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Pleuronectiformes: Relationships 

D. A. HENSLEY AND E. H. AHLSTROM 

ASICS of the current working model for evolution of pleu- B ronectiforms were proposed by Regan (1910, 1929) and 
Norman (1934). In his monograph, Norman treated the floun- 
ders (Psettodidae, Bothidae. Pleuronectidae), and though he did 
not publish a revision of the remaining pleuronectiforms, his 
key and classification of the soleoids were published posthu- 
mously (1966). Norman's model and classification with the 
modifications of Hubbs (1945), Amaoka (1969), Futch (1977), 
and Hensley (1977) represent the most recent, detailed hypoth- 
esis for pleuronectiform evolution. We will refer to this as the 
Regan-Norman model (Fig. 358) and classification (preceding 

article, this volume) and consider it the working hypothesis to 
be reexamined using adult, larval, and egg characters. 

Formation of the Regan-Norman model involved an eclectic 
approach, Le., a combination of phyletic and phenetic methods. 
Although some of the groups currently recognized appear to be 
based on synapomorphies, many are clearly based on symple- 
siomorphies and were recognized as such by the authors. This 
search for horizontal relationships among pleuronectiforms us- 
ing eclectic methods, with one exception, has been the only 
approach used in this group. The exception is the recent work 
of Lauder and Liem (1983) in which a cladogram for flatfishes 
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Fig. 358. Current hypothesis for interrelationships of pleuronectiform fishes. Based on Norman (1934. 1966). Huhhs (1945). and Amaoka 
( I  969) 

is presented. However, these authors present this as a tentative 
hypothesis and admit that the interrelationships expressed are 
still problematic. Most of the character states they use are re- 
ductive, few characters were analyzed, and the authors were 
understandably unaware of recent character surveys, since much 
of this information is unpublished. 

We have made the assumption that the order Pleuronecti- 
formes is monophyletic and the sister group is the remaining 
percomorph fishes (sensu Rosen and Patterson, 1969 and Rosen, 
1973). Although the monophyly and origin of the group is still 
open to question and hypotheses of multiple origins have been 
proposed (e.g., Kyle, 192 1;  Chabanaud, 1949; Amaoka. 1969), 
a monophyletic model with a percomorph sister group still ap- 
pears to be the most parsimonious. In other words, with the 
information available, there appears to be no need to hypoth- 
esize multiple origins for flatfishes: to d o  so demands the inclu- 
sion of a great deal of convergence. 

RELATIONSHIPS 
The following discussion of relationships within the pleuro- 

nectiforms is cursory and preliminary. In fact, it asks more 
questions than it answers and illustrates that more work (par- 
ticularly osteological) is needed in certain groups before the 

order can be subjected to an in-depth cladistic analysis. Until 
this work is completed, it is premature to offer a new hypothesis 
of interrelationships for the entire order. 

Adult characters 
Several criteria were used for selecting characters for discus- 

sion: (1)  amount of information available on the distribution 
of character states: (2) characters commonly used in the past to 
define groups of pleuronectiforms; (3) those for which our 
knowledge of distributions of states is limited, but appear to 
indicate groupings different from those hypothesized in the 
working classification and which need additional study: and (4) 
characters which are well known in certain groups and are po- 
tentially useful for elucidating relationships within these groups. 
Characters and character complexes used in this study are dis- 
cussed below. Characters and states are presented in Table 179. 

Optic chiasma. -The relationship between the optic chiasma 
and ocular asymmetry of pleuronectiforms has been investigated 
by several workers beginning mainly with the work of Parker 
(1 903). Hubbs ( I  945) examined this relationship further and 
presented all data from previous studies. Parker found that most 
fishes have a dimorphic optic chiasma, Le., the nerve of the left 



672 ONTOGENY AND SYSTEMATICS O F  FISHES-AHLSTROM SYMPOSIUM 

or right eye is dorsal with about equal frequency (state referred 
to here as truly dimorphic). Exceptions to this are species of 
paralichthyids (sinistral) and pleuronectines (dextral) where the 
right or left optic nerve, respectively, is always dorsal, even in 
reversed individuals, i.e., the optic chiasma is monomorphic. 
The Soleidae and Cynoglossidae, however, retain a truly di- 
morphic optic chiasma. Subsequent work by Regan (1910) and 
Hubbs (1945) showed that in the indiscriminately dextral or 
sinistral Psettodes the optic chiasma is also truly dimorphic. In 
addition, Hubbs presented evidence of a third state, at least in 
Citharoides (sinistral), where the nerve of the migrating eye is 
dorsal even in reversed individuals. He thus interpreted the 
Citharidae as having a basically dimorphic optic chiasma and 
predicted the same for scophthalmids, although apparently no 
one has examined a reversed scopthalmid to test this prediction. 
A truly dimorphic optic chiasma as found in Psettodes and the 
soleoids has been interpreted as plesiomorphic for pleuronec- 
tiforms. The type of optic chiasma found in Citharoides and 
predicted for scophthalmids (Le., nerve of the migrating eye 
always dorsal) was interpreted as an intermediate state between 
the truly dimorphic and the monomorphic chiasmata as found 
in pleuronectoids. We agree with this interpretation of polarity. 
However, some plesiomorphic states have been used to define 
groups: Psettodidae, truly dimorphic; Citharidae, basically di- 
morphic; Scophthalmidae, predicted to be basically dimorphic; 
and Soleoidei, truly dimorphic. 

Major problems exist with the use of the optic chiasma for 
phylogenetic inference. One of these concerns the feasibility of 
actually determining which state exists in a group. Demonstrat- 
ing the occurrence of truly dimorphic chiasmata is relatively 
simple. All that is needed is to show that either optic nerve is 
dorsal regardless ofwhich eye has migrated; reversed individuals 
are not necessary. To demonstrate occurrence of the basically 
dimorphic state, reversals are needed and the nerve of the mi- 
grating eye must always be dorsal. Likewise, reversed individ- 
uals must be examined to show a monomorphic chiasma. Here 
the nerve to the right eye must be dorsal in all individuals 
(including reversals) of normally sinistral species and the nerve 
of the left eye must be dorsal in all individuals of normally 
dextral species. When one actually examines the data for this 
character (see Hubbs, 1945), states have been determined for 
very few pleuronectiform groups. The occurrence ofthe basically 
dimorphic state in the Citharidae was demonstrated in only one 
species. Ofgreater significance, however, is the fact that a mono- 
morphic state has been shown for very few pleuronectoid species. 
Within the pleuronectoids it has been widely assumed that all 
paralichthyids, bothids, and pleuronectids have monomorphic 
optic chiasmata, and that because of this they are monophyletic 
and not closely related to the soleoids (truly dimorphic). It is 
worthy of note here that a monomorphic optic chiasma has 
never been demonstrated for four pleuronectid subfamilies 
(Poecilopsettinae, Rhombosoleinae, Samarinae, Paralichthod- 
inae), the Bothidae, or the paralichthyid genus Thysanopsetta. 

Ocular asymmetrv. -This character (sinistral, dextral, indis- 
criminate) is obviously interrelated with the optic chiasma in 
certain groups, i.e., those with basically dimorphic and mono- 
morphic chiasmata. The evolution of ocular asymmetry and its 
relationship to the optic chiasma is not well understood, al- 
though there is one major hypothesis (Norman, 1934; Hubbs, 
1945) which states that primitively, pleuronectiforms were in- 
discriminate in ocular asymmetry and the optic chiasma was 

truly dimorphic. Soleoids became discriminate (soleids dextral 
and cynoglossids sinistral), but retained a truly dimorphic chias- 
ma. Psettodids remained indiscriminate and truly dimorphic. 
Citharids and presumably scophthalmids became discriminate 
(scophthalmids and citharines sinistral and brachypleurines 
dextral) but retained some ontogenetic plasticity in regard to 
the optic chiasma, since reversed individuals still have the nerve 
of the migrating eye dorsal (basically dimorphic). The remaining 
pleuronectoids became discriminate (Paralichthyidae and Both- 
idae sinistral and Plueronectidae dextral) and evolved a mono- 
morphic chiasma. The only exceptions with regard to ocular 
asymmetry are certain indiscriminate paralichthyids and pleu- 
ronectines. However, most of these indiscriminate pleuronec- 
toids have been shown to have a monomorphic optic chiasma 
(a possible exception is Tephrinectes). It would thus appear that 
indiscriminate ocular asymmetry in pleuronectoids developed 
secondarily from discriminate ancestors (Hubbs and Hubbs, 
1945). 

Making phylogenetic interpretations from two states of ocular 
asymmetry is difficult or impossible without corroborative evi- 
dence. Thus, a statement to the effect that two or more dextral 
(or sinistral) pleuronectoid groups are most closely related to 
each other because they are dextral (or sinistral) without addi- 
tional evidence of synapomorphies is circular, and may lead to 
the recognition of polyphyletic groups. This reasoning was the 
basis for the proposed close relationship in the Regan-Norman 
model between the Pleuronectinae and the remaining pleuro- 
nectid subfamilies (Poecilopsettinae, Rhombosoleinae, Samar- 
inae, Paralichthodinae) and for treating the genera Mancopsetta 
and Thysanopsetfa as members of the Bothidae and Paralich- 
thyidae, respectively. 

Ribs and intermuscular bones. - In pleuronectiforms that pos- 
sess ribs, these appear to be homologous with the pleural and 
epipleural ribs of other teleosts, and the presence of these bones 
should be considered plesiomorphic for the order. Two groups 
lack both series of ribs, the Achirinae and apparently the Cyn- 
oglossidae. Chabanaud ( 1  940) reports epipleural ribs in some 
cynoglossids but mentions no genera or species. We have not 
seen them in cleared-and-stained Symphurus species or in ra- 
diographs of several Cynoglossus species. Although it is still 
commonly believed that all soleoids lack both series ofribs (e.g., 
Nelson, 1976; Lauder and Liem, 1983), Chabanaud ( I  940, 194 1) 
found short epipleural ribs in Solea, Microchirus. and Aesopia, 
and we have seen them in Aseraggodes. 

Chabanaud (1940, 1950, 1969) found additional rib-likc 
bones (“metaxymyostes”) in certain pleuronectiforms. Some of 
his statements about these were in error, and it is now clear he 
was refemng to Bothus podas and Samaris cristatus (Hensley, 
1977). Amaoka (1969) found these (“intermuscular”) bones in 
all species of his Bothidae and presented very detailed descrip- 
tions of their morphology. One of his primary justifications for 
elevating Norman’s (1934) Bothinae to the family level was the 
presence of these bones in the group and their absence in Nor- 
man’s Paralichthyinae. Norman considered Engvophrys, Tri- 
chopsetta, Monolene. Taeniopsetta, and Perissias to be paralich- 
thyines. All of these genera have intermuscular bones (Amaoka, 
1969; Futch, 1977; Hensley, 1977; pers. observ.) and are con- 
sidered here to be bothids. 

Bothid intermuscular bones are in five series. Amaoka ( I  969) 
called these series epimerals, epicentrals, hypomerals, and 
myorhabdoi (two series). He interpreted three of these (epi- 
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merals, epicentrals, hypomerals) as homologous with those of 
lower teleosts (see Phillips, 1942). The presence of these bones 
was the main reason both Chabanaud (1949a) and Amaoka 
(1969) hypothesized that pleuronectiforms were polyphyletic 
and that at least the Bothidae, and in the case of Chabanaud 
also the Samarinae, were derived from some lower teleostean 
group. Hensley (1977) presented arguments for interpreting the 
pleuronectiforms as monophyletic and the presence of inter- 
muscular bones in at least the Bothidae as being apomorphic. 

Chabanaud (1  969) described intermuscular bones in Samaris 
as being in two series. However, we recently examined a cleared- 
and-stained specimen and found differences with Chabanaud’s 
description. In the abdominal region, rib-like or intermuscular 
bones are in three series. Bones of the middle series are un- 
branched and in the horizontal skeletogenous septum. Most 
bones ofthe dorsal and ventral series are branched. In the region 
of the caudal vertebrae, there are only the dorsal and ventral 
series. There are none of the dorsal and ventral myorhabdoi as 
found in the Bothidae. Although the three series of bones found 
in Samaris resemble the epimerals, epicentrals, and hypomerals 
of bothids, a more detailed comparison is required before a 
statement about homologies can be made. 

Amaoka (1969) interpreted bothids as lacking pleural and 
epipleural ribs, but possessing the five series of intermuscular 
bones. However, there is another interpretation. It is possible 
that Aniaoka’s epicentrals (limited to the honzontal skeletog- 
enous septum of the abdominal region) and abdominal hypom- 
erals are homologous to epipleural and pleural ribs, respectively, 
of other pleuronectiforms, and that the presence of myorhabdoi, 
epimerals, and caudal hypomerals are apomorphic states. 

Postcleithra. -The absence of postcleithra was a character state, 
apparently apomorphic, used by Norman ( 1  934) and subsequent 
authors to distinguish the Soleoidei from the Psettodoidei and 
Pleuronectoidei. However, an adequate survey of this character 
has never been made among the pleuronectoids. In a preliminary 
survey, we found postcleithra absent in certain pleuronectoids, 
Le., the Samarinae and the bothid genera Mancopsetfa and Pel- 
ecanichthys. Postcleithra are definitely present in the rhombo- 
soleines Oncopterus, Azygopus. Ammotretis, and Colistium, but 
they may be absent in Pelotretis, Peltorhatphus, and Rhom- 
bosolea (Norman, 1934: fig. 25c; Chabanaud. 1949). Although 
lack of postcleithra in pleuronectiforms is reductive, their ab- 
sence in certain pleuronectoids may indicate a closer relation- 
ship between some of these groups and soleoids than hypoth- 
esized in the Regan-Norman model. The occurrence of this 
specialization in Pelecanichthys is almost certainly an indepen- 
dent reduction, since this genus shows several synapomorphies 
with other bothids. 

Vonierine teeth.-Hubbs (1  945, 1946) interpreted the presence 
of vomerine teeth as a primitive state for the order, and we 
concur. However, Hubbs presented this interpretation as evi- 
dence that citharids and scophthalmids were closely related and 
represented an intermediate grade in pleuronectoid evolution. 
The presence of vomerine teeth cannot be used to infer phy- 
logenetic relationships among pleuronectiforms. 

Fin spines.-Hubbs (1945, 1946) presented the distributions for 
dorsal, anal, and ventral-fin spines in pleuronectiforms. Pset- 
todes is the only genus with dorsal and anal spines. This genus 
and the Citharidae are the only flatfishes with ventral-fin spines. 

Hubbs properly interpreted their presence in these groups as 
plesiomorphic for the order. However, again. he used a hori- 
zontal or eclectic approach and inferred a close relationship 
between the citharid genera and interpreted the group as an 
intermediate grade in pleuronectoid evolution. The presence of 
these spines does not indicate phylogenetic (vertical) relation- 
ships. 

Supramaxillae. -Supramaxillae occur in Psettodes and the cith- 
arids Eucitharus and Citharoides (Hubbs, 1945). In Psettodes. 
the bones are well developed and apparently present on both 
sides. The two citharid genera have them reduced in size, con- 
fined to the blind side. or sometimes missing. The presence of 
these bones is plesiomorphic for the order and should not be 
used to infer phylogenetic relationships. 

Ventral-fin placements and base lengths. - Evolution of ventral- 
fin asymmetry in pleuronectiforms is not well understood. Most 
of our knowledge concerning the relationship between ocular 
and ventral-fin asymmetry has come from some rare examples 
of reversals in forms with asymmetrical ventral-fin morphology 
(see Norman, 1934). For comparative purposes, Le., attempting 
to determine homologous states. it would appear to be more 
correct to compare ocular and blind-side ventral fins between 
groups rather than those of the right and left sides (see Hubbs 
and Hubbs, 1945). At present, there are several problems in 
using ventral-fin morphology to elucidate phylogenetic rela- 
tionships. Most work here has dealt only with external mor- 
phology and much of this has not been sufficiently detailed or 
accurate. What is needed are thorough comparisons of basip- 
terygia as well as fins. Due to the paucity ofaccurate and detailed 
studies of these structures in flatfishes. it is not possible to ad- 
equately define character states for an in-depth comparison 
throughout the order. Thus. ventral-fin characters were not in- 
cluded in Table 179. What follows is a discussion of general 
patterns of ventral-fin morphology. 

Ventral fins with short bases and symmetrical placements 
have been correctly considered plesiomorphic states in pleu- 
ronectiforms, and any type of asymmetry in placement, size, 
shape, or meristics as having been derived from symmetrical 
states ( e g ,  Norman, 1934; Hubbs, 1945; Amaoka, 1969). Most 
ventral-fin characters used have involved positions of the fins 
relative to the midventral line and relative lengths of the fin 
bases. Unfortunately, symmetry (plesiomorphic states) in both 
of these characters has been used to define groups. Short-based 
fins and symmetry or near symmetry in placement and base 
lengths occur in Psettodes, the Paralichthyidae (except the CJ>- 
clopsetta group). the Citharidae, most soleines. most or all Pleu- 
ronectinae, and the Poecilopsettinae. States where the ocular 
ventral fin is on  the midventral line and has a base extending 
farther anteriorly than that of the blind side form a continuum. 
Thus, groups with the base of the ocular ventral fin only slightly 
extended anterior to that of the blind side (origin of blind fin 
at transverse level of about the sccond or third ray of the ocular 
fin) are the Samarinae, possibly some Soleinae. Paralichthodes, 
the Taeniopsettinae, and .Wonolenr: groups where the origin of 
the ocular fin is farther antenor relative to that of the blind fin 
are the Rhombosoleinae. all Bothinae (except .Wonolene), and 
possibly some Soleinae. Two groups, the Scophthalmidae and 
Achirinae, have both ventral-fin bases close to or virtually on 
the midventral line and the anterior basipterygial processes ex- 
tended. The (:vclopsettu group has the ocular fin on the mid- 
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TABLE 179. CHARACTERS AND STATES FOR PLEURONECTIFORM GROUPS. Where appropriate states are indicated by underlined letters. See text and 
Figs. 359-364 for hypural fusion patterns. 
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ventral line, but the basipterygium of the blind fin is placed in 
a more anterior position than that of the ocular side. Another 
unique state is the loss of the blind ventral fin in some genera 
of the Rhombosoleinae, although the basipterygium of the blind 
side is probably still present. The Cynoglossidae are the only 
pleuronectiforms in which the blind ventral-fin base is oriented 
along the midventral line and the ocular fin is in a more dorsal 
position or absent. In cynoglossids missing the ocular fin, at 
least the dorsal process of the left basipterygium is still present. 

Vertebral transverse apophyses.-Regan (1  9 10) used the pres- 
ence of transverse apophyses on caudal vertebrae as  a state to 
distinguish his bothid subfamilies Platophrinae and Bothinae 
from the Paralichthyinae (=Paralichthyidae with modifica- 
tions). Norman ( 1  934) combined the Platophrinae and Bothinae 
into his Bothinae and Scophthalminae and again used transverse 
apophyses on caudal vertebrae to distinguish the bothines and 
scophthalmines from the paralichthyines. Amaoka ( I  969) used 
the presence of these structures to define his Bothidae and dis- 
tinguish them from the other sinistral flounders he treated (Para- 
lichthyidae, Citharidae, Psettodidae). Hensley (1 977) and Futch 

(1977) found transverse apophyