cuticular
pigments as mating gesture. Patnaik (2001) reported similar findings in
Pricanthus hamrur wherein high carotenoid values were observed in
spent males in contrast to the low values in mature males. A similar
cbservation was also made by Kithara (1985) in Masu salmon

Onchorhynchus masu.

The role of skin pigmentation as breeding stimulation has been
well established by Tin Bergen (1953). Dall et al. (1995) conducted
biochemical studies in Penaeus esculantus and found out that
astaxanthin and its esters are the principal carotenocids. A comparison
with carotenoid of the natural diet of P.esculantus indicated that, after

ingestion, dietary carotenoids were converted to astaxanthin.

Among the various tissues examined in H.gibbosus for total

carotenoids, the lowest pigment values were observed from muscle
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tissues with highest content in females when compared to that of males.
Fisher et al. (1964) and Goodwin (1950) reported similar low values of
muscle carotenoids in fishes and decapod crustaceans while Ando et al.
(1985) reported that the change in muscle composition brought about
during spawning season was closely related to their physiological state.
The reason for the low carotenoid in the muscle tissue might be due to
the deposition of very high content in the exoskeleton and corroborated
with the results of Storebakken et al. (1987) who reported a very low
carotene in the flesh of Atlantic salmon in contrast to high content in the
skin. Torrissen (1989) correlated the deposition carotenoids in the

muscle to feeding time, individual body weight and individual growth.

The carotenoids in muscles of both the sexes of H.gibbosus
showed an increasing trend towards maturation but declined during
oviposition, thus manifesting certain degree of mobilization from muscle
tissue to exoskeleton. Crozier (1970) and Kithara (1983) also reported the
mobilization of carotenoids in Salmons from the flesh to the skin and

gonads during progress of maturation.

The highest concentration of carotenoids next to body tissue was
reported in hepatopancreas of other decapod crustaceans (Lenel, 1965;
Establier, 1966; Gilchrist & Lee, 1967; Mokhtar & Lenel. 1971) and the
present findings strongly corroborates with the above view. in females of

Hgibbosus, the carotenoids in hepatopancreas was found to be
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increasing from immature to head roes, thenceforth showed a reduction,
reaching a very low level in grey berry stage. However, from the spent
stage onwards, the values showed a further increase. According to
Vincent (1988) and Harrison (1990), during the early maturation stages,
fee and esterified carotenoids accumulate in the hepatopancreas and
during the period of secondary vitellogenesis they are getting mobilized
from hepatopancreas via the haemolymph to the ovaries. This pattern of
accumulation of carotenoids in the ovaries during maturation results in
their darkening based on which the quantification of maturity stages in
females is usually taking place. Takashima et al. (1972) also reported on
the synthesis of lipoprotein in the liver of rainbow trout under the influence
of the ovary steroid hormones. Leger (1985) and Hardy et al. (1990)
reported the mid gut gland as the site of lipoprotein synthesis and
metabolization of canthaxanthin in fishes. Results of the proximate
analysis in the present study also showed an increasing level of total fat
during the maturation period in the hepato pancreas of H.gibbosus.
Therefore, taking in to account the significant role of hepatopancreas in
the synthesis and moblization of carotenoids, it can reasonably be
concluded that in H.gibbosus , high amounts of carotenoids was stored in
the form of lipoproteins and vitamin-A up to head roe stage which was
transferred subsequently to the ovaries until spawning, which decreased
to a lower level during oviposition up to grey berry stage. Again, the

carotenoids started accumulation in the hepatopancreas for the next
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spawning activity as evidenced from high carotenoid content in the spent
stage. Correspondingly, the carotenoid values in the ovary also showed
an increasing trend from immature to head roe and a decline thereafter as
evidenced from the low colouration of spent ovaries. The present findings
are corroborative with those of Herring (1973). Love (1970) and Turuk
(1972) also observed a high lipid content in liver during gonad

development in Sa/lmo trutta and Gadus morhua.

Other than pigmentation, available reports suggest that (Wouters
et al., 2003) carotenoids also have a biological function responsible for
growth and reproduction. In the males and female gonads of H.gibbosus,
the carotenoid level showed an increase with the maturation of gonads.
Similar findings were reported by Herring (1973) in 14 decapod
crustaceans and correlated the carotenoid content to total lipid content.
According to Herring (1973) , the pigments in the gonads and eggs of the
decapods have a role in the synthesis of the visual pigments in the
developing larva. Reports on the variation in carotenoid content
commensurate with the gonadal maturation are plenty, notably by Wolfe
& Cornwell (1965) , Lenel (1965) , Establier (1966) , Gilchirst & Lee
{(1967) and Mokhtar & Lenel (1971). In Metapenaeus dobsoni , an
increase in carotenoid content was observed by Lethakutty (1993) from
immature to mature ovary. So there may be the possibility of establishing
a positive correlation on the increased ovary weight and carotenoid

content. In the testis, the carotenoid value was found to be less than half
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of ovary in females. Such low levels of carotenoid might be due to the
kesser materials of males to be transported when compared to the ovary

lo the developing larvae (Love, 1970).

A comparison on the total carotenoids among various species of
deep sea prawns inhabiting in different depth zones showed that there
exists glaring differences in the total carotenoid content both in
exoskeleton as well as muscle tissue in species inhabiting different depth
zones. Since carotenoids cannot be biosynthesized by the animals, and
are only assimilated from the diets (Wouters et al., 2003), it can
reasonably be inferred that the variations encountered in carotenoids of
prawns inhabiting different depth zones might be due to the variation in
the diet consumed by these organisms, which is governed by the food
availability in their different depth of inhabitation. Foxton (1970a, 1970b,
1972) also reported the depth wise carotene distribution in decapods from

Fuerteventura area, North Atlantic.

The present database on the carotenoid content in the deep sea
prawns demonstrate that they are cheap and abundant source of
carotenoids and the dried chitin can be used as a better food for a
number of ornamental fish species for gaining attractive colouration.
Experiments (Wouters et al., 2003) already indicated that the koi carps
are more vibrant and fascinating when it is fed with the natural

compounds than synthetic zeaxanthin and canthaxanthin. The
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performance of natural carotenoids are much better in comparison to their
synthetic counterparts; the former may get preferentially absorbed and
can contribute to a number of additional carotenoids with beneficial
effects than the latter. Further investigations on the pigmentation of these

prawns will be a promising area of research.
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Table 9.9 Total carotenoid variation (ug/g wet wt ) in the exoskeleton of

Heterocarpus gibbosus (Female)
| Maturity
Replications immature | matur- |Head roe| orange | grey | black | Spent
ing berry | berry | berry
1 33.16 29.52 40.42 29.58 31.25 | 36.51 | 38.02
2 29.53 28.99 26.74 32.14 3258 | 37.52 | 37.02
3 27.85 29.56 29.82 30.52 31.79 | 3541 | 39.51
4 28.52 30.21 26.42 28.64 31.25 | 37.01 | 40.51
5 27.01 30.01 32.57 29.56 31.12 | 3958 | 36.43
{ Mean 29.21 2966 37.21 30.09 3160 | 31.19 | 38.30
j.= en 2.39 0.48 573 | 133 | o061 | 154 | 170
Fig.9.1 Total carotenoid variation in the exoskeleton of female
Heterocarpus gibbosus in the different maturity stages
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Table 9.10 Results of ANOVA for total carotenoid variation in the exoskeleton
of H.gibbosus (Female)
Source of Variation __ SS df MS F __ P-value Fecrit
Between Groups 414812889 6 69.13548 10.4708" 4.3E-06 24453
Within Groups 184.874763 28 6.60267
Total 599.687652 34

"sgnificant at 5 % level.



