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ABSTRACT

Menon, A. G. K. A Systematic Monograph of the Tongue Soles of the Genus
Cynoglossus Hamilton-Buchanan (Pisces: Cynoglossidae). Smithsonian Contribu-
tions to Zoology, number 238, 129 pages, 48 figures, 21 plates, 1977.—The
genus Cynoglossus Hamilton-Buchanan is characterized, and its relationship with
other cynoglossid genera is discussed. Forty-nine species including a new species,
C. lachnert, are recognized.

The origin, distribution, and evolution of the genus are discussed. The genus
is of tropical Indo-Pacific and eastern tropical Atlantic in distribution, and the
members are mostly marine sandy or muddy shallow-water inhabitants. From
the present-day distributional pattern, the genus is considered to have evolved
in the Indo-Malayan Archipelago during the Pliocene, and the geological
evidences providing explanation for its dispersal to the eastern tropical Atlantic,
presumably, during the upper Pliocene have been reviewed.

The genus is composed of an extremely homogeneous assemblage of highly
specialized species. Based on a comparative study of the epicranial bony system
in different ?:milies of flatfishes, it is concluded that in the genus Cynoglossus,
it is modified to suit a burrowing habit.

The apparently primitive and specialized characters in the genus are also
outlined. The possession of a lateral line on the blind side is considered a
primitive character, for it serves no purpose to a fish adapted for a burrowing
mode of life. Thus, the absence of a lateral line on the blind side, reduction in
the number of caudal fin rays, reduced size of scales, contiguous or closely set
eyes with narrow interorbital space, or reduced or minute eyes with wide inter-
orbital space, and loss of posterior slitlike nasal opening are considered spe-
cialized characters necessary for a burrowing habit. Based on the morphological
features and on zoogeography, the 49 species have been divided into six groups
and 17 complexes, and their hypothetical evolutionary relationships are traced.

A key for the separation of species is provided; separate keys for the groups
and complexes are not provided, however, since they were mainly based on the
pattern of distribution and hence arbitrary in nature. Under each species, the
complete synonymy, description, coloration in preservation, size diagnosis and
affinities, note on synonymy, information on the type and other material
examined, and geographical distribution are given. Lectotypes (wherever neces-
sary) have been selected. Lectotype selection has also been made (wherever
necessary), even to a nominal species now considered as a junior synonym to
avoid any confusion in the future as to its true identity. The species are illus-
trated in 40 outline drawings and 21 plates. Eight distributional maps are also
provided.

OFFICIAL PUBLICATION DATE is handstamped in a limited number of initial copies and is recorded
in the Institution’s annual report, Smithsonian Year. SERIEs cOVER DESIGN: The coral Montastrea
cavernosa (Linnaeus).
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A Systematic Monograph of the
Tongue Soles of the Genus
Cynoglossus Hamilton-Buchanan
(Pisces: Cynoglossidae)

A. G. K. Menon

Introduction

The present work was begun during 1967-1968
at the Division of Fishes of the National Museum of
Natural History, Smithsonian Institution, Wash-
ington, D.C., where 1 was employed for a year as a
Senior Postdoctoral Visiting Research Associate and
continued for short periods during October—
November 1968 at the British Museum, London,
and Museum National d’Histoire Naturelle, Paris,
and later at the Zoological Survey of India, Cal-
cutta. The opportunities thus afforded for the ex-
amination of material were exceptional, and a much
larger number of specimens have passed through
my hands than I had at first thought possible. The
results of my studies are presented here and I hope,
if opportunity is given, to pursue in more detail
behavioral, ecological, and life history studies of
the cynoglossid flatfishes in a subsequent work.

