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Fishes constitute slightly more than one half of the total number of
approximately 54,711 recognized living vertebrate species of the world.
Flatfishes represent an interesting and diverse order of marine, estuarine
and to a lesser extent, freshwater euteleostean fishes. They are common
species in most marine fish assemblages right from the poles to the tropics.
Flatfishes captured in tropical fisheries are often not identified even to
genus or family level rather, much of the catch is merely identified as
“Pleuronectiformes”; 54-80% of the total landings of tropical flatfishes
consist of unidentified species. For flatfishes inhabiting tropical seas,
despite recent progress, considerable diversity is still being discovered and
the taxonomy of many tropical flatfishes remains especially problematic.
Failure to identify species, and erroneous species identifications, still
represent serious impediments to collection of meaningful data for many of
these smaller species. Work on Indian flatfishes has been scattered over the
time period and ample scope exists for a study on the diversity of the
group. Based on the present collections from different parts of South India
and Andaman Islands during the period 2004 - 2010, 63 species of flatfishes
belonging to 8 families and 26 genera have been collected. The most
speciose family was Soleidae with 9 genera and 17 species, followed by
Bothidae with 9 genera and 14 species and Cynoglossidae with 2 genera
and 13 species. Family Bothidae had representations from deep sea. New
distributional records were Aserraggodes kobensis and Brachirus annularis for
the Indian waters. Psettodes erumei a major resource in the flatfish fishery
has virtually been absent in the landings except for stray numbers in large
trawlers off Mangalore. The study points out the decline of the resource off
South India. This calls for immediate steps to device steps to protect and
preserve this species. New emerging resources in the fishery are Synaptura
commersoniana in the estuarine landings off Kochi. Occurrence of
Pardachirus pavoninus, Heteromycteris oculus and Paraplagusia bilineata in the
‘rollermadi’ landings at Pamban point to the existence of these ornamental
varieties in the Gulf of Mannar.

Key words: Pleuronectiformes, flatfish, taxonomy, diversity, India



Fishes constitute slightly more than one half of the total number
of approximately 54,711 recognized living vertebrate species of the
world (Nelson, 2006). There are descriptions of an estimated 27,977
valid species of fishes compared to 26,734 tetrapods. (Nelson, 2006).
Flatfishes represent an interesting and diverse order of marine, estuarine
and to a lesser extent, freshwater euteleostean fishes. They are well
known organisms as they occur in all the world’s oceans, and are
represented by a large number of species and genera and in some
regions, their populations are sufficiently large to constitute major
fishery resources. Gastronomy apart, the layman’s curiosity is aroused
in flatfishes not only by the unusual flattened shape, presence of both
eyes on the same side of the head, but also by the remarkable ability to
match the colour and pattern of their background and to bury
themselves in the sediment. Fishes have been exploited using a wide
variety of gears from various depths and in all sizes leading to heavy
recruitment overfishing as well as growth overfishing. As a
consequence, man has now realized that conservation of this resource is
a needed agenda of this century to preserve the varied species for
posterity. Tropical seas are the largest marine biomes of the world and
on these waters from a depth of 30 — 100 m subsist a major portion of
the coastal population for their livelihood. In this area are found diverse
assemblages of marine fish, among them are the flatfishes in a variety of
forms and extreme length ranges. In tropical areas, flatfishes occur in a
variety of habitats including mangrove estuaries and adjacent mudflats,
in seagrass beds and on mud bottoms. The majority of flatfishes
inhabiting the Indo-Pacific region, especially species of Bothidae,
Samaridae, Poecilopsettidae, Soleidae and Cynoglossidae are relatively
small fishes generally not of commercial importance. Other tropical
flatfishes, especially larger species (Psettodidae and some
Paralichthyidae, Cynoglossidae, Soleidae and Bothidae), are captured
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on a regular basis in tropical fisheries and for these, better (although still
limited) taxonomic and ecological data are available. (Munroe, 2005).
For the other groups limited taxonomic information is available.
Although tropical flatfishes are frequently caught, are species rich and
even sometimes numerically abundant, most are thin bodied, small
sized species reaching only to 30-40 cm total length Of the 3.3 million
tonnes of marine fishes landed in 2010, flatfishes accounted for 43682
tonnes (1.4%) which was less than the previous year by 1962 tonnes
Landings of flatfishes have been on the increase in India due to
improvements in gear and craft. (CMFRI, 2011). Flatfishes landed in
tropical fisheries are taxonomically different and significantly more
diverse than those of temperate areas, a situation typical of tropical
demersal fish communities in general (Longhurst & Pauly, 1987).
Worldwide, considerable work on flatfishes has been done; starting
from 1758 to 2006, a steady increase has been noticed in the number of
flatfishes newly reported and described. Views on flatfish diversity have
helped to clarify issues and directions where additional research is
needed to better understand the diversity, evolution, biology and
biogeography of these fishes. With accumulation of new systematic
information including species discoveries, improved species diagnoses
and phylogenetic hypotheses — the reliability of information regarding
species diversity and geographical distributions will also increase. For
flatfishes inhabiting tropical seas, despite recent progress, considerable
diversity is still being discovered and the taxonomy of many tropical
flatfishes remains problematic. Failure to identify species, and erroneous
species identifications, still represent serious impediments to collection of
meaningful data for many of these smaller species. Though there has
been scattered works on Indian flatfishes, a detailed work on the flatfishes
and their availability has been lacking in India. Hence work on flatfishes
on these lines demand utmost attention in the present world and is
taken up in the present study with the objectives.
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1) Detailed morpho-meristic studies on flatfishes available in
South India.

2) Distribution pattern of flatfishes in the world and in India.

3) Description of new distributional records in India if any.

The work is presented chapter-wise for easy understanding.

Chapter I deals with scope and importance of the work and
specific objectives. The first part of the work deals with the present
status of the world marine capture fisheries, world flatfish fisheries,
importance of the finfish taxonomy and the evolution of the fish
taxonomy in India. The importance of the present work in the context
of Indian taxonomy and the objectives of the present study are also

presented in the chapter.

Review of all previous literature from Peter Artedi (1705-1735 A.D)
to the present year is presented in Chapter II. Revisions on revisions of
certain families and genera, phylogeny of the pleuronectid fishes,
classification and larval morphology, intra-relationships of the flatfishes,
life history stages of flatfishes, species distribution, distribution pattern of
larvae and adults, spawning and fecundity of flatfishes, biology and other
aspects of flatfish stock assessment and growth are also presented. A
review of methods of interpretation and analysis of morphometric data in

relation to phylogeny is also given.

Chapter III deals with Materials and methods employed in the
present study. Details of survey locations, methods of collection,
transport, preservation are explained. Proforma for meristic and
morphometric data collection as well as methodology of collection is
given in detail. Full details of taxonomic terms used in the text are
explained. Details of analysis methods, mode of preparation and
presentation of description is also included. Diagrammatic
representation of the morphometric characters is also presented.
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Results are presented in detail in Chapter IV. The Order
Pleuronectiformes is classified following Nelson (2006) and results
are presented in three major suborders. Discussion is presented
familywise with subsections of each genus and species collected. The
discussion on the taxonomic review is presented along with the
description of each group. The variation in scale morphology among
different species of the flatfish families studied is also presented.
Details of new distributional records, phylogeny of major families
are presented as subsections. A key to the identification of all species
collected is provided family wise.

Chapter V deals with the discussion of the results. Present status
of flatfish records in India, distribution pattern, changes in the present
distribution pattern, reasons for decline of Indian halibut fishery,

conservation strategies and results of phylogeny are also discussed.

The last part of the thesis deals with Conclusion were highlights
and future strategies are presented in bullet points. In Bibliography all
references cited in the text are mentioned. List of Tables, Figures and
Plates, Terms used and Abbreviations mentioned in the Thesis are
also presented. Publications from the work are also attached.
References cited in the synonym table and distribution are not listed as

they are explained in detail in the respective sections.
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Fishes constitute slightly more than one half of the total number
of approximately 54,711 recognized living vertebrate species of the
world (Nelson, 2006). There are descriptions of an estimated 27,977
valid species of fishes compared to 26,734 tetrapods. (Nelson, 2006).
Right from the prehistoric era, fishes have been hunted by man for food
and sport alike. Fishes have been exploited using a wide variety of gears
from various depths and in all sizes leading to heavy recruitment
overfishing as well as growth overfishing. As a consequence, man has
now realized that conservation of this resource is a needed agenda of

this century to preserve the varied species for posterity.

1.1 Capture fisheries

Capture fisheries and aquaculture supplied the world with about
110 million tonnes of food fish in 2006, providing an apparent per
capita supply of 16.7 kg (live weight equivalent), which is among the
highest on record (FAO, 2008). Of this, aquaculture accounted for
47 percent. Overall, fish provided more than 2.9 billion people with at
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least 15 percent of their average per capita animal protein intake. The
share of fish proteins to the total world animal protein supplies grew
from 14.9 percent in 1992 to a peak of 16 percent in 1996, declining to
about 15.3 percent in 2005 (FAO, 2008). Global capture fisheries
production in 2006 was about 92 million tonnes with an estimated first
sale value of US § 91.2 billion, comprising about 82 million tonnes from
marine waters and a record 10 million tonnes from inland waters. Asian
countries accounted for 52 percent of the global capture production.
Catches in the Western Indian Ocean have increased over the years
while it has decreased in the Eastern and Western Central Atlantic. On
the whole, proportions of over exploited, depleted and recovering stocks
have remained stable over the last 15 years (FAO, 2008). As per FAO
(2008), in 2007, about 28 percent of stocks were either over exploited,
depleted or recovering from depletion and thus yielding less than their
maximum potential owing to excess fishing pressure. Western Indian
Ocean was one of the areas showing highest proportions of fully —

exploited stocks.

1.2 Flatfishes

Flatfishes represent an interesting and diverse order of marine,
estuarine and to a lesser extent, freshwater euteleostean fishes. They are
well known organisms as they occur in all the world’s oceans, and are
represented by a large number of species and genera and in some
regions, their populations are sufficiently large to constitute major
fishery resources. Gastronomy apart, the layman’s curiosity is aroused
in flatfishes not only by the unusual flattened shape, presence of both
eyes on the same side of the head, but also by the remarkable ability to

match the colour and pattern of their background and to bury
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themselves in the sediment. Their presence was known even from the
prehistoric rock carvings (Muus and Nielsen, 1999), their remains are
found in ancient middens (Nicholson, 1998, Barrett et al., 1999) and
they continue to make up a significant proportion of the world ground

fish catch today.

Flatfishes are deep bodied, laterally compressed fishes, easily
recognizable by the presence of both eyes on one side in juvenile and
post-metamorphic individuals. They are well known organisms as they
occur in all of the world’s oceans, are represented by large numbers of
species and genera. They are common species in most marine fish
assemblages right from the poles to the tropics. Taxonomically, the best
known fish faunas are those occurring in the areas that support large
commercial fisheries. These fisheries are primarily located in the northern
hemisphere in both Atlantic and Pacific Oceans. (Munroe, 2005). In
1998, flatfish landings from Atlantic amounted to 0.4 million tonnes
or nearly half of the total world flatfish catch, with the northern
waters contributing the maximum. In the Northwest Atlantic, there
are 51 species of flatfishes divided into 4 families; of these only 8
species (7 pleuronectids and 1 bothid) divided into 28 stocks and two
flatfishes complexes (mixed species) are under fisheries management
control (Millner and Whiting, 1996). The flatfish fisheries in the
Northeast Atlantic are dominated by species from three families, the
Pleuronectidae (plaice, Greenland halibut, flounder), the Soleidae
(common sole) and Bothidae (turbot, brill and megrim). In the
Southwest Atlantic, of the 45 species of flatfishes reported, only the
paralichthyids are economically important and have high price in

market. In the southwest Atlantic, of the 35 species of seven families
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reported, only the soleids, bothids and some species of cynoglossids

contribute to commercial fishery (Munroe, 2005).

1.2.1 Flatfish fisheries

Of the 300 species known to inhabit the Pacific Ocean (Minami
and Tanaka, 1992), nearly 50 species are commercially important as
food fishes in the temperate waters alone. People throughout the
countries bordering the Pacific Ocean as well as Europe and the eastern
USA consume flatfishes from the Pacific Ocean, sometimes as a
delicacy, due to their desirable flesh quantities combined with high
protein and low fat content (Wilderbuer er al., 2004). In the Pacific
region, contribution of flatfish to the total fisheries vary with the
geographical area. Flatfishes make up 25 % of the total catch weight in
Canada to as little as 2 % in Tasmania and 1.5 % in Japan in 1988
(MAFF, 2000). In the tropics, they occur especially on soft bottom
habitats in estuaries and a variety of other substrata on the inner
continental shelf. Tropical seas are the largest marine biomes of the
world and on these waters from a depth of 30 — 100 m subsist a major
portion of the coastal population for their livelihood. In this area are
found diverse assemblages of marine fish, among them are the flatfishes
in a variety of forms and extreme length ranges. In tropical areas,
flatfishes occur in a variety of habitats including mangrove estuaries
and adjacent mudflats, in seagrass beds and on mud bottoms. The
majority of flatfishes inhabiting the Indo-Pacific region, especially
species of Bothidae, Samaridae, Poecilopsettidae, Soleidae and
Cynoglossidae are relatively small fishes generally not of commercial
importance. Other tropical flatfishes, especially larger species (Psettodidae

and some Paralichthyidae, Cynoglossidae, Soleidae and Bothidae), are
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captured on a regular basis in tropical fisheries and for these, better
(although still limited) taxonomic and ecological data are available.
(Munroe, 2005). For the other groups, limited taxonomic information is
available. Although tropical flatfishes are frequently caught, are species
rich and even sometimes numerically abundant, most are thin bodied,
small sized species reaching only to 30-40 cm total length (Munroe,
2005). Seldom do flatfishes exceed 5 % of the fish biomass of tropical fish
demersal communities. Most landings data reported to FAO from
tropical regions do not list statistics for individual flatfishes (except
Indian halibut). Flatfishes captured in tropical fisheries are often not
identified even to genus or family level, rather, much of the catch is
merely identified as “Pleuronectiformes”; 54-80% of the total landings of
tropical flatfishes consist of unidentified species. About 70-75% of
flatfishes reported from the Eastern Indian Ocean (EIO) and Western
Central Pacific (WCP) are now identified to family level. In contrast even
80% of the annual catches from the Western Indian Ocean (WIO) are not
identified even to family level. Only when species harvested by fisheries
are correctly identified, will it be possible to critically evaluate ecological
impacts on individual species or changes in biodiversity within demersal

communities exploited by fisheries (Munroe, 2005).

Even though flatfishes make only minor economic contributions
to tropical fishery landings, subsistence and artisanal fishers by their
sheer numbers and intensity, harvest large numbers of flatfishes; larger
numbers of tropical flatfishes are also killed or damaged as byproducts
of industrial trawl fisheries operating in these waters, along with
pollution and habitat degradation. Only a small proportion of the total
diversity of flatfishes taken in regional tropical fisheries has commercial

value as species marketed directly for human consumption.
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1.2.2 Indian flatfish fisheries

In India, an estimated 3.3 million tonnes of marine fish was
landed in 2010 (CMFRI, 2010). During 1989-2010, fishery production
did not have a smooth sail, but increased by leap and bounds. However,
the period 2005-10 witnessed a meteoric increase in production by over
45 % ie. 1.03 million tonnes compared to 2005. During 2007-2008,
marine fisheries production in India grew by 6.3 % to reach 2.8 million
tonnes. Of the 3.3 million tonnes of marine fishes landed in 2010,
flatfishes accounted for 43682 tonnes (1.4%) which was less than the
previous year by 1962 tonnes. Landings of flatfishes have been on the
increase in India due to improvements in gear and craft. An estimated
29700 t of flatfishes was landed during 1985-1989 which increased to
43000 t in 2000-2004 and then showed a slight decline to 41,100 t in
2006-2010. Highest landings of flatfishes was recorded during 1992
(63,300 t). Landings of Indian halibut decreased from 6.7 % in 1985 to
about 2.0 % of the total flatfish landed during 2010 (CMFRI, 2010);
landings of Psettodes erumei in the regular trawl fishery has also declined
drastically in Kerala during the period under study. However, landing of
soles has remained more or less constant contributing 93 — 97.7% of the
total flatfish fishery over the time period. Strangely, landing of flounders
has remained nearly constant during the period. This has in turn
contributed to the increase in the market value of the small sized
cynoglossids. Most small sized flatfishes captured in fisheries belong to
diverse families such as the Soleidae, Cynoglossidae, Bothidaec and
Paralichthyidae. Many species in the families Poecilopsettidae, Citharidae
and Samaridae are also common by-catch species in industrial fisheries
where they are either discarded at sea after capture, or if landed are

processed into fish meal or other products. (Munroe, 2005). Larger sized
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tropical flatfishes marketed for human consumption in India include the
Indian halibut (Psettodes erumei), (Pradhan, 1969; Hussain, 1990;
Mathew et al., 1992), few paralichthyids (Pseudorhombuis arsius, P.
Javanicus, Paralichthys spp.,) bothids (especially Bothus spp.,), a few soles
(Solea spp., Achirus spp., Synaptura spp., Brachirus spp.,) tonguefishes
(mainly Cynoglossus spp., especially Malabar sole). Cynoglossidae is
another important family of tropical flatfishes of which only genus
Cynoglossus is commercially important. Tonguefishes are among the
dominant families taken in inshore fisheries throughout most of the
Indo-West Pacific region (Chong et al.., 1990). For fishes like Malabar
sole and spiny turbots, most landings result from by-catch of other
fisheries (Rajaguru, 1992; Khan and Nandakumaran, 1993;
Jayaprakash and Inasu, 1999; Jayaprakash, 2000). Soles (Soleidae)
although taxonomically diverse in shallow tropical marine waters,
historically have constituted minor components of fish landing
reported from these regions. Soleid species inhabiting shallow,
marine, estuarine and mangrove habitats are very important in the
subsistence fisheries of these regions, although their landing consists
largely of small sized ones. The species dominant in the sole fishery
along the Kerala coast is Cynoglossus macrostomus commonly called the
Malabar sole because of its rich presence in the Malabar area of Kerala
(Rekha, 2007). Larger sized soles like Cynoglossus macrolepidotus occur
in the fishery off the South East coast of India especially along

Tamilnadu coast.

1.3 Global distribution of flatfish

Flatfishes that support the large commercial fisheries are

taxonomically the best known; they occur mostly in the northern
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hemisphere in both Atlantic and Pacific Oceans (Families Pleuronectidae,
Scopthalmidae, some members of Soleidae and Paralichthyidae) and in
the South temperate regions (Rhombosoleidae and Paralichthyidae).
Flatfishes landed in tropical fisheries are taxonomically different and
significantly more diverse than those of temperate areas, a situation
typical of tropical demersal fish communities in general (Longhurst and
Pauly, 1987). According to Nelson (2006), 678 extant species of
flatfishes are recognized worldwide in approximately 134 genera and 14
families. Of this, about 10 species are thought to occur only in
freshwater (six achirids, one soleid, and three cynoglossids). However,
according to Munroe’s (2005), compilation of all published and
personal queries, of the 1339 nominal species of flatfishes described,
named or recognized, 716 species are considered valid, while another
670 names are regarded as synonyms for pleuronectiform fishes. A
review of Eschmeyer (2010, online) shows that species are also not
uniformly distributed among families. Families with low species
diversity include the monotypic Paralichthodiidae, Psettodidae
(2 species each), Achiropsettidae (6 species), Citharidae (7 species),
Scophthalmidae (9 species), with moderate diversity Rhombosoleidae
(19 species), Samaridae (28 species), Poecilopsettidae (30), Achiridae
(31), Pleuronectidae (60) and with high diversity Paralichthyidae (95),
Soleidae (139) and finally Cynoglossidae and Bothidae (145 species
each). The Indian halibut which has an extensive geographic range
throughout the Indo-West Pacific is one of the most important

commercially important species of tropical flatfish.

Worldwide, considerable work on flatfishes has been done;
starting from 1758 to 2006, a steady increase has been noticed in the

number of flatfishes newly reported and described. During the period
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1758-1900, an approximate 315 species were described; during
1901-2005, over 401 species were described. Around 129 species (18%)
of flatfishes were discovered only during the last 30 years; this points to
the fact that the level of undiscovered diversity in flatfishes is
substantial. The habitats of many of these flatfishes are remote tropical
waters or deep water habitats; species level taxonomy still remains
poorly known. Expanded views on flatfish diversity have helped to
clarify issues and directions where additional research is needed to
better understand the diversity, evolution, biology and biogeography of
these fishes. With accumulation of new systematic information —
including species discoveries, improved species diagnoses and improved
phylogenetic hypotheses — the reliability of information regarding
species diversity and geographical distributions will also increase.
(Cotterill and Dangerfield, 1997). In addition to discovering new
species, revisions of various groups of flatfishes had also been
undertaken; many synonyms have been raised to valid names and many
valid species have been synonymised with existing names. Such
detailed systematic works may help to discover more new species;

delineate confusions and therefore improve the diversity counts.

1.4 Importance of finfish taxonomy

For flatfishes inhabiting tropical seas, despite recent progress,
considerable diversity is still being discovered and the taxonomy of many
tropical flatfishes remains especially problematic. Failure to identify
species, and erroneous species identifications still represent serious
impediments to collection of meaningful data for many of these smaller
sized species (Gibson, 2005). Inaccurate identifications and lack of

recognition of species diversity, in turn compromise reliability of
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information on geographical and ecological distributions, habitat
requirements and trophic and reproductive biology of poorly known
flatfishes from tropical regions. Much more systematic work is needed
before evolutionary hypotheses can be developed for most tropical
flatfishes and their biogeographical history interpreted (Munroe, 2005).

This highlights the importance of systematic taxonomy in the present day.

Leaders in many fields of biology have also acknowledged their

total dependence on Taxonomy

“The extent to which progress in ecology depends upon accurate
identification, and wupon the existence of a sound systematic
groundwork for all groups of animals, cannot be too much impressed
upon the beginner in ecology. This is the essential basis of the whole
thing; without it the ecologist is helpless, and the whole of his work
may be considered useless.” (Mayr, 1969: 6)

“Taxonomy is at the same time the most elementary and the most
inclusive part of zoology, most elementary because animals cannot
be discussed or treated in a scientific way until some taxonomy has
been achieved, and most inclusive because taxonomy in its various
guises and branches eventually gathers together, utilizes,
summarizes, and implements everything that is known about
animals...” (Blackwelder, 1967:22).

1.5 Marine finfish taxonomy in India

In India, as on date about 2500 species of fishes are known
(Talwar and Jhingran, 1991) of which about 1570 are truly marine.
Workers on marine fishes, perforce, refer to either the publication by
Day (1878), which needs considerable revision, or various regional

studies as those of Munroe (1955); Smith and Heemstra (1986),
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Randall, (1995), Kuronoma and Abe (1986) etc., which on the other
hand do not include all species known from the region till date,
resulting in inaccurate identifications. While there is urgent need for
comprehensive publications on Indian marine fishes, taxonomic
literature published in recent years show that there is considerable scope
for work in this area because most of the earlier species descriptions
were made on single or few specimens, intraspecific variations were not
taken into account leading to cases of recounting of different stages in
the life history of certain species as belonging to different species, or
creation of new species on the basis of certain abnormal specimens of a
species (Cirrhinus chaudhryi Srivastava, 1968) and to a lot of confusion
on the identity of the species in many instances. There has been very
few taxonomic revisions of families or genera of marine fishes of India -
- flatfishes of some localities (Norman, 1927, 1928, 1934 and Menon,
1977), Scombridae by Jones and Silas (1962a, 1962b, 1962c) ;
Mugilidae by Sarojini (1962a, 1962b) ; Clupeioids by Whitehead (1965,
1973, 1985); Trichiuridae by James (1967); Leiognathidae by James
(1978); Chirocentridae by Luther (1968); Mullidae by Thomas (1969);
Sphyraenidae by De Sylva (1975); Syngnathidae (genus Hippichthys) by
Dawson (1976); Scorpaenidae (Choridactylinae) by Eschmeyer (1968);
Callionymidae by Ronald (1983); Sciaenidae by Lal Mohan (1972,
1982) and Trewavas (1977); genus Nemipterus (Nemipteridae) by Russell
(1986); Platycephalidae by Murty (1982); Murty and Manikyan, 2007);
Balistidae by Sahayak (2004). Non-availability of comprehensive work
incorporating all species described by and discovered subsequent to Day
(1878) could help subsequent workers carry out work satisfactory and
without difficulty. This problem has to some extent been solved by the
works of Weber and de Beaufort (1911-1962) and ‘Fish Identification
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sheets’ issued by FAO (Fischer and Whitehead, 1974; Fischer and
Bianchi, 1984) but adequate descriptions of families of fishes to sort out

nomenclatural issues in many cases are lacking.

Work on Indian flatfishes has been scattered, the only concise
work was by Menon (1977) on the Cynoglossids of the British Museum:;
the others were Norman (1927 & 1928), Rao (1935), Chidambaram
(1945), Kuthalingam (1957), Saramma (1963), Balakrishnan (1963),
Ramanathan ez al. (1977, 1979a, 1979 b, 1990) and Radhamanyamma
(1988). In addition to their contribution to subsistence fishery, many
species of flatfishes command ornamental value in the ornamental trade
eg. Cynoglossus macrostomus, Brachirus orientalis, (Anna Mercy et al.,
2007) Pardachirus pavoninus and P. marmoratus. Though there has been
scattered works on Indian flatfishes, a detailed work on the flatfishes
and their availability has been lacking in India. Hence work on
flatfishes on these lines demand utmost attention in the present world

and is taken up in the present study with the following objectives.

1.6 Objectives of the study

1) Detailed morpho-meristic studies on flatfishes available in

South India.
2) Distribution pattern of flatfishes in India and in the world.

3) Description of new distributional records in India if any.
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2.1 Study period and locality

The study was undertaken for a period of six years from 2004-
2010. The specimens for the present study were collected from different
gears all along the coasts. Collections were largely based on trawler
landings as well as discards along the coasts. The different collection
centres were Karwar, Mangalore, Calicut, Kochi (Fort Kochi, Cochin,
Kalamukku and Munambam Fisheries Harbour), Quilon (Neendakara
and Sakthikulangara Fisheries Harbour) on the west coast and Tuticorin,
Mandapam, Rameswaram, Pambam, Kovalam, Chennai and
Vishakapatnam on the east coast. Collections were also made at
Andaman Islands. In addition, deep sea samples were obtained from the
collections of FORV Sagar Sampada off the East coast and West coast of
India. Some samples were also collected from deep sea multiday day
trawlers operating for shrimps. Soles were generally collected from cast
netters as well as indigenous “valloms” operating in the backwaters during

monsoon. Attempts were made to collect adequate number of specimens
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of each species. However, since landings of some of the species are very
poor, only a few samples of some could be collected; descriptions of these

were made based on the samples collected.

2.2 Collection and preservation

The samples collected were tentatively identified into the three
groups as halibuts, flounders or soles in the field itself based on their
gross body morphology. Care was taken to minimize the stress to the
animals in the case of soles as they were mostly obtained live. Care was
taken to see that most of the fishes which were collected were in good
condition as trawling was seen to cause loss of fins and scales. The
fishes were packed in ice and brought to the lab for further studies.
While packing the fish in ice, they were placed in horizontal position to
prevent the body shape from changing. Only material in good condition
was brought to the lab. Once the fishes were brought to the lab, they
were thoroughly cleaned to remove dirt and detritus as well as the
mucous which laminates the fishes eg. soles when they are stressed.
The fishes were placed on a flat surface with their blind side down. The
fins were spread out so as to preserve them in their natural condition
and to facilitate easy counts. They were then injected with 1% formalin
in the abdominal region and caudal region; dilute formalin was also
poured onto the body to stiffen the fins in spread out position. Once
ready, they were stored in wide open mouth bottles, tagged with date of

collection, gear and locality and used for further studies.