Table 9.11 Total carotenoid variation (ug/g wet wt ) in the exoskeleton of
Heterocarpus gibbosus (Male)

Replications Maturity stages

immature | maturing| spent

1 27.48 36.51 33.56

2 25.55 30.2 32.46

3 26.51 34.61 33.7

4 27.52 33.12 30.59

5 24.53 32.18 34.53

Moan 26.32 33.32 32.97
S.D 1.29 2.39 1.52

Fg.9.2 Total carotenoid variation in the exoskeleton of male

Heterocarpus gibbosus in the different maturity stages
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Table 9.12 Results of ANOVA for total carotenold variation in the exoskeleton

of H.gibbosus (Male)

Source of Variation SS df MS F___ P-value Fecrit
Bet Groups 155.7640933 2 77.88205 24.095* 6.3E-05 3.8853
Within Groups 38.7866 12 3.232217

Total 194 5506933 14

“sgnificant at 5 % level



Table 9.13 Total carotenoid variation (ug/g wet wt ) in the muscle tissue of
Heterocarpus gibbosus (Female)

Maturity stages
Replications immature matur- Hr orange | grey black | Spent
ing berry berry | berry
1 2.96 3.70 2.50 3.7 4.231 470 | 3.95
2 3 3.71 6.56 5.06 4.3 502 | 4.07
3 2.51 4.02 6.17 3.89 4.58 479 | 4.81
4 3 3.91 5.92 3.19 461 536 | 5.01
5 2.81 3.78 4.98 4.1 52 418 ) 317
Mean 286 3.82 523 3.99 4.58 4.81 4.20
SD 0.21 0.14 1.63 0.69 0.38 043 | 0.74
Fig. 9.3 Total carotenoid variation in the muscle tissue of female
Heterocarpus gibbosus in the different maturity stages
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Table 9.14 Results of ANOVA for total carotenoid variation in the muscle tissue
of H.gibbosus (Female)
Source of Variation SS df MS F__ P-value F crit
Between Groups 17.819 6 2.970 5.102* 0.001 2.4453
Within Groups 16.299 28 0.582
Total 34.119 34

*significant at 5 % level.



Table 9.15 Total carotenold variation (ug/g wet wt ) in the muscle of
Heterocarpus gibbosus (Male)
Maturity stages
Replications imm maturing| spnt
1 2.51 2.79 1.98
2 2.93 2.89 2.52
3 2.91 3.76 2.91
4 3.72 271 3.77
Mean 3.02 3.04 2.80
SD 0.51 0.49 0.75
Fig. 9.4 Total carotenoid variation in the muscle of male
Heterocarpus gibbosus in the different maturity stages
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Table 9.16 Resuits of ANOVA for total carotenoid variation in the muscle
tissue of H.gibbosus (Male)
Source of Variation SS df MS F P-value Fcrit
Between Groups 0.14495 2 0.072475 0.2047* 0.81857 4.2565
Within Groups 3.18625 9 0.354028
Total 3.3312 11

Not significant (P>0.05)



Table 9.17 Total carotenoid variation (ug/g wet wt ) in the hepatopancrease of

Heterocarpus gibbosus (Female)

Maturity stages
Replications immature matur- Hr orange | grey | black |Spent
ing berry berry | berry

1 2.00 2.70 11.78 6.10 5.980 584 | 531

2 2.55 3 8.77 9.26 4.63 491 | 7.05

3 2.89 3.5 9.26 5.99 5.96 7.26 | 6.51

4 2.76 4.26 9.54 7.26 6.78 6.94 | 6.74

5 2.61 3.89 10.01 8.01 3.97 429 | 6.04
Mean 2.56 3.47 9.87 7.32 5.46 585 | 6.33
S.D 0.34 0.64 1.16 1.37 1.14 1.27 | 0.68

Fig. 9.5 Total carotenoid variation in the hepatopancrease of female

Heterocarpus gibbosus in the different maturity stages

Table 9.18 Results of ANOVA for total carotenoid variation in the

hepatopancrease of H.gibbosus (Female)

Source of Variation Ss df MS F P-value _ F crit
Between Groups 176.0080403 6 29.33467 28.877° 9.2E-11 2.4453
Within Groups 28.44318967 28 1.015828

Total 204.45123 34

*significant at 5 % level.




Table 9.19 Total carotenoid variation (ug/g wet wt ) in the hepatopancreas of

Heterocarpus gibbosus (Male)
Maturity
Replications | immature | maturing| spent

1 2.90 3.09 1.87

2 279 3.43 2.56

3 317 2.81 3.1

4 287 3.01 284

Mean 293 3.09 2.60

SD 0.16 0.26 0.53

Fig.9.6 Total carotenoid variation in the hepatopancreas of male

Heterocarpus gibbosus in the different maturity stages
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Table 9.20 Results of ANOVA for total carotenoid variation in the hepatopancreas
of H.gibbosus (Male)
Source of Variation SS & MS F___ P-value Fecrit
Between Groups  0.503016667 2 0251508 1995° 0.19167 4.2565
Within Groups 1.134075 9 0.126008
Total 1.637091667 11

*Not significant (P>0.05)



Table 9.21 Total carotenoid variation (ug/g wet wt ) in the ovary of
Heterocarpus gibbosus (Female)

Maturity stages
Replications immature matur- Hr orange | grey | black | Spent
ing berry berry | berry
1 7.16 11.01 28.89 16.24 | 11.530 | 10.98 | 5.19
2 6.85 10.79 26.53 16.73 9.67 988 | 6.17
3 9.24 9.53 26.42 15.42 10.53 | 11.52 | 8.42
4 8.37 10.27 29.01 15.98 7.98 642 | 6.59
5 8.01 11.51 28.56 14.11 12.54 12 7.03
Mean 7.93 10.62 27.88 15.70 | 1045 | 10.16 | 6.68
S.D 0.96 0.76 1.30 1.00 1.75 223 | 1.19
Fig.8.7 Total carotenoid variation in the ovary of female
Heterocarpus gibbosus in the different maturity stages
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Table 8.22 Results of ANOVA for total carotenoid variation in the ovary
of H.gibbosus (Female)
Source of Variation SS df MS 2 P-value  F crit
Between Groups 1571.440243 6 261.9067 134.38* 26E-19 24453
Within Groups 54.56976099 28 1.94892
Total 1626.010004 34

*Significant at 5 % level.