The genus Cynoglossus Hamilton-Buchanan is
tropical Indo-Pacific and eastern tropical Atlantic
in distribution, and its members occur along sandy
or muddy shores and estuaries. The species are
marine or estuarine shallow-water burrowing forms
with a few species (C. microlepis (Bleeker), C. het-
erolepis Weber, and C. kapuasensis Fowler) enter-

A. G. K. Menon, Zoological Survey of India, Southern Re-
gional Station, 69 Santhome High Road, Madras 600028,
India.

ing fresh-water streams. Of the 49 species included
in the genus, one, Cynoglossus lachneri Menon, is
described here as new.

No comprehensive study of the genus Cynoglossus
has so far been made, although Norman (1928),
Weber and de Beaufort (1929), Punpoka (1964), and
Shen (1967, 1969) revised certain Indo-Pacific spe-
cies and Chabanaud (1949a-d) and Cadenat (1960)
revised certain species of the Atlantic. The present
work is based on specimens available to earlier
workers and on a large number of additional speci-
mens resulting from intensive collecting in recent
years, especially in the Indian Ocean during the
International Indian Ocean Expedition (1960
1965). It is the first attempt to study the systematics
of the genus in the strict sense understood by
Myers (1952).

ACKNOWLEDGMENTs.—A large number of individ-
uals and institutions aided me in many ways, es-
pecially by the loan of specimens or by making
them available for study, by provision of laboratory
space or by generously giving information about
specimens, notes on specimens in their care, or
data from writings unavailable to me, or by help-
ing freely in the translation into English of some
of the papers written in French. To each of them
1 am gratefully indebted, for without their consid-
eration my study could never have been accom-
plished. To the institutions and their present or
former personnel, responsible for the assistance I
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received, 1 extend my sincere thanks. A list of those
individuals and institutions follows, together with
the appropriate abbreviation used throughout the
text.

AMNH American Museum of Natural History, New York,
D. E. Rosen

AMS Australian Museum, Sydney, F. H. Talbot, J. R.
Paxton

ANSP Academy of Natural Sciences of Philadelphia, Phila-
delphia, J. E. Bolhke, J. C. Tyler

BMNH British Museum (Natural History), London, E.

Trewavas, P. H. Greenwood, N. B. Marshall,
P. ]J. P. Whitehead, A. C. Wheeler

CAS California Academy of Sciences, San Francisco,
W. N. Eschmeyer (George Vanderbilt Foundation
collection has now been transferred to the Cali-
fornian Academy of Sciences and bears the ab-

breviation “GVF” in parentheses after the
abbreviation “CAS")
CU Cornell University, Ithaca, New York, E. C. Raney
HU]J Hebrew University, Jerusalem, the late H. Steinitz
KU Kyoto University, Japan

MCZ Museum of Comparative Zoology, Harvard Univer-
sity, Cambridge, M. M. Dick

MNHP Museum National d’Histoire Naturelle, Paris, M. L.
Bauchot

NHV Naturhistorisches Museum, Vienna, P. Kahsbauer

NMNH National Museum of Natural History, Smithsonian
Institution, Washington, D.C.

RMNH Rijksmuseum van Natuurlijke Historie, Leiden, M.
Boeseman

RU Rhodes University, Department of Ichthyology,
Grahamstown, South Africa, the late J. L. B.
Smith, Mrs. M. M. Smith

SOSC Smithsonian Oceanographic Sorting Center, Wash-
ington, D.C., L. W. Knapp

UMMZ University of Michigan, Museum of Zoology, Ann
Arbor, Michigan, R. R. Miller, R. M. Bailey