2.3 Measurements

All the 63 species of flatfishes collected were examined carefully

for their diagnostic characters, and grouped into one of the three groups
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— halibut, flounders and soles. Care was taken to photograph most of

these fishes in fresh condition. Colour in fresh as well as prominent

external features/markings was also noted immediately. Morphometric

(taken on ocular side mainly, except, where mentioned separately) and

meristic measurements were taken for each of the group separately

based on the Proforma prepared (Figs. 1(a), 1(b)).

2.3.1 Meristic counts

1)

2)
3)

4)

Fin count: All rays whether branched or unbranched were
counted as single rays. (D A, Py, P,, V;, V,, C where D stands
for dorsal fin, A for anal fin, P, P,, stands for the pectoral fin
on ocular and blind side, V;, V, for pelvic fin on the ocular

and blind side respectively and C for Caudal fin.
Gill raker: Count was taken for first gill raker on ocular side.

Lateral line count: The scales of the middle lateral line
represented by pores were counted from the first scale above
the angle of the gill opening to the scale at the end of the
hypural plate on the caudal peduncle. In case of cynoglossids
the scales between the upper and middle lateral lines were also

counted in a diagonal line following the natural scale row.

Head scale count: An oblique row of scales on the head

counted posteriorly from the posterior border of the lower eye.

2.3.2 Morphometric measurements

1)

2)

Total length (TL): From tip of snout to the posterior margin

of caudal fin.

Standard length (SL): From tip of snout to posterior tip of

caudal peduncle.
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3)

4)

5)

6)

7)

8)

9

10)

11)

12)

13)

Head length (HL): From tip of snout to posterior angle of

opercular margin.

Head width (HW): Greatest width across head at posterior

portion of operculum.

Head depth (HD): Distance from anterior origin of

operculum to the ventral side of head.

Snout length (SNL): Distance between tip of snout and
middle outer margin of orbit (taken for both the upper (SNL,)
and lower eye (SNL,)).

Eye diameter (ED) (upper and lower): Greatest distance
across eye measured parallel to body length (does not include

fleshy area) — ED, for upper eye and ED, for lower eye.

Interorbital distance (ID): Narrowest width between two

orbits measured vertical to body length.

Chin depth (CD): Vertical distance between the end of the

maxillary and the most ventral aspects of the head.

Pre orbital (PrOU, PrOL): Distance from the tip of snout to
the middle point of the orbit; taken for both upper and lower

eye respectively.

Post orbital (PBU, PBL): Distance from posterior point of

orbit to the outer angle of opercular margin

Upper jaw length (UJL): Distance from tip of upper jaw to

outer free end of maxillary.

Lower jaw length (LJL): Distance from inner angle of mouth

of outer tip of lower jaw.



14)

15)

16)

17)

18)

19)

20)

21)

22)
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Upper head lobe width (UHL): Distance from dorsal margin

of body to dorsal/upper origin of operculum.

Lower head lobe width (LHL): Distance from dorsal origin

of operculum to most ventral part of operculum.

Body depth (BD,): The vertical distance across body just in

front of anal fin.

Body depth (BD,): Distance across the widest part of the body

exclusive of fins measured on ocular side.

Dorsal fin length (DFL): The distance from base of the n™
dorsal fin to its tip. The n™ dorsal fin ray will be the longest
dorsal fin ray taken near the middle of the body or near the
maximum width of the body. In cases where the first few rays

of the dorsal fin are longer, their lengths are taken separately.

Anal fin length (AFL): The distance from base of the n™ anal
fin to its tip. The n™ anal fin ray will be the longest anal fin ray

taken near the middle of the body or near the maximum

width of the body.

Pectoral fin length (P,FLO, P,FLB): The length of the
longest pectoral fin ray; measurements are taken for ocular
and blind side separately as size of the fins are found to be

different.

Pelvic fin length (V,FLO, V,FLB): The length of the longest
pelvic fin ray; measurements are taken for ocular and blind

side separately as size of the fins are found to be different.

Caudal fin length (CFL): Distance from the hind end of the

vertebral column to the maximum length of the caudal fin.
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23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Caudal peduncle length (CDL): Horizontal distance between

last ray of dorsal fin and origin of caudal fin.

Dorsal fin base (DBL): Horizontal distance from base of first
dorsal fin ray to the last dorsal fin ray. Measurements are

taken on blind side when origin of dorsal fin is on blind side.

Anal fin base (ABL): Horizontal distance from base of first

anal fin ray to the last anal fin ray.

Pectoral fin base (P;BLO, P,BLB): Vertical distance across
the pectoral fin base; measurements are taken for ocular side
and blind side.

Pelvic fin base (V,BLO, V,BLB): Horizontal distance across
the pectoral fin base; measurements are taken for ocular side
and blind side.

Caudal peduncle depth (CPD): Vertical distance from base of

last dorsal fin to the base of last anal fin.

Trunk length (TKL): Longitudinal distance from posterior

angle of operculum to caudal fin base.

Pre dorsal length (PDL): Tip of fleshy snout to base of first
dorsal ray (measured on ocular/blind side based on position

of origin of dorsal fin).
Pre anal length (PAL): Tip of fleshy snout to origin of anal fin.

Pre pectoral length (P,LO, P,LB) : Distance from tip of snout

to origin of pectoral fin (both ocular and blind)

Pre pelvic length (V,LO, V,LB): Distance from tip of snout

to origin of pelvic fin (both ocular and blind).
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2.4 Qualitative characters

1) Eye: Relative position of upper (migrating) eye and lower

(fixed eye) as well as their position on head.

2) Jaw position: Relative position of upper jaw with respect
to lower eye. The point of the ending of the upper jaw in
front of, behind or just below lower eye is also noted. This

denotes the length of the upper and lower jaw.

3) Dentition on upper and lower jaw on ocular and blind
side: Nature and pattern of teeth on both the jaws on both

ocular and blind side are noted.

4) Fin pigmentation: Presence/absence of characteristic

markings on fins or patterns if any.
5) Body pigmentation: Presence/absence of pigmentation on body.

6) Peritoneum pigmentation: Relative intensity and coverage
of pigmentation on the peritoneum; pigmentation varies

with different species.

7) Opercular pigmentation: Pattern of pigmentation varies on

the surface of the operculum.

8) Membrane ostia: Presence /absence of membrane ostia
(small pores) in the basal part of the membranes of the

dorsal and anal fins.

9) Ocular/ rostral spines: Presence/absence of spines near/

around eye and snout.

10) Dorsal fin origin: Relative position of the dorsal fin on the

body with respect to the migrating eye (upper) varies
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between genera. Point of insertion also varies between

ocular and blind side.

11)  Scale: Nature and type of scales on body varies between
ocular and blind side in species; in the same species it

sometimes varies at different regions of the body.

12) Squamation on dorsal and finrays: Scales may be present/

absent on finrays on ocular and blind side.

2.5 Data presentation

The samples collected were carefully studied for their meristic
counts and morphometric characters and photographed in fresh
condition. Hand drawings were made for further reference giving stress
to their external characters. Head region was examined under a Zeiss
Stereo Zoom Microscope under 40 X magnification to study the nostrils,
eyes, spines in detail. Scales were removed from the lateral line area as
well as different regions of the body, washed to remove dirt and
examined under a Stereo Zoom Microscope and drawings made. Details
was recorded and presented as description of species. The frequency
distribution of meristic characters together with estimated values of
mean, standard deviation and standard error are given for all species.
Certain body proportions were expressed as percent of standard length,
some as percent of head length; the range was given, followed by means
in parentheses. The relation between certain body lengths and standard
length and between certain dimensions in the head and head length were
calculated after ascertaining the type of relationship through a scatter
diagram, following the least squares method (Snedecor and Cochran,
1967). The results are presented in the figures and calculated values of

slope and elevation along with the coefficient of correlation (R?) are
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shown in the figure for each species. A study of this nature assumes
greater importance since the body proportions vary with growth. Besides,
understanding variations in allometric growth will help understand the
intraspecific variations better. Colour description was mostly based on
fresh specimens, but where the fresh samples were not available,
descriptions were based on formalin preserved samples. The original
description as well as descriptions by subsequent authors was consulted
before finalizing the identification of each species. Additionally, the
subsequent descriptions of the nominal species considered as junior
synonyms of a valid species was also consulted. Under each species,
synonyms, material examined, diagnosis, meristic counts, body
measurements as percent of standard length and head length, description
of species, colour, scale pattern, sexual dimorphism if any, distribution,
relation with other species, taxonomic comments and observations if any
were arranged accordingly so as to make comparisons easy. Synonyms
are presented as exhaustive as possible with locations as far as possible;
the references from India were cited to the extent possible. References

cited in the synonyms, distribution are not listed in the Bibliogrpahy.

Drawings were also prepared for as many species as possible. The
known distribution of each species in the world is shown in the world
map and from different localities in India on the India map. The known
distribution was collected from literature. In addition, collection centres
for each species was also marked on India map. In the map of India,
places marked with capital letter (A, B..) denote localities were samples
were collected by earlier workers, places marked with small letter
(a,b,..) denote localities from where samples were collected for the

present study.
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Key to all species listed is also provided. Comprehensive lists of

genera with comments by various revisors are provided in table format

to provide the evolutionary pattern of the genus. Classification followed

was that of Nelson (2006), while for synonyms and validity of species

and genera, Eschmeyer (Catalog of Fishes, online) was followed.

2.6 Type definitions

1)

2)

3)

4)

5)

6)

7)
8)
9

10)

Holotype: The single specimen taken as the type by the

original author of the specimen.

Paratype: A specimen supplementary to the holotype, used

by the original author as the basis of a new species.

Syntype: One of the several specimens of equal rank upon

which a species is based (also called co-type).

Lectotype: A specimen selected from a syntypic series

subsequently to the original description to serve as the holotype.

Neotype: A specimen selected to replace the holotype when
the primary type is lost or destroyed.

Logotype: Type selected by the “first revisor”.

Orthotype: Type of a genus as individual or distinctly
implied by the original author.

Tautotype: A term used when the genus and species carries

the same name.
Topotype: A specimen from the type locality of the species.

Allotype: A term for a designated specimen of opposite sex

to the holotype.



s WHatencale and MHethods

11) Haplotype: Sole species named under a genus, therefore of

necessity.
12) Type genus: The genus upon which a family is based.
13) Type species: A single species upon which a genus is based.

14) Homonym: One of the two or more identical but
independently proposed names for the same or different

taxa.

15) Type by original description: The species described at the

time of creation of a new genus.

16) Synonyms: An annotated list of published scientific names

the taxonomists have given a single valid species or genus.

2.7 Analysis of data

For species for which more than one specimen was examined,
arithmetic range with mean was provided for meristic and morphometric
values. Data is presented as percentage of standard length and head
length. Analysis of variance was calculated whenever ranges varied with
sex as well as body proportions. Standard deviation was calculated for all
measurements. Correlation coefficient as well as slope was calculated
for non-meristic characters and presented in Tables. Comparative
values for meristic data taken from various synonyms as well as
different revisors was prepared in tabular form for as many references
available for each species. Comparision with type data was made in as
many species as possible. Taxonomic relationships between species of
the same genus and between genus in the same family was estimated in

as many cases as possible.
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For the statistical analysis, all the characters were used. A
correlation coefficient analysis was conducted to elucidate the degree of
interference of the characters. The head characters were indexed with
reference to the head length (HL); all the other characters were indexed
with reference to the standard length (SL). Heterogeneity of the
samplings examined was revealed and paired Student’s test with
statistical significances p < 0.05 and p < 0.001 were studied. The range of
the meristic characters for species in a family was prepared to study the

intaspecies variation in a family.

2.7.1 Cluster analysis

Cluster analysis (CA) is an exploratory data analysis tool for
organizing observed data into meaningful taxonomies, groups, or
clusters, based on combinations of parameters, which maximizes the
similarity of cases within each cluster while maximizing the
dissimilarity between groups that are initially unknown. Each cluster
thus describes, in terms of the data collected, the class to which its
members belong. Items in each cluster are similar in some ways to each
other and dissimilar to those in other clusters. For each family with
more than six species described, clustering analysis was done. The
meristic characters (dorsal, anal, lateral line counts and pectoral fin

counts (ocular) were selected as the variables for the study.

Hierarchical cluster analysis: This is used for finding relatively
homogeneous clusters of cases based on measured characteristics. It
starts with each case as a separate cluster, i.e. there are as many clusters
as cases, and then combines the clusters sequentially, reducing the
number of clusters at each step until only one cluster is left. The

clustering method uses the dissimilarities or distances between objects
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when forming the clusters. The SPSS programme calculates ‘distances’
between data points in terms of the specified variables. The output in
the form of a tree diagram is called a dendrogram. Dendrograms were

prepared for three major families.

For this, first hierarchical cluster analysis using Ward’s method
applying squared Euclidean Distance as the distance or similarity measure
is done. This helps to determine the optimum number of clusters we
should work with. In the next stage, the cluster analysis is rerun with
the selected number of clusters, which enables us to allocate every case
in our sample to a particular cluster. The x-axis gives the measure of the
similarity or distance at which clusters join and different programs use
different measures on this axis. Dendrograms were prepared for three

major families in the present study.
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3.1 Period of Aristotle - Carolus Linnaeus

History of Ichthyology coincides with that of Zoology which
dates back to the time of Aristotle (384 - 322 B.C) who is said to be the
Father of Natural History. His knowledge on the habits of fishes was
very accurate, although he adopted the nomenclature of the local
fishermen to designate the species. However, his knowledge was limited
to 115 species of fishes, all of which were native of Aegian Sea adjacent
to Greece. After Aristotle, no proper work on fishes was available for
nearly 1800 years, which was a period of regression in the science of

Ichthyology and is regarded as a dark age in the history of Ichthyology.
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Pierre Belon (1517-1575 A.D) in “De aquatilibus libri duo” and his
contemporaries Hyppolyto Salviana (1514-1572) in “Aquatilium
animalium historia”, Qulielmus Rondelet (1506-1566) in “libri de piscibus
marinis” made original observations of the fishes of Mediterranean Sea
in Europe. Guilielmus Riso (1611-1678 A.D) along with his colleagues
George Marcgrav (1610-1644) catalogued 420 species including those
which were already catalogued. Simultaneously, Guillaume Rondelet
published “De Piscibus Marinis” in Latin which was later expanded and
translated into other languages as well. In this work, 244 different
species from Mediterranean was described; however, no classification
was given. Peter Artedi (1705-1738 A.D) called the Father of
Ichthyology studied the interrelationships between various groups of
fishes and developed a systematic classification wherein he recognized
47 genera and 230 species. Artedi grouped genus into “maniples”,
similar to the present day family concept. Artedi’s work was infact
published by Carl von Linnaeus as “Artedi Ichthyologia “in 1789 A.D
after his death. Fishes were placed under 5 heads — Malacopterygii,
Acanthopterygii, Branchiostegii, Chondropterygii and Plagiuri;
flatfishes were placed in group Pleuronectes in Malacopterygii. Carolus
Linnaeus (1707-1778) first reported on fishes in Systema Naturae,
however, it was in the twelfth edition (1758) that the binomial system of
nomenclature was consistently applied to all animals. In all, by 1738, 47
genera with over 230 species of fishes were known from the whole
world. The followers of Linnaeus were mostly his students with whom
began the science of geographical distribution. Prominent among them
were Peterr Osbeck, Fredrik Hasselquist, Otto Fabricius (1744-1822)
author of “Fauna of Greenland”, Martin Brunnich who collected material

for his work “Pisces Massiliensis” and Petrus Forskal who brought out
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“Descriptio Animalium” on the fishes of the Red Sea. Far more elaborate
was the work of Mark Eliezer Bloch’s work “Ichthyologia” which was in
German and published in two parts. After this publication, Dr. Bloch
began a systematic catalogue to include all known species. This work
was published after his death by his collaborator Schneider as “M.FE
Blochii Systema Ichthyologia” which contained 1519 species of fishes.

3.2 Period of Lacépéde and Cuvier

Lacepede wrote “Histoire Naturelle des Poissons” (1798-1803) in five
volumes. With Cuvier (1769-1832) and the “Regne Animal arrangé aprés
son Organisation” (1817) began a new era of ichthyology. Cuvier’s
studies on the different species of fishes are contained in “Histoire
Naturelle des Poissons”, the joint work of Cuvier and his pupil
Valenciennes. 22 volumes were published during 1794-1865,
containing 4514 nominal species. Friedrich Henle and Johann Muller
(1841) produced the first authoritative work on sharks in “Systematische
Beschriebungen der Plagiostomen”. Sykes published his work on “Fishes of
the Dukhun” in the “Transactions of the Zoological Society of London”
(1848: 340-378) wherein descriptions of 46 species along with 28 figures
were given. Louis Agassiz (1850) published a monograph on the fishes
of Lake Superior. The local fish fauna of Cuba was studied by Aloy
(1799-1891). Temminck (1770-1858) and Schlegel (1804-1844) studied
and catalogued the fauna and fishes of the Japanese islands. Duméril
(1865-70) published two volumes of the “Natural History of the Fishes”
covering sharks, ganoids and other fishes not treated by Cuvier.
Gunther (1859-1870) gave a systematic study of 6843 species and 1682
doubtful species in the eight volumes of his work “Catalogue of the Fishes

of the British Museum” . This was one of the last attempts to write a series
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of volumes on the fishes of the world. In 1898, Boulenger brought out a

classic work on percoid fishes.

3.3 Fisheries literature in India

Knowledge of fishes in India is comparatively old. The use of
fishes is evidenced from the fish engravings and fish remains obtained
from the excavations at Mohenjodaro and Harappa of the Indus valley
(2500-1500 BC). Somesvara, the son of King Vikramaditya VI has
recorded common sport fish in his book “Manasollasa” (1127 A.D). The
first writer on Indian fishes was Marc Elieser Bloch whose work was
published in 1785 as “Naturgeschichte der auslandischen Fische”. More
fishes were described by him in the book “Systema Ichthyologie” which
was continued later by his co-author Schneider. Bloch in this book
described 122 genera of fishes; flatfishes were placed in Genus
Pleuronectes. Lacépede (1798 - 1803) in his work “Histoire naturelle des
Poissons” added to the information given by Bloch. Patrick Russell
(1803) described and figured 200 species of fishes from Vizagapatanam
in “Two Hundred Fishes Collected at Vizagapatnam and on the Coast of
Coramendel” using local names. Francis Buchanam’s (who subsequently
took the name Hamilton) “Fishes of Ganges” (1822) contained
descriptions of 269 species of fish with 97 figures from the river Ganges
and its tributaries. Later on, Cuvier and Valenciennes’s “Histoire
Naturelle des Poissons” (1828-1849) provided a great impetus to the study
of Ichthyology. This work published in many volumes gave good
scientific account of most fishes. In 1830, Bennett published an
illustrated work containing coloured figures of 30 species of fishes
found along the coast of Ceylon. Blyth's “Fishes from Andamans, Fishes
from Pegu, Calcutta” (1838), followed by “ The Cartilaginous Fishes of Lower
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Bengal”, “Fishes of Port Blair” and “On some fishes of The Tenasserim
Provinces and Lower Bengal” (1860) are some of the other works of this
period. Cantor’s work “Notes respecting some Indian fishes” (1839) and
“Catalogue of Malayan Fishes” provided descriptions of 292 species of
fishes along with 14 plates with anatomical details. “Indian Cyprinidae”
published in the second volume of “Asiatic Researches” by Mc Clelland
(1839) contained descriptions of 138 fishes, 25 plates, with 103 full
figures of fishes; however, the figures were copies from Hamilton—
Buchanan drawings. Cantor (1849) in his “Catalogue of Malayan Fishes”
described Family Pleuronectisidae in Order Anacanthini with 14
species in 7 genera; fishes were grouped based on presence of eye and
colour on left/right. Thomas Caverhill (1849) in the first part of his
‘Fishes of Southern India’ published in ‘Madras Journal of Literature and
Science’ Volume XV (1849:139-149) described 22 species of which 3
were new species. In the second part (1849:302-346), 150 species were
described of which 55 were new. Pieter Bleeker during 1842-1864,
collected over 30,000 fishes and authored numerous papers based on his
collections. In 1851, Caverhill authored another paper “Ichthyological
Gleanings in Madras” in which he mentioned of 391 species obtained
during his two years residence in Madras. Bleeker’s ‘Ichthyologische
fauna van Bengalen’ (1853) lists fishes previously described from India
together with detailed descriptions of 162 species. In Bleeker’s (1856)
paper on fishes of Amboina, 348 species of fishes were listed; in the
paper on descriptions of “Species of carps from Ceylon” (1862) 4 plates of
illustrations and 11 coloured plates were given; the samples were
subsequently sent to Leiden Museum. ‘Atlas Ichthyologique des Indes
Orientales Neerlandaises’ published in twelve volumes (1862-1877) is the
biggest and perfect contribution to the ichthyological studies of the
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Indo-West Pacific. In the “Memoir sur les Poissons de la Cote de Guinee,
Bleeker (1863) mentions of three families of flatfishes — Pleuronecteoidei
with the species Hemirhombus guineensis, Family Soleoidei with Solea
triopthalmus and Family Psettoidei with species Psettus sebae. In 1865,
Tickell authored a paper on Asthenurus atripinnis in ‘Journal of the Asiatic
Society of Bengal’. Gunther (1886) describing the ‘Fishes of Zanzibar
placed all flatfishes in Family Pleuronectidae; 6 genera with 6 species
were described. Day’s Fishes of India (1875-1878) and ‘Fauna of British
India, Burma and Ceylon’ (1889) are the notable contributions of that
time. In this, all fishes were figured, the groups being arranged as in
Gunther’s catalogue. Boulenger (1904) gave a systematic account of
Teleostei under the series of “Cambridge Natural History”. Weber and
Beaufort (1911-51) described “The fishes of Indo-Australian Archipelago”
which covered mostly all groups of fishes from the Indo—Australian
Archipelago. Smith and Pope (1906) listed the fishes collected from
Japan. In the 20™ century, besides Chaudhari’s (1912) account of some
new species of freshwater fishes of Northern India, the contributions by
Hora and others (1920-56) and Shaw and Shebbare (1937) on fishes of
North Bengal are highly commendable. Misra (1949) has made a
commendable contribution in terms of Fauna of British India. Menon
(1949-1963) made studies on the ‘Fishes of the Indian Museum’ and gave
a revised account of the fishes of the genus Garra in 1964 and also
reported several new fishes. The works of Haig (1950), Silas (1951,
1958) and Menon (1952) have been further steps in this direction.
Jayaram (1954) and Jayaram and Dhas (2000) revised the genus Mystus
and genus Labeo. The fishes of Nainital were studied by Chaudhary and
Khandewal (1960). Munroe (1955) provided an exhaustive work on the

marine and freshwater fishes of Ceylon. Menon’s (1977) monumental



o Resiew of Literatune

work on the Cynoglossids of the British Museum in the form of a

Monograph is a great step in the history of flatfish ichthyology.

3.4 Flatfish in ichthyology

The first mention of flatfishes in Ichthyology was probably by
Willughby and Ray (1686) in L’Historia piscium where flatfishes were
placed as Ossei Plani (Flat bony). However, the oldest flatfish fossils,
otoliths dating from the Early Eocene some 53-57 million years ago
(Mya) indicate the presence of Pleuronectiformes as far back as the early
Tertiary (Schwarzhans, 1999). Eobothus minimus (Agassiz, 1834-1842), a
representative of the bothoid lineage with uncertain affinities within the
group, is the oldest existing skeleton representative of the
Pleuronectiformes, dating at least to the Lutetian (some 45 Mya) in the
Eocene (Norman, 1934; Chanet, 1997, 1999). The oldest soleids
Eobuglossus eocenicus and Turahbhuglossus cuvillierii both known from single
specimens from the Upper Lutetian of Egypt (Chabanaud, 1937; Chanet,
1994, 1997) are also among the first known flatfish fossils and they are
identical to skeletons of recent soleids (Munroe, 2005). Jacques Klein
(1740-1749) in his “Missus historioe naturalis piscium promovendae” has
classified flatfishes into 3 groups based on position of eye. Flatfishes
were placed in the group Pleuronectes in Malacopterygians in Artedi’s
work along with Stromateus (butterfishes) and Gadus (codfishes).
Carolus Linnaeus (1758) in Systema Naturae also placed all flatfishes
under the group Pleuronectes as Malcopterygians Branchiales. The
characters attributed were thoracic pectoral and single dorsal fin. The
group consisted of ten genera — Achirus, (A. trichodactylus, A. lineatus,
A. ocellatus, A. lunatus), Hippogloffus, Cynogloffus, Plateffa, Rhombus
(R. maximus), Paffer (P. papillofus), Flefus, Limanda, Solea and Linguatula.
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The fishes were said to have a laterally compressed body with the eye
placed in lateral pits. Broussonet (1782) described a single flatfish
Pleuronectes mancus in his work “Ichthyologia”. Artedi (1792) placed all
flatfishes in the one genus Pleuronectes in the group Malacopterygii based
on “laterally compressed body, single continuous dorsal fin, pelvic fin thoracic in
position”. The name “Pleuronectes” was introduced in zoology for the
first time by Artedi and Linnaeus followed his example. Artedi (1792)
in Genera Piscium described genus Pleuronectes as fish with dextral eyes,
oblong body, and included species P. solea, P. annulatus, P. trichidactylus,
P. vhombus, P. maximus, P. paffer, P. glacialis, P. americanus, P. ocellatus,
P. limandoides, P. plateffoides, P. zebra, P. hippogloffoides, P. cynogloffus,
P. plaginfa, P. papillofus, P. macrolepidotus, P. dentatus, P. punctatus,
P. argus, P. mancus, P. lunatus, P. lineatus, P. bilineatus, P. kitt, P. whiff-
Tagonis, P. laterna, P. armata and P. japonicus. The followers of Linnaeus
also followed Artedi’s classification and merely classified the genus in

an arbitary way into several sub-genera.

Lacepede (1801) in his ‘Histoire Naurelle des Poissons’ placed
flatfishes in genus Pleuronectus with 4 subgenera without assigning them
any names and described 29 species in them including Pleuronectes
hippoglossus, P. limanda, P. solea, P. platessa, P. flesus, P. platessoides,
P. cynoglossus, P. linguatula, P. glacialis, P. limanduala, P. sinensis,
P. limandoides, P. peguza, P. ocellatus, P. trichodactylis, P. zebra, P. plagiusa,
P. argenteus, P turbot, P. rhombus, P. punctatus, P. dentatus, P. passer,
P. papillosus, P. argus, P. japonicus, P. calimanda, P. macrolepidotus and
P. commersonii. Bloch (1801) placed flatfishes in genus Pleuronectes and
described 37 species Pleuronectes platessa, P. platessoides, P. rhombus,
P. limanda, P. triocellatus, P. limandoides, P. flesus P. solea, P. hippoglossus,

P, trichodactylus, P. ocellatus, P. cynoglossus, P. glacialis, P. americanus,
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P. erumei, P. linguatula, P. chrysopterus, P. zebra, P. plagusia, P. rhombus,
P. maximus, P. lunatus, P. punctatus, P. passer, P. macrolepidotus,
P. surinamensis, P. dentatus, P. arnoglossus, P. orientalis, P. maculatus,
P. nigricans, P. achirus, P. bilineatus, P. albus, P. arel, P. lineatus, P. spinosus.
In addition 5 new species P. papillosus, P. japonicus, P. kitt, P. plagusia,
P. scapha were also described. Russell (1803) recorded 8 species of
flatfish from the Coramendal coast - Hippoglossus erumei, Rhombus
marginatus, R. triocellatus, Synaptura Russellii, Synaptura lata Blkr (Solea
lata, Hass) Synaptura cornuta Blkr (Solea cornuta Cuv), Plagusia potous
Cuv, Plagusia Blochii Blkr. Dumeril (1804) raised flatfishes to family

status and gave the name Heterosomes.