Table 9.23 Total carotenoid variation (ug/g wet wt ) in the gonad of

Heterocarpus gibbosus (Male)
Maturity stages

Replications | immature | maturing| spent
1 4.10 5.18 4.01
2 3.7 5.71 4.85
3 3.83 3.92 3.97
4 4.71 5.02 2.51
Mean 4.09 4.96 384
S.D 0.45 0.756 0.97

Fig.9.8 Total carotenoid variation in the gonad of male

Heterocarpus gibbosus in the different maturity stages
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Table 9.24 Resuits of ANOVA for total carotenoid variation in the gonad
of H.gibbosus (Male)
Source of Variation SS df MS F P-value F crit
Between Groups 2774 2 1.387108 2.434" 0.14282 4.2565
Within Groups 5127 9 0.569694
Total 7.901 11

“Not significant (P>0.05)



Table 9.25 Carotenoid concentration in exoskeleon of important species
of deep sea prawns inhabiting at various depths

species
Replications |A.alcocki A.sanguinea |P.spinipes |M.andaman-H.gibbosus|S.hextii
ensis
1 38.90 74.93 22.18 7.57 33.02 32.28
2 41.82 40.77 29.50 8.02 28.89 35.74
3 32.57 32.38 25.19 7.41 31.38 32.00
4 46.79 59.82 26.85 6.02 32.28 35.00
Mean 40.02 51.98 37.21 7.26 31.39 25.93
SD 5.94 19.13 3.07 0.86 1.80 1.89
Fig. 9.9 Carotenoid variation in the exoskeleton of
different deep sea prawns
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A.sanguinea A.alcocki H.gibbosus P.spinipes S.hextiM.andamanensis
Table 9.26 Results of ANOVA for total carotenoid variation in the
exoskeleton of deep sea prawns
Source of Variation SS df MS F P-value F crit
Between Groups  258628.476 1 258628.5 20.55* 0.0019158 5.3176
Within Groups 100674.816 8 12584.35
Total 359303.291 9

*Significant at 5%




Table 9.27 Carotenoid concentration in the muscle tissue of
of deep sea prawns inhabiting at various depths

species
Replications |A.alcocki A_sanguinea |P.spinipes|M.andaman{H.gibbosus|S.hextii
' ensis
1 5.60 8.92 5.373 21 2.50 3.26
2 6.00 9.07 7.47 3.24 6.56 2.8
3 7.52 8.21 59 2.78 423 475
4 6.50 11 5.87 2.78 4.70 3.99
5 7.52 9.07 5.9 2.78 3.70 3.99
Mean 6.63 9.25 6.15 2.74 434 6.10
| S.D 0.87 1.04 0.80 0.41 1.49 0.75
Fig. 9.10 Carotenoid variation in the muscie of different
deep sea prawns
| 10 1
DES ——
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; species
Table 9.28 Resuits of ANOVA for total carotenoid variation

in the muscle tissue of deep sea prawns

Source of Variation SS df MS F P-value F cnit
Between Groups 338332.639 1 3383326 33.135* 0.0001838 4.9646
Within Groups 102107.888 10 10210.79

Total 440440.527 1

*Significant at 5%



Plate 9.1

A. Carotenoid extract from different maturity stages in the
muscle of Heterocarpus gibbosus (female)

B. Carotenoid extract from different maturity stages in the
hepatopancreas of Heterocarpus gibbosus (female)

C. Carotenoid extract from different maturity stages in the
ovary of Heterocarpus gibbosus.



Chapter 10

AGE AND GROWTH
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10.1 INTRODUCTION

Age and growth estimation form the most fundamental and vital
aspects in the life history traits of a fish species. Knowledge of these
parameters are essential to understand the major positive dynamic forces
acting on the population and forms the basic key to determine the rate of
addition to a fish population over time. The analysis of age structure with
reference to time in aquatic animals provides information on the methods
of assessment of exploited populations (Mergrey, 1989) and as a tool in
studying age and time dependent processes such as growth, mortality
and recruitment variability (Roa and Ernst, 1996). Aquatic vertebrates can
be aged directly with the help of age marks on the vertebrae and other
such permanent hard structures, however, for organisms with out hard

body structures, indirect methods are widely employed.

The growth of crustaceans, as in fishes, vary with sex and
commensurate with the variation of other extrinsic factors such as food
quality, quantity, population density, light, temperature and salinity
(Nandakumar, 1997). Since crustaceans do not possess a bony structure
to mark imprints according to environmental or internal variations to read
age directly, the number of moults and the increase in size determines

the size at any age at each moult. Owing to the difficulty in incorporating
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such phenomena in mathematical models, growth is considered as a
continuous process and it is measured directly as size at age. Hence, all
conclusion on growth presented by various authors represent overall
increments in dimensions in a given period of time which are summations
of individual spurts of growth that have taken place at different moultings

(Dall et al., 1990).

Crustaceans can also be aged by keeping organisms in captivity
(Plaut and Fishelson, 1991; Hill, 1992), by mark recapture experiments
(Campbell, 1988; Taylor and Hoenig, 1990; Fitz and Weigert, 1991;
Somers and Kirkwood, 1991), by physiological correlates of age and by
using mixture distribution analysis of length frequency data (Macdonald
and Pitcher, 1979; Fournier et al. 1991;France et al., 1991, Bergstrém,
1992). Determination of age in deeper water species is not possible in
captivity, whereas tagging and recapturing methods are unreliable owing
to their discontinuous growth and seasonal shedding of exoskeleton
(Garcia and Le Reste, 1981; Hartnoll, 1983). Hence, reliance has
perforce to be placed on methods of analysis of length frequency
distributions suggested by Peterson (1892) in age determination
(Bhimachar, 1965). Indirect estimation of age in crustaceans has been
attempted by a number of researchers from temperate waters. Ettershank
(1983) and Sheehy (1990) correlated the concentration of the pigment

lipofuschin to age by image analysis while Allen and Landry (1984) used
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the ratio of nucleic acid for age determination. Yano and Kobayashi
(1969) and Farmer (1973) reported the increase in the number of
lamellae in endocuticle with age in the deep sea crabs Gaetice depressus

and Nephrops norvegicus.

Moult cycles, synchronization between moutling and reproduction,
berrying in some species and size related growth rates are the main
intrinsic  factors introducing uncertainty into estimates of growth
parameters in deep water crustaceans (Drach, 1939; Passano, 1960;
Aiken, 1980; Hartnoll, 1983 ; Caddy , 1987) . External parameters such
as temperature, hours of day light and food availability may also stimulate
or inhibit growth processes (Venner, 1985). All these aspects have
received considerable attention in species maintained in captive
conditions and in coastal water penaeids grown in pounds (Descouturelle,
1976; Richard, 1978; Emmerson , 1980) and in spiny and clawed lobsters
(Aiken, 1980; Morgan, 1980; Conan, 1985). Nevertheless, individual
growth studies using cultured specimens and free living animais have
added a substantial contribution to the present state of knowledge of
specific growth processes in shallow water crustaceans (Cobb and
Phillips, 1980; Bliss, 1983) and in mid water species (Childress et al.,

1980 ; Childress and Price, 1983) .
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Modal progressions in time series of size frequency distributions
compiled from random samples of research vessels have proved to be
one of the most useful methods of estimating growth parameters in
crustaceans (Sparre et al, 1989). This type of research is extensively
carried out in coastal penaeids (Garcia and Le Reste, 1981), however, in
species dwelling at greater depths, the work is confined to a limited
number of species of commercial interest inhabiting temperate waters,
such as the nektobenthic shrimp Pandalus borealis and the benthic
Norway lobster Nephrops norvegicus (Cessay, 2000; Anderson, 1991;
Stefansson et al., 1994) . Growth of deep-water crustaceans is generally
considered to be slow, chiefly because of the lower temperature and low
productivity of deeper waters (Mauchline, 1972; Gage and Tyler ,1991).
N.norvegicus (Sarda 1985; Mytilineou et al., 1998), Aristeus antennatus
(Orsi and Relini, 1985; Sarda and Demestre, 1987, Demestre, 1990) and
A foliacea (D’onghia et al., 1994) which are inhabiting beyond 400 m and
Liocarcineus depurator (Abelld, 1986), Plesionika edwardsii (Colloca,
2002) and Solenocera membranacea (Demestre and Abelld, 1993)
whose distribution is confined to below 400 m, are some of the most
important commercial species in the western Mediterranean Sea which
were subjected to growth studies . Company and Sarda (2000) estimated
comparative growth patterns of 17 deep-water decapod crustaceans from

the Northwestern Mediterranean Sea. Ohtomi and Irieda (1997) assessed



247

the growth structure of Solenocera melantho while Ohtomi (1997) studied
the growth of pandalid shrimp Plesionika semilaevis from Kagoshima
Bay. Roa and Emnst (1996) studied the age structure of pandalid shrimp
Hetrocarpus reedi from Central Chile where as Dailey and Ralston (1986)
assessed the reproductive biology, growth and mortality of H./aevigatus in

Hawaii.