USNM  Acronym for former United States National Museum
collections in NMNH

UZMK  Universitetets Zoologiske Museum, Copenhagen, ]J.
Nielsen

WAM  Western Australian Museum, Perth, R. McKay

ZMA Zoologisch Museum, Amsterdam, N. Nijssen

ZMB Zoologische Museum, Berlin, C. Karrer

YA Zoological Survey of India, Calcutta

To the following from the National Museum of
Natural History, Smithsonian Institution, Wash-
ington, D.C. 1 am deeply indebted: Dr. Ernest A.
Lachner, Curator of Fishes, Division of Fishes, for
initiating this project and for constant guidance
and encouragement; Drs. Daniel M. Cohen and
Bruce B. Collette of the National Marine Fisheries
Service Systematics Laboratory for their considerable
help and constant encouragement throughout the
period of my work in the Division of Fishes. I am
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most grateful to Drs. E. Trewavas and P. H.
Greenwood and through them the Trustees of the
British Museum (Natural History) for providing
me with the outline drawings of the various spe-
cies of Cynoglossus prepared by Mr. Hubert Wil-
liams under the supervision of the late Dr. P.
Chabanaud and for permitting me to use them
in the present work. To Mr. P. J. P. Whitehead
I am particularly grateful for his kindness in
examining on my behalf some of the types in the
British Museum, for attending to my several queries
in the course of the preparation of this work, and
for carefully and critically going through the man-
uscript and offering valuable suggestions for the
improvement of the work. Dr. Boeseman, Curator
of Fishes, Rijks Museum van Natuurlijke His-
torie, Leiden, searched the literature, as well as the
collections in Leiden, and helped me to select
the appropriate types for species of Cynoglossus
described by Bleeker. But for the very kind and
generous help that he readily extended to me this
work could not have been completed, and it is very
gratefully acknowledged here. During the course
of my work I have had the benefit of personal dis-
cussions with my colleagues in the National Mu-
seum of Natural History, especially Drs. R. H.
Gibbs, W. R. Taylor, V. Springer, S. Springer, S. H.
Weitzman, L. Schultz, W. Aron, L. W. Knapp,
and R. Kanazawa. To all of them I am grateful.
I have also benefitted from personal discussions with
Dr. Carl L. Hubbs on the adaptation of Cynoglossus
for a burrowing habit.

The staff of the Central Photo Laboratory of the
National Museum of Natural History made the
photographs. In the X-ray room of the Division
of Fishes (NMNH), the radiographs were made by
me, with the help of Mr. E. N. Gramblin.

I should like to record my gratitude to the Na-
tional Research Council (National Academy of
Sciences and Engineering) of the United States,
Washington, D.C,, for awarding me a Smithsonian
Senior Postdoctoral Visiting Research Associateship
to enable me to work for a year in the Division of
Fishes (NMNH). To the Director of the Zoological
Survey of India and the Ministry of Education and
Youth Services, Government of India, I am thank-
ful for the grant of study leave to enable my visit
to the United States.

My wife, Mrs. Rema G. Menon, who came with
me to the United States, helped me a great deal by
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regularly accompanying me to the laboratory and
making counts and measurements.

Methods

DEFINITION OF MEASUREMENTS AND COUNTs.—
Measurements were taken on the ocular side of
each specimen, using a pair of needlepoint dividers
and recording to the nearest one-tenth of a milli-
meter.

Standard Length: Taken from the tip of the
snout to the midlateral posterior margin of the
hypurals as indicated externally in the specimen.

Head Length: Taken from the tip of the snout
to the posteriormost point reached by the fleshy
margin of the opercle.

Diameter of Eye: The vertical diameter taken
between the dorsal and ventral rims of the fixed
eye.

Snout Length: Taken from the tip of the snout
to the anterior rim of the fixed eye.

Interorbital Width: Taken as the nearest dis-
tance between the upper rim of each orbit where-
ever the eyes are separate.

Distance between Snout and Corner of Mouth:
Taken in a direct line, being the distance between
the tip of the snout and the posterior corner of the
cleft of the mouth (measured by keeping the needle
of one arm of the divider inside the mouth cleft
and the other at the end of the snout).

Distance between Corner of Mouth and Gill
Opening: Taken in a direct line, being the distance
between the inside corner of the cleft of the mouth
and the posteriormost point reached by the fleshy
margin of the opercle.