Quensel (1806) divided the genus Pleuronectes into two with the

following definition —

a)  Pleuronectes — “having complete jaws not covered with scales; the
maxillary dilated and free at its extremity, the mandible with
cutaneous folds between its limbs at the chin. Gill opening extending
above the opercular angle or atleast above the pectoral; the lower eye
more anterior than the upper one; nostrils distant from the jaws,

that on the blind side being near the dorsal edge”

b) Solea - “jaws are covered with scales, the superior one not fully
developed, and the scaly mandible not showing the usual folds at the
chin. Gill openings wholly below the pectorals; inferior eye rather back
than the superior one; nostrils on both sides near the jaws, all fin rays

divided, no spine in the anal”. (Richardson’s Yarrell, Vol. I: 668).

Rafinesque—Schmalz (1810) classified Pleurostomi (Class Pommniod;,
Division Giugulari) into two orders, Order Acherini (Symphurus) and

Order Pleronetti (Solea, Scophthalmus and Bothus). Flatfishes were placed
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along with Gads and Trachinids. Risso (1810) in his “Ichthyologie de
Nice” arranged the flatfishes into two subgenera according to the side on
which the eyes are placed. Pallas (1811) in ‘La Zoographie russe’ placed

Pleuronectes in order Branchiata along with Perca and Salmo.

Rafinesque (1815) in ‘Analyse de la nature’ on Tableau de 1’ universe
placed flatfishes in the suborder Pleuropsia, Family Pleuronectia with two
subfamilies Achirus (with genera Achirus, Symphurus and Monochirus) and
subfamily Diplochiria (Genus Pleuronectes, Scophthalmus, Bothus, and
Plagiusa. Blainville (1816) placed flatfishes as Pleuronectes under Jugulaires
and asymmetrical shape of the body was the main character chosen.
Cuvier (1817) in Regné Animal placed Flatfishes (Poissons plats) along with
Gadoids under Malacopterygiens, Subrachiens as Family Pleuronectes; here
an attempt was made to indicate the relationship of various groups of
animals. Flatfishes given as a genus Pleuronectes were raised to family
level (Family Poisson Flats, Des Pleuronectus) in the division of sub-
branchial Malacopterygians based on the characters thoracic position of
the pelvic fins and absence of spines in dorsal fin. Flatfishes were grouped
into 5 subfamilies Hippoglossinae, Pleuronectinae, Platessinae, Soleinae

and Cynoglossinae with species as

a) Platessa (which included the plaice (Platessa platessa), flounder

(Platessa flesus) and dab (Pleuronectes limanda));

b)  Hippoglossus (which includes the P. hippoglossus and several other
Mediterranean species described by other authors such as La Flie

Large (Pleuronectes latus), Pleuronectes flesus, Pleuronectes poda).

¢) Rhombus (which includes Turbot (Pleuronectes maximus), La
Barbue (Pleuronectes rhombus), Le Targeur (P. punctatus),

P. laevis and P. cardina)
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d) Solea (includes the common sole Pl solea Linn, P. ole of
Belon, the Solea oculata of Rondelet, the Pégouse of Risso and
the lascaris and theophilus of the same author). The Monochires
in which the right pectoral fin is very small and the left one is
very minute and wanting and the Achirus with no pectoral at

all are placed as subgenera.

Goldfuss (1820) changed the simple classification of Gmelin
(1789) by combining different groups. Pleuronectes was placed under
Leptosomata, Order Sternopterygii which was formed by Goldfuss uniting
the groups jugulaires and thoraciques of Gmelin. Hamilton (1822) in his
account of the fishes in the River Ganges described two genera
Pleuronectes and Achirus with 4 species Pleuronectes nauphala, Pleuronecetes
arsius, Pleuronectes pan and Achirus cynoglossus. Risso (1827) reclassified
fishes using Linnaeus classification as base into Chondropterygiens and
Poissons Osseux (Bony fishes). Flatfish was raised to family level with
one family Pleuronectides and 4 genera Hippoglossus, Solea, Rhombus and
Monochirus. Agassiz (1842:260) placed the flatfishes near the Family
Chaetodontidae and Scorpididae. Richardson (1843), in contributions
to the Ichthyology of Australia, Vol. X1 of ‘The Annals and Magazine of
Natural History’ described a new species of flatfish Rhombus lentiginosus.
In 1843, Temminck and Schlegel published “Fauna Japonica” wherein 4
species were described. Muller (1846) first made the use of the relation
between air bladder and gut for the definition of higher divisions. He
removed the sub-branchial malacopterygians from the abdominales or
physostomes and placed them nearer the acanthopterygians. A new order
Anacanthini was erected to include the Pleuronectids, Gadoids and
Ophidioids. This association of the Pleuronectoids with the Gadoids was

retained in many subsequent classifications. Muller (1846) erected a
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new order Anacanthinii to include Pleuronectoids and Gadoids and
Ophidiods. Cantor (1849) in his Catalogue of Malayan Fishes described
Family Pleuronectidae in Order Anacanthini with 14 species in 7
genera; fishes were grouped based on presence of eye and colour
patterns on right or left side. Bleeker in “Sur quelque genre de la Famille
des  Pleuronectoides” placed flatfishes in genera in the family
Pleuronectoides. The main character of differentiation between genus
Psettodes and the remaining were “presence/absence of teeth on palatine,
presence/absence of anal spine, lateral line with a curve anteriorly and sinistral
eyes”. Bleeker (1852) reported 19 species of flatfishes from Java and
Amboina, 2 from Madura, 1 from Bali, 6 from Sumatra, 1 from Banka,
6 from Borneo, 2 from Celebes, 1 from Moluccan Islands and 9 from
Indo-Archipelago; 3 families were collected from Amboina -
Pleuronectoidei, Soleidae and Plagusioidei — Psettodes was placed along
with Pseudorhombus and Platophrys in Family Pleuronectoidei. Later in
1853, Bleeker recorded 5 genera and 17 species of Pleuronecteoidei from
Bengal. Bleeker (1852, 1854, 1855) described three species of flatfishes
and placed them in Pleuronecteoidei. In Bleeker’s (1856) paper on
fishes of Amboina, of the 348 species of fishes listed, six species were
flatfishes—Rhombus mogkii, Rhombus pantherinus, Solea heterorhinos,
Synaptura heterolepis, Achirus melanospilos and Plagusia marmorata.
Bleeker (1860) describing the fishes of Sumatra placed flatfishes in three
families Pleuronecteoidei, Soleoidei, Plagusiodei with 13 species.
Gunther (1862) placed all flatfishes in Family Pleuronectidae; the
family was subdivided into two groups based on development of jaws
and dentition on blind side or both sides of head. Gunther (1862)
describing the Acanthopterygii in the British Museum, placed 155
flatfishes in 34 genera in Family Pleuronectidae. Later, Gunther (1866)



Lrnem evcen aé Leiterature

describing the Fishes of Zanzibar, placed all flatfishes in Family
Pleuronectidae; 6 genera with 6 species were described — Psettodes
erumei, Pseudorhombus russellii, Rhomboidichthys pantherinus, Pardachirus
marmoratus and Cynoglossus quadrilineatus. Bleeker (1866) described in
detail some species of the genera Pseudorhombus and Platophrys from the
Indo-Archipelago. Cope (1871) recognized flatfishes as a distinct Order
Heterosomata. Later works of Bleeker where flatfishes were recorded
were those on Synaptura from Cap de Bonne (Esperance, 1865),
Citharichthys from Suriname and Gautimala (1865) and Ichthyologique
Fauna of China (1873). Gunther (1880) divided Order Anacanthini into
two main divisions — Anacanthini Pleuronectoidei and Anacanthini
Gadoidei. Later, Gunther (1887), listed collections of HMS Challenger in
which 19 flatfishes were recorded; of these, 4 were same as other littoral
species, 10 were found between 100-200 fathoms, 2 between 200-300
fathoms, 3 between 300-400 fathoms. Species recorded belong to genera
Hippoglossus,  Hippoglossoides,  Poecilopsetta, — Anticitharus,  Samaris,
Lepidopsetta, Pseudorhombus, Rhomboidichthys, Monolene, Citharichthys,
Pleuronectes, Nematops, Solea, Aphoristia. Gill (1887) suggested that “the
Heterosomatous fishes may have branched off from the original stock or
progenitors of Taeniosomous fishes”. This idea was however not elaborately
followed. Jordan and Goss (1889) like many earlier workers, considered
flatfishes as belonging to a single family Pleuronectidae, but subdivided
into seven subfamilies Hippoglossinae, Pleuronectinae, Samarinae,
Platessinae, Oncopterinae, Soleinae and Cynoglossinae. They distinctly
recognized soles from flounders but stated that “the characters which mark
them as a group seem no more important than those which set off one subfamily
of flounders from another”. Alcock (1888-89) listed Pleuronectidae from

Bay of Bengal wherein 29 species were described; of which 11 were
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new, 3 were rare. Day (1889) published a vast collection of papers
describing many fishes. In his work “Fauna of British India” and ‘“‘Fishes
of India” flatfishes were included in Family Pleuronectidae with genera
Psettodes, Citharichthys, Pseudorhombus, Platophrys, Solea, Achirus,
Synaptura, Plagusia and Cynoglossus. In “Fishes of Malabar”, Day
described 3 genera of flatfishes with 3 species. Alcock (1890) described
the deep sea fishes collected by R.IM.S Investigator; flatfishes were
placed in one family Pleuronectidae with 17 genera and 63 species; this
was 8 genera and 24 species more than that described in the Fauna of
British India. Collections were made from Ganjam, north of Gopalpur,
Orissa and East coast of Ceylon. Depthwise occurrence of species was
given. In 20-40 fathoms, Psettodes erumei, Pseudorhombus javanicus,
Cynoglossus ~ oligolepis, Synaptura quagga, Brachypleura xanthosticta,
Arnoglossus macrolophus and Laeops guentheri were recorded. Alcock
(1890) systematically described fishes from South East coast of Ceylon,
east coast of Andaman Chain and Gulf of Martaban in ‘Shore fishes from
the Bay of Bengal’. Gill (1893) regarded Heterosomata as a suborder of
Teleocephali, equal in rank to Anacanthini. Later, while describing a
collection of bathybial fishes, Alcock (1894) recorded 4 new species of
flatfishes from 3 genera, all in family Pleuronectidae. Cunningham
(1896:498) was the first to throw doubts on the validity of associating
the Flatfishes and Gadoids - “there can be no doubt that the Gadidae and
Pleuronectidae instead of being closely allied are very remote from each other in
structure and descent” . Holt (1894) hinted at the affinity of flatfishes with
deep-bodied fishes such as Platax or Dascyllus or even with Zeus. Jordan
and Evermann (1898:2602) describing the relationship of flatfishes with
its sister groups opined “Its near relationship is probably with the Gadidae,

although the developed pseudobranchiae and the thoracic ventral fins indicate an
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early differentiation from the anacanthine fishes”. They raised flatfishes to
the suborder Heterosomata with two distinct families: Pleuronectidae
and Soleidae. The Pleuronectidae which had three subfamilies
Hippoglossinae, Pleuronectinae and Psettinae were characterized by “a
more or less distinct preopercular margin (ie. not hidden by the skin and scales
of the head), eyes large, well separated, mouth moderate or large, teeth present”.
The Soleidae were subdivided into two subfamilies, Soleinae and
Cynoglossinae, and were characterized by “an adnate preopercular
margin, hidden by the skin and scales of the head; eyes small, situated close
together; mouth very small, much twisted; teeth rudimentary or wanting”
(Jordan and Evermann, 1898). Alcock (1899) in “A Descriptive Catalogue
of the Indian Deep Sea Fishes in the Indian Museum” collected by
“Investigator” mentions of 10 species of flatfishes in one family
Pleuronectidae. Flatfishes collected were grouped into two — those with
jaws and dentition nearly equally developed on both sides and those
with jaws and dentition more developed on blind side. Fishes in genera
Psettodes, Arnoglossus, Pseudorhombus, Chascanopsetta, Rhomboidichthys,
Psettylis, Citharichthys, Samaris and Brachypleura were placed in the
former group. Fishes in genera Laeops, Boopsetta, Solea, Achirus,
Synaptura, Aphoristia, Plagusia and Cynoglossus were placed in the second
group. The species described were in genera Chascanopsetta, Boopsetta,
Laeops, Solea and Aphoristia. With this collection, 8 genera and 24
species were added to the 8 genera and 39 species recorded in the Fauna
of British India. Kyle (1900) further divided Heterosomata into two
families Pleuronectidae and Soleidae; Pleuronectidae with four
subfamilies Hippoglossinae, Pleuronectinae, Hippoglosso—rhombinae,
and Rhombinae and Soleidae with three subfamilies Soleinae,

Achirinae and Cynoglossinae. Subsequently, describing the fishes from
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the Island of Formosa, Jordan and Evermann (1902) placed the eight
flatfishes collected in Family Pleuronectidae. Boulenger (1902:1)
considered the flatfishes as nearly related to Zeidae to which he gave
the name Zeorhombi with Amphistium a fossil fish from upper Eocene in
a division of the Acanthopterygii; he also described six flatfishes from
Cape Colony of which Arnoglossus capensis was a species new to South
African coast and to science. Identification characters were also given
for the six species described. Gilchrist (1904) in his ‘Descriptions of New
South African Fishes’ listed 9 species in 7 genera, all of which were new
to science. Regan (1905 a, b) described two species of Cynoglossids
from Japan, three deep sea flatfishes from Sea of Oman and Persian
Gulf from the collections of Gordon Smith deposited in BMNH. In his
paper, Regan listed 19 fishes from the Sea of Oman of which 3 were
flatfishes—Laeops macropthalmus, Cynoglossus carpenteri and Solea
umbratilis from depths 98-243 fathoms. In the list of fishes from Persian
Gulf, 35 fishes were listed of which 6 flatfishes recorded were Psettodes
erumei, Pseudorhombus arsius, Synaptura zebra, Rhomboidicthys pantherinus,
R. grandisquamis and R. poecilurus. Later, Jordan and Starks (1906)
reported 11 species of sinistral flounders belonging to five genera and
one family from the seas around Japan. Twelve species of flatfishes in
two families Pleuronectidae and Soleidae and 9 genera were described by
Smith and Pope (1906) from Japan. Evermann & Seale (1907) described
10 flatfishes in Family Pleuronectidae and Soleidae. Lloyd (1909) based
on R.I.M.S Investigator’s collection along the south coast of Arabia from
Muscat to Aden, described 27 fishes in addition to Crustaceans. Among
the three new species of new fishes described was a flatfish Laeops
nigrescens. The other species of flatfishes collected were Solea umbratilis

and Cynoglossus carpenteri. Evermann and Seale (1907) in ‘Bulletin of the
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Bureau of Fisheries’ placed 10 flatfishes in 6 genera, 2 families Family
Pleuronectidae and Family Soleidae. They opined that “the flounders and
soles together constitute the suborder Heterosomata. The relations of this group
are uncertain but it is evident that these fishes have no special affinity with the
Gadidae or with other forms with jugular ventral fins. Boulenger associates the
flounders with the Zeidae and suggests the derivation of both groups from the
extinct family Amphistiidae. But there is no positive warrant for this ingenious
guess”. Twenty flatfishes were described by Regan (1908) from
Gardiner’s collections from the Indian Ocean; all the fishes were placed
in one family Pleuronectidae. Six new species were described in
addition to the earlier described species. In 1908, Jordan and
Richardson added 2 more species to Jordan and Evermann’s (1902) list,
making the list count ten. The fishes added were Psettodes erumei and
Scaeops orbicularis; the latter was made valid under the name
Engyprosopon  grandisquama. Jordan and Starks (1906) placed the
flounders and soles together in suborder Heterosomata with the
comments “the relations of this group are uncertain, but it is evident that these
fishes have no special affinity with the Gadidae or with other forms with jugular
ventral fins”. Boulenger had associated the flounders with the Zeidae,
and suggests the derivation of both groups from the extinct family
Amphistiidae. Jenkins (1910) described 25 species of flatfishes in 13
genera collected by steam trawler ‘Golden Crown’ from Bay of Bengal,
those in the Trivandrum Museum from the Indian Marine Survey
collection and the flatfishes collected by Annandale on Puri Beach.
Franz (1910), Hubbs (1915), Tanaka (1915) and Kamohara (1936)
added many species and genera to the Japanese sinistral flounders.
Later in 1910, Regan drew attention to the perch like characters of

Psettodes, which he regarded as the most generalized member of the
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Heterosomata and “simply an asymmetrical Percoid. The mouth, the skull,
the pectoral arch and the vertebral column are all quite Percoid”. He also
added that the rest of the flatfishes had arisen from a form not unlike
Psettodes. He disagreed with Thilo (1902) and Boulenger (1902) that the
Zeidae are nearly related to the Heterosomata. Regan also added that
“Bothus and Solea were already in existence in the upper Focene and indeed the
whole Upper Eocene fish fauna is strickingly modern, so that there is no reason
to regards Amphistium as ancestral to the flatfishes on account of its occurrence
in the Upper Eocene.” Regan also proposed a new system of classification
that raised the Heterosomata to the level of order with two suborders:
Psettodoidea and Pleuronectoides. Within the second suborder, the
family Pleuronectidae now contained three subfamilies -
Pleuronectinae, Samarinae and Rhombosoleinae. The family was
characterized by “having eyes on right side of head, nerve of left eye always
dorsal, olfactory lamellae slightly raised, parallel without central rachis and eggs
without oil globules”. Regan in 1913, placed the Heterosomata as a
specialized offshoot from the Order Percomorphii; he proposed an
entirely new classification of the group based on the study of anatomy
and osteology of a number of genera. Two suborders were recognized
for Heterosomata namely Psettodoidea and Pleuronectoidea. The only
family under Psettodoidea was Psettodidae with one genus. The second
suborder Pleuronectoidea was further divided into two main divisions
Pleuronectiformes and Solaeiformes which corresponded to the
Pleuronectidae and Soleidae of Jordan and Evermann. The main
character which separated the two suborders were dorsal fin extension
into head/not. The division Pleuronectiformes contained two families
Bothidae and Pleuronectidae, each with 3 subfamilies Paralichthinae,

Platophrinae and Bothinae under Family Bothidae and Pleuronectinae,
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Samarinae and Rhombosoleinae under Pleuronectidae. Division
Solaciformes was characterized by small mouth, lower jaw not
prominent, strongly curved, convexity of the lower jaw fitting into
concavity of upper, preopercular margin not free, pectoral and pelvic
fins small or absent. The division contained two families Soleidae and
Cynoglossidae. Weber (1913) placed the flatfishes collected from the
tropical Indo-Pacific region (Siboga Expedition) in Family
Pleuronectidae with 4 subfamilies Psettinae, Hippoglossinae,
Pleuronectinae and Soleinae. 33 genera were recognized with over 61
species. Subfamily Psettinae included the genera Psetyllis, Platophrys,
Scaeops, Engyprosopon, Arnoglossus, Anticitharus and Pseudocitharichthys
new genera. Subfamily Hippoglossinae had characters “ventral fin
symmetrical in form and position, placed laterally. Jaw and teeth on both sides
nearly symmetrical. Eyes sinistral or dextral.” Subfamily Pleuronectinae
included genera Laeops, Nematops and Boopsetta. The characters cited
were “symmetrical ventral fins, large eyes, pectoral fin on eyed side longer, teeth
well developed on blind side”. Genus Psettodes was placed along with
Samaris and Samariscus in subfamily Hippoglossinae, Family
Pleuronectidae. Several new species were also described—Samariscus
huysmani, Pseudorhombus argus, Pseudorhombus affinis, Platophrys
microstoma, Arnoglossus profundus, Arnoglossus elongates, Anticitharus
annulatus, Aserraggodes filiger. Besides two new genera Lepidoblepharon
and Laiopteryx were also erected to include 2 new species. Ogilby (1916)
following Regan’s classification described 4 genera of flatfishes from
Queensland. In 1920, Regan revised the group flatfishes from Natal;
Pleuronectoidea and Soleidea were recognized as equal in rank to the
Psettodoidea; 3 suborders were described under the Order

Hetrosomata. Under suborder Pleuronectoidea, three families were
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recognized-Bothidae, Paralichthodidae and Pleuronectidae. Family
Bothidae had 3 subfamilies Paralichthinae, Bothinae and Psettinae;
the former two with widespread distribution in the tropical and
temperate seas and the latter in North Atlantic. Family Pleuronectidae
had three subfamilies Pleuronectinae, Samarinae and Rhombosoleinae
while Family Paralichthodidae had only one genus. Suborder
Soleoidea was further divided into two families-Soleidae and
Cynoglossidae. Family Paralichthodes was made the type of the
Family Paralichthodidae. Kyle (1921:118) concluded that the origin
of the flatfishes is polyphyletic. “ With regard to origin” he writes that “the
conclusion is reached that the flatfishes are not a homogenous group. Symphurus
represents the earliest origin and has sprung from a stock which has given rise,
amongst others to the Macrurids and Trachypterids. The Bothus type is related
to the Psettidae, the Rhomboids have a near relation in Stromateoides and the
Zeus is an advanced relative; the Pleuronectoids are distinct from both.
Psettodes, the ‘Percoid’ appears to have sprung from a distinct line of evolution
and is a modern accession to the ranks of the flatfishes.” Mc Culloch (1922)
placed flatfishes in Order Heterosomata with four families Bothidae,
Pleuronectidae, Soleidae and Cynoglossidae and 12 genera. The
character followed was the margin of preoperculum free/fused. Jordan
(1923:167) placed the Heterosomata near the Anacanthini and
Allotriognathi (ribbonfish), but remarked that “flounders and soles, having
no spines and the ventral fins thoracic with an increased number of rays, should
not be placed far from the percomorphus series”. Till this period, all workers
considered Flatfishes as a natural group derived from a single stock
whether Gadoid, Zeoid or Percoid. Norman (1926, 1928) studied the
flatfishes of the Indian Museum as well as flatfishes of Australia, and

revised the subfamily Rhombosoleinae. Oshima (1927) recorded 30
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species in his “List of Flounders and Soles found in the waters of Formosa”
under five families. Aesopia cornuta and Zebrias fasciatus were placed in
Family Synapturidae. Fowler (1928) describing the Fishes of Oceania,
recognized 4 families in Order Pleuronectiformes. Regan (1929)
omitted the suborders and divisions of earlier workers and recognized
five families Psettodidae, Bothidae, Pleuronectidae, Soleidae and
Cynoglossidae. The subfamilies of Bothidae and Pleuronectidae were
retained but the South African genus Paralichthodes was removed from
the subfamily Samarinae and placed in a separate subfamily
Paralichthodinae. Norman (1931) described some fishes of Family
Bothidae in which he clearly separated Pseudorhombus natalensis from P.
arsius as well as described four species. Later, Norman (1934) brought
out a Monograph on Flatfishes of the world wherein all available
systematic information for the flatfishes was summarized. Norman
recognized 292 species in 85 genera in this work. However, taxonomic
information for Soleidae, Achiridae and Cynoglossidae was not
included in the work. Later, Norman (1934) and Sakamoto (1984)
recognized five subfamilies in Family Pleuronectidae — Pleuronectinae,
Paralichthodinae, Rhombosoleinae, Samarinae and Poecilopsettinae.
The classification given by Regan (1910) was adopted by Norman
(1934) with minor revisions — another subfamily was erected under
Poecilopsettinae to place the dextral Pleuronectidae.  Subfamily
Pleuronectidae was characterized by Norman (1934) as “having eyes on
the right side; optic chaisma monomorphic, the nerve of the left eye always
dorsal, dorsal fin extending forward on the head atleast to above the eye; all the
finrays articulated; pelvic of from 3 to 13 rays, mouth usually terminal, with the
lower jaw more or less prominent; maxillary without a supplemental bone,

palatines toothless; lower edge of urohyal deeply emarginated, so that the bone
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appears forked,; pre-operculum with free margin, nasal organ of blind side
usually near edge of head, but sometimes nearly opposite that of ocular side;
vertebrae never fewer than 30; on each side a single post—cleithrum, ribs present;

egg without an oil globule in the yolk.”

Eventhough most workers were of the view that Heterosomata
had arisen from a common ancestor, Chabanaud (1934, 1936) agreed
with Kyle (1921) in considering that Pleuronectidae cannot be derived
from Psettodoidei and that the Pleuronectiformes are of a polyphyletic
origin. Subsequently, Fowler (1936) while describing the Fishes of West
Africa, included flatfishes in Order Heterosomata—three families were
included in it namely Psettodidae, Bothidae and Soleidae. Psettodidae
was placed as a separate family in suborder Psettodoidea; Family
Bothidae had 4 genera—Citharus, Syacium, Arnoglossus, Platophrys and
Lepidorhombus; the main character of differentiation was the position of
the septum of the gill cavity. 29 species in 11 genera were described in
all. Chabanaud (1939) recognized 551 species in 125 genera from
taxonomic information for species of Pleuronectiformes he considered
valid, including those in the family not addressed in Norman’s study.
Berg (1940) recognized Pleuronectiformes as an order under subclass
Actinopterygii, Class Teleostomi. He stated that ‘there is no reason to
apply the ‘rule of Priority’ to taxonomical units higher than genera” and
followed Goodrich (1906, 1930) and chose the name coined from the
most known family of flatfishes and used it to describe the order as
“Pleuronectiformes”. Berg further divided the order into two suborders
Psettodoidei and Pleuronectoidei. The suborder Pleuronectoidei was
further divided into two super families Pleuronectoidae including the
family Bothidae and family Cynoglossidae. The family Bothidae
corresponds to Bothidae and Paralichthidae of Jordan and Scopthalmidae
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of Chabanaud. The family has three subfamilies—Paralichthyinae (Miocene
to Recent); Bothini (Lower Eocene to Recent) and Rhombini
(Scopthalmi). Family Pleuronectidae corresponds to Hippoglossidae and
Pleuronectidae and Samaridae and Rhombosoleidae of Jordan. Tinker
(1944) in his book on Hawaiian Fishes placed flatfishes in Family
Pleuronectoidei; 15 species were placed in 10 genera. Hubbs (1945)
revised the classification of sinistral flounders on the basis of some
important characters wherein Family Citharidae was erected by
regrouping two genera formerely placed in the Bothidae (sinistral taxa)
and Pleuronectidae (dextral taxa). The genera Brachypleura and
Lepidoblepharon were placed in Family Citharidae. Cadenat (1950) listed
the Fishes of the Sea of Senegal where 29 species of flatfishes were
recognized in 5 families. Orcutt (1950) worked out the life history of the
Starry Flounder Platichthys stellatus. Jones (1951:132) has placed the
flatfishes described from India in Order Pleuronectiformes in 2
suborders Psettodoidei and Pleuronectoidei, 4 families with 14 species.
Matsubara and Takamuki (1951) studied the flatfishes of the genus
Samariscus from the Japanese waters; Matsubara (1955) also revised the
system of classification of Japanese sinister flounders and referred them
into 43 species in 18 genera, eight subfamilies, 2 families and 2
suborders. However, there have been doubts on this classification
since it has been based on external characters only. In describing “ The
Marine and Freshwater fishes of Ceylon”, Munroe (1955) placed flatfishes
in Order Pleuronectiformes. Five families—Psettodidae, Pleuronectidae,
Bothidae, Soleidae and Cynoglossidae with 19 genera and 36 species
were described. The work was based on compilation of all the marine,
brackish and freshwater species of fish that were recorded from Ceylon
and the adjacent waters of the Gulf of Mannar. Chen (1956) listed 34
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species in his “Checklist of the Species of Fishes known from Taiwan
(Formosa). This added 7 new species to Oshima’s (1927) list. Fowler
(1956), while describing the Fishes of Red Sea and Southern Arabia, placed
flatfishes in Order Pleuronectidae, with 3 suborders Psettodina,
Pleuronectina and Soleina and 5 families and 17 genera. Family
Bothidae was further classified into two subfamilies—Paralichthyinae
and Laeopsinae; the former with 4 genera Pseudorhombus, Arnoglossus,
Engyprosopon and Bothus and the latter with one genus Laeops. 18 species
were described in Family Bothidae. Family Pleuronectidae had one
genus — Genus Samariscus with one species in it. Family Soleidae was
further subdivided into two subfamilies — Soleinae and Aseraggodinae
with 3 genera and 6 species in the former and two genera and 3 species
in the latter. 5 genera and 18 species were described in Family
Cynoglossidae. Fourmanoir (1957) while describing the Fishes of
Mozambique Canal, reported 7 species of flatfishes in 5 genera and 4
families—Psettodides, Bothides, Soleides and Cynoglossides. In the
“Handbook of Hawaiian Fishes” Gosline and Brock (1960) placed
flatfishes in 4 families—Bothidae, Pleuronectidae, Soleidae and
Cynoglossidae; 17 species were recorded in all the families together.
Based on two intensive surveys on the Coramendal coast of India,
Menon (1961) recorded 175 species of fishes of which 10 were
flatfishes; they were placed in 3 families—Psettodidae, Bothidae and
Cynoglossidae in Order Pleuronectiformes. Smith and Smith (1961)
describing “Sea Fishes of Southern Africa” placed flatfishes in Order
Heterosomata; 5 families described were Psettodidae, Pleuronectidae,
Bothidae, Soleidae and Cynoglossidae. The major difference between
Psettodes and other families were extension of dorsal fin onto head and

spinous anterior rays. Genus Pseudorhombus continued to be placed in
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Family Bothidae, Subfamily Paralichthyinae. Later in 1963, while
describing the Fishes of Seychelles, Smith and Smith placed flatfishes in 4
families with over 13 species. Amaoka (1963) made a revision of the
species of genus Engyprosopon found in the waters around Japan. Chen
and Weng (1965) in their review of the flatfishes of Taiwan, described
76 species in 28 genera and 5 families which included 40 new records
and two newly described species Laeops tungkongensis and Synaptura
nebulosa. In the “Fishes of Oceania”, Fowler (1967) has described
flatfishes in different families Pleuronectidae and Soleidae. Munroe
(1967) recorded 33 species of flatfishes under 5 families, 2 subfamilies
and 17 genera from New Guinea. Amaoka (1969) opined that the
phylogenetic relationship of the Heterosomata has not been properly
understood on account of poor osteological studies. He made a
comparative study of the cranium, orbital bones, gill rakers, branchial
apparatus, urohyal, vertebral and other accessory bones, caudal rays
and caudal skeleton and arrived at the conclusion that flatfishes are
polyphyletic in origin, a view proposed by Kyle (1913) and supported
by Chabanaud (1934, 1936). Amaoka also drew up a phylogenetic
scheme for the sinistral flounders and related flatfishes based on the
study of the morphology of Japanese flounders. He recognized four
large genetic stems Psettodes stem, Citharoides stem, Paralichthys stem
and Bothus stem; the stems were so distinct in their characters that
they were considered as four families namely Psettodidae, Citharidae,
Paralichthyidae and Bothidae. He also added that Heterosomata is not
a natural group derived from a single stock as a generalized percoid as
suggested by Norman and Hubbs, but sprung off from different stocks
among the ancestoral percoids much earlier to the percoid group.

Amaoka’s analysis was eclectic, eg. a combination of phonetic and
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cladistic methods and did not include FEngyophrys, Trichopsetta,
Grammatobothus, Lophonectes and Monolene for which larvae are known.
Fowler (1972) in his “Synopsis of Fishes of China” recognized 6 families
under Order Heterosomata with over 51 species. Lindberg (1974) in
“Fishes of the World” placed flatfishes in Order Pleuronectiformes — the
order was further divided into 2 suborders Psettodoidei and
Pleuronectoidei with 6 families in all. Amaoka (1962, 1964, 1969, 1970,
1971, 1972, 1973, 1974, 1976, 1979, 1984) studied in detail the
distribution, larval forms, phylogeny, larval morphology of the sinistral
flounders of Japan. Jordan & Evermann (1973) describing “Shore fishes
of Hawaii” placed flatfishes in suborder Heterosomata. Three families of
flatfishes Bothidae, Soleidae and Cynoglossidae with 4 species were
described by Jones and Kumaran (1980) from Laccadive Archipelago.
Evseenko (2004) prepared an annotated checklist of fishes of Family
Pleuronectidae. Relyea (1981), while describing the “Inshore Fishes of the
Arabian Gulf’ placed flatfishes in Order Pleuronectiformes with 4
families and 14 species; Hussain and Ali-Khan (1981) recorded 11
species in 2 genera including 3 new records of fishes of family
Cynoglossidae of Pakistan. The new species recorded were Paraplagusia
blochii, P. bilineata and Cynoglossus borneansis. In a revision of the sole
fishes of Taiwan (Shen and Lee, 1981), fourteen species belonging to
eight genera was described. Lauder and Lim (1983) presented a
cladogram for flatfishes stating that the hypothesis is tentative and
interrelationships expressed are problematic. In the “7Treatise on the Deep
Sea Fishes of the Atlantic Basin” by Goode, Tarleton and Bean (1896),
flatfishes of Family Pleuronectidae were placed in Order Heterosomata.
Nelson (1984) listed the Poecilopsettinae, Rhombosoleinae, Samarinae

and Pleuronectinae as subfamilies in Pleuronectidae on the basis of two
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characters: eyes almost dextral and no oil globule in yolk of egg.
Sakamoto’s (1984) hypothesis of pleuronectid interrelationships
assumed that the Pleuronectinae, Samarinae, Rhombosoleinae,
Poecilopsettinae and Paralichthodinae were monophyletic because both
eyes were on right side of the body, optic nerve of the left side was
always dorsal, preopercle had a free margin and finrays were without
spines. However, Hensley and Ahlstrom (1984), in a review of flatfish
classification, indicated that the evidence for monophyly of
Pleuronectidae (sensu Norman, 1934) was not convincing. They
concluded that the diagnostic characters reviewed in Norman (1934)
were found to be plesiomorphic for the order or had distributions that
were unknown for many pleuronectiform taxa. They proposed the
“Regan—Norman model and classification” as the detailed hypothesis
for pleuronectiform evolution. According to the model proposed by
Ahlstrom et al. (1984) incorporating works of Regan (1910) and Norman
(1934, 1966) with modifications by Hubbs (1945), Amaoka (1969),
Hensley (1977) and Futch (1977), Order Pleuronectiformes was divided
into three suborders—Psettodoidei, Pleuronectoidei and Soleoidei. The
suborder Psettodoidei contains only one family Psettodidae and the
members are distributed in the waters of the Indo—Pacific and West
African regions. The suborder Pleuronectoidei includes five families -
Citharidae, Scopthalmidae, Paralichthyidae, Bothidae and Pleuronectidae.
Family Citharidae contains two subfamilies - Subfamily Brachypleurinae
found in the waters of the Indo—Pacific region and subfamily Citharinae in
the Indo—Pacific, Meditterranean and West African regions. Four genera
were included in Family Scopthalmidae—Lepidorhombus, Phrynorhombus,
Scopthalmus, Zeugopterus; Family Bothidae was further divided into two

subfamilies—subfamily Taeniopsettinae distributed along Western
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Atlantic, Eastern Pacific and Indo-Pacific and subfamily Bothinae
distributed along Indian, Pacific, Atlantic, Mediterranean and Southern
Oceans. Four genera were included in the former subfamily while the
latter had 18 genera in it. Species in Family Scopthalmidae were
distributed in the North Atlantic, Mediterranean and Black Sea while
Family Paralichthyidae was reported from Western and Eastern
Atlantic, Eastern Pacific and the Indo-Pacific and had 16 genera in it.
Family Pleuronectidae was further subdivided into five sub-families-
subfamily Pleuronectinae with twenty six genera distributed in the
Atlantic, Mediterranean, Pacific and Artic Oceans, subfamily
Poecilopsettinae with three genera distributed in the Indo—Pacific and
Atlantic Oceans, subfamily Paralichthodinae with one genus distributed
in the Indian Ocean off South Africa, subfamily Samarinae with two
genera distributed in the Indo-Pacific and subfamily Rhombosoleinae
with eight genera distributed along New Zealand, Southern Australia
and South America. Suborder Soleoidei has two families Soleidae and
Cynoglossidae-the former with two subfamilies—subfamily Soleinae
with worldwide distribution from temperate to tropical waters and
subfamily Achirinae with distribution along the American coasts; the
latter with two subfamilies- subfamily Symphurinae with distribution
along the tropical and subtropical American coasts, Mediterranean,
West African and Indo—Pacific coasts and subfamily Cynoglossinae
with distribution along the Indo—Pacific, Mediterranean, West African
and Japanese coasts. Norman (1966) recognized 22 genera in subfamily
Soleinae and 9 genera in subfamily Achirinae. Subfamily Symphurinae
was represented by one genus Symphurus; two genera Cynoglossus and
Paraplagusia represented subfamily Cynoglossinae. Talwar and Kacker

(1984) placed flatfishes in Order Pleuronectiformes—three suborders
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with 5 families were recognized in it. Masuda et al. (1984) in “ The Fishes
of the Japanese Archipelago” placed flatfishes in Order Pleuronectiformes;
5 families were described in 2 suborders Pleuronectoidei and Soleoidei.
The families described were Paralichthyidae, Bothidae, Pleuronectidae
in the first suborder and Soleidae and Cynoglossidae in the second
suborder. Smith and Smith (1986) reported 53 species of flatfishes
placed in 6 families under Order Heterosomata from Southern Africa.
Fishes were placed in Order Heterosomata, families described were
Psettodidae, Pleuronectidae, Bothidae, Soleidae and Cynoglossidae.
The major difference between Psettodes and other families were
extension of dorsal fin onto head and spinous anterior rays. Genus
Pseudorhombus continued to be placed in Family Bothidae, subfamily
Paralichthyinae. Fishes were placed in three suborders—Psettodoidae,
Pleuronectoidae and Soleoidea with 1, 3 and 2 families respectively.
Kuronuma and Abe (1986), describing the “Fishes of the Arabian Gulf’,
grouped flatfishes into five families. 26 species belonging to 14 genera
were described in the five families. Later workers (Chapleau and Keast,
1988; Chapleau, 1993) using cladistic analysis of major taxa within the
order supported the hypothesis that the Pleuronectidae was not
monophyletic and suggested that the subfamilies Pleuronectiane,
Samarinae, Rhombosoleinae and Poecilopsettinae should be elevated to
family level. This concept was recognized by Hensley (1993) and partly
by Nelson (1994). Rajaguru (1987) collected 47 species of flatfishes under
22 genera from India. Hensley (1984, 1986), Hensley and Amaoka
(1989), Hensley and Randall (1990, 1993), Hensley and Suzumoto (1990)
made a series of publications on different species of Pseudorhombus and
Crossorhombus as well as Bothids of Easter Island and Rass (1996) on

taxonomy of Pleuronectidae. A taxonomic re-appraisal of the Atlanto—
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Mediterranean soles was given by Ben Tuvia (1990). Larson and
Williams (1997) in their checklist of fishes from Darwin’s Harbour
placed flatfishes in Order Pleuronectiformes - 6 species in Family

Bothidae, and 2 in Family Soleidae were described.

3.5 Revision of the flatfish family

Revisions of certain families and genera in Order Pleuronectiformes
was done by Amaoka (1963) on Genus Engyprosopon, Staunch and
Cadenat (1965) on genus Psettodes, Anderson and Gutherz (1967) on genus
Trichopsetta, Amaoka and Yamamoto (1984) and Foroshchuk (1991) on
Genus Chascanopsetta, Quero (1997) on Soleidae and Cynoglossidae on
the Island of Reunion, Clark and George (1979), Cooper and Chapleau
(1998) on Family Pleuronectidae, Chapleau and Keast (1988) on Family
Soleidae, by Evseenko (1987, 1996) on Genus Achiropsetta, Amaoka and
Rivaton (1991) on genus Tosarhombus, Kim and Youn (1994) on
flounders from Korea, on family Cynoglossidae (Kim and Choi, 1994),
Chabanaud (1928) on Genus Heteromycteris, Munroe and Marsh (1997)
on Genus Symphurus, Evseenko (2000) on family Achiropsettidae, Orr
and Matarese (2000) on genus Lepidopsetta, Hensley (2005) on Genus
Asterorhombus, Randall (2005) and Randall and Gon (2005) on Genus
Aseraggodes, Randall and Johnson (2007) on Genus Pardachirus, Vachon
et al. (2007) on Genus Dagetichthys and Synaptura and East Asian
Pleuronichthys (Suzuki et al. 2009). Five species and two subspecies were
recognized in genus Chascanopsetta by Foroshchuk (1991).

3.5.1 Phylogeny of flatfish

Phylogeny of the pleuronectid fishes have been studied by the works
of Regan, (1910, 1929), Norman (1934, 1966), Kuronuma (1938), Hubbs
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(1945), Kim (1973), Li (1981), Munroe (2005). Among these workers,
except Kim (1973), all the papers discussed the relation among the
subfamilies based on several characters including osteology. Kim (1973)
studied the inter relationships of 14 species of the Pleuronectinae based on
the comparative osteology of the cranium, the urohyal, the vertebrae and
the caudal skeleton. The classification of the dextral flounders has been
studied since the 19" century. In 1910, Regan treated all dextral flounders
as a single family. Since then, classification was based first on subfamilial
level (Regan, 1929; Norman, 1934; Berg, 1940; Hubbs, 1945) and some
were raised to family status (Regan, 1920; Jordan, 1923). Later, Nelson
(1976) divided Pleuronectidae into 4 subfamilies and the Pleuronectinae
into two tribes. Family Paralichthyidae was erected by Amaoka (1969) by
elevating the subfamily status of Paralichthinae to family status.
Interrelationships among flatfishes have not been much resolved.
Interrelationships of the Family Pleuronectidac was worked out by
Sakamoto (1984) based on as many internal and external characters on
dextral flounders. Four subfamilies Pleuronectinae, Poecilopsettinae,
Rhombosoleinae and Samarinae were recognized. Cladistic
methodology was first used by Lauder and Lim (1983) to study
interrelationships between flatfishes. Evseenko (1984) erected the
family Achiropsettidae to include the four genera Achiropsetta,
Neoachiropsetta, Mancopsetta and Pseudomancopsetta. He also hypothesised
the Achiropsettidae as the outgroup to a clade comprising the Samaridae,
Soleidae and Cynoglossidae. Hensley and Ahlstrom (1984) and Ahlstrom
et al. (1984) provided a detailed synthesis of knowledge on classification
and larval morphology of the Pleuronectiformes. They pointed out the
weakness of the earlier classifications, but did not produce a cladogram

reflecting their hypotheses of intrarelationships of the flatfishes. First
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attempts at cladistic hypotheses of relationships were proposed for the
Cynoglossidae by Chapleau (1988) and for the Soleidae by Chapleau and
Keast (1988). Chapleau (1988) gave a phylogenetic reassessment of the
monophyletic status of the family Soleidae. Based on a detailed study of the
characters, Pleuronectiformes have been classified into eight families; he also
established the monophyly of the Achiridae based on six characters.
Chapleau (1993) elevated all subfamilies of Norman (1934) to family status.
He also did a cladistic analysis of familial and subfamilial relationships using
available ordered and polarized morphological characters. This was the first
attempt to incorporate all available information to build a cladogram of
interrelationships within the Pleuronectiformes. Based on the study,
Chapleau agreed with Hensley and Ahlstrom (1984) in doubting the
monophyly of Citharidae. Early ontogeny and systematics of Bothidae was
worked out by Fukui (1997) based on larval characters using cladistic
analysis. He agreed with Hensley and Ahlstrom (1984) in the conclusion
that family Bothidae is monophyletic. He also opined that Asterorhombus
and Engyprosopon except species 2 of subfamily Bothinae are sister groups
for the subfamily Taeniopsettinae and added that re-examination of adult
systematic is necessary in Arnoglossus. Cooper and Chapleau (1998) did a
cladistic analysis of interrelationships for 53 pleuronectid species using 106
morphological and osteological characters. Results showed that the Family
Pleuronectidae is monophyletic. In addition, he also defined five subfamilies
which are Hippoglossinae, Eopsettinae, Lyopsettinae, Hippolgossidinae and
Pleuronectinae. The largest subfamily Pleuronectinae was further subdivided
into 4 tribes. Ramos (1998) also corroborated the monophyly of the family
and proposed a phylogenetic hypothesis of interrelationships. Adam et al.
(1998) mentions of 6 species of flatfishes in 4 genera and 3 families.
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The phylogenetic status of the Paralichthodes algoensis was reviewed
by Cooper and Chapleau (1998). First attempts at cladistic hypothesis of
relationships were proposed for the Cynoglossidae by Chapleau (1988)
and for the Soleidae by Chapleau and Keast (1988). They determined
that the suborder Pleuronectoidei of Hensley and Ahlstrom (1984) was
paraphyletic. Based on their studies, they also recommended that the
Pleuronectinae, Poecilopsettinae, Rhombosoleinae and Samarinae be
raised to family rank. Evseenko (1996) studying the ontogeny and
relationships of the flatfishes of Southern Ocean concluded that
achiropsettids are a monophyletic group and morphologically they are a
transitional group between Brachypleura (Citharidae) on one hand and the
Paralichthyidae and Bothidae on the other hand. Four genera and 7-8
species were included in the achiropsettids. Hensley (1997) prepared an
overview of the systematics and biogeography of the flatfishes wherein
recent changes in flatfish classification was discussed and it further
reiterated critical research areas in need of study on systematics and
biogeography of pleuronectiform fishes. Early ontogeny and systematics
of Bothidae was worked out by Fukui (1997) based on larval characters
using cladistic analysis. He agreed with Hensley and Ahlstrom (1984)
and Chapleau (1993) in the conclusion that family Bothidae is
monophyletic. He also opined that Asterorhombus and FEngyprosopon
except species 2 of subfamily Bothinae are sister groups for the subfamily
Taeniopsettinae and added that re-examination of adult systematic is
necessary in Arnoglossus. Hensley and Ahlstrom (1997) and Ahlstrom et
al. (1984) provided a detailed synthesis of knowledge on classification.
Cooper and Chapleau (1998) did a cladistic analysis of interrelationships
for 53 pleuronectid species using 106 morphological and osteological

characters. Results showed that the Family Pleuronectidae is
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monophyletic. In addition, he also defined five subfamilies which are
Hippoglossinae, FEopsettinae, Lyopsettinae, Hippolgossidinae and
Pleuronectinae. The largest subfamily Pleuronectinae was further
subdivided into 4 tribes. Later, Hoshino (2000, 2001) after re-
examination of the status of five genera and six species in Citharidae,
concluded that these fishes did form a monophyletic group that should be
recognized at the family level. Chanet (2003) published a cladistic
appraisal of the Scophthalmid fishes. Currently two major lineages of
flatfishes are recognized: the Psettoidei comprising the family Psettodidae
and the Pleuronectoidei containing all the other flatfish groups. Fourteen
families are recognized in this group, with Tephrinectes also representing a
distinct lineage within the Order. (Munroe, 2005). Phylogenetic analysis
of 61 species in Order Pleuronectiformes based on sequences of 12S and
16S mitochondrial genes were done (Azevedo et al., 2008). Results
showed that most families of flatfish Scopthalmidae, Pleuronectidae,
Samaridae, Cynoglossidae, Achiridae, Citharidae and Bothidae are
monophyletic, only Family Paralichthyidae was said to be polyphyletic.

3.5.2 Present status of flatfish phylogeny

However, Nelson (2006) concluded that about 678 extant species
are recognized in approximately 134 genera and 14 families. Of this some
species are thought to occur in freshwater, another few enter estuaries or
marine water and another few species are normally marine in nature, but
enter freshwater. The Order is now classified into two suborders—
Psettodoidei and Pleuronectoidei; the former with one family Psettodidae
and the latter with 13 families in three superfamilies Citharoidea,
Pleuronectoidea and Soleoidea. This classification is followed in the

present work.
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Psettodidae
Citharidae
Tephrinectes
Scophthalmidae
Paralichthyidae
Bothidae
Pleuronectidae
Paralichthodidae
Poecilopsettidae
Rhombosoleidae
Achiropsettidae
Samaridae
Achiridae
Soleidae

Cynoglossidae

(Source: Munroe in Gibson, 2005, Flatfishes: Biology and Exploitation, 391 pp)
Fig. 2 Phylogeny tree of the flatfish families of the world

Taxonomic relations especially within the subfamily Pleuronectinae
remain uncertain inspite of numerous investigations into the biology and

systematic of the flatfish. (Ninnikov ez al., 2007).

3.6 Life history of flatfishes

Immense literature on the life history stages of flatfishes has
accumulated since the early work of Cunningham (1887, 1889, 1890, 1891)
who described numerous series reared from eggs collected from running
ripe females. Other European workers (Holt, 1893; Mc Intosh and Prince,
1890; Petersen, 1904, 1906; Schmidt, 1904; Kyle, 1913) identified early life



eéa,f@fgﬁ; -3 WAREL.

history series of additional species. By the time of publication of
Ehrenbaum’s (1905-1909) summary, ontogenic changes of the major
groups of eastern North Atlantic fish fauna were already studied. Padoa
(1956) summarized ontogenic information on Mediterranean flatfishes;
Russell (1976) provided an extensive review of previous European
contributions. Martin and Drewry (1978) and Fahay (1983) summarized
information on the ontogenetic stages of the western Atlantic fishes. Early
life histories of some flatfishes from different areas have been studied—of
North Pacific were summarized by Pertseva-Ostroumova (1961) and of
Dover sole by Markle et al. (1992). Amaoka (1964) described the
development and growth of the sinistral flounder Bothus myriaster found in
the Indian and Pacific Oceans. The other work on the eggs and larvae of
flatfishes include those of Orsi (1968), Richardson et al. (1980), Crawford
(1986), Fukuhara (1986), Oda (1991) and Fukui and Liew (1999) on

Taeniopsetta radula.

3.7 Distribution of flatfishes

Flatfishes are said to have a global occurrence in marine habitats.
Ecological studies demonstrate that flatfish species distributions within
regions are modified by responses of species to various ecological
factors including water temperature, salinity, depth, sediment type and
its spatial distribution, prey distribution and degree of habitat
specialization of the species. (Munroe, 2005). The distribution pattern
of larvae and adults of some species of flatfishes have been studied by
Bonde (1927), Norman (1934), Bowman (1935), Thompson (1936),
Thompson and Cleve (1936), Rapson (1940), Gopinath (1946),
Raymont (1947); Andriashev (1954), Seshappa and Bhimachar (1955),
Bishai (1960, 1961 a,b), Musienko (1961), Pearcy (1962), Pradhan and
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Dulked (1962), Riley (1964); Rass (1965); Shuntov (1965), Haertel and
Osterberg (1967), Pillay (1967), Yesaki and Wolotira (1968), Edwards
and Steele (1968), McIntyre and Eleftheriou (1968), Hognstead (1969),
Powles and Kohler (1970), Irvin (1974), Hoss et al. (1974), Balakrishnan
and Lalithambika Devi (1974), Lalithambika Devi (1969, 1977, 1986,
1989 a, b, 1991, 1993, 2004), Menon (1977), Munroe (1990, 1998),
Heemstra (1999), Evseenko (1999, 2000). The greatest diversity of
flatfishes occurs in the tropical and subtropical marine waters where
approximately 528 species representing nearly 74 % of the total
diversity of the Order Pleuronectiformes are found. Many species
continue to be discovered from tropical Indo-West Pacific waters;
therefore species richness values for the area are only conservative
estimates. Species richness estimates are highest for flatfish assemblages
occurring in marine waters in the area bordered by northern Australia
and New Caledonia to the south and east, Indonesia, Malaysia and the
Gulf of Thailand in the west, the Philippines and southern Japan in the
northeast and the south China Sea to the north. (Briggs, 1974, 1999;
Planes, 1998). Munroe (2005) reports that the South China Sea supports
the greatest diversity of flatfish species (125). Other Indo-west Pacific
localities with diverse flatfish assemblages include Taiwan (82 species),
the Indo-Malay Archipelago (80 species), Philippines (76 species),
north-western Australia (82 species), southern Japan (79 species) and
Gulf of Thailand (56).

3.8 Spawning and fecundity of flatfishes

Scattered and sparse information on the spawning and fecundity
of flatfishes exists. Published literature include those of Buchanan-
Wollaston (1924), Yamamoto (1939), Chidambaram (1945), McHugh
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and Walker (1948), Arora (1951), Simpson (1951), Shellbourne (1953,
1956, 1957, 1962, 1963 a, b, 1964, 1965), Bagenal (1955 a,b, 1956, 1957
a, b, 1958, 1960, 1963 a, b, 1966, 1967), Marr (1956), Kuthalingam
(1957), Simpson (1959, 1971), Baxter (1959), Rustad (1961), Pradhan
(1962), Torchio (1962), Barr (1963), Railey and Thacker (1963), Pitt
(1965), De Groot and Schuy (1967), Holliday and Jones (1967), Kutty
(1967), Mirnov (1967), Ryland and Nichols (1967), Nash (1968),
Seshappa (1974), Jayaprakash (1999, 2000, 2001), Grace et al. (1992),
Zimmermann (1997) and Vivekanandan et al. (2003).

3.9 Other biological aspects of flatfishes

Information on the biology and other aspects of flatfishes are also
scattered. Available information include eye migration and cranial
development during flatfish metamorphosis reviewed by Brewster
(1987); study on the diurnal activity and feeding habits of plaice by de
Groot (1964). Later Braber and De Groot (1973) studied the food of
five flatfish species in the Southern Northern Sea-the flatfishes
belonging to the five groups Psettodidae, Bothidae, Pleuronectidae,
Soleidae and Cynoglossidae were regrouped into three groups—fish
feeders, crustacean feeders and polychaete mollusk feeders. Other
reports in this area include those of Zoutendyk (1974 a, b) on the
length—weight relationships and age and growth of the Agulhas sole
Austroglossus pectoralis, Kawamura (1985) on behavior of flounder
Paralichthys olivaceus, Bawazeer (1987, 1900) on stock assessment and
growth, mortality of large toothed flounder Pseudorhombus arsius in
Kuwait waters, Khan and Hoda (1993) on the food and feeding habits
of Euryglossa orientalis from Karachi coast, Knust (1996) on the food of
Seadab, Terwilliger and Munroe (1998) on age and growth of
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tonguefish Symphurus plagiusa, Chapleau (1988) on the comparative
osteology and intergeneric relationships of the tongue soles, Castillo-
Rivera et al. (2000) on the feeding biology of Citharichthys spilopterus,
Horwood (2001) on the population biology and ecology of sole, Cabral
et al. (2003) on feeding habits of Synaptura lusitanica and Voronina

(2007) on the seismosensory system of Psettodes erumei.

3.10 Range extensions of flatfishes

Several papers on reports of new species and extension of
distribution areas have been reported over the time period, adding to
the total species list of flatfishes. Prominent among those reported from
the Western Indian Ocean, Indo—West Archipelago and south east Asia
are Aseraggodes ocellatus from Ceylon (Weed, 1961), Mancopsetta milfordi
(Penrith, 1965) from South Africa, Microstomus shuntovi from the
seamounts of northwestern and Hawaiian ridges (Borets, 1983),
Achiropsetta  heterolepis from Russia (Evseenko, 1988), Psettina
multisquamea from Saya-de-Malya Bank, Solea stanalandi from Persian
Gulf (Randall and McCarthy, 1989), Symphurus callopterus from eastern
Pacific (Munroe and Mahadeva, 1989), Engyprosopon hensleyi,
Arnoglossus sayaensis and Parabothus malhensis from Saya de Malha Bank
(Amaoka and Imamura, 1990), Symphurus melasmatotheca and S.
undecimplerus from eastern Pacific (Munroe and Nizinski, 1991),
Engyprosopon hensleyi, Arnoglossus sayaensis and Parabothus malhensis from
Saya de Malha Bank (Amaoka and Imamura, 1990), Chascanopsetta
megagnatha from Sala-y-Gomez Submarine Ridge (Amaoka and Parin,
1990), Chascanopsetta elski from Saya de Malha Bank (Foroshchuk,
1991), Grammatobothus polyopthalmus and Arnoglossus taepinosoma from

Japan (Amaoka et al., 1992), Cynoglossus lida, Paraplagusia bilineata and
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Zebrias quagga from Andaman and Nicobar islands (Rao ez al., 1993),
Paraplagusia sinerama from Indo-Pacific region (Chapleau and Renaud,
1993), Parabothus taiwanensis from Taiwan (Amaoka and Shen, 1993),
Asterorhombus  fijiensis, (Amaoka et al., 1994), Asterorhombus bleckeri
(Amaoka and Arai, 1994), Plagiopsetta glossa (Cooper et al., 1994);
Pardachirus balius from Oman (Randall and Mee, 1994), Zebrias captivus
from Persian Gulf (Randall, 1995), Engyprosopon raoulensis from south-
west Pacific Ocean (Amaoka and Mihara, 1995), Pardachirus diringeri
from Reunion Island (Quero, 1997); Bothus swio (Hensley, 1997),
Chascanopsetta kenyaensis from coasts of Kenya and Somalia (Hensley
and Smale, 1997), Arnoglossus micrommatus from south west coast of
Australia (Amaoka et al., 1997), Symphurus hondoensis from Suruga Bay,
Japan (Munroe and Amaoka, 1998), Citharichthys gnathus from
Galapagos Islands (Hoshino and Amaoka, 1999), Samaris macrolepis
from Northwest Australia (Hoshino and Amaoka, 1998); Arnoglossus
debilis from Hawaii (Fukuii, 1999), Synaptura annularis from Japan and
India (Gonzales et al., 1994; Rekha, 2005), Citharoides orbitalis from
Western Australia (Hoshino, 2000), Poecilopsetta praelonga from
northwestern waters of Australia (Hoshino et al. 2000), Monolene
helenensis from eastern tropical Atlantic (Amaoka and Imamura, 2000),
Asterorhombus annulatus (Amaoka and Mihara, 2001), Aseraggodes
holcomi from Hawaiian Islands (Randall, 2002), Soleichthys maculosus
from Northern Australia (Muchchala and Munroe, 2003), Soleichthys
serpenpellis and S. oculofasciatus from Australian waters (Munroe and
Menke, 2004), Asterorhombus filifer (Hensley and Randall, 2003);
Engyprosopon vanuatuensis and Engyprosopon marquisensis (Amaoka and
Séret, 2005 a, b) from South Pacific Island and Marquesas islands

respectively; Heteromycteris normani (Joglekar, 1973); Poecilopsetta
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pectoralis from New Caledonia (Kawai and Amaoka, 2006), Nematops
nanosquama from Marquesas Islands (Amaoka et al., 2006), Aseraggodes
cheni and Aseraggodes orientalis from Taiwan and Japan (Randall and
Senou, 2007), Nematops microsoma from Tarawa Atoll in Indian Ocean
(Voronina and Evseenko, 2008), Cynoglossus ochiaii (Yokogawa et al.,
2008) from Japan. Some tropical species like Chascanopsetta lugubris
have been recorded from Western Atlantic also (Deubler Jr and
Rathjen, 1958).

3.11 Indian work on flatfishes

Scattered work on flatfishes has come from India over the time
period. Bleeker (1853) from Bengal, Alcock (1889-1889) from Bay of
Bengal, Day (1889), Alcock (1890) on deep sea flatfishes are the initial
ones. The first and only comprehensive work on the flatfishes of India
was by Norman (1927 & 1928) in which he deals with the specimens
from the coast of Southern Asia, from the Persian Gulf to the Mergui
Archipelago, from the collections in the Indian Museum and also a few
deep sea forms obtained by R.I.M.S. “Investigator”. Rao (1935) gave an
account of the “Oroliths of Psettodes erumei”. Gopinath (1946) described
the larvae of four flatfishes, three from Family Bothidae and one from
Family Cynoglossidae from the Trivandrum coast. Chidambaram
(1945) and Chidambaram and Venkataraman (1946) worked on and
described the spawning season of soles; Jones and Menon (1951)
presented the bionomics and developmental stages of some Indian
flatfishes. Larval stages and eggs and larvae of certain flatfishes
occurring along Madras coast were recorded by John (1944, 1951).
Munroe (1955) prepared an exhaustive account of the marine and

freshwater fishes of Ceylon; Kuthalingam (1957) gave details of the life
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history and feeding habits of Cynoglossus lingua; Jones and Pantulu
(1958) on the juvenile fishes off Bengal and Orissa coast. Life history
and feeding habits of Solea elongata were described by Kuthalingam
(1960). Menon (1961) made a collection from Coramendal coast; of the
174 fishes, 10 flatfishes were recorded. Distribution of Laeops guentheri
and Zebrias altipinnis was mentioned by Pradhan and Dhulkhed (1962)
and Talwar and Sen (1966) respectively. Pradhan (1964) gave a
preliminary account of the flatfishes found along the Bombay coast.
From a collection of bottom fauna from the Kerala coast by R.V.
Conch during 1958-63, Saramma (1963) recorded 30 species of
flatfishes. The collections were made from the continental shelf within
the 100 fathom line as well as deep water stations outside the shelf. The
fishes were placed in Order Heterosomata in families Bothidae,
Pleuronectidae, Soleidae, Cynoglossidae. Balakrishnan (1963) gave a
detailed account of the fish eggs and larvae collected by R.V Conch. Dutt
and Rao (1965) described a new bothid fish Cephalopsetta ventrocellatus
from the Bay of Bengal; Jones and Kumaran (1966) described Liachirus
melanospilus and Samaris cristatus, new records from the Indian Seas.
Talwar (1966, 1973) described new records of flatfishes from the Indian
seas; Brachirus panoides and Pardachirus marmoratus were recorded for the
first time from Orissa coast by Talwar and Chakrapani (1966),
Seshappa (1964, 1970, 1972a, 1972b, 1973) gave accounts of flatfish
resources of India, abnormalities in flatfishes as well as details of
morphometric studies on five species of flatfishes. Detailed study of the
Indian halibut Psettodes erumei was given by Pradhan (1969) in three parts
where fishery, biology and racial study results on the fish were presented.
Joglekar (1973) gave the systematic status of subfamily Heteromycterinae

and description of Heteromycteris normani, Venkataramanujam and
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Ramamoorthi (1973) redescribed Samaris cristatus from Porto Novo. Gaps
in the studies on the behaviour of Indian Ocean flatfishes were
mentioned by De Groot (1973). The inter-relationships between
alimentary tract and food and feeding habits of flatfishes of Porto Novo
were described by Ramanathan ez al. (1975). The feeding and breeding
habits of the Indian halibut Psettodes erumei were detailed by Abraham
and Nair (1976) and the “Biology and fishery of Psettodes erumei” from
Porto Novo was described by Devadoss et al. (1977). Menon and Rama
Rao (1975) listed the type specimens collected by RIMS Investigator.
Flatfishes were placed in Order Pleuronectiformes, in which “species
were placed in Family Bothidae, 5 species in Family Pleuronectidae, 4 in
Family Soleidae, 8 in Family Cynoglossidae. Devi (1977) studied the
distribution of flatfish larvae in the Indian Ocean. Ramanathan et al.
(1977, 1979a, 1979b, 1990) gave detailed accounts of the flatfish eggs
and larvae and the breeding biology of Cynoglossus macrolepidotus,
Psettodes erumei and Pseudorhombus triocellatus from Porto Novo waters.
The taxonomic status of the genera Synaptura was reviewed by Menon
and Joglekar (1978). Thirty two flatfishes of Porto Novo were recorded
and depicted by Ramanathan and Natarajan (1980); Jones and
Kumaran (1980) recorded 4 species from three families from Laccadive
waters. Menezes (1980) depicted observations on the morphometry and
biology of Psettodes erumei and Pseudorhombus arsius from Goa. Length—
weight relationships of three species of flatfishes landed at Calicut was
studied by Seshappa (1981). Chakrapani and Seshappa (1982) made a
morphometric comparision of the Malabar sole from different centres of
west coast of India and Talwar and Kacker (1984) recorded 43 species
of flatfishes under 25 genera and 5 families from India. The fishes were

placed in Order Pleuronectiformes. Apte and Rao (1992) described the
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morphometric and meristic characters of Zebrias quagga and
Pseudorhombus elevates; Engyprosopon grandisquama was reported for the
first time from Andaman Islands (Krishnan and Mishra, 1992).
Seventeen species belonging to four families and eight genera were
described by Venkateshamoorthy et al. (1993) from Mangalore. Biology
of Psettodes erumei and Pseudorhombus elevatus from the northern Arabian
Sea was studied by Pradhan (1964); anatomy of olfactory organs of
Cynoglossus oligolepis was studied by Kapoor and Ojha (1973). Other
scattered works on flatfishes were those on otoliths of Psettodes erumei
(Rao, 1935), age and growth, fishery and biology of Cynoglossus
semifasciatus by Seshappa and Bhimachar (1951, 1954, 1955), bionomics
on Indian flatfishes (1951), biology of Pseudorhombus elevatus (Pradhan,
1959), growth and mortality of Cynoglossus macrolepidotus (Kutty, 1966);
biology of Psettodes erumei (Abraham and Nair, 1976; Devadoss et al.,
1977; fecundity of the Indian Halibut Psettodes erumei from Bay of
Bengal (Shafi et al.,1978; Hussain,1990), population dynamics of
Cynoglossus macrolepidotus (Kutty and Qazim, 1969; Ramanathan et al.
1977), from Kuwaiti waters by Baz and Bawazeer (1989), Malabar sole
from west coast by Seshappa and Chakrapani (1983, 1984), Cynoglossus
macrolepidotus from Bombay coast by Rao and Dwivedi (1989), biology
of Cynoglossus arel and C. lida by Rajaguru (1992), population dynamics
of  Cynoglossus macrostomus along Calicut coast (Khan and
Nandakumaran, 1993), age and growth of Malabar sole (Jayaprakash
and Inasu, 1999), food and feeding habits of Cynoglossus macrostomus
(Jayaprakash, 2000) and by Rekha (2005) on fishery of Cynoglossus
macrostomus off Cochin. New records during the last few years were that
of Joglekar (1973), Rama—Rao (1967), Rekha (2006), Bijukumar (2009).
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Morphometric studies on Cynoglossus semifasciatus, Zebrias quagga
and Pseudorhombus elevatus were detailed by Chakrapani & Seshappa
(1982) and Apte and Rao (1992). In the checklist of estuarine and
marine fishes of Parangipettai coastal waters, Ramaiyan et al. (1986-
1987) reported 32 species. Radhamanyamma (1988) has given an
account of flatfishes of Southwest India with detailed information on
the biology of Cynoglossus punticeps. Twenty five species were listed from

the southwestern coast in this work.

3.12 Species differentiation using morpho-meristics

Morphometric and meristic counts have been used over time for
species differentiation and continue to be used. Studies on the species
discrimination during eighteenth and early 19" century detailed
differences in counts (Bloch, 1794; Cuvier, 1816) and measured
differences amongst species became part of standard practice by the mid
19" century (Muller and Troschel, 1845, 1849; Cuvier and Valenciennes,
1850; Gunther, 1864). By the mid 20™ century, a set of standard linear
measurements were finalized. (Hubbs and Lagler, 1958). Since then
differences among species were explored commonly by comparing
means and ranges of raw measures or ratios of these measures in head
or standard length. With more variables and datasets, multivariate
techniques like principal component analysis (PCA; Jolicoeur, 1963)
that can summarize variables on a single axis also became common
practice in the analysis of linear measurements. Several recent works on
species differentiation of different fishes include those on Serranid
species (Cavalcanti et al., 1999); Mediterranean horse mackerel (Turan,
2004); Selene species (Filho et al., 2006); three flounder species
(Vinnikov et al., 2007); Toxotes species (Simon et al., 2010) Epinepheline
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species (Imam and Mohammad, 2011); Leporinus cylindriformis (Sidlauskas
et al., 2011) and Trachurus species (Karaoglu and Belduz, 2011).

Though there has been some work on Indian flatfishes, a detailed
work on the flatfishes and their availability has been lacking in India.
The information available is scattered; taxonomic accounts are few, no
concise document is available. With revisions in family and genus,
many species have changed their valid status, some synonyms have
become valid names and vice versa. Indian flatfish taxonomy has been
neglected over the last two decades. With India being a party to the
CBD, documentation of its diverse fauna is a must; information of what
resources are available and what resources have been lost during the
past few years is lacking. Hence this specific work is a step in this

direction and it is of utmost relevance in the present day.
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4.1 Samples collected

Based on the collections from different parts of South India and
Andaman Islands during the period 2004-2010, 63 species of flatfishes

belonging to 8 families and 26 genera have been collected.

4.2 Collections

The samples were collected from trawler landings at Karwar,
Mangalore, Calicut, Kochi (Fort Kochi, Cochin and Munambam Fisheries
Harbour), Quilon (Neendakara and Sakthikulangara Fisheries Harbour)
on the west coast and Tuticorin, Mandapam, Rameswaram, Pambam,
Kovalam, Chennai, Vishakapatnam on the east coast. Besides these, deep
sea samples were collected from trawler vessels operating at 200-400 m
depth on the West coast as well as from Fisheries Research Oceanographic
Vessel Sagar Sampada off Vishakapatanam on the East coast. In addition to

these locations, landings by small vessels at Andaman Islands were also
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observed (Fig.3). The list of flatfishes collected from different locations in

India is given family wise and genus wise herewith.

Fig. 3 Sites from where samples were collected for the present study.

74 I
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4.3 Classification of Order Pleuronectiformes

The Order Pleuronectiformes comprises of a highly distinctive
group with bilaterally symmetrical larvae and highly asymmetrical,
strongly compressed adults with a flat eyeless or blind side and a convex
eyed side. Both eyes are on upper side and protrude above the body
surface allowing the fish to see when lying buried in the sand. The upper
eye is migratory and moves by torsion as the larvae metamorphose into
adult. Adults are either sinistral or dextral. Dorsal and anal fin bases
long, mostly with branched or unbranched rays; caudal fin with 17 rays,
caudal peduncle region highly reduced; pelvic fins with 6 rays generally,
pectoral and pelvic fins sometimes absent, symmetrical, in some, pectoral
on blind side reduced; eyes either contiguous or widely spaced,
interorbital region scaly or naked, generally concave. Eyed side is
pigmented, blind side usually white, unpigmented, in some, coloured
patches present. Lateral line sometimes absent on blind side. Body cavity
very small, adults without swim bladder. Body covered with scales
(cycloid, ctenoid or tuberculate) which are sometimes deciduous. Young
flatfish larvae are bilaterally symmetrical and swim upright, but early in
their development, between 10-25 mm in length, one eye migrates across
the top of the skull to lie adjacent to the eye on the other side. They then
lie and swim on the eyeless side (blind side) (Nelson, 2006). Asymmetry
may also be reflected in other characters such as dentition, squamation
and paired fins. Most species have both eyes on the right side and lie on
the left side. In some species like Psettodes erumei, both dextral and
sinistral individuals may occur. In the present study, the classification of
flatfishes by Nelson (2006) is followed. List of fishes collected family wise
is also given. As per this classification, the order is divided into three

suborders.
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Suborder Psettodoidei

Body elliptical, dorsal fin arising above the maxillary, not extending
onto front region of head, anterior rays spinous; first two rays of anal fin
spinous; eyes either sinistral or dextral; nostrils placed in front of
interorbital space. Mouth large, teeth on jaws barbed, palatine toothed
with a single row; anus on mid-ventral line of body. The suborder has only

one Family with one genus — Family Psettodidae and Genus Psettodes.

4.3.1 Family Psettodidae

The psettodids or toothed flounders are the basal group of
flatfishes hypothesized to be the sister group for the Pleuronectoidei.
The family is represented by one genus Psettodes and three species. The
members of this family have widespread distribution throughout the
Indo-West Pacific from East Africa to southern China, through
Indonesia and northern Australia, and eastward to the Philippines. In

the present work only one species was recorded.
4.3.1.1 Genus Psettodes

Psettodes erumei (Bloch and Schneider, 1801)
Suborder Pleuronectoidei

Body elliptical, dorsal and anal fins not confluent with caudal.

Dorsal origin above eyes, anal fins without spines, palatine without teeth.

The suborder is further divided into three superfamilies; fourteen
families are recognized in these superfamilies. Hensley and Ahlstrom
(1988) considered this suborder to comprise all fishes except the
Psettodidae and soleoid taxa (Cynoglossidae, Achiridae and Soleidae).
Chapleau and Keast (1988) suggested the suborder described by Hensley
and Abhlstrom (1988) as paraphyletic and also recommended that the
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Pleuronectinae, Poecilopsettinae, Rhombosoleinac and Samarinae be

raised to family rank.

Superfamily Citharoidea

Pelvic fins with only one spine; rest rays. Pelvic fin base short.

Posterior nostril on blind side not prominent.

4.3.2 Family Citharidae

Commonly called large scale flounders, citharids are reported to
occur in Mediterranean waters and in the Indo-west Pacific from Japan to
Australia. The family is represented by five genera and six species in the

world; in the present work, one genus with one species has been obtained.

Body elongate, compressed. Eyes dextral, separated by a narrow
interorbital ridge. Scales large, deciduous. Dorsal fin extending onto
head atleast to eyes; dorsal origin on blind side. Dorsal and anal fins

without spines; palatine without teeth.

Subfamily Brachypleurinae is Indo — Pacific in distribution.

4.3.2.1 Genus: Brachypleura

Brachypleura novaezeelandiae Gunther, 1862
Superfamily Pleuronectoidea

4.3.3 Family Paralichthyidae

They are popularly called sand flounders and are seen in marine
habitats. Eyes sinistral, pelvic fin bases short, nearly symmetrical, but
position of bases variable in species. Pectoral rays branched. Around 16
genera have been reported from over the world, only two genera with 8
species collected in the present study; the genera are Cephalopsetta and

Pseudorhombus.
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4.3.3.1 Genus: Pseudorhombus

Pseudorhombus argus Weber, 1913
Pseudorhombus arsius Hamilton, 1822
Pseudorhombus diplospilus Norman, 1926
Pseudorhombus dupliciocellatus Regan, 1905
Pseudorhombus elevatus Ogilby, 1912
Pseudorhombus javanicus Bleeker, 1853
Pseudorhombus natalensis Gilchrist, 1905

Pseudorhombus triocellatus (Schneider, 1801)

4.3.3.2 Genus Cephalopsetta

Cephalopsetta ventrocellata Dutt and Rao, 1965

4.3.4 Family Bothidae
Subfamily Bothinae:

They are commonly called left eye flounders. Eyes sinistral, pelvic
fin base on the ocular side longer than that of the blind side and place on
the midventral line of the body, its origin well in front of the pelvic
finbase on the blind side. Pectoral and pelvic finrays not branched, all
rays, no spine. 23 genera with about 140 species reported worldwide; in

the present study, 9 genera with 16 species have been collected.

4.3.4.1 Genus Arnoglossus
Arnoglossus aspilos (Bleeker, 1851)

Arnoglossus taepinosoma (Bleeker, 1866)

4.3.4.2 Genus Bothus
Bothus myriaster (Temminck and Schlegel, 1846).
Bothus pantherinus (Ruppell, 1821)
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4.3.4.3 Genus Chascanopsetta

Chascanopsetta lugubris Alcock, 1894

4.3.4.4 Genus Crossorhombus

Crossorhombus azureus (Alcock, 1889)

4.3.4.5 Genus Engyprosopon
Engyprosopon grandisquama Temminck and Schlegel, 1846
Engyprosopon maldivensis (Regan, 1908)
Engyprosopon mogkii (Bleeker, 1834)

4.3.4.6 Genus Grammatobothus

Grammatobothus polyopthalmus (Bleeker, 1865)

4.3.4.7 Genus Laeops

Laeops guentheri Alcock, 1890

Laeops macropthalmus (Alcock, 1889)

Laeops natalensis Norman, 1931

Laeops parviceps Gunther, 1880
4.3.4.8 Genus Neolaeops

Neolaeops micropthalmus (von Bonde, 1922)

4.3.4.9 Genus Parabothus

Parabothus polylepis (Alcock 1889).

Super family Soleoidea

4.3.5 Family Poecilopsettidae

These are commonly called big eye flounders due to their big

eyes. Origin of the dorsal fin above the eyes, lateral line rudimentary on
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blind side, pelvic fins symmetrical. Worldwide 3 genera with 20 species
have been reported. In the present study only one genus with 4 species

have been collected.

4.3.5.1 Genus Poecilopsetta

Poecilopsetta colorata Gunther, 1880
Poecilopsetta inermis (Breder, 1927)
Poecilopsetta natalensis Norman, 1931

Poecilopsetta praelonga Alcock, 1894

4.3.6 Family Samaridae

They are also called crested flounders. Reported from marine
tropical and subtropical waters of the Indo — Pacific mainly from deep
waters. Dorsal fin origin is in front of the eyes; lateral line well developed,
pelvic fins symmetrical. 3 genera with over 20 species reported worldwide,

in the present study one genus with one species recorded.

4.3.6.1 Genus Samaris

Samaris cristatus Gray, 1831

4.3.7 Family Soleidae

Soles have eyes dextral in position, margin of the preoperculum
concealed completely, dorsal and anal fins not contiguous with caudal
in some, in some contiguous. Pelvic fins free and not attached to anal
fin. According to Eschmeyer (Catalog of Fishes, 2010, online), Family
Soleidae is represented by 20 genera and 165 species; the type localities
of 12 species is in India. According to Catalogue of Life (2010, online)
27 genera are represented in Family Soleidae. In the present study, 9

genera with 19 species have been reported.
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4.3.7.1 Genus Aseraggodes

Aseraggodes kobensis (Steindachner, 1896)
Aseraggodes umbratilis (Alcock 1894).

4.3.7.2 Genus Aesopia

Aesopia cornuta Kaup, 1858

4.3.7.3 Genus Brachirus
Brachirus annularis Fowler, 1934
Brachirus orientalis (Bloch and Schneider, 1801)
Brachirus pan (Hamilton, 1822)

4.3.7.4 Genus Heteromycteris
Heteromycteris hartzfeldii (Bleeker, 1853)
Heteromycteris oculus (Alcock, 1889)

4.3.7.5 Genus Liachirus

Liachirus melanospilus (Bleeker, 1854)

4.3.7.6 Genus Pardachirus

Pardachirus marmoratus (Lacépéde, 1802)

Pardachirus pavoninus (Lacépede, 1802)

4.3.7.7 Genus Solea

Solea ovata Richardson, 1846

4.3.7.8 Genus Synaptura

Synaptura albomaculata Kaup, 1858

Synaptura commersoniana (Lacépéde, 1802)
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4.3.7.9 Genus Zebrias

Zebrias cochinensis, Rama Rao, 1967
Zebrias crossolepis Zheng and Chang 1965
Zebrias japonicus (Bleeker, 1860)

Zebrias synapturoides (Jenkins, 1910)
Zebrias quagga (Kaup, 1858).

4.3.8 Family Cynoglossidae

Commonly called tonguefishes; they have eyes sinistral.
Preopercular margin concealed by skin and scales; dorsal and anal fins
contiguous with caudal, caudal pointed in most cases. Pelvic fin
may/may not be attached to anal fin. Pectoral fin absent; eyes very
small, placed close together, mouth assymetrical. The family is divided
into two subfamilies — Symphurinae and Cynoglossinae. Three genera
with 127 species reported; in the present study, 2 genera with 12 species

were collected in subfamily Cynoglossinae.

Subfamily Cynoglossinae

Snout hooked, mouth assymetrical, inferior. Lateral lines well
developed on the ocular side. Lips fringed in Paraplagusia, plain in
Cynoglossus. Most of the species occur in sandy beds and are burrowing

forms, some are collected from brackish and freshwaters.

4.3.8.1 Genus Cynoglossus

Cynoglossus acutirostris Norman, 1939
Cynoglossus arel (Bloch and Schneider, 1801)
Cynoglossus bilineatus (Lacépéde, 1803)
Cynoglossus carpenteri Alcock, 1889
Cynoglossus cynoglossus (Hamilton, 1822)
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Cynoglossus dubius Day, 1873

Cynoglossus itinus (Snyder, 1909).
Cynoglossus lida (Bleeker, 1851).
Cynoglossus macrolepidotus (Bleeker, 1851)
Cynoglossus macrostomus Norman, 1928

Cynoglossus punticeps (Richardson, 1846)

4.3.8.2 Genus Paraplagusia
Paraplagusia bilineata (Bloch 1787)

4.3.1 Family Psettodidae

Psettodids are toothed flounders and a basal group of flatfishes.
This family is represented by only one genus—Psettodes. These large
flatfishes with both sinistral and dextral individuals are characterized by
several derived internal features discussed in Chapleau (1993).
Externally, these fishes are easily recognized by such pleisomorphic
characters as the posterior location of the dorsal fin, which does not
advance onto the cranium anterior to the eyes, occurrence of spines in
dorsal and anal fins, large mouth with specialized teeth, and nearly
rounded bodies without the obvious bilateral symmetry in lateral

musculature development evident in other flatfishes (Munroe, 2005).

Two species of Psettodes occur in tropical marine waters, the spot
tail spiny turbot, Psettodes belcheri, found off tropical West Africa and the
Indian spiny turbot, P. erumei with wide spread distribution throughout
the Indo-West Pacific from East Africa to Southern China, through
Indonesia and northern Australia and eastward to Philippines.
According to Talwar and Kacker (1984), the family contains a single

genus with three species of which one species is available in India.
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Review of observations done by various workers on Family Psettodidae

is given in Table 1.

Table 1: Review of observations done by various workers on Family

Psettodidae
Type Observations
G S
enus P Jordan |Bleeker | Norman | Eschmeyer
Peettodes Psettodes
Bennett 1831 | belcheri orthotype synonym | VALID
Bennett
Psettodes )
Bennett g;%lossus type
1831 Bleeker
Sphagomorus | Pleuronectes Synonym of
Cope 1867 | erumei i ) Psettodes

4.3.1.1 Genus Psettodes Bennett, 1831

Psettodes Bennett, 1831, Proc. Comm. Zool. Soc., (12):147 (Type: Psettodes
belcheri Bennett); Norman, 1934, Syst. Monog. Flatfish., 1. 57;
Ahlstrom et al., 1984, Am. Soc. Ichth. Herp. Sp. Publ., 1. 640;
Heemstra, 1986, Smith. Sea Fish.,: 853; Lindberg and Fedorov, 1993,
Handbook Iden. Anim.,:166 : 11; Li and Wang, 1995, Fauna Sinica:
100; Hensley, 2001, FAO Sp. Iden. Guide, IV (6). 3792; Hoese and
Bray, 2006, Zoo. Cat. Aust.,: 1804.

Sphagomorus Cope, 1860, Trans. Amer. Phil. Soc. Philad., X1II: 407 (Type:

Pleuronectes erumei Schneider).

Dorsal fin arising above the posterior end of maxillary, anterior
rays of dorsal fin spinous, others branched. Anal fin and dorsal fin
similar in shape. First two rays of anal fin spinous, rest branched.

Pectoral fin on eyed side bigger, the first two rays simple, rest branched.
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Pelvic fins small, symmetrical in shape with one spine and five short
rays. Caudal fin 24 in number, 15 rays branched. Lateral line well
developed on both sides, with a slight curve above pectoral fin. Teeth
present in two rows, each teeth with an inward curve, sharp and

prominent. Gill rakers palmate each with a barbed tip.

Taxonomic remarks

The genus Psettodes was erected by Bennett in 1831 based on the
species Psettodes belcheri. Cantor (1849) placed these fishes in Genus
Hippoglossus in Order Anacanthini, Family Pleuronectidae. Bleeker
(1857) described Genus Psettodes with the following characters “teeth
present in uniserial in pattern on vomer, palatine, in biserial in order on
maxilla. Dorsal and anal fin rays free. Maxilla ends below posterior portion of
eye”. In 1862, Gunther placed Genus Psettodes in Family Pleuronectidae
which was continued by Day (1889) and Alcock (1889). However,
according to Boulenger (1881), the flatfishes have been derived from
symmetrical deep bodied fishes with a short body cavity, represented
by the Eocene Amphistium. Bowers (1906) placed Psettodes in Family
Pleuronectidae along with Pseudorhombus, Scaecops. Regan (1910) first
drew attention to the perch characters of Psettodes which he regarded
as the most generalised member of the Heterosomata and simply an
“asymmetrical percoid”. Regan (1910) further compared the osteology

of Psertodes and Gadoids and clearly pointed out the differences —

1) Spinous rays of the dorsal and spinous first ray of pelvics in

Psettodes is absent in Gadoids.

2) Direct attachment of the pelvic bones in Psettodes compared

to attachment with a ligament in Gadoid.
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3) 17 rays in caudal, 15 branched in Psettodes.
4)  Absence of air bladder in adult Psettodes.

5) Well developed pseudobranchiae in Psettodes which is absent
in Gadoids.

6) Small opisthotic bone which is large in Gadoids.

Weber (1913) described Psettodes with “dorsal origin behind eye, both
sides of body with ctenoid scales” and placed the genus in Family
Pleuronectidae, subfamily Psettinaae. Ogilby (1916:132) while
describing the Queensland Halibut Psetfodes erumei mentions “it is
probable that this species which exhibit this divergence from the common law in
a more marked degree are more directly descended from their percoid ancestory,
than those which have developed a more constant dextrality or sinistrality” .
Kyle (1921:119) says that “it is the most recent addition to the ranks of the
Heterosomata. Its indeterminate character, sinistral or dextral, as well as the
structure of the mouth and cheek muscles, indicate that it is a near relative of
some present day genus of normal teleosts, eg. of Lichia among the Carangidae” .
According to Tate Regan (1929:214, 324) “Except for its asymmetry and
the long dorsal and anal fins, Psettodes is a typical perch and might almost be
placed in the Serranidae..... It may have retained so many percoid features
because it has not adopted progression along the bottom by undulatory
movements of the body and marginal fins to the same extent as other flatfishes.”
Amaoka (1969) considered Psettodes as the most “primitive” flatfish, but
proposed in a polyphyletic origin of the order from an ancestral percoid
stem. But as did Chabanaud (1949), Amaoka did not define clearly the
“percoid stem” . Psettodids are hypothesized to be the sister group for the

Pleuronectoidei.
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4.3.1.1.1 Psettodes erumei (Bloch and Schneider, 1801)
Indian halibut

Pleuronectes erumei Bloch and Schneider, 1801, Syst. Ichth.,: 150
(Tranquebar, India); Bleeker, 1857, Act. Soc. Sc. Indo-Neerl., 11: 9
(Amboina); Bleeker, 1858, Act. Soc. Sc Indo-Neerl., III. 28

(Trussan, Padang, Priaman Sumatra).

“Adalah” Nooree Nalaka” Russell, 1803, Descr. Fish. Vizag., 1. 54, 60,

pls. 1xix, 1xxi (Coramendal coast).

Hippoglossus erumei Ruppell, 1828, Atl. Reise Nondl. Africa:121
(Massaua); Ruppell, 1835-1840, Neue Wirb. Abyss. Fische: 84;
Bleeker, 1852, Verh. Bat. Gen., XXIV:13 (Batavia); Cantor, 1849,
J. Asiat. Soc. Bengal, XVIII: 1198, 1200 (Sea of Penang, Malayan
Peninsula, Coramendal, Bay of Bengal, Ganges estuaries,
Massauah); Duméril, 1859, Arch. Mus. Hist. Nat. Paris., X:. 264
(West Africa).

Pleuronectes nalaka Cuvier 1829, Regne Animal, 11: 340 (type locality:

Vizagapatam, India).

Hippoglossus dentex Richardson 1845, Voy. Sulph. Fish.,: 102, pl. 47 (Southern
coast of China); Richardson, 1846, Rept. Brit. Assoc., 15 : 278.

Hippoglossus goniographicus Richardson 1846, Rep. Brit. Ass. Adv. Sci.,:
279 (Canton, China, coast of China).

Psettodes erumei Gunther, 1862, Cat. Brit. Mus., IV: 402 (Red Sea,
British India, Pinang); Gunther, 1866, Fish. Zanzibar, 112 (Red Sea);
Bleeker, 1866-1872, Atl. Ichth., VI: 4; Capello, 1872, J. Sci. Math. Phys.
Nat. Acad. Lisboa: 86 (Bissau, West Africa); Klunzinger, 1870, Fische
Rothen Meeres: 570 (Koseir, Red Sea); Boulenger, 1887, Proc. Zool. Soc.
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London: 665 (Muscat); Day, 1878 -1888, Fish. India: 422, pl.91, fig. 4
(Indian Seas); Day, 1889, Fauna Brit. India, Fish, 2 : 439, fig. 155
(Indian seas); Alcock, 1889, J. Asiatic Soc. Bengal, 58 (2) : 280 (False
Point to Ganjam, 10-23 fathoms); Regan, 1905, J. Bombay Nat. Hist.
Soc., 16(2) : 330 (Persian Gulf); Evermann and Seale, 1907, Bull. Bur.
Fish., 26:106 (San Fabian); Bowers, 1907, Bull. Bur. Fish., XXVI: 45
(Cavite); Steindachner, 1907, Denk. Ak. Wien, 71 (1): 166 (E. Arabia);
Jenkins, 1909, Rec. Ind. Mus., 3:24 (Elephant point, Santapalii,
Gopalpur); Jordan and Richardson, 1910, Checklist. Phillipine Fish., : 53;
Weber, 1913, Die Fische der Siboga Exped., LVII : 420 (Rothen Mer);
Regan, 1915, Ann. Mag. Nat. Hist., London (8) XV: 129 (Lagos);
Norman, 1927, Rec. Ind. Mus., 29, pt. 1: 8, fig. 1 (Persian Gulf, Muscat,
Gulf of Oman, Andaman Sea, Orissa, Madras); Weber and Beaufort,
1929, Fish. Indo-Austr. Arch., V: 97, fig. 24 (Malay, Batavia); Norman,
1934, Syst. Monog. Flatfish., 1: 37, fig. 30 (Muscat); Tortonese, 1935-36.
Bull. Mus. Zool. Anat. Comp. Un. Torino, 45, ser.3, 63: 20 (Red Sea;
Massaua); Fowler, 1936, Bull. Amer. Mus. Nat. Hist., LXX: 495
(Senegambia, Cape Blanco); Okada and Matsubara, 1938, Key. Fish.
Japan: 415 (Formosa, East Africa, Red Sea); Blegvad, 1944, Danish Sci.
Invest. Iran, I11: 197 (Jask, Iranian Gulf); Liang, 1951, Taiwan Fish. Res.
Inst. Rep., 3: 35; Herre, 1953, Checklist Philippine Fish.,: 176 (Red Sea,
East Africa, Japan); Blegvad, 1944. Danish Sci. Invest. Iran, pt. 3: 197,
fig. 121 (Jask); Smith, 1949, Sea Fish. S. Africa: 15 (Kalankan, East
Indies); Matsubara, 1955, Fish. Morph. Hierar., 1I. 1248, fig. 477
(Formosa, China Sea, Red Sea, East Africa); Munroe, 1955, Fishes of
Ceylon: 256, pl. 49, fig.741; Chen, 1956, Synop. Vert. Taiwan:. 96
(Formosa); Fowler, 1956, Fish. Red Sea and Southern Arabia, 1. 59

(Sumatra, Hong Kong, Manila); Fourmanoir, 1957, Mem. de [institute
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Scientifique de Madagascar, Tome 1. 42 (Mozambique); Menon, 1961,
Rec. Ind. Mus., 59(3): 399 (Tranquebar); Smith, 1961, Sea Fish. S. Africa:
155 (Indo—Pacific, Delagoa Bay); Smith and Smith, 1963, Fish.
Seychelles: 11 (South Africa) pl. 7, fig. 1; Marshall, 1964, Fish. Great
Barrier Reef: 451, pl. 62, fig. 439 (Pacific Ocean, Queensland); Chen and
Weng, 1965, Biol. Bull. Tunghai Univ., 25: 5, fig. 2; Amaoka, 1969, J.
Shimonoseki Univ. Fish, 18(2): 72, fig. 1 (Tonking Bay); Fowler, 1972,
Fish. China: 165 (China, Canton); Relyea, 1981, Iushore Fish. Arab. Gulf
122, (Arabian Gulf); Talwar and Kacker, 1984, Comm. Sea Fish. India:
842, fig. 346 (Bombay, Madras); Allen and Swainston, 1988, Marine
Fish F.W Australia: 46; Krishnan and Menon, 1993, Rec. Ind. Mus., 93
(1-2): 210 (Kakinada, Gopalpur); Li and Wang, 1995, Fauna Sinica:
101; Randall, 1995, Coastal Fish. Oman: 354; Evseenko, 1996, J. Ichth.,
36 (9): 57 (Southern Ocean); Mohsin and Ambak, 1996, Marine Fish.
Malaysia: 584 (Malaysia); Allen, 1997, Marine Fish. Austr.,: 234;
Carpenter et al., 1997, FAO Sp. Iden. Guide: 228; Chen et al., 1997, Fish.
Nansha Island.,: 174 (South China); Fricke, 1999, Fish. Mascarene Islands:
569; Mishra and Sreenivasan, 1999, Rec. Zoo. Surv. India, 97 (2): 253;
Randall and Lim, 2000, Raffles Bull. Zoo. Suppl., 8: 644 (South China
Sea); Manilo and Bogorodsky, 2003, J. Ichth., 43 (1): S121; Mishra and
Krishnan, 2003, Rec. Zool. Surv. India. Occ. Paper, 216: 45 (Pondicherry,
Karaikal).

Material examined: N=2, TL 126.2 mm and 180.25 mm from Kochi

and Chennai Fisheries Harbours.

Diagnosis: Upper eye on dorsal surface of head, mouth with sharp
pointed teeth. Preopercular margin easily seen, not hidden by skin or

scales; pelvic fins with one spine and 5 soft rays.
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Plate I Psettodes erumei (Bloch and Schneider, 1801)

Meristic counts: D 51 - 55 (53); A 37 - 39 (38); P, 14 — 15 (15); C 16.
Body proportions as percent of SL (mean in parentheses): HL 29.96 -
31.5(30.7); HW 33.2 — 40 (36.6); HD 19.7 — 23.98 (21.9); ED, 4.9 - 6.7
(5.8); ED, 3.8 - 6.3 (5.1); ID 1.9-2.8 (2.3); PrOU; 6.1 — 6.9 (6.5); PrOL
3.8 -8.97 (6.4); PBU 17.4 — 20.4 (18.9); PBL 17.03; BD, 29.6 — 42.8
(36.2); BD, 42.8; UJL 21.1-23.1 (22.1); LJL 17.3 -21.8 (19.5); CD 5.5 -
6.8 (6.2); DFL 10.9 — 13.5 (12.2); AFL 9.1 — 11.1( 10.1); P,FLO 12.3 —
12.8 (12.5); P,FLB 13.3 — 14.4 (13.9); V,FLO 7.8 — 9.2 (8.5); V,FLB
9.44; CFL 16.9 — 20.1 (18.5); DFL 57.99 — 69.2 (63.6); ABL 54 -56 (55);
P;BLO 3.02 - 3.1 (3.04); P,BLB 3.6; V,BLO 2.9 - 3.01 (2.95); V,BLB
1.7; CBL 12.6; CPD 10.86; PDL 18.8 -38.95; PAL 40.2 — 41.7 (40.98);
P,LO 29.8 - 33 (31.4); P,LB 29.6; V,LO 29.8 — 32.5 (30.4); V,LB 30.4.

As percent of HL (mean in parentheses): HW 110.7 - 125.4 (118.1);
HD 80— 100 (90); ED, 16.4 — 31.5 (23.9); ED, 12.7 — 40 (26.4); ID 6.2 -
19.7 (12.97); P,OU 6.7 - 23.2 (14.9); P,OL 6.3 — 12.8 (9.6).

Description: Body oval in outline, not deeply compressed. Body depth 2.9
times in standard length. Prominent head, eyes placed apart, separated by a
flat, scaled area of moderate width; the upper eye placed nearly on the dorsal
profile; lower eye slightly smaller than upper eye, placed posterior to upper
eye, upper eye diameter 1.3 times the lower eye, 2.7 times the interorbital
width; post orbital contained 4.8 times in head length. A comparative

statement of the meristic characters of Psettodes erumei 1s given in Table 2.
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Teeth biserial on upper jaw, outer row of teeth curved inside. Teeth
on lower jaw biserial, more closely placed than that of upper jaw.
Body covered with ctenoid scales on ocular side. Each scale oval in
structure with 12—15 lines radiating from centre to tip. Tiny ctenii
present on pigmented portion of each scale. Maxillary ends well
behind the posterior margin of lower eye, 1.4-1.7 times in head
length and 4.3-4.7 times in SL. Nostrils close together, the lower one
in front of the interorbital space. Lateral line continuous, arising
from the upper free end of the operculum and extending upto caudal
fin origin, 68 scales placed on the lateral line. Single dorsal fin not
extending onto head with 51-55 rays, anal with 37-39 rays, pectoral
with 14-15 rays, caudal fin double truncate with 15 branched and 2

unbranched rays.

Colour: Body brownish — grey with faint four transverse bands;
dorsal and anal fins and posterior part near caudal fin darker

brownish black.

Distribution:

World: Reported from Red Sea, British India, Pinang (Gunther,
1862, 1866); Malayan Peninsula, Madagascar, Comores, L'’ile
Europa (Fourmanoir, 1957); Massaua (Ruppell, 1828); Red Sea
(Klunzinger, 1870); Muscat, Gulf of Oman (Boulenger, 1887,
Norman, 1927); Persian Gulf (Regan, 1905); East Arabia
(Steindachner, 1907); Red Sea, Massaua (Tortonese, 1935-36);
Persian Gulf (Regan, 1905); Lagos (Regan, 1915); Malay, Batavia
(Weber and Beaufort, 1929); Senegambia, Cape Blanco (Fowler,
1936); Tonking Bay (Amaoka, 1969); Arabian Gulf (Relyea, 1981);
South China Sea (Randall and Lim, 2000); South China (Chen et al.,
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1997); Malaysia (Mohsin and Ambak, 1996); Southern Ocean
(Evseenko, 1996). (Localities were Psettodes erumei has been recorded

in the world are given in Fig.4).

G. Red 5éa A
[® H. Muscat . Ly : F wr

N [ 1]

Fig. 4: Map showing localities were Psettodes erumei has been recorded
in the world.

India: Reported from False Point to Ganjam (Alcock, 1889);

Andaman Sea, Orissa, Madras (Norman, 1927); Bombay, Madras

(Talwar and Kacker, 1984); Tranquebar (Menon, 1961); Kakinada,

Gopalpur (Krishnan and Menon, 1993); Parangipetta (Ramanathan,

1977; Rajguru, 1998), Neendakara (present work). (Localities were

Psettodes erumei has been recorded in India are given in Fig.5).
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Fig. 5: Map showing localities were Psettodes erumei has been recorded
in India.

Fishery: Formed a good fishery till 2000 in India, but landings have

drastically declined to a 900 tonnes in 2007 and 1000 tonnes in 2008.

Reports of landings in Kerala show that the fishery stock has been

depleted (CMFRI, 2008-09).

Taxonomic comments: The species Psettodes erumei was first described as
Pleuronectes erumei by Bloch and Schneider in 1801 based on a sample

collected from Tranquebar, India (ZMB 7404, right skin). Russell (1803) in
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his ‘Descriptions of the fishes of Vizagapatnam’ named it “ Nooree Nalaka”. The
fish was placed in genus Hippoglossus and described as Hippoglossus erumei
by Ruppell (1828). Subsequently, the fish was described as Pleuronectes
nalaka by Cuvier based on a sample from Vishakapatnam. Descriptions are
not available but only a footnote as “Pleuronectes erumei, Bl. Schn., ou
adalah, Russel, 1, 69; Pl. nalaka, N., ou Norée nalaka, Russel, 77. Gunther
(1862) placed this fish in Genus Psettodes and synonymised Pleuronectes
nalaka, Hippoglossus goniographicus and Hippoglossus dentex with Psettodes
erumei. Regan (1910) placed Psettodes erumei in Order Heterosomata,
suborder Psettodoidea. The species according to Regan “fas no gill rakers,
and the strongly toothed mouth is larger than in any other flatfish, this is evidently a
predaceous fish, which probably lies on the bottom, concealed from its prey, and then
darts out, swimming rapidly for a short distance by lateral movements of the tail.
Probably it has retained so many Percoid features because it has not adopted
progression by undulating movements of the body and marginal fins to the same
extent as other fishes of this order.” Weber and Beaufort (1929) comments that
“P. belcheri Bennett from the West coast of Africa, which has been united with this

species, differs in having smaller species” .

Observations: Bloch in his work has described Psettodes erumei with 59
dorsal fins, but in the work of Weber and Beaufort (1929) the fincount
was in the range 49 - 54. Lower fincounts were observed by Smith
(1986) and Blegvad (1944) from African waters for both dorsal and anal
fin rays. The counts given by Gunther (1862) and Day (1877, 1889)
match well with that of the descriptions by Cantor (1850). Results of the
correlation coefficient analysis done on non-meristic characters of
Psettodes erumei is given in Table 3. The ratio of the body depth and
head length to SL for the present specimens matches well with that of
Randall (1955) (2.3 - 2.5; 3.2 -3.6).
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Table 3: Results of the correlation coefficient analysis on non-meristic
characters of Psettodes erumei

Characters Ratio/ Range in SL Mean SD

Head length 32-33 3.26 0.11
Head depth 4.2-5.1 2.76 0.64
Eye diameter (U) 20.4-23.6 17.70 2.3

Interorbital width 35.8-53.8 44.79 12.68
Body depth 2.3-34 2.86 0.74
Upper jaw length 4.3-4.7 4.53 0.29
Lower jaw length 46-5.8 5.19 0.85
Chin depth 14.6 -18.3 16.46 2.58
Dorsal fin length 7.4-9.2 8.28 1.26
Anal fin length 9.1-11 10.04 1.4

Pectoral fin length (O) 6.99-8.2 7.99 0.83
Pectoral fin length (B) 7.5-12.9 7.23 3.79
Pectoral base length (O) 32.6-33.1 32.87 0.35
Pectoral base length (B) 33.2-34.7 33.95 1.08
Pre dorsal length 2.6-5.3 3.95 1.95
Pre anal 2.4-2.5 2.44 0.06
Pre pectoral length (O) 3.03-3.4 3.19 0.23
Pre pelvic length (O) 3.1-34 3.22 0.2

Characters Ratio/Range in HL Mean SD

Head width 0.8 - 0.9 0.85 0.08
Head depth 1.3 -1.6 1.42 0.24
Eye diameter (U) 4.7-6.1 5.42 0.97
Interorbital width 11.3-16.1 13.69 3.42
Post orbital 4.3-52 4.75 0.61
Body depth 0.7-1.0 0.87 0.20
Upper jaw length 1.36-1.4 1.39 0.04
Lower jaw length 1.4-1.7 1.59 0.20
Chin depth 4.6-55 5.04 0.62
Dorsal fin length 2.3-2.8 2.54 0.30
Anal fin length 29-33 3.08 0.32
Pectoral finlength (O) 24-25 2.45 0.01
Pectoral finlength (B) 22-23 2.22 0.05
Caudal finlength 1.6-1.8 1.67 0.15
Anal fin length 0.55-0.6 0.56 0.01
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4.3.2 Family Citharidae

Species in this family are commonly called large scale flounders.
World over, 5 genera and 6 species have been reported (Nelson, 2006),
in the present study, however, only 1 genus with 1 species has been
collected. Citharids are flatfishes with pelvic fins with one flexible spine
and five soft rays; their gill membranes are more widely separated.
These two characters make this family similar to the Psettodids. Body
elliptical, deeply compressed; eyes placed close together with a narrow
interorbital ridge. Mouth large; posterior nostril on blind side not
prominent. Teeth is present on the vomer. Eyes sinistral or dextral,
dextral in genus Brachypleura. The anus is present on the eyed side of
the midventral edge, rather than on the blind side. Pelvic fins equally
developed, finbase short. Dorsal fin origin is anterior to eyes. Pectoral

fins well developed.

Citharids are said to be distributed in temperate and subtropical
seas of Europe and West Africa (Citharus); South Africa, throughout the
Indian Ocean, the Philippines, Japan and western Australia
(Citharoides), central and northern Indian Ocean eastward to the
Philippines and Australia (Brachypleura, Lepidoblepharon) in the western

Central Pacific.

Taxonomic comments: Hubbs (1945) erected this family by regrouping
two genera formerly placed in the Bothidae (sinistral taxa) and
Pleuronectidae (dextral taxa). Inclusion of genera featuring opposite ocular
asymmetries in the same family deviated radically from earlier traditional
hypotheses that had grouped flatfish taxa heavily weighted on ocular
symmetry. (Munroe, 2005). Hensley and Chapleau (1984) doubted the
monopoly of the family. Chaplaeu’s (1993) cladistic analysis of the Order
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Pleuronectiformes also confirmed the findings of Hensley and Chapleau
(1984). Cooper and Chapleau (1998) suggested that the dextral genus
Lepidoblepharon is sister to all remaining pleuronectiformes. The sinistral
Citharus was not shown on the cladogram, but the dextral Brachypleura was
sister to a clade comprising the four families Scophtalmidae,
Paralichthyidae, Bothidae and Pleuronectidae; this clade along with
Brachypleura was sister to all known Pleuronectiformes. Hoshino (2000,
2001) re-examined the status of five genera and six species placed in the
family Citharide and concluded that the fishes form a monophyletic group
that should be recognised at family level. Review of observations done by
various workers on Family Citharidae is given in Table 4. The family
consists of five genera Brachypleura, Citharoides, Citharus, Lepidoblepharon
and Paracitharus of which a species in the genus Brachypleura was obtained

in the present study.

Table 4: Review of observations done by various workers on Family

Citharidae
Observations
Heemstra| Lindberg
Genus Synonym Type Jordan Alcock | andGon| and Eschmeyer
Fedorov
Fem. Brachypleura
novaezeelandiae - - Valid Valid VALID
Brachypleura Giinther 1862
Giinther 1862 | Laigpteryx | Brachypleura | Misspelled Tvoe b
Weber, Xanthosticta | Ligpteryx by m!rlljoty;y - - Synonym
1913 Alcock 1889 | Jordan 1920

4.3.2.1 Genus Brachypleura Gunther, 1862

Brachypleura Gunther, 1862, Cat. Brit. Mus., 4. 419 (type: Brachypleura
novaezeelandiae Gunther 1862, New Zealand); Hector, 1872, Fish.
New Zealand: 50 (New Zealand); Weber, 1913, Siboga Exped., 57:
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414; Norman, 1934, Syst. Monog. Flatfish., I. 400; Ahlstrom et al.,
1984, Am. Soc. Ichth. Herp. Sp. Publ. No. 1: 640; Li and Wang,
1995, Fauna Sinica: 108; Hoshino, 2001, Ichth. Res., 48 (3): 391;
Hensley, 2001, FAO Sp. Iden. Guide, IV (6): 391; Hoese and Bray,
2006, Zool. Cat. Australia: 1808.

Laiopteryx Weber, 1913, Die Fisch. der Siboga Exped., LVIL: 423 (type:
Brachypleura xanthosticta Alcock 1889.

Diagnostic character: Scales deciduous, less than 35 in lateral line;

snout, jaws, interorbital space and upper parts of orbit not scaled.

Description: Body elliptical, compressed, eyes dextral, place close
together separated by a narrow ridge. Head scaled except the snout,
jaws and interorbital. Mouth large, gape wide; maxillary ending below
the mid-half of the lower eye or a little beyond. Eyes dextral. Gill rakers
lanceolate. Teeth sharp, cananiform at the anterior part, well developed
in both jaws, biserial, outer row more larger. Dorsal fin origin on blind
side, well in front of eye on snout; sheath covering basal part of dorsal
fin. In males, first few rays are slightly elongated, filamentous. Anal
similar to dorsal. Tip of interhaemal spine does not project in front of
anal fin. Pectoral fins equally developed on both sides, rays in the
middle branched. Pelvic finrays short on both sides, asymmetrical,
ocular well placed in advance of blind side fin. Caudal peduncle short,
caudal fin with highly convex ends, middle row branched. Lateral line
with less than 35 scales, with a prominent curve above pectoral fin;
supra temporal branch absent. Body scales on ocular side ctenoid, those

on blind side cycloid with feeble denticulatons. Lateral line straight.

Remarks: Regan (1910) listed Brachypleura along with Paralichthodes and

Samaris in subfamily Samarinae in Family Pleuronectidae. Weber (1913)
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placed Brachypleura in subfamily Hippoglossinae along with Psettodes,
Samaris etc. Characters ascribed where “straight lateral line, vomer with teeth,
eyes dextral”. Brachypleura was listed by Norman (1927, 1934) as a genus in
subfamily Samarinae along with Lepidoblepharon, Samaris and Samariscus,
the difference being the large mouth, large denticulated gill rakers and well
developed pectorals. The dextral flounder genus Brachypleura has only one
species Brachypleura novaezeelandie which inhabits the deep waters of the
Indo—Pacific region. This genus had been recognized as a member of the
subfamily Samarinae of the family Pleuronectidae (Regan, 1910; Norman,
1927, 1934).

Laiopteryx was described as a new genus by Weber (1913) to
include Laiopteryx xanthosticta. Characters assigned were oblique and
wide mouth, maxilla about half of the head length, teeth sharp pointed,
anterior slightly larger. Amaoka (1972) studied the osteology and
relationships of Brachypleura novaezeelandie and remarked that “certain
important characters of the genus Brachypleura, however, were found to be
different from those of the Japanese citharids. It might be necessary to erect a
new subfamily or family for Brachypleura.” However, at present it is placed
as a genus in Family Citharidae.
4.3.2.1.1 Brachypleura novaezeelandiae Gunther, 1862

Yellow dabbled flounder
Brachypleura novaezeelandie Gunther, 1862, Cat. Brit. Mus., 4. 419 (New

Zealand); Hector, 1872, Fish. New Zealand: 50 (New Zealand);

Gunther, 1880, Rep. Sci. Res. Expl. Voy. HM.S “Challenger” Zool.,

1(6): 49 (Arafura Sea in 35 to 49 fathoms, off New Zealand, River

Mary, Queensland); Norman, 1927, Rec. Ind. Mus., XXIX: 43, fig.