Though a number of studies on age and growth of penaeid prawns
have been reported from Indian waters (George et al. ,1963; Banerji and
George , 1967; Kurup and Rao ,1974; Thomas ,1975 Nandakumar,1997)

similar information on pandalid shrimps is hitherto not available.

Due to the absence of regular commercial deep sea prawn
landings from Indian coasts and inter alia the lack of regular samples,
studies on age and growth of deep sea prawns of this country became a
very difficult task. However, for the first time in the history of Indian
fisheries, the trawlers of Kerala started deep sea fishing off Kerala coast
since 1999 with an endurance of 5 to 7 days. With the materialization of
commercial deep sea prawn fishery, heavy landings were recorded along
the Kerala coast with dominance of Heterocarpus spp. It is against this
background that an attempt has been made to study the age and growth
of Heterocarpus gibbosus and H.woodmasoni off Kerala based on the

deep sea prawn landings from 250 to 450 m off Kerala coast .
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10.2 MATERIALS AND METHODS

The materials for the study were collected during 2000-2002, from
the commercial deep sea landings at Sakthikulangara, Cochin and
Munambum, the three important harbours of Kerala. Length
measurements of the specimens collected randomly were taken in the
field itself at weekly intervals. There was a data gap from commercial
landings during monsoon months due to the imposition of a ban on
trawling in the EEZ of Kerala and another self-imposed ban due to
inclement weather conditions. However, the specimens collected from
the cruise surveys of the research vessel FORV Sagar Sampada off
South West coast of India in the same period were utilized to bridge the
gap. A total of 2925 males in the size range from 11 to 180mm and 2272
females having 43 to 189 mm TL were used in H.gibbosus while in
Hwoodmasoni, 2114 males with 52 to 143 mm TL and 2641 females
having 41 and 176 mm were utilized for the present study. Total length
was measured from the tip of rostrum to the extremity of teison
(Nandakumar, 1997). Length measurements were grouped into 10mm
class intervals, separately for males and females. As the trawlers from
the three harbours invariably operate in same depth and area along
Kerala coast using similar trawi nets having 16-18 mm cod end mesh size

and since there was no significant difference in the size composition of
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the landings observed at three harbours, the data was pooled and

sequentially arranged for age and growth studies of the two species.

Age and growth of H.gibbosus and H.woodmasoni were estimated
following Von Bertalanffy Growth Formula (Bertalanffy, 1938), which can

be expressed as
L=La[1e-X"Y]

Where L, is the length of fish at age t, La the average asymptotic
length to which the individual grows, K is the growth coefficient which
determines how fast length of the fish approaches La and t; is the
theoretical age of the animal at zero length if it always had growth
according to the above equation. The growth parameters for both sexes
were estimated using ELEFAN 1 (Gayanilo et al.,, 1996). Age length key
at three month interval were computed from ELEFAN 1 and the estimates
of to was made using von Bertalanffy (1934) plot in which the resuits of

regression of -In (1-Lt/La ) against ‘ t * was used to calculate ty as :
to = -a/b.

The estimates of La and K were done using Ford — Walford

method (Ford ,1933; Walford ,1946) which in linear form is given by
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Lt+1=La (1-e-k) +eklLt

Or

Lt+1 = a +bLt

The lengths at age derived were subjected to linear regression and
the results so obtained were used to calculate the growth parameters. La

and K were estimated from the regression equation as follows:

La

a/(1-b)

X
"

-logeb

The time interval used was one quarter (3 months) and therefore,
the K value obtained was multiplied by 4 to get the annual growth

coefficient (K) or curvature parameter.

The growth performance index ¢(phi prime) of both the species of

H.gibbosus and H.woodmasoni were used to compare the growth
perfformance of sexes following Pauly and Munro (1984) which is

sxpressed by the equation:

¢' = |Og1oK +2 lng Le
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Where K is the growth constant expressed in annual basis (yr'1)

and La is the asymptotic length in cm. The equation has proved that the
quantity of phi prime approximately normally distributed within the family

members and generally, its values are around 3 ( Muthiah, 1994) .

10.3 RESULTS
H.woodmasoni

The growth parameters La and K estimated in male and female
population of H.woodmasoni by applying ELEFAN 1 Programme is
presented in Table 10.1. The length frequency data with superimposed
growth curve fitted at highest levels of Rn values in the response surfaces
of males and females of H.woodmasoni are depicted in Fig.10.1 and 10.2
respectively. Appearance of growth curve during October to February
corroborates the possibility of recruitment of a major brood to the

commercial fishery.

The highest Rn values obtained through response surface analysis
was 0.265 for males and the corresponding L« and K are 160.59 and

0.82 while the Rn values estimated for females was 0.343 along with the
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l«= and K 188 and 0.60 respectively. Length at maximum of
Hwoodmasoni was estimated as 158 mm for males and 177mm for

females.

Based on the growth parameters, the von Bertalanffy Growth

equations of H.woodmasoni can be expressed as follows:

Male: Lt = 160.59 (1- exp 22097

Female: Lt = 188 (1- exp _060 (t-0.96) )

The total length of H.woodmasoni worked out (in mm) at trimonthly
age based on the growth parameter arrived at from ELEFAN are given in
Table 10.2 . It was observed that initially the males showed a faster
growth rate than females but the growth slows down after attaining
maturity. By the end of 21 month the length at age of both males and
females were found almost similar in the population, thereafter, the

females grow larger than males.

On applying the Von Bertalanffy Growth Formula in H.woodmasoni
.the males and females attained L« at the age of 7years . However, the
L~ax Observed during the present study is reached at the age of 5 years

in both the sexes and therefore, the average life span of H.woodmasoni is
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estimated as 5§ years at which the males and females attain 157.99mm

and 178.98mm respectively(Table 10.2) .

The phi prime values (¢') used to compare the growth performance
of Hwoodmasoni male and female was estimated as 4.33 each

respectively.

H.gibbosus

The restructured length frequency data with super imposed growth
curve fitted at highest levels of Rn values in males and females of

H.gibbosus are depicted in Fig. 10.3 & 10.4 .

The highest Rn values obtained through response surface analysis
was 0.218 for males with corresponding L« and K are 200mm and 0.73
while the Rn values estimated for females was 0.230 with corresponding
lx and K as 203mm and 0.53 respectively. Lmax Of H.gibbosus was

estimated as 198 mm for males and 197.89 mm for females.