The enumeration of dorsal and anal fin rays in
Cynoglossus is most difficult and tedious, and much
of the confusion in the taxonomy of Cynoglossus
has been cauesd by erroneous counts made on a
limited number of specimens of a particular spe-
cies. The counts of the dorsal and anal fin rays in
this work were taken, therefore, from radiographs
and some were from cleared and stained specimens.
Caudal Rays: All rays in the caudal fin. Since the
caudal fin is confluent with both the dorsal and the
anal fin some difficulty was experienced in the
enumeration of the caudal rays. The caudal rays
were therefore counted by placing the fin on the
glass stage of a binocular microscope and project-
ing strong light through the fin. Removing the

]

mucus and skin by means of a needle, a count was
taken and then the fin was turned over and the
enumeration checked on the blind side.

Vertebrae: In Cynoglossus the last six abdominal
vertebrae bear short haemapophyses (Figure 1). The
caudal vertebrae are, therefore, those beginning
from the first interhaemal spine, which forms the
posterior boundary of the abdominal cavity. In
radiographs the position of the first interhaemal
spine can be readily seen.

RapiocraPHY.—Radiographs were prepared by
the use of soft X-rays. In this method the fishes
were taped closely to the film holder containing
high contrast film and exposed at 22 kV. 125
milliamp-seconds, with the X-ray unit focussed
about 20 inches from the object.

CLEARING AND STAINING.—A few specimens were
cleared and stained for osteological studies and for
checking counts made from radiographs. Different
methods of clearing and staining specimens have
been used (Taylor, 1967). This above method is
successful when used on fresh or newly preserved
specimens but not on specimens stored in various
preservatives for several years (which is most often
the case in museum collections). Such specimens
may remain opaque because of dark stains in the
flesh or they may swell, rupturing the membranes
during the clearing process. In order to overcome
these difficulties Taylor (1967) evolved a new
method, substituting enzyme digestion for alkaline
maceration of tissues.

In the improved enzyme method of Taylor, tryp-
sin powder (Fisher Scientific Company’s “Purified
Trypsin Powder,” 1 : 80 MF) is used in sodium
borate (borax) buffer solution, which has proved
very effective in so far as it supports the most rapid
enzyme activity while maintaining a relatively sta-
ble and desirable pH over a long period of time.
This method has been successfully used in the
present work.

Family CYNOGLOSSIDAE

The Heterosomata to which the Cynoglossidae
belong can be divided into seven families: Psettodi-
dae, Citharidae, Scopthalmidae, Bothidae, Pleuro-
nectidae, Soleidae (true soles), and Cynoglossidae
(tongue soles or solelike fishes with eyes on the left
side). The soles (Soleidae and Cynoglosside) are
distinguished by having a small mouth, the lower
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jaw not prominent, the jaws of the blind side
strongly curved and toothed, no preopercular mar-
gin, the gill membranes fused with free branchio-
stegal rays, the symmetrical position of the nasal
organs, the absence of a postcleithrum in the pec-
toral arch, and the absence of ribs. In spite of these
common characteristics Norman (1934:38) doubted
whether the two families are really closely related.
Norman cited the example of certain Australian
and New-Zealandian genera of the Pleuronectid
subfamily Rhombosoleinae (dmmotretis, Colistium,
Peltorhamphus) in which some of the species ex-
hibit a strong general resemblance to members of
the Soleidae. Especially in Colistium the general
form of the body, the shape of the head, particu-
larly its preorbital part, the small eyes, the sym-
metrical nasal organs, the strongly curved jaws of
the blind side, the absence of teeth in those of the
ocular side, and the extension of the dorsal fin to
the end of the snout are all characteristics found in
the members of the Soleidae. The development of
membranous folds on the blind side of the rays
of the marginal fins, the modification of many of
the scales on the blind side of the head to form
filamentous processes, and the fringed lower lip are
some of the other soleid features developed by the
Rhombosoleinae (Norman, 1926:259). Chabanaud
(1933, 1934b, 1936, 1937) gave much consideration
to the probable polyphylelic origin of the Soleoi-
dea from other flatfishes. Kyle (1921:119-121) be-
lieved that the flounders and the soles, and even
the divisions within each of these groups, have had
separate origins from symmetrical fishes.