12 (Ganjam Coast, Maldive Islands, Hugli mouth); Fowler, 1928,
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Mem. B. P. Bishop Mus., XII, 2: 93 (New Zealand, East Indies);
Weber and Beaufort, 1929, Fish. Indo-Aust. Arch., V: 145 (Java
Sea, Timor Sea); Norman, 1934, Syst. Monog. Flatfish: 400, fig.
289 (Maldives, Burmese Coast, Andaman, off Ganjam Coast);
Herre, 1941, Mem. Ind. Mus.,:13 (3): 319; Hubbs, 1945, Misc. Publ.
Mus. Zool. Univ. Michigan, 63:34; Punpoka, 1964, Kasetstart Uniy.
Fish. Res. Bull., (1): 29, fig. 7 (Gulf of Thailand); Shih — Chieh,
1966, Quar. J. Taiwan Mus., 20 (1, 2): 194, figs. 81- 84; Fowler,
1967, Mem. B. P. Bishop Mus., XI: 320 (Oceania); Amaoka, 1971,
J. Shimonoseki Univ. Fish., 20 (1): 20, pl. I, fig. B (South China
Sea); Kuronuma and Abe, 1986, Fish. Arabian Gulf: 241 (Arabian
Gulf); Anderson et al., 1998: 28; Li and Wang, 1995, Fauna Sinica:
108; Randall, 1995, Coastal Fish. Oman: 354 (Oman); Mohsin and
Ambak, 1996, Marine Fish. Malaysia, 587; Carpenter et al., 1997,
FAO Sp. Iden. Guide. 228; Evseenko, 1998, Russ. Acad. Sci., 57;
Hensley, 2001, FAO Sp. Iden. Guide: 3797; Hutchins, 2001, Rec.
W. Aust. Mus.,. 46 (Australia); Manilo and Bogorodsky, 2003,
J. Ichth., :S122; Hoese and Bray, 2006, Zool. Cat. Australia: 1808.

Brachypleura xanthosticta Alcock, 1889, J. Asiat. Soc. Bengal, LVIII: 281,
pl. xvii, fig. 3 (S.W of Puri, South of Ganjam); Alcock, 1896, J.
Asiat.  Soc. Bengal, LXV: 327, Alcock, 1898, Ilust. Zool.
“Investigator”, Fish., pl. xxii, fig. 2; Regan, 1908, Trans. Linn. Soc.
London, Zool., 12 (3): 232 (Maldives, Suvadiva, 44 fathoms,
Malaku, 27 fathoms); Jenkins, 1910, Mem. Ind. Mus., iii: 27

(Ganjam coast, Eastern Channel at mouth of Hoogli River);
Borodin, 1930, Bull. Vand. Mar. Mus., 1 (2): 46.

Liaopteryx xanthosticta Weber, 1913, Siboga-Exped. Fisch.,: 423 (Timor Sea).
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Material examined: N = 1, TL = 102.51 mm from Chennai.

Diagnosis: An elliptical shaped flatfish with dextral eyes closely placed,
with ctenoid scales on ocular side and cycloid scales with feeble

denticulations on blind side.

Plate II Brachypleura novaezeelandiae Gunther, 1862

Meristic characters: D 78; A 47; P, 12; V, 6; L1. 32.

Body proportions as percent of SL: HL 30.2; HD 20.7; ED, 8.3; ID
1.2; PrOU 7.4; PrOL 10.95; PBU 24.8;PBL 20.8; BD, 40.9; BD, 41.4;
DFL 9.6; AFL 10.6; P,FL 20.78; V,FL 12.3; CFL 20.5; ABL 72.5;
P,BLO 5.3; V,;BLO 3.78; PDL 18.5; PAL 39.68; P,LO 29.75; V,LO 2.4;
UJL 15.4; LJL 17.6; CD 4.7.

As percent of HL: HD 68.5; ED, 27.5; ED, 25.5; ID 3.9; PrOU 24.5;
PrOL 36.2; PBU 82.1; PBL 68.7; BD, 135.1; BD, 137.03; DFL 31.7;
AFL 35.1; P,FL 68.7; V,FL 40.7; CFL 67.6; DBL 277.8; ABL 239.8;
P,BL 17.6; V,BL 17.6; PDL 61.2; PAL 131.2; P,LO 98.4; V,LO 8.02;
UJL 50.7; LJL 58.1; CD 15.6.

Description: Body elliptical, compressed. Eyes dextral, separated by a
narrow bony ridge, upper a little in advance of lower. Eye diameter
3.7 — 3.9 times in HL. Mouth large, gape wide, oblique in position,
maxillary ending below the midhalf of the lower eye or a little beyond.

Snout and lower jaw very prominent. Nostrils placed close together,
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below anterior part of upper eye, the upper nostril is a longitudinal slit,
the lower one is rounded; nasal organ of blind side above first ray of
dorsal fin very small, inconspicuous. Teeth sharp, cananiform at the
anterior part, well developed in both jaws, biserial; anterior teeth of
upper jaw enlarged; teeth in lower jaw biserial almost throughout, those
of the outer series larger. A patch of conical teeth on vomer. Gill -
membranes more or less united below the throat; gill - rakers rather
long, slender, denticulated, not numerous. Preopercular margin free.
Dorsal fin origin on snout on blind side, in front of eyes. Anterior
dorsal fin filamentous in males, of shorter length in female; most of the
rays simple, not scaled, those on middle part longer. Sheath covering
basal part of dorsal fin. Anal origin behind a vertical drawn from the
origin of the pectoral. Anal similar to dorsal; middle rays branched; last
few rays longer than the first few. Tip of first interhaemal spine not
projecting in front of fin. Dorsal and anal fins free from caudal. Caudal
fin rhomboidal, with the middle rays branched. Pectoral fins equally
developed on both sides. Pelvic fin on ocular side inserted in front of
pelvic base on blind side; that on blind side larger. Body scales on
ocular side ctenoid, those on blind side cycloid with feeble denticulations.
Scales deciduous. Caudal fin branched; caudal peduncle very short.
Scales rather large, deciduous, imbricated, ctenoid or cycloid, absent on
eyes, interorbital, jaws, snout and on fins; less than 35 scales in lateral
line. Lateral line with a distinct curve above the pectoral fin; no
supratemporal branch. A comparative statement of the meristic
characters of Brachypleura novaezeelandie is given in Table 5. Results of
the correlation coefficient analysis done on non-meristic characters of

Brachypleura novaezeelandie is given in Table 6.
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Table 6: Results of the correlation coefficient analysis on non-meristic
characters of Brachypleura novaezeelandie

Characters Range in SL Range in HL

Head length 3.31

Head depth 4.83 1.5
Eye diameter (U) 12.3 3.7
Eye diameter (L) 12.95 3.9
Interorbital width 85.1 25.7
Preorbital (U) 13.5 4.1
Preorbital (L) 9.1 2.8
Post orbital (U) 4.03 1.2
Post orbital (L) 4.8 1.5
Body depth I 2.5 0.7
Body depth II 2.4 0.7
Dorsal fin length 10.4 3.2
Anal fin length 9.4 2.9
Pectoral fin length (O) 4.8 1.5
Pelvic fin length (O) 8.1 2.5
Dorsal base length 1.2 0.4
Anal base length 1.4 0.4
Pectoral fin base length (O) 18.8 5.7
Pelvic fin base length (O) 26.4 8.00
Pre dorsal length 5.4 1.6
Pre anal length 2.5 0.8
Pre pectoral length 34 1.02
Pre pelvic length 41.3 12.5
Upper jaw length 6.5 1.97
Lower jaw length 5.7 1.7
Chin depth 21.3 6.4

Colour: In fresh condition, ocular side is yellowish brown, sometimes with
some indistinct darker margins; vertical fins often with small dark spots.

Blind side is whitish. When preserved the colour changes to light yellow.
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Distribution

World: New Zealand, Java Sea, Timor Sea, Indian Ocean, Arafura
Sea, coast of New Guinea, New Zealand (Gunther, 1862; Norman,
1927, Weber and Beaufort, 1929); Maldives (Norman, 1934); Gulf of
Thailand (Punpoka, 1964); Arabian Gulf (Kuronuma and Abe, 1986);
Oman (Mohsin and Ambak, 1996); Australia (Hutchins, 2001). Map
map showing localities were Brachypleura novaezeelandie has been

recorded in the world is given in Fig. 6.

G. Oman ): .
™ K. Andamans o= Bl N4 N | T, o
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Fig. 6: Map showing localities were Brachypleura novaezeelandie has
been recorded in the world.

India: Andamans, off Ganjam Coast (Norman, 1934); Porto Novo
(Rajguru, 1987); Chennai (present study). Map showing localities were

Brachypleura novaezeelandie has been recorded in the world is given in

Fig. 7.
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Fig. 7: Map showing localities were Brachypleura novaezeelandie
has been recorded in India

Taxonomic comments: The fish was first described by Gunther (1862)
based on two samples in the collections in the British Museum. Alcock
(1889) described the fish under the name Brachypleura xanthosticta based
on samples of length 3.75 — 4.2 inches from south west of Puri and 5

miles South of Ganjam from 25 fathoms on clean sandy bottom.
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Weber (1913) placed the fish in a new genus as Laiopteryx xanthosticta
based on differences pointed by Alcock and those he noticed.
According to Norman (1927) “Brachypleura xanthosticta was said to differ
from Brachypleura novaezeelandie in the presence of an anterior curve to the
lateral line and in having a double row of teeth in the lower jaw, differences
which led Weber to erect the genus Laiopteryx for its reception. Examination of
the types of B. novaezeelandie shows that Gunther’s description was inaccurate,
and that teeth of the lower jaw are distinctly biserial. The scales of the specimen
are entirely wanting and the anterior curve of the lateral line is not apparent,
Gunther clearly mistook the septum between the myotomes for the lateral line.”
The dorsal fin counts of L. xanthosticta (70 - 72) described by Weber and
very much in agreement with that of B. novaezeelandie described by
Weber and Beaufort (65 - 72). Fowler (1928) placed the fish in family
Samarinae, though now it is placed in Citharidae. Later, Fowler placed
the species in Family Pleuronectidae along with Pseudorhombus and

Arnoglossus.

Observations: Except for the slightly higher dorsal fin count, the
meristic counts of the present specimen are similar to that of the earlier
workers; the meristic measurements of the present specimen are in
agreement with that given by Gunther (1862). The present work also
agrees with Norman (1924) in the presence of biserial teeth in the lower

jaw.

4.3.3 Family Paralichthyidae

Species in this family are commonly called sand flounders. About
16 genera and 105 species of paralichthyid flounders are distributed
worldwide in tropical, subtropical and temperate seas (Munroe, 2006).

McCulloch (1922) listed all sinistral flounders with margin of free

108



- nnnan Zedulrs

preopercle in Family Bothidae. Genus Pseudorhombus was represented
by three species from New South Wales; in the Pacific, family members
extend from about 45°N to about 35°S (Norman, 1934); in the Western
Atlantic, 9 genera occur in the Gulf of Maine (Bigelow and Schroeder,
1953). The genus was also recorded from southern Argentina (Diaz de
Astarloa and Munroe, 1998). Of the 16 genera reported worldwide,
only two genera Pseudorhombus with 23 valid species and Tarphops with
2 species are reported from the Indo—west Pacific with species ranging
from East Africa and the Red Sea throughout the Indian Ocean and
Indo—Australian Archipelago to the Western Pacific including Korea
and Japan (Amaoka, 1969). A third genus Paralichthys is represented in

the western Pacific by a single species (Japanese flounder P. olivaceus).

Paralichthyidae was regarded as a subfamily of the Bothidae by
Norman (1934) and others. Hensley and Ahlstrom (1984) thoroughly
discussed changes in composition of this taxon since Norman (1934).
Family Paralichthyidae was erected by Amaoka (1969) while working
on the sinistral flounders of Japan by elevating the subfamily status of
the Paralichthinae to family rank. The principal difference from the
Bothidae is in the structure of the pelvic fin. Chapleau (1993)
recognized Pseudorhombus and Tarphops along with Cephalopsetta as the
Pseudorhombus group, a possible monophyletic lineage among
paralichthyids. Paralichthyidae with about 16 genera and 105 species
has been recognized as a paraphyletic group. (Hensley and Ahlstrom,
1984; Chapleau, 1993; Pardo et al., 2005; Berendzen and Dimminck,
2005; Nelson, 2006). Chapleau (1993) also was unable to establish the
monophyly of this family and concluded that further work was needed
to clarify relationships of these fishes. Review of observations done by

various workers on Family Paralichthyidae is given in Table 7.
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The greatest diversity of genera and species of paralichthyids occurs in
the seas of the New World especially the Caribbean Sea and tropical
eastern Pacific (Munroe, 2005).

Subfamily Paralichthyinae was placed in family Bothidae by
Fowler (1972) while describing the Fishes of China with the characters
“Ventral fins alike; eyes separated by ridge; mouth moderate or large”; three
genera Tephritis, Pseudorhombus and Paralichthys were placed in the
subfamily. Paralichthyids have a dorsoventrally flattened, ovate body
with sinistral eyes. Mouth protractile, asymmetrical, lower jaw
prominent, teeth canine like in some, absent on vomer. Posterior margin
of preopercular margin free. Dorsal and anal fin free from caudal; pelvic
fin bases short, nearly symmetrical, that on the blind side placed a little
behind the ocular one, with variation in the position of the bases between
species. Pectoral fin rays branched. Lateral line with a prominent arch
above the pectoral fin. At present, sixteen genera with 105 species are
included in the family (Eschmeyer, 2011) of which only one genus was

obtained in the present study — Genus Pseudorhombus.

Habitat: Sand flounders are predominantly marine, though few are

seen rarely in freshwater.

4.3.3.1 Genus Pseudorhombus Bleeker, 1862

Pseudorhombus Bleeker, 1862, Versl. Akad. Wet. Amsterdam, xiii: 426. (type:
Rhombus polyspilos Bleeker); Hector, 1872, Fish. New Zealand: 50;
Day, 1877, Fish. India: 422; Regan, 1920, Ann. Durban Mus., 11: 207;
Weber and Beaufort, 1929, Fish. Indo—Austr. Arch., V: 99; Norman,
1931, Ann. Mag. Nat. Hist., (10) VIIL: 597; Wu, 1932, Thes. Fac. Sci.
Univ. Paris, A. 244 (268): 79; Norman, 1934, Syst. Monog. Flatfish: 89;
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Amaoka, 1969, J. Shimonoseki Univ. Fish., 18(2). 88; Ahlstrom et dl.,
1984, Am. Soc. Ichth. Herp. Sp. Publ.,, 1: 642; Masuda et al., 1984, Fish.
Jap. Arch.,: 347, Desoutter, 1986, Checklist Fish. Africa: 428; Hensley,
1986, Smith. Sea Fish.,;.861; Rahman, 1989, Freshwater Fish.
Bangladesh: 29; Pan et al., 1991, Freshwater fish. Guangdong. 526;
Lindberg and Fedorov, 1993, Zool. Inst. Russian Acad., 166: 22;
Gomon et al., 1994, Fish. Aust.,: 848; Li and Wang, 1995, Fauna
Sinica: 123; Amaoka and Hensley, 2001, FAO Sp. Iden. Guide, IV (6):
3843; Nakabo, 2000, Fish. Japan: 1827.

Neorhombus Castelnau, 1875, Res. Fish. Aust. Vict. Off Rec. Philad.
Exhib.,: 45 (type: Neorhombus unicolor Castelnau 1875).

Teratorhombus Macleay, 1881, Proc. Linn. Soc. N. S. W., VI 126 (type:

Teratorhombus excisiceps Macleay 1881).

Rhombiscus Jordan and Snyder, 1900, Proc. U.S Nat. Mus., XXIII: 379.

(type: Rhombus cinnamoneus Temminck and Schlegel 1846).

Spinirhombus Oshima, 1927, Japan J. Zoo. Trans. Abst., 1(5): 187 (type:
Spinirhombus ctenosquamis Oshima 1927)

Istiorhombus Whitley, 1931, Aust. Zoo., VI. 322 (type: Pseudorhombus
spinosus McCulloch).

Description: Common in the Indo—Pacific region, species in this genus
has an ovoid body, deep and compressed; dorsal profile more or less
similar in both sexes; head comparatively large. Eyes sinistral, placed
close, separated by a bony inter-orbital ridge which is naked. Spines
absent in the rostral, orbital and mandibular region. Two nostrils
present on either side, one tubular in structure with a flap and the other

oval without a flap. Mouth oblique, gently arched anteriorly, maxillary
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extends to below the middle of the lower eye or a little beyond. Teeth
well developed on both jaws, placed in a single row, the teeth in the
front part of mouth larger and more prominent, tapering in size as it
progresses inwards. Teeth on lower jaw stronger, larger and more
widely spaced than that of upper jaw. Gill rakers well developed,
palmate, with serrations on its inner margin. Scales small in size, not
deciduous, either ctenoid or cycloid on the sides, mostly cycloid on
blind side. Lateral line present on ocular side, prominent, a
supratemporal branch running upwards towards the dorsal side of head
and to the anterior portion of the dorsal fin. Dorsal fin origin on blind
side on a vertical above the middle of the upper eye, all rays simple.
Anal fin origin nearly on a vertical down from hind end of operculum
or base of pectoral fin, nearly resembling dorsal, all rays simple.
Pectoral fins unequal, that on ocular side longer than on blind side; first
2-3 rays on ocular side long, simple, rest branched; on blind side all
short and simple, not branched. Pelvic fins inserted on nearly a vertical
from posterior end of pre-opercle. Caudal fin pointed, or double

truncate, with two outer simple rays and inner rays branched.

In the present study, eight species of Pseudorhombus have been recorded.

Pseudorhombus argus
Pseudorhombus arsius
Pseudorhombus diplospilus
Pseudorhombus dupliciocellatus
Pseudorhombus elevatus
Pseudorhombus javanicus
Pseudorhombus natalensis

Pseudorhombus triocellatus
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Taxonomic comments: Genus Pseudorhombus was described by Bleeker
(1866) with sinistral eyes, lateral line with a deep convex curve anteriorly,
dorsal origin in front of the eyes and no anal spine. Pseudorhombus as a
genus was placed one among the nine genera under family Pleuronectidae
by Day (1889) following Gunther (1877). The same classification was
continued by Jordan and Starks (1907), Jordan, Tanaka and Snyder (1913)
and Jordan and Thompson (1914) while describing the fishes obtained
from Japan. This classification was changed by Regan (1920), Norman
(1928, 1934) where two subfamilies were recognized in Family Bothidae —
Paralichthinae and Bothinae; Genus Pseudorhombus was placed in subfamily
Paralichthinae. Regan (1920) described Pseudorhombus with the characters
“pelvic fin symmetrical, teeth uniserial”. Two species Pseudorhombus russelli and
P. natalensis were described by Regan from Natal. Eight species of genus
Pseudorhombus were recorded by Norman (1927) from Indian coast, of
which, 7 species were recorded in the present work. Norman (1931)
comments that “Spinirhombus Oshima cannot be maintained as a separate genus;
the absence/presence of the pre-anal spine may be a variable feature”. Blegvad
(1944) while describing the Fishes of the Iranian Gulf placed genus
Pseudorhombus in Family Bothidae. This was followed by Munroe (1955) in
the Marine and Freshwater Fishes of Ceylon where 10 genera were placed in
Family Bothidae. Three species of Pseudorhombus were collected from the
Ceylonese and adjacent waters of Gulf of Mannar — P. triocellatus, P. arsius
and P. javanicus. Subsequently, Amaoka (1969) in his work on the sinistral
flounders of Japan erected a new family Paralichthyidae in which he
included genus Pseudorhombus along with the two genera Tarphops and
Paralichthys. According to Talwar and Kacker (1984), eight species of
Pseudorhombus have been recorded from Indian Ocean of which P.

natalensis is rare in the landings.
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Observations: Of the 14 species of Pseudorhombus described by Gunther
(1862), locality of only two species is India. Day (1878) reported three
species of Pseudorhombus species from India. Five species of
Pseudorhombus - P. cinnamomeus, P. misakius, P. oligodon, P. dupliocellatus,
P. ocellifer and P. oligolepis were recorded from Japan by Jordan and
Starks (1907). McCulloch (1919) reported three species of
Pseudorhombus from New South Wales — P. arsius, P. multimaculatus and
P. tenuirastrum. Norman (1927) in his work on flatfishes of India,
recognised 2 subfamilies in Family Bothidae and 2 genera
Pseudorhombus and Taeniopsetta in subfamily Paralichthinae. According
to Norman (1934), world over, 24 species of Pseudorhombus have been
recorded of which eight species are said to occur in India -
Pseudorhombus dupliocellatus, P. triocellatus, P. annulatus, P. malayanus, P.
arsius, P. elevatus, P. micrognathus and P. javanicus. Munroe (1955)
reported 3 species of this genus from Ceylonese waters. Smith (1961)
placed genus Pseudorhombus in Family Bothidae while describing the
Fishes of South Africa. Fowler (1972) placed Pseudorhombus in Family
Bothidae and described four species from China — Pseudorhombus
cinnamomeus, P. arsius, P. pentopthalmus and P. oligolepis. Ramanathan
(1977) reported 5 species of Pseudorhombus from Porto Novo coast, all
of which have been recorded in the present work. Rajguru (1987) in his
study reported 7 species of Pseudorhombus of which 2 were not
represented in the present work. Radhamanyamma (1988) reported
only four species in her work from southwest India. Eight species were
recognised in genus Pseudorhombus in the present work of which the
presence of P. argus and P. natalensis are new records to south-west

Indian waters.
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New Record 1

4.3.3.1.1 Pseudorhombus argus Weber, 1913

Peacock flounder

Pseudorhombus argus Weber, 1913, Die Fisch. Siboga Exped., LVII: 425,
pl. 11, fig. 6, (Jeden Island, Aru Islands, Indonesia, Siboga station
273, depth 13 meters); Weber and Beaufort, 1929, Fish. Indo -
Austr. Arch., V: 113, fig. 27; Marshall, 1964, Fish. Great Barrier
Reef: 455 (North west of Hervey Bay, Queensland, 9 — 11
fathoms); Allen and Swainston, 1988, Marine Fish F. W Australia:
146; Mohsin and Ambak, 1996, Mar. Fish. Malaysia: 591; Allen,
1997, Marine Fish. Aust.,: 234; Amaoka and Hensley, 2001, FAO
Sp. Iden. Guide, IV (6): 3846; Hutchins, 2001, Rec. W. Aust. Mus.,
63: 46; Hoese and Bray, 2006, Zool. Cat. Aust.,: 1827.

Material examined: N= 1; TL 252.86 mm from Tuticorin.

Diagnosis: Body with five double ocellii on ocular side, 4 in a square
point and the fifth a faded one on the posterior part of the lateral line
near the caudal peduncle. Dorsal fin origin behind posterior nostril on
blind side; upper profile of head with a distinct notch; 16 gillrakers on

lower part of anterior arch.

Plate Il Pseudorhombus argus Weber, 1913
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Meristic counts: D 71; A 53, P, 10; P, 9; V, 6; V, 6, L1 68.

Body proportions as percent of SL: HL 27.99; HW 38.1; HD 18.96;
BD, 44.3; BD, 38.2; ED, 9.43; ED, 6.3; ID 1.5; PrOU 6.1; PrOL 5.4;
PBU 16.3; PBL 15.9; UJL 10.4; LJL 10.04; CD 2.8; DFL 9.4; AFL 9.8;
P,FLO 13.7; P,FLO 10.5; V,FLO 6.03; V,FLB 8.5; CFL 18.5; DBL
91.7; ABL 70.97; P,BLO 4.2; P,BLB 3.7; V,BLO 4.3; V,BLB 3.9; PDL
8.87; PAL 29.2; P,LO 28.3; P,LB 28.1;V,LO 23.12; V,LB 22.4.

As percent of HL: HW 136.2; HD 67.7; BD, 158.2; BD, 136.5; ED,
33.7; ED, 22.4; ID 5.3; PrOU 21.6; PrOL 19.4; PBU 58.04; PBL 56.9;
UJL 37.1; LJL 35.86; CD 10.01; DFL 33.5; AFL 35.1; P,FLO 49.01;
P,FLO 37.4; V,FLO 21.5; V,FLB 30.2.

Description: Body oval with a prominent notch in front of the eyes.
Body depth contained 2.3 times and head depth contained 3.6 times in
length. Upper eye placed a little in front of the lower eye, its diameter
contained 2.9 times in head length. Interorbital space narrow with a
ridge, the distance contained 6.3 times in upper eye diameter. Preorbital
distance is a little shorter than eye diameter. Two nostrils present on
ocular side, the first one tubular near the lower eye, the second one oval
in outline with tiny sensory papillae on its lower border. Maxillary
ending to a little beyond the middle point of the lower eye; upper jaw
nearly equal to eye diameter. Teeth very small, closely placed, with the
anterior ones very slightly enlarged. 17 teeth on blind side of lower jaw.
Gill rakers slender, moderately long, 16 gill rakers on lower branch of
the first gill arch. Body covered with ctenoid scales on its ocular side
and cycloid scales on the blind side. Lateral line origin from behind the
upper free margin of the opercle; proceeds with a distinct curve in the

pectoral fin area to the caudal fin base. A supratemporal branch
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proceeds upto the dorsal profile to the base of the eighth dorsal fin ray;
the second branch proceeds behind the upper eye to the lower eye.
Dorsal fin origin on the blind side just behind the nostril on the blind
side; it appears in front of the upper eye on the ocular side. Anal fin
origin just in front of a vertical below the free end of operculum. Pelvic
fin on ocular side inserted on a vertical below the preoperculum. Tip of
the interhaemal spine feeble, not projecting. Pectoral on eyed side
longer than blind side pectoral and dorsal fin ray. and inserted a little
below the free upper end of operculum. Caudal fin double truncate. A
comparative statement of the meristic characters of Pseudorhombus argus

is given in Table 8.

Table 8: A comparative statement of the meristic characters of
Pseudorhombus argus

Earlier workers Present Study
Meristic ‘Weber and | Amaoka and
‘Weber | Norman 2004 - 2010
Characters 1913 1934 Beaufort Hensley N=1)
1929 2001
Dorsal 69 68 - 69 69 67-72 71
Anal 52 51-54 53 51-55 53
Pectoral (O) * * 2.8.1 12-13 12
Pectoral (B) * 12-13 10 * 10
Pelvic * * 24 * 6
Caudal * * * * 18
Lateral line count 68 76 -79 72 70-78 73
Gill rakers * * * 2-6+10-16 16

*Data not available

Colour: In fresh condition, brownish with four double ocellii at square
end tips on ocular profile and a fifth ocellii near the posterior part of the

lateral line near caudal. Black spots seen on vertical fins also. Four

118



'Yyl EM{{KM

paired ocellii seen on the outer ends of the dorsal and ventral profiles.
Faded black marks seen on the pectoral and caudal fins also. Blind side

whitish.

In formalin preserved specimens, the dots are retained but in

faded condition on ocular side; blind side whitish.

Distribution

World: Jeden Island, Aru Islands, Indonesia, (Weber, 1913); Australia
(Swainston, 1988); Hervey Bay, southern Queensland (Norman, 1934;
Marshall, 1964). Map showing localities were Pseudorhombus argus has

been recorded in the world is given in Fig.8.

A. Harvey Bay 3 ;
" B.Indonesia = . o oA p e T .~

L 1
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Fig 8: Map showing localities were Pseudorhombus argus has been
recorded in the world.

India: This is the first report from the Indian waters. Map showing locality

were Pseudorhombus argus has been recorded in the world is given in Fig.9.
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Fig9: Map showing localities were Pseudorhombus argus has been recorded
in India.
Habitat: The species is reported to live at depths of 15 to 25 m on

muddy and sandy bottoms.

Taxonomic comments: The species was first described by Weber (1913)
based on collections at depths of 13 meters at Siboga station 273 from
Aru islands from the Indo — Australian Archipelago. Later on, one

sample of the species was again collected in the “Endeavour’ expedition
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from southern Queensland. Norman (1934) comments that “tis species
is very closely related to P. jenynsii (Bleeker), but may be distinguished by the
more numerous gill rakers”. Le Pleuronecte argus described by Lacepede
(1801, Hist. Nat. Poiss., 3: 599) mentions of small scales on body as well
as brown dots with blue centre. He may be referring to the ocellii on the

ocular side. But the counts differ very much.

Observations: This species has not been reported during the earlier
works on flatfishes in Indian waters. The present specimen matches
well this description of Weber (1913) and Amaoka and Hensley (2001).
P. argus can be distinguished from its closely related species
Pseudorhombus dupliocellatus in the presence of pointed gillrakers in the

former.

4.3.3.1.2 Pseudorhombus arsius (Hamilton, 1822)

Large toothed flounder

Pleuronectes arsius Hamilton Buchanan, 1822, Fish. Ganges: 128 (estuary
below Calcutta, Bay of Bengal); Hora, 1929, Mem. Ind. Mus., IX:
86, pl. xvii, fig. 1, 2.

Pleuronectes chrysopterus Bloch and Schneider, 1801, Syst. Ichth., 151

(Chinese seas).

Platessa russellii Gray, 1830-1835, Illust. Ind. Zoo., pl. 94, fig. 2; Cantor,
J. Asiat. Soc. Bengal, XVIII (2): 1196 (Sea of Pinang, Malayan

Peninsula, Singapore).

Rhombus lentiginosus Richardson, 1843, Ann. Mag. Nat. Hist., X1:. 495
(Port Essington, Cobourg, Australia); Bleeker, 1852, Verh. Bat.
Gen., XX1V, Pleuron.,: 15.



Chapten -Fwins.

Platessa balteata Richardson, 1846, Rep. British Ass. Adv. Sci.,: 278 (Canton,

China).

Rhombus arsius Bleeker, 1853, Verh. Bat. Gen., XXV: 76.

Rhombus polyspilus Bleeker, 1855, Nat. Tijd. Ned. Ind., 4: 503.

Teratorhombus excisiceps Macleay, 1881, Proc. Linn. Soc. N.S.W., 6: 126,

pl. 2 (Port Jackson, New South Wales, Australia).

Pleuronectes maculosus Cuvier, 1829, Regne Animal, 2: 341 (Vishakapatnam,

India).

Pleuronectes mortoniensis De Vis, 1882, Proc. Linn. Soc. N.S.W., 7 (pt. 3):

370 (Moreton Bay, Queensland).

Neorhombus ocellatus De Vis, 1886, Ann. Rep. Qd. Mus.,: 5

Pseudorhombus lentiginosus Bleeker, 1865, Ned. Tijds. Dierk., 11 : 184.

Pseudorhombus russellii Gunther, 1862, Cat. Brit. Mus., IV: 424 (Umbilo

River, Port Natal, China, Borneo, Bengal, Pinang, East Indian
Archipelago, Port Essington); Kner, 1865-1867, Novara Exp.
Fisch., 1. 283; Day,1865, Fish. Malabar. 172 (Malabar, India);
Bleeker, 1866-72, Atl. Ichth.,. 6, pl.2, fig. 2; Gunther, 1866, Fish.
Zanzibar: 112 (Aden); Macleay, 1878, Proc. Linn. Soc. N.S.W., 1I:
362; Boulenger, 1887, Proc. Zoo. Soc. London: 665 (Muscat);
Alcock, 1889, J Asiat. Soc. Bengal, LVIII, pt. 3: 282 (Bay of
Bengal); Sauvage, 1891, Hist. Nat. Madagascar, xvi, Poiss.,: 473;
Steindachner, 1907, Denk. Ak. Wien, 71(1): 166 (East Arabia);
Zugmayer, 1913, Abh. Bayer. Ak. Wiss., 26 (6): 15 (Oman);
Gilchrist and Thompson, 1917, Ann. Durban Mus., 1. 399; Regan,
1920, Ann. Durban Mus., ii: 208, fig. 1 (as P. russelli) (Natal); Von
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Bonde, 1922, Rep. Fish. Mar. Biol. Sur. S. Afr., 11, Spec. Rep. 1. 15;
Fowler, 1926, Proc. Acad. Nat. Sci. Philad., LXXVII: 204; Oshima,
1927, Japan J. Zoo. Trans. Abst.,1(5): 183; Reeves, 1927, J. Pan-Pac.
Res. Inst., 2(3):14 (Chefoo); Gunther, 1963, Voy. Challenger : 46
(Arafura Sea).

Pseudorhombus andersonii Gilchrist, 1904, Mar. Invest. S. Africa 3: 9, pl.
26 (Durban Harbour, South Africa)

Pseudorhombus arsius Gunther, 1862, Cat. Brit. Mus., IV: 426 (Ganges);
Day, 1878 -1888, Fish. India, 4°: 423, pl. XCI, fig.5 (Andamans);
Rutter, 1897, Proc. Acad. Nat. Sc. Philadelphia: 87 (Swatow);
Regan, 1905, J. Bombay Nat. Hist. Soc., 16 (2): 330 (Persian Gulf);
Bowers, 1906, Bull. Bur. Fish., XXVI: 45 (Cavite); Jordan and
Seale, 1907, Bull. U.S. Bur. Fish.,: 45; Jenkins, 1910, Mem. Ind.
Mus., 111, I: 24 (Arakan coast, Puri Beach, Balasore Bay); Snyder,
1912, Proc. U.S. Nat. Mus., LXII: 439; Jordan, Tanaka and
Snyder, 1913, Cat. Fish. Japan, XXXIII, Art. 1: 315 (Shimidzu,
Kagoshima); Jordan, Tanaka and Snyder, 1913, J. Coll. Sci., Imp.
Univ. Tokyo, 33 (1): 315; Mc Culloch, 1919, Checklist N.S Wales, 11.
35 (New South Wales); Hora, 1923, Mem. Ind. Mus., XXI: 388;
Norman, 1926, Biol. Res. “Endeavour”, V: 231; Norman, 1927, Rec.
Ind. Mus., XXIX, pt. 1: 13 (Muscat, Gulf of Oman); Fowler, 1928,
Mem. B. P. Bishop Mus., XI: 320; Weber and Beaufort, 1929, Fish.
Indo—Aust. Arch., V: 105 (East coast of India, Andamans, Cochin,
Java, Sumatra); Mc Culloch, 1929, Mem. Aust. Mus., V: 279; Wu,
1932, Cont. Morph. Biol. Poiss. Heterosomes: 86; Herre, 1933, J. Pan-Pac.
Res. Inst., 8: 5; Herre, 1934, Fish. Herre Phil. Exp.,: 104; Norman,
1934, Syst. Monog. Flatfish., 1. 101, fig. 62 (Muscat); Fowler, 1934,
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Hong Kong Nat., 5. 57, Fowler, 1938, Fish. Malaya, 88: 80;
Norman, 1939, Murray Exped. Rep.,7 (1): 98 (Gulf of Aden, 18-22
metres); Blegvad, 1944, Danish Sci. Invest. Iran, 111:199 (W. of
Bushire; Bushire Harbour); Smith, 1949, Sea Fish. S. Africa:156, pl.
10, fig. 304; Munroe, 1955, Fish. Ceylon: 259, fig.747 (Ceylonese
waters, Pearl banks); Matsubara, 1955, Fish. Morph. Hier.,:1253;
Fowler, 1956, Fish. Red Sea S. Arabia, 1:162 (Kovshak); Smith,
1961, Sea Fish. S. Africa: 156, pl. 10, fig. 304 (Knysna, Natal);
Khalat, 1961, Mar. F. W Fish. Iraq. 143; Marshall, 1964, Fish. Great
Barrier Reef: 454, pl.62, fig. 440 (Australia); Punpoka, 1964, Fish.
Res. Bull. Kasetsart Univ.,:20; Fowler, 1967, Mem. B. P. Bishop
Mus., X1:320 (Oceania); Amaoka, 1969, J. Shimonoseki Univ. Fish.,
18(2):99; Masuda et al.,1975, Fish. S. Japan:344, pl. 148 B
(Shizuoka Prefecture southward); Dor, 1984, Checklist Fish. Red
Sea: 269; Amaoka in Masuda et al., 1984, Fish. Jap. Arch.,. 347,
Matsuura in Okamura et al., 1985, Jap. Fish. Res. Conserv. Tokyo 2:
609, 734; Kuronuma and Abe, 1986, Fish. Arabian Gulf 242, pl.
27; Desoutter, 1986, Checklist Fish. Africa. 428; Hensley, 1986,
Smith. Sea Fish.,: 861; Allen and Swainston, 1988, Mar. Fish F. W
Australia: 146; Quero and Mauge, 1989, Cybium: 389; Rahman,
1989, Freshwater Fish. Bangladesh: 29; Kawanabe and Mizuno,
1989, Freshwater Fish. Japan. 668; Talwar and Jhingran, 1991,
Inland Fish. India, 2:1039; Lindberg and Fedorov,1993, Fish. Sea.
Japan, pt. 6: 24; Kottelat et al. 1993, Freshwater Fish W. Indonesia:
68; Kuiter,1993, Coastal Fish S.E Australia:382; Gomon et al., 1994,
Fish. Aust,,:849; Poll and Gosse, 1995. Gen. Poiss. Afrique: 719; Goren
and Dor, 1994, CLOFRES II: 71; Li and Wang, 1995, Fauna
Sinica:137; Randall, 1995, Coastal fish. Oman: 358; Evseenko, 1996, J.
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Ichth., 36 (9): 726; Allen, 1997, Marine Fish. Aust.,:234; Larson and
Williams, 1997, Proc. Sixth Intl. Marine Biol. Workshop: 373; Carpenter
et al., 1997, FAO Sp. Iden. Guide: 230; Kuiter, 1997, Guide Sea
Fish. Australia:383; Mishra et al., 1999, Rec. Zool. Surv. India, 93
(3): 89; Johnson, 1999, Mem. Qd Mus., 43 (2): 752; Amaoka in
Randall and Lim, 2000, Raffles Bull. Zool. Suppl., 8:644;
Nakabo, 2000, Fish. Japan: 1357; Amaoka and Hensley, 2001,
FAO Sp. Iden. Guide, IV (6): 3847; Sakai et al., 2001, Bull. Nat.
Sci. Mus., Ser. A. 27(2):123; Hutchins, 2001, Rec. W. Australian Mus.,
Suppl., 63:46; Shinohara et al., 2001. Mem. Nat. Sci. Mus.,. 335;
Nakabo, 2002, Fish Japan. 2° ed:1357; Manilo and Bogorodsky,
2003, J. Ichth., 43 (suppl.1):S122; Khan, 2003, Rec. Zool. Surv.
India, Occ. Paper 209: 11; Heemstra and Heemstra, 2004,
Coastal Fish S. Africa: 433; Randall, 1995, Coastal fish. Oman:
616; Hoese and Bray, 2006, Zool. Cat. Aust.,: 1827, Gomon,
2008, Mem. Mus. Victoria, 65: 807.

Pseudorhombus polyspilus Bleeker, 1866-1872, Atl. Ichth., VI.7; Jordan
and Seale, 1907:45; Bowers, 1906, Bull. Bur. Fish., XXVI: 45
(Cavite); Weber, 1913, Siboga Exp.,:424 (Makassar Fish Market);
Weber and Beaufort, 1929, Fish. Indo—Aust. Arch.: 106, fig. 26;
Schmidt, 1930, Proc. 4th Pac. Sci. Congress, Java, 1929, 3: 112.

Platophrys russellii Evermann and Seale, 1906, Fish Philippine Island: 105
(Bulan).

Material examined: N= 5; TL 73.1-290 mm from Neendakara and
Cochin Fisheries Harbours; one specimen TL 290mm (F149/420) from
CMFRI Marine Museum, Mandapam; 1 specimen TL 121.56 mm from

Karwar, 1 specimen TL 120.3 mm from Chennai.
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Diagnosis: Flatfish with a slender oval body with sharp teeth on lower
jaw. Dorsal fin with 70 — 80 rays, anterior teeth in jaws, much enlarged
or canine like, maxilla ends at posterior half of lower eye, upper eye

slightly in advance of lower.

Plate IV Pseudorhombus arsius (Hamilton, 1822)

Meristic counts: D 72 -78; A 52-57;P,9-11,P,9-13;V,5-6; V,5 -
6; C 17; L1 70 — 81 (73).

Body proportions as percent of SL (mean in parentheses): HL
26.4-30.5 (28.3), HW 33.5-41.7 (39.5); HD 21.1-26.5 (24.3); ED, 5.3—-
9.7 (6.8), ED, 4.7-7.8 (5.9); ID 0.8 —1.5 (1.12); UJL 10.4-17.6 (12.9);
LJL 9.1-15.1 (10.7); P,OU 3.2-4.7 (4.01); P,OL 9.1-15.1 (10.7); PBU
15.2-17.1(16.3); PBL 15.1-16.6 (15.9); SNL; 5.4-6.6 (5.9); SNL, 5.4 —
6.1 (5.7); DFL 9.5-12.4 (11.2); AFL 9.5-13.3 (11.2); P,FLO 14.3-
17.8 (16.2); P,FLB 10.4-13.7 (12.2); V,FLO 6.8-11 (9.5); V,FLB 5.1-
12.1 (9.3); CFL 15.5- 21.2 (19.4); DBL 87.6-91.3 (89.4); ABL 64.8—
70.8 (68.04); P,BLO 3.6-4.3 (3.9); P,BLB 2.2-4.3 (3.02); V,BLO 2.9-
5.5(3.9); V,BLB 2.74.4 (3.3); CBL 9.6-16.4 (11.6); PDL 4.4-5.4, PAL
31.96-35.1 (33.6); P,LO 27.8-29.8 (28.4); P,LB 27.9-30.7 (28.95);
V,LO 23.8-27.3 (24.9); V,LB 23.8-28.2 (25.6).

As percent of HL (mean in parentheses): HW 331.3-421.2 (355.3);
HD 201.3-278.5 (219); ED, 44-58.4 (52.02), ED, 43.4-81.7 (53.7);

126



- nnnan Zedulrs

ID 6.3-16.2 (10.4); UJL 93.4-106.9 (101.2); LJL 79.1-89.6 (82.8);
P,OU 30.6-42.4 (36.04), P,OL 49.5-73.4 (56.1); PBU 127.6-162.4
(146.96); PBL 130.4-158.5 (143.4); SNL, 43.7-66.5 (53.6); SNL,45.4—
63.8 (51.5); PDL 13.1-56.5 (37.6).

Description: Body oval, flattened, upper profile straight, with a slight
notch near snout, in front of eyes; both profiles equally convex. Body
depth less than half total length. Eyes small, separated by a bony
interorbital ridge; upper eye placed slightly in front of lower eye; placed
closer to outer profile by a distance lesser than half its diameter. Ocular
length a little more than half head length, blind one nearly half head
length. A pair of nostrils present on both sides — on ocular side two
nostrils seen in pre-orbital space, anterior one tubular with a fleshy flap,
the second oval in outline without a flap. Nostrils on the blind side
placed in front of the dorsal fin origin. Mouth large, strongly arched;
maxillary ends at posterior half of lower eye; length 1.7 - 2.5 times in
HL, lower jaw not projecting, placed 2.7 times in HL. Upper jaw with
sharp, close set teeth in a single row on both sides; lower jaw with
stronger and more widely spaced teeth on both sides, 6 -13 on blind
side. Teeth villiform and not with barbed ends. Gill rakers moderate in
length, strongly serrate, well developed on both limbs; 7 - 9 gill rakers
on lower limb, 4 on upper limb. A comparative statement of the
meristic characters of Pseudorhombus arsius is given in Table 9. Results of
the correlation coefficient analysis done on non-meristic characters of

Pseudorhombus arsius is given in Table 10.
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Table 10: Results of the correlation coefficient analysis on non-meristic
characters of Pseudorhombus arsius

Characters Ralflzg(i)n/SL Mean | SD |R”on SL| Slope
Head length 3.3-38 3.54 0.19 0.998 0.25
Head Width 2.4-2.99 2.55 0.25 0.98 0.3
Head Depth 3.8-4.7 4.15 0.36 1.0 0.19
Eye Diameter (U) 10.3-18.8 15.53 3.48 0.92 0.04
Eye Diameter (L) 12.8-21.2 17.46 3.12 0.98 0.04
Inter orbital 64.8-132.1 96.88 | 29.66 0.88 0.02
Upper jaw 5.7-9.6 8 1.45 0.98 0.08
Lower jaw 6.6-11.1 9.69 1.79 0.96 0.07
Pre orbital (U) 21.3-31.4 25.34 | 3.83 0.98 0.05
Pre orbital (L) 14.2-17.2 16.25 1.22 1 0.05
Post orbital (U) 5.9-6.57 6.14 0.3 1 0.17
Post orbital (L) 6.03-6.6 6.29 0.23 1 0.16
Snout to upper eye 15.3-18.6 17.13 1.54 0.98 0.07
Snout to lower eye 16.5-18.7 17.63 | 0.96 1.00 0.05
Dorsal fin length 8.1-10.5 9.04 1.09 0.96 0.1
Anal fin length 7.54-10.6 9.03 1.13 0.96 0.11
Pectoral fin length (O) 5.6-6.98 6.19 0.54 0.98 0.16
Pre dorsal 18.6 - 22.6 20.45 | 2.08 0.86 0.04
Pre anal 2.9-3.13 2.98 0.12 0.98 0.35
Pre pectoral(O) 3.4-3.6 3.53 0.11 1.00 0.26
Pre pectoral(B) 2.3-3.6 3.46 0.15 1.00 0.26
Pre pelvic (O) 3.7-4.2 4.03 0.26 0.94 0.26

Characters Rat;;)l/é{]-lan 8% Mean SD Rlz_lgn Slope
Head Width 0.7-0.8 0.72 | 0.052 0.98 1.2
Head Depth 1.09-1.3 1.17 | 0.056 1.00 0.76
Eye Diameter (U) 32-54 4.37 | 0.893 0.90 0.17
Eye Diameter (L) 39-5.6 4.91 0.673 0.98 0.15
Inter orbital 18.5-37.9 27.44 | 8.609 0.86 0.06
Upper jaw 1.7-2.5 2.25 | 0.305 0.98 0.33
Lower jaw 2.01-3.1 2.73 0.422 0.96 0.3
Pre orbital (U) 6.1-9.56 7.2 1.405 0.98 0.18
Pre orbital (L) 4.3-49 4.59 0.23 1.00 0.22
Post orbital (U) 1.6-2 1.74 | 0.152 1.00 0.66
Post orbital (L) 1.7-2.02 1.78 | 0.137 1.00 0.62
Snout to upper eye 4.03-54 4.85 0.498 0.98 0.28
Snout to lower eye 4.8-54 498 | 0.222 1.00 0.21
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Scales moderately ctenoid on ocular side, cycloid on blind side;
head scaled, interorbital area, snout and tip of jaws naked. Base of each
fin ray scaled, scales extend onto fin rays. Lateral line tubular, arising
from above the operculum, with a strong curve around pectoral fin,
then proceeding straight to caudal. Supratemporal branch enters dorsal
fin on 11" ray; the other branch curves below the upper eye to the lower
half of the lower eye. Single lateral line seen on blind side. Dorsal fin
origin on the blind side, above nostril on blind side; first ray free. Inter
haemal spine projecting out of body profile a little. Pectoral fin origin
on ocular side in a straight line above the anal fin; outer three rays
simple, inner ones branched. Pelvic fin bases together, origin together.
Caudal fin rhomboid, outer two rays simple, inner branched. Anus

opens on the blind side, above anal fin origin.

Regression analysis was performed to study the variation of body
parameters on standard and head length. Results obtained were plotted

on a graph (Figs: 10,11,13); the linear regression equations obtained were

Head width on SL : y=0.2985 x+ 11.15; R* = 0.97; p< 0.001
Head depth on SL :y=0.19x + 5.9; R* = 0.995; p < 0.001
Eye diameter (upper) on SL. : y =0.04 x + 2.5; R* = 0.91; p < 0.001
Eye diameter (lower)on S : y = 0.038 x + 2.26; R* = 0.975; p < 0.001
Snout length (SNL;))on S : y=0.06 x- 1.22; R* = 0. 98; p < 0.001
Snout length (SNL,) on S : y = 0.05 x + 0.55; R* = 0.995; p < 0.001
Dorsal fin length on SL : y=0.96x+ 1.92; R*=0.96; p < 0.001
Snout length (SNL;) on HL.  : y =0.28 x—2.2; R*=0. 98; p < 0.001
Snout length (SNL,) on HL.  : y=0.2x-0.189; R* =0.99; p < 0.05
Postorbital (upper) on HL 1 y=0.665x—-2.7;, R2 =0.999; p< 0.001
Postorbital (lower) on HL. 1 y=0.62x-1.77,R2 =0.997; p < 0.001
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Fig.11: Regression of Pectoral fin length on Standard length
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Fig.13: Regression of Eye diameter on Head length

Colour: Body brownish in colour with two distinct spots, one at junction of

straight and curved lateral line, the second near posterior half of lateral line;

several indistinct spots present on the body and fins. Blind side whitish.
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Distribution:

World: Persian Gulf (Regan, 1905); East Arabia (Steindachner, 1907);
Oman (Zugmayer, 1913); Aden (Gunther, 1866); Muscat (Boulenger,
1887); Moreton Bay, Queensland (De Vis, 1882, Norman, 1934); Port
Essington, Cobourg, Australia (Richardson, 1843); Durban Harbour,
South Africa (Gilchrist, 1904); Shimidzu, Kagoshima (Jordan et al.,
1913); Mergui Archipelago, Muscat, Gulf of Aden, Gulf of Oman
(Norman, 1927, 1934, 1939); Java, Sumatra (Weber and Beaufort,
1929); New South Wales (Norman, 1934); West of Bushire; Bushire
Harbour (Blegvad, 1944); Gulf of Siam, Delagoa Bay, Philippines,
Kovshak (Fowler, 1956). Map showing localities were Pseudorhombus

arsius has been recorded in the world is given in Fig. 14.
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Fig 14: Map showing localities were Pseudorhombus arsius has
been recorded in the world.
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India: Estuary below Calcutta, Bay of Bengal (Hamilton Buchanan,
1822); Vishakapatnam (Cuvier, 1829); Arakan coast, Puri Beach,
Balasore Bay (Jenkins, 1909); East coast of India, Andamans, Bombay,
(Fowler, 1956); Cochin (Weber and Beaufort, 1929), Kochi, Karwar,

Chennai (present study). Map showing localities were Pseudorhombus

arsius has been recorded in the world is given in Fig. 15.

Fig. 15: Map showing localities were Pseudorhombus arsius has been
recorded in India
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Habitat: Common species from shallow estuaries to 100 m (Randall, 1995).

Taxonomic comments: The species was first described by Hamilton as
Pleuronectes arsius based on collections from Gangetic belt. Hamilton
described it as “a pleuronectes with the eyes on the left”. He also added that
“this species has a strong affinity with P. nauphala as well as with the Noree
nalaka of Dr. Russell (Indian Fishes, Vol. II, No. 77). It is said to differ from
Dr. Russell’s fish in the absence of three eye like spots”. Day comments that
“Pleuronectes Russell, Fish. Vizag. I, p. 58 and Noree nalaka, pl. 75 or
Rhombus maculosus, Cuv. Reg. Anim. And Jerdon, M.J.L and Sc., is probably
this species”. Pseudorhombus russellii described by Gunther (1862) had 70
—77 dorsal rays, 5660 anal fin rays and 75 lateral line scales. Day
mentions that “Dr. Bleeker distinguishes P. russellii = P. arsius as having
lateral line 85, seven to nine teeth in the left side of the lower jaw and nine to
Sfourteen on the right; the body in comparision with P. polyspilus is said to be
more elevated”. Pseudorhombus polyspilus was synonymised by Day with
P. arsius with the comment that none of the characters mentioned for
P. polyspilus appears to be constant, hence its identity as a separate
species was not recognized. Day (1897) also differentiated
Pseudorhombus oligodon Bleeker from this species more by its possessing
ctenoid scales on both sides of the body. The description given for
P. andersoni by Gilchrist (1904) does not match with that of P. arsius in
the nature of body scales, Gilchrist mentions of ctenoid scales on both
sides of the body, while the present specimen has cycloid scales on the
blind side of the body. Hence P. andersoni cannot be synonymised with
P. arsius. Regan (1920) synonymised P. andersoni with P. russelli with the
comment “P. andersoni is evidently based on an ambicolorate example of this
species”. Complete ambicoloration in flatfishes is usually correlated with

other variations towards symmetry such as delayed or arrested
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migration of the eye which interrupts the extension forward of the
dorsal fin and the similar structure of the scales on both sides of the fish.
However, the description of Platessa russelli given by Cantor (1849)
matches exactly with the description given by Jenkins (1910) who
differentiates P. russelli from P. arsius in having minute teeth and longest
dorsal rays at commencement of posterior half of fin. The dorsal fin
counts of P. russelli given by Jenkins (1910) as 69, showed much
variation with the counts of P. arsius recorded by him. However, the
description of P. russelli given by Gunther (1862) matches with that of
the P. arsius and hence can be synonymised with it. Hence, P. russelli
Norman (1934) as well as the samples obtained in the present study and
hence can be synonymised with P.arsius. In P. polyspilus, the ridge
separating the eyes is nearly horizontal, the eyes being above each
other, in P. arsius the ridge is perpendicular and the upper eye is
somewhat in advance of the lower. The upper profile is also much more
arched in typical P. arsius, but there is a certain variability in this
character and some specimens of P. polyspilus are much more elevated
than the rest. The teeth in the lower jaw of P. polyspilus is shorter and
more crowded than in P. arsius. With the differences clearly noticed, P.
polyspilus and P. andersoni need not be reckoned as synonyms of P.
arsius. However, Norman (1927) concluded that P. polyspilus cannot be
recognized as a distinct species. The reasons cited were “more slender
body, less convex dorsal profile, anterior margins of the eyes level, fewer teeth on
blind side of lower jaw”. Barnard (1925) had united P. natalensis with P.
arsius. However, Norman (1931) examining the single co-type in the
British Museum distinguished the two species as separate. Eschmeyer

(2010, online) was distinguished P. russelli as a separate species.
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Norman (1934) comments on the synonymy of Pleuronectes maculosus
as “Pleuronectes maculosus Cuvier is based on the figure of “ Nooree Nalakka
A” in Russell’s ‘Descriptions of the Fishes of Vishakapatanam, vol. 1. 58, pl.
LXXV (1803) which may represent this species. Teratorhombus excisiceps
Macleay and Pseudorhombus andersoni Gilchrist were ambicolorate
examples. The identity of P. arsius and P. russellii seems fairly certain, but
the former is based on a drawing of a young specimen and the latter on a
poorly stuffed skin. P. polyspilus should perhaps rank as a distinct variety or
subspecies”. The description of P. polyspilus given by Weber and Beaufort
(1929) is very similar to the present specimen of P. arsius except in the
position of eyes. Weber and Beaufort (1929:108) in a note opines “even affer
all what has been written on the relation of this species and P. arsius. .. it s difficult
to come to a conclusion on the validity of the two species. The chief difference
between the two species is the position of the eyes”. According to Punpoka
(1964), “Pseudorhombus arsius is similar to P. malayanus, but the latter has
ctenoid scales on both sides of the body” .

Observations: Wide variation is noted in the dorsal fincounts reported
by various workers. Hamilton and Gunther reported 81, while the range
was 71-80. Ramanathan (1977) reported the lower range for P. arsius
studied from Porto Novo as 68, which was not reported by any other
worker. The same feature was reported in the lateral line count also
with Ramanthan reporting 66 and the range for others being 70-80.
However, Day (1889) and Saramma (1963) reported lateral line count
as 85/86 for their samples collected from Andaman and off Kerala
respectively. Dorsal fin counts reported by Weber and Beaufort
(71-76) match with that of Amaoka (74 - 78), while lower values are
reported for anal fin by Weber and Beaufort (54 - 56) compared to
57-60 for Amaoka. Ratio of ED in HL are in a lower range (4 — 4.2) in
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the collections of Weber and Beaufort compared to Amaoka’s values
(4.7-5.5). Presence of deciduous scales on the maxillary reported by

Weber are not reported in the present study.

P. arsius 1s seen occasionally in the markets; large ones are sold locally

and used fresh for meat.

New Record 2

4.3.3.1.3 Pseudorhombus diplospilus Norman, 1926

Four twin spo