The growth parameters estimated in male and female population of

H.gibbosus by applying ELEFAN 1 Programme is given in Table 10.3. In
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H.gibbosus, the growth curve shows a prolonged recruitment from

November to March as discernible from the data.

Based on the growth parameters, the von Bertalanffy growth

equations of H.gibbosus can be expressed as follows :

Male: Lt=200(1-exp - (0-%8))

Female: Lt= 203 (1_ exp _0-53 (t-0.86) )

The total length (in mm) at different age (in months) calculated for
H.gibbosus based on tri monthly age length are given in Table 10.4. The
males and females attained 104.75 and 85.63 mm during the first year
while during second year they attained 154.56 and 133.91 mm
respectively, thus showing a slower growth rate in females when

compared to their male counterparts.

Length (in mm) at age (in years) as computed for males and
females of H.gibbosus are given in Table 10.4. The average life span of
males was estimated as 5 years during when the animals reached Lnax of
195.44mm. Females showed a greater longevity than males, attained
Lnex at the age of 7years with a length of 198.60mm. The L« was

observed at the age of 8 years when the animal reaches 200.53mm. The
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phi prime values (¢' ) of H.gibbosus was found to be 4.47 for male and

4.34 for females.

10.4 DISCUSSION

H.gibbosus and H.woodmasoni belonging to the pandalid shrimps
constitute the major component of the exploited deep-water fisheries of
Kerala in recent years. These shrimps have attracted considerable
scientific interest mainly because of their export demand and reproductive
strategy. Information on resource characteristics of these stocks, such as
growth and age structure are of paramount importance in conservation
and management of stock and also for their sustainable exploitation.
Knowledge on the age structure enables us to see the age composition
of the individuals constituting the exploited stock, thereby imposing

corrective measures if required for their rational exploitation .

In the present study, a preliminary attempt is made to estimate the
growth parameters and age structure of both male and female population
of H.gibbosus and H.woodmasoni. The results of this study would give
some idea about the rate at which the new recruits are added to the
exploited stock, whereby the fishing effort can be regulated at sustainable
levels. Though voluminous studies on age and growth of wild population

of penaeid prawns have been carried out in the Indian waters (Menon ,
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1955; George et al., 1963; Banerji and George , 1967, Kurup and Rao
1974; Thomas ,1975; Ramamurthy et a/.,1978 ; Lalitha Devi , 1986; Rao
i al.,1993) based on length frequency, no such studies on pandalid

shrimps have ever been attempted in the Indian context.

Fitting the von Bertalanffy Growth equation based on ELEFAN |
Gayanilo et al., 1996) showed that the Lx values arrived at in males of
oth the species were on a lower side when compared to their female
sounterparts. High values of asymptotic length arrived at in females when
sompared to males has already been reported in other pandalid shrimps
and this is in agreement with Dailey and Ralston (1986), Ohtomi(1997)
and Colloca (2002) . In contrast, the K values of males were on a higher
side than females in both the species. In the present study , K values
vorked out in males and females of H.woodmasoni were 0.82 and 0.60
respectively while the same in  H.gibbosus were 0.73 and 0.53
respectively. Roa and Ernst (1996) observed a low CL«x value in males
(CLx=40.68mm) than females (CLx=48.34mm) based on the carapace
iength whereas the k (yr'') was found to be higher in reported that in the
pandalid shrimp H./aevigatus from Hawaii Islands , CLx of male was 17
while that of female was 19.20mm . According to Company and Sarda

(2000), the growth coefficient values were in the range between 0.40 and
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094 in 5 pandalid species Plesionika heterocarpus, P.edwardsii,

P.giglioli, P.martia and P. acanthonotus from the Western Mediterranean.

The Lmax recorded with regard to both the sexes of H.woodmasoni
were far below when compared to the corresponding L« values. In
H.gibbosus also, lower Lnax values were arrived at than the Lx, and
present findings are well conforming with the equation L = Liax /0.95

(Pauly ,1982).

The results of the present study revealed that there exist
differential growth between males and females, especially from second
year onwards during when females growing faster than males, thus
attaining larger length at age. Length attained by males and females of
H.gibbosus in the present study are 90.52 mm and 80.37mm respectively
at the end of 12 months while the same in H.woodmasoni are 104.75mm
and 85.63mm respectively. In the females of H.gibbosus, the growth is
found to be slower than males in the lower age groups, but attains more
weight in higher age groups. In H.woodmasoni also, after the initial
retarded growth, the females become more massive than males at later
ages, attained 132.61mm by the end of 2™ year while the males attained
only 130.16mm during the same period. The difference between sexes is
counterintuitive in the sense that females are expected to be smaller due

o the need to allocate energy for reproductive purpose except for
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protandric  hermaphrodites. However, both H.woodmasoni and

H.gibbosus are exceptions to this situation.

In both the species, there is the possibility a single prolonged
recruitment pulse every year starting from October to February for
H.woodmasoni and November to March for H.gibbosus, suggesting that
they are continuous breeders. However, lack of adequate data during
monsoon months poses great difficulty to ascertain the exact duration of

spawning of this species .

The length at maximum of H.woodmasoni observed was 157.99
mm in males and 178.95 mm in females when they completed longevity
of around 5 yrs. The L max Of H.gibbosus was estimated as 195.44 mm at
the age of 6 yrs for males and 198.60 mm at 7 yrs for females, thus
showing a higher longevity in females. Based on the above data, the
longevity of the above two deep sea prawn species was found to be two
times more than the coastal shrimps. In view of their slow growth rate, it
can reasonably be inferred that the time required for their recruitment to
the usable stock will be at least two times more than their counterparts in
the coastal waters. Roa and Ernst (1996) estimated the average life span
of H.reedi as 5 to 7 years with the females growing massive in size than
males of the same length at late ages. Present findings show very strong

agreement with the above observations. Slower growth rates were also

*
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reported in other deeper water prawns as well. Rasmussen (1953)
observed the longevity of P.borealis as more than 6 years in which the
sex change of animals takes place after one to three years of life span
depending upon the water temperature whereas Anderson (1991)
reported the complete transformation of the species from males to
females at the age of 6.4years in Alaskan waters. The life span of deep
aristeid shrimp Aristaeomorpha foliacea was estimated to be about 7-8
years in females and 5-6 years in males from the north western lonian
sea ( D’'onghia et al.,1998) and they showed a faster growth rate for the
first two years, but decreases sharply thereafter, registering very low
growth rates in subsequent years. Ohtomi and lrieda (1997) studied the
growth rates in the deeper water prawn Solenocera melantho from
Kagoshima Bay wherein the females grow faster and reach larger size
than males of the same age group. Omori (1974) reported both greater
longevity and lower growth rates in the bathypelagic decapod
crustaceans Acanthephyra sanguinea and A.quadrispinosa based on the
length frequency data. Massuti et al. (1995) also reported similar pattem
of growth and longevity in the deep sea fishes of the family Macrouridae

from Western Mediterranean Sea.

The growth performance index in the present study was worked
out to be 4.3 for both the sexes of H.woodmasoni and 4.47 for males and

4.34 for females of H.gibbosus, thus showing a significant skewness from
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the ideal value of three as reported by Muthiah (1994). Nevertheless, the
Growth Performance Index was very similar for females and males of
both the species, which indicates that the two sexes follow more or less
the same growth model (Pauly and Munro, 1984). Available report
(Childress et al., 1980) suggested that in deep sea shrimps Sergia
robusta and Pasiphea multidentata, despite of their larger size and longer
life span , these deepest dwelling meso pelagic species showed higher

phi prime values than the shallower dwelling species.

Annual growth rates of deep sea organisms have largely been
considered to be slower than those of their shallow water counterparts
and low water temperature and low food availability are attributed as the
major factor responsible for slow growth rates (Mauchline 1972; Gage
and Tyler , 1991) . Availability of food and prevailing water temperature
are the two main environmental factors affecting growth rates of deep sea
prawns (Venner, 1985). In crustaceans, the amount or quality of food and
the water temperature influence the duration of the inter moult period and
the moult size increment and these extraneous factors cause either
increase or decrease in growth rates (Hartnoll, 1983). Rich food supply
and water temperature seems to be the factors mainly responsible for the
higher growth rates of tropical penaeids in the coastal waters
(Nandakumar , 1997) . According to Suseelan (1985), the abundance of

H.woodmasoni and H.gibbosus in Arabian Sea are strongly related to the



261

prevailing water temperatures, temperature of 10.5°C to 14°C to the
former and 10.5°C to 13.5°C to the latter. The slower growth rates
observed in two deep sea prawn species when compared to that of
coastal penaeid shrimps can well be attributed to the low water

temperature prevailing in the deeper waters (Refer chapter 3 for details).

The present findings have immense application in the
management of the fishery of deep sea prawns, which need to be done
on a regional basis. The new deep-water resources must be exploited by
exercising utmost care, giving due emphasis to their slow growth rate.
While designing a strategy for regulated exploitation, it should be
remembered that deep water species generally have low levels of
tolerance towards exploitation in terms of long term sustainable fishery. In
this context, it is fundamental to establish and impose critical measures to

reduce the risk of over exploitation.



10.1 Growth parameters of males and females of
Heterocarpus woodmasoni by the method of ELEFAN |

Sex Lg(mm)h.c {mm K Rn to o
Male 158 160.592| 0.82 0.265 0.97 433
Female 177 188 0.60 0.343 0.96 433
10.2 Length at age of Heterocarpus woodmasoni
Age in months Mean total length (mm)
Mailes Females

0 0.66 0.99

3 29.86 26.71

8 54.43 49.12

9 74.38 68.61

12 80.52 85.37

15 103.25 99.49

18 113.94 111.78
21 122.66 122.48

Age in years Mean total length (mm)
Males Females

1 91.51 87.19

2 130.18 132.61

3 147.18 157.62

4 154.69 171.39

5 157.99 178.98

6 159.45 183.16

7 160.08 185.45




10.3 Growth parameters of males and females of
Heterocarpus gibbosus by the method of ELEFAN |

Sex LL,,(mm)TL@ {mm K Rn to ]
Male 193 200 0.73 0.218 0.98 4.47
Female 197.89 203 0.53 0.230 0.86 434

10.4 Length at age of Heterocarpus gibbosus

Age in months Mean total length (mm)
Males Females
0 0.35 0.58
3 33.31 28.01
6 61.68 49.68
9 85.22 68.85
12 104.75 85.83
15 120.47 100
18 134.01 11275
21 145.24 124.04
24 154.56 133.91
Age in years Mean total length (mm)
Males Femalies
1 105.68 91.78
2 154 94 137.48
3 178.61 164 .46
4 189.98 180.39
5 195.44 189.78
6 198.07 185.33
7 199.33 198.6
8 200.53
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Chapter 11

POPULATION DYNAMICS
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11.1. INTRODUCTION

Owing to lucrative price, higher export value and heavy demand
from the worlds major seafood markets, the deep sea prawns have
gained a prime position among the exploited marine fishery resources of
Kerala with in a short span of three years. Indiscriminate exploitation
patterns such as exerting 80% of the total fishing efforts in the inshore
waters coupled with over-dependence in shrimp trawlers have adversely
affected the stocks of costal penaeid prawns, resulted in their stock
depletion (Devaraj and Vivekanandan, 1999). This situation has tempted
the shrimp trawlers to shift their area of operation to increasingly deeper
parts of the oceans targeting deep sea prawns during late 90's. However,
the shrimp trawlers carried out the fishing for deep sea prawns almost on
par with the coastal shrimps, regardless of the stock size and
regeneration capability of the former groups. Besides, their unique
biological features such as low fecundity, sexual segregation and slow
growth rates make them vulnerable to high and uncontrolled levels of
fishing pressures in the deeper waters of Kerala. As a result, the total
deep sea prawn landings showed a drastic decline from 48675t in 2000-
01 to 19285 tonnes in 2001-02, thus registering a reduction to the tune of
60.35% in the total deep sea prawn landings of Kerala (refer chapter 5 for

details) .
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It would thus appear that enforcement of strict management
measures is warranted for the sustenance of the stock of deep sea
prawns. For adoption of successful management practices, knowledge on
the dynamics of fish population is essential to understand the stock
position from time to time, which is the net result of various dynamic
forces acting on the population. This information is vital in regulating the

exploitation level of the stock as a measure of conservation.

The earlier attempts to estimate stock assessment of crustaceans
were mostly on penaeid prawns which restricted to the study of mortality
rates based on tagging experiments (Lindner and Anderson , 1956; Klima
, 1965; Kutkunh , 1966 ) and catch composition ( Neal , 1968; Berry ,
1970; Garcia , 1977 ; Jones and Van Zalinge , 1981 ; Pauly ef al.,1984) .
Studies on the population dynamics of deep sea prawns are very scanty
and are confined to a few species viz., Aristeomorpha foliacea and
Aristeus antennatus (Yahiaoui, et al, 1986; Orsi and Relini , 1988 ;
Demestre and Martin , 1993; Yahiaoui , 1994; Ragonese and Bianchini ,
1995; Ragonese et al. ,1994; Spedicato et al.,1994; Donghia et al. ,1998),
Pandalus borealis (Anderson , 1991; Bergstrom ,1992 ; Cessay ,2000)

and Heterocarpus laevigatus (Dailey and Ralston, 1986) .

Studies on the dynamics of population of marine prawns of indian

waters were confined to coastal Penaeid and Solenocerid prawns.
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Notable works among them are on Penaeus spp. (Banerji and Geroge |,
1967, Kurup and Rao ,1974; Lalitha Devi ,1986; Rao,1988;Rao et al.,
1993) Metapenaeus dobsoni ( Ramamurthy et al., 1978; Alagaraja et al .,
1986; George et al, 1988) , Parapenaeopsis stylifera ( Ramamurthy
1980; Alagaraja et al. ,1986; Suseelan and Rajan , 1989; Geroge et al.,
1980) M.monoceros ( Lalitha Devi , 1987 , Rao , 1984) , Solenocera
crassicornis ( Chakraborty et al.,1997) and P.merguiensis (Bhadra and

Biradar, 2000).

Information on the dynamics of Heterocarpus gibbosus and
H.woodmasoni from any part of the world is not available. Against this
background, a maiden attempt is made to estimate the mortality
parameters and stock assessment of two most commercially important

species Heterocarpus gibbosus and H.woodmasoni off Kerala coast.

11.2. MATERIALS AND METHODS

The detailed methodology is described in chapter 10 on age and
growth. The materials used for age and growth and population dynamics

are same. For the estimation of total instantaneous rate of mortality
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coefficient (Z), among the various methods available, the following four
methods were employed in the present study.

1. Beverton and Holt method (1957)

Z=KLa-L

L -L

Where L is the mean length of prawn of length L' and larger. L' is
the lower limit of the size group from which length upwards, all lengths

are under full exploitation.

2. Ssentongo and Larkin method (1973)
n 1

n+1 §¢-yc

where y =-log (1-I1)
yc =-log (1-lc/l)
; = fy/f where n=f , n+1 = f+1
yc = corresponding Ic value
n = number of prawn caught from yc
onwards

| =mid length
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3. Length converted catch curve method (Gayanilo et al.,1996)
In(Nitiy=a+b t
where N = number in length class i
t = time needed to grow through length class i
t = the age corresponding to the mid length class
i
( relative age computed withty = 0)
b = estimate of Z when sign altered.
4 Pauly's pile up method (1983)
Log e (Nt/t) = a-bt*
Z=-(-b).t*=t; + % t
t = 1/k loge (L-L1)I(L-L2)
ts = "k loge "V
where | = lower limit of length class
t, = relative age corresponding to lower limit of length class
t*= relative age corresponding to the mid length of length-class
Nt = Number of individual caught at time ‘t'.
To estimate natural mortality coefficients the following three
methods are employed:

1. Rickter and Effanov method

M=1521(t,~ 0.72)-0.155



267

Where t, is the age at which 50% of the population is

mature.

2. Sekharans’ method ( t max method ) (1975)

M= ~ (In0.01)

t max

Wheret max = 3/K

tmax is the age at Imax assuming that 99% of fish in the exploited
population die when they reach tmax Or the longevity of the prawn stock in
question.
3. Pauly’s empirical method

Pauly (1980) developed an empirical relationship between La , K

and mean sea surface temperature (T) and natural mortality as :

Logio(M) = -0.0066-0.279log10La+0.6543 log 10K + 0.4653 log1oT
La = asymptotic length (in cm)
K = annual growth coefficient

T = mean sea surface temperature in °C.

The annual mean temperature of sea in which deep sea prawn

stock lives is taken as 12°C based on the present study (refer Chapter 3)
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Fishing mortality estimation

Instantaneous rate of fishing mortality rate (F) was estimated by

simple expression

F=Z-M

Stock assessment

For the purpose of stock assessment studies, the following

parameters are considered:

Jones’ (1984) length based cohort analysis

In Jones' length cohort analysis , an assumption is made that the
picture presented by all size (age) classes caught during one year reflects
that of a cohort during its life span. This length base cohort analysis is

written as

N(L4) = [N(L2) X (L1,L2) + C (L4,L2) 1 X (Ly.L2)

Where N (L) = the number of fish that attains length L,

N (L2) = the number of fish that attains length L,
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C (L4,L2) = the number of fish caught of length between L,
and L,

X(Lila) = ((La-lz ¥ (La-Ly)) M

The exploitation rate is determined from the relationship

FIZ =C (L1,L2) /(N (L1)-N(L2)

The fishing mortality was calculated using the formula F=
M(F/Z)/(1-F/Z). In above equations La and K are growth parameters of
VBGE , L1 and L2 are lower and upper limits of the length group
considered ,N is the stock number , C is the number caught , F and M are

fishing and natural mortality coefficient respectively.

Exploitation rate (U)

The rate of exploitation (U) is defined as the fraction of fish present
at the start of a year that is caught during the year (Ricker , 1975) . It is
estimated by the equation given by Beverton and Holt (1957) and Ricker

(1975) as
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F
Uu = — (1-e%)
Z

Exploitation ratio (E)

it refers to the ratio between fish caught and the total mortality
(Ricker , 1975) or the exploitation rate or the fraction of deaths caused by

fishing (Sparre and Venema , 1992) and estimated by the equation

The ratio gives an indication whether a stock is over fished or not ,
under the assumption that the optimal value of E equals to 0.5 which in
tum is under the assumption that the sustainable yield is optimized when

F=M ( Gulland ,1971).

Recruitment patterns

The method described by Pauly restructures the recruitment
pulses from a time series of length frequency data to determine the
relative strength and number of young ones per year. It involves
backward projection of length frequency in time series as defined by Von

Bertalanffy growth function( Bertalanffy , 1938) .
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11.3. RESULTS

11.3.1. Mortality coefficients

The growth parameters of H.woodmasoni estimated are: males La
-161mm, K - 0.82 yr' to- 0.97 ; females Lo - 188mm , K- 0.60 yr' .ty -
0.96 ( refer chapter 10 for details).The total mortality coefficients of male
and female population of H.woodmasoni are given in Table 11.1. The Z
values caiculated by different methods in males varied from 2.77 to 8.30 .
Beverton and Holt method gave the lowest value while the estimate by
Jones and Van Zalinge was the highest. In females, the lowest Z value
was estimated by Pauly’s pile up method while the highest was obtained
by Jones Zalinge method . Since the Z values obtained were not closer to
each other, the Z estimate was calculated from the average of the 3

methods, which were taken for further analysis.

The natural mortality coefficient values estimated by different
methods in males and females of H.woodmasoni are given in Table 11.2.
In females, the values were 1.37 by Rikhtor and Effanov method , 0.92 by
Sekharan's method and 1.19 by Pauly's empirical formula . While in
males, the estimated M value was maximum by Rikhtor and Effanov

method (1.37), followed by 1.19 by Pauly’'s empirical formula and 0.92 by
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Sekharan's method. The average values were taken in males and

females for further analysis .

Between the two sexes studied, the total mortality was obviously
high in females. On the contrary, the natural mortality was slightly higher
in males than females. The mortality due to fishing (F) is estimated as
343 in females and 1.73 in males of H.woodmasoni, which were far
exceeded the natural mortality, which is indicative of heavy exploitation

level of H.woodmasoni, especially in female population.

The growth parameters of H.gibbosus used for stock assessment
studies are : males La - 200mm , K- 0.73 yr' t; - 0.98 ; females La -
203mm , K - 0.53 yr'' t, - 0.86 (refer Chapter 10 for details). The total
mortality (Z) and natural mortality (M) of male and female population of
H.gibbosus are given in Tables 11.3 and 11.4. Amongst the mortality
rates , the M value obtained in females by Jones Zalinge method
appeared as the highest (5.17) while it was lowest in Pauly's pile up
method . In males also, the lowest M value was estimated by the same
method (2.65) while it was highest while estimating with Beverton and
Holt method (6.88). The natural mortality estimates based on Pauly's
empirical formula were lower in males and females with 1.10 and 0.81
respectively. Whereas the highest M values were estimated based on

Rikhtor and Effanov method. It would thus appear that the values of Z and
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M estimated using different method for H.gibbosus were not closer, and
therefore the average was computed and used for further analysis .
Among the two sexes studied . the Z and M values were glaringly high in
males and in compliance with this , the F value was also apparently high
in male population when compared to their counterparts , being 3.91 in

males against 2.47 for females.

11.3.2. Exploitation rate (U) and Exploitation rate (E)

The exploitation rate (U) in males of H.woodmasoni was 0.5311
while the exploitation ratio (E) was 0.5563. Whereas in females, the U

and E values were 0.7389 and 0.7468 for the period 2000 -02.

The exploitation rate of male H.gibbosus was estimated at 0.7483
while the exploitation ratio was 0.7527. In females, the U and E values
were estimated to be 0.6747 and 0.6950 respectively during the study

period.

11.3.3. Recruitment patterns

By pooling the annual length frequency for the two years, the
recruitment patterns were determined in males and females of
H.woodmasoni separately as depicted in Fig. 11.1 and 11.2. The

recruitment pattern in male H.woodmasoni showed the entry of two
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distinct modes to the usable stock, one major mode added to the stock
during March to April , contributed 33.29% of the recruitment to the
fishery while the second minor mode was observed in September
(16.57%) . Similariy, in females also, recruitment of two modes to fishery
was evident, 2 major one in March and a minor one in July, contributed
up to 11.25 and 20.03 % respectively. It is noteworthy to mention that
though the species is characterized by a continuous reproductive activity,
it exhibited a prolonged breeding peak starting from October to April when
60% of the females belonged to both mature and ripe stages (refer
Chapter 8) .in H.gibbosus , a major mode was discernible during July and
August followed by a smaller one in February in male while in female a
minor mode was observed during December to February followed by a

major mode in July (20.39%) (Fig. 11.3 & 11.4).

11.3.4. The relative Yield /Recruitment Model ( Y'/R)

The Le/L< and M/K used for the Y'/R analysis of H.woodmasoni
were 0.56 and 1.69 in males and 0.51 and 1.93 in females respectively.
The yield per recruitment reached a maximum at an exploitation rate of
0.839 (Emax) and with the further increase of exploitation rate the Y'/R
decreases. Fig .11.5 showed that the present level of exploitation has
exceeded the optimum exploitation rate (0.5) in male H.woodmasoni .

The E-p y was estimated as 0.761 while E o5 was 0.382.
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In females of H.woodmasoni, Emax Was observed as 0.791. From
Fig.11.6 , it appears that the present exploitation rate (0.74) has
significantly exceeded the optimum exploitation rate (0.5). The females
are subjected to overexploitation when compared to their male
counterparts in the population. The E- ¢ in females was estimated as

0.713and E _¢s5 as 0.367 .

Results of the length converted cohort analysis revealed that in
males and females, specimens in the length groups 50-60mm and above
were vulnerable to exploitation, however, heavy exploitation of the length
class 80-90 mm was quite discemible. The fishing mortality there after
showed a steep increase in males. In females also, the exploitation
started from the length group 50-60 mm onwards which attained peak at
70-100 mm length class. The fishing mortality showed a gradual increase
up to 90-100 mm, however, it become steady henceforth (Fig. 11. 7 & 11.
8).

The Lc/La and M/K used for the Y'/R analysis of H.gibbosus were
0.57 and 1.73 in males and 0.57 and 2.05 in females respectively. In
males and females, Enax was observed at 0.791and 0.933 respectively. In
the males, the present exploitation rate (0.748) has significantly exceeded
the optimum exploitation rate (0.5) (Fig 11.9). Thus, it can be concluded

that the males of H.gibbosus are subjected to overexploitation in the
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population. The E-p1 in males was estimated as 0.812 and E 5 as

0.386.

Fig.11. 10 shows the exploitation level of females, which indicates
that the present exploitation rate, U (0.675) was higher than optimum
exploitation level, 0.5. The E-, was estimated as 0.852 and E 5 as

0.388.

Results of the length converted cohort analysis are depicted in Fig
. 11. 11 & 11.12. In male population of H.gibbosus , specimens below
50mm are not vulnerable to exploitation, however, the exploitation above
60 mm showed a gradual increase attaining peak exploitation between 90
and 120 mm. The fishing mortality was invariably high in the size groups

90-130mm.

Among females, the specimens in the length group 70-80mm and
above were vulnerable to exploitation; however, heavy exploitation was
discemible at 90-110mm size groups. The fishing mortality was found to

be increasing from 90mm onwards with peak in 100-110mm size groups.

11.4. DISCUSSION

Even though very few studies on the stock assessment of pandalid

shrimps had been attempted at temperate waters, the same with
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reference to Indian Ocean region are totally lacking. Furthermore , no
attempt has so far been made from any part of the world to estimate the
stock assessment of H.gibbosus and H.woodmasoni. In India, the studies
on population dynamics were done only on coastal water penaeid
prawns, however, the recently started deep sea prawn fishery off Kerala
enabled in carrying out a maiden study on the dynamics of the deep

water pandalids of Indian waters.

In the present study, analytical models working with concepts such
as mortality rates and individual growth rates have been used to get
reliable assessment of H.gibbosus and H.woodmasoni stocks. The total
instantaneous rate of mortality, Z was estimated with the help of four
methods viz., Beverton and Holt method, Ssentongo and Larkin method,
Length converted catch curve method and Pauly's pile up method using
the length frequency data of two years (2000-02). In H.woodmasoni, the Z
value was estimated to be 3.12 and 4.58 respectively for males and
females while in H.gibbosus, it was high in males (5.18), in contrast, the

value was low in female with 3.56.

For estimating natural mortality coefficient, Rickter and Effanov
method, Sekharans’ method and Pauly's empirical method were
employed in the present study, however, the regression of Z against effort

(Sparre and Venema, 1992) has not been attempted for mortality
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estimation due to the practical difficulty in apportioning the fishing effort
for a single species alone in the context of multi species complexity of
deep sea prawns harvested off Kerala. Moreover, as natural mortality is
influenced by several biological and environmental parameters, it is
difficut to get an accurate estimate (Pauly, 1982; Cushing, 1981) .
Further, it is also related to other growth parameters like La (Sparre and

Venema , 1992) and maturity (Rikhtor and Effanov , 1976) .

The natural mortality (M) in H.woodmasoni and H.gibbosus can be
explained following Gulland (1969) who related natural mortality to age
and size, as larger fishes generally would have less rate of predation.
Since M is linked to longevity and the latter to growth coefficient K, M/K
ratio is found constant among closely related species and sometimes
within the similar taxonomic groups (Beverton and Holt, 1959). M/K ratio
usually ranges from 1 to 2.5 ( Beverton and Hoit , 1959).In males and
females of H.woodmasoni , the M/K ratio arrived at by all the three
methods were found to be within the known limits. It may, therefore , be
inferred that the estimation of M following all the three methods in both

the sexes were appeared to be reasonable in H.woodmasoni.

In the present study, the M/K ratio obtained for males H.gibbosus
by the three methods were found to be with in known limits of 1-2.5 while

in female also similar results could be apparent barring the method of
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Pauly’s empirical formula. it may, therefore, be inferred that the estimates
of M following all the methods were appeared to be reasonable and

acceptable in H.gibbosus with an exception as mentioned above.

The fishing mortality rate (F) in the females of H.woodmasoni
was found to be very high (3.42) when compared to males (1.73) . The
exploitation rate and exploitation ratio were also found to be far higher in
females when compared to their male counterparts. The sex ratio
analysis of the exploited stock of H.woodmasoni indicated that the
females were represented far in excess of males during 2000-01 and
2001-02 with a male to female ratio 1:1.62 and 1:2.04 for the first and
second years respectively. In addition, the peak occurrence of berried
females could also be encountered coinciding with the peak fishing
season during when the percentage of ovigerous females in the total
female populatio