Although it seems probable that the origin of
the unique asymmetry of flatfishes was a single
evolutionary event, it must be admitted that the
Heterosomata as a whole are held together by
little more than the single character that the two
eyes are on one side of the head. Many of the
features in which the several families agree now
appear to represent convergent adaptations (Hubbs,
1945). The work of Parker (1903) on optic nerves
of the Heterosomata is, however, of special signifi-
cance in this connection. In ordinary bony fishes the
optic chiasma is dimorphic in character, the right
nerve crossing over the left about as often as the
left over the right. In the families Soleidae, Cyno-
glossidae, and Psettodidae, the chiasma is dimor-
phic, with the nerve of either the left or the right
eye the more dorsal in the optic chiasma. In all
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other flatfishes, whether dextral or sinistral, the
nerve of the migrating eye is dorsal. In the genera
of flounders, which are normally dextral (with eyes
and color on the right side), the left nerve crosses
over the right in all individuals, even in reversed
specimens. Similarly in the normally sinistral groups
the right nerve is superior even though the individ-
ual is variant in having the eyes on the right side.
As a result the chiasma is characterized as partly
uncrossed in normal individual but doubly crossed
in the reversed specimens.

Parker (1903) interpreted the correlation of the
type of chiasma with the position of the eye in
flounders as adaptive, for when the nerve of the
migrating eye is dorsal the chiasma is partly un-
crossed rather than doubly crossed as it is when
the nerve of the migrating eye is ventral in the
chiasma. The chiasma remains dimorphic, however,
in both dextral and sinistral soles. This can be
explained as due to the relative development of
the optic nerves in the two groups. In the flound-
ers, for example, the optic lobes and nerves are
larger than in the soles (Evans, 1937:309-310) and
are much more conspicuous than the olfactory
nerves, occupying a large part of the cavity in
which they lie. A complicated arrangement (dou-
ble crossing) of the nerves may, therefore, involve
a mechanical or developmental disadvantage. In
soles, on the other hand, the optic nerves are tiny
strands lying loose in an extensive space under the
large olfactory nerves. In these fishes the olfactory
and tactile senses are presumably better developed
than the visual. Thus, the double twist of the optic
nerves in half the individuals of each species of
sole has apparently not been of sufficient selectional
significance in the soles, as it has in the flounders,
to a fixation of the optic chiasma type in correla-
tion with the usual position of the eye.

The soles, in having several characters in com-
mon including the primitive dimorphic type of
chiasma, form a natural group, probably split off
very early from the other Heterosomata.

The members of the family Cynoglossidae are
typically sinistral, with a dimorphic optic chiasma;
the jaws are strongly asymmetrical; usually there
are two nares on each side of the head, the anterior
one tubular, the narial tube of the eyed side al-
ways arising in front of the fixed eye; the dorsal
and anal fins are confluent with the caudal; the
dorsal fin extends onto the head parallel to the
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Ficure 1.—Skeleton of C. puncticeps, drawing of a cleared and stained preparation from a
109.0 mm SL specimen (USNM 109799) from the Gulf of Thailand: a, entire skeleton; b, neuro-
cranium; ¢, epicranium; d, last three abdominal and first two caudal vertebrae; e, epural and
hypural bones supporting the ten caudal rays. (AIS = anterior pseudointerneural spine, C =
caanium, E = erisma, In = interneural spine, PIS = posterior pseudointerneural spine,
RC = rostral cartilage, AR = anal fin rays, CR = caudal fin rays, DR = dorsal fin rays,
EP = epural bone, HP = hypural bone, HS = haemal spine, IH = interhaemal spine,
NS = neural spine.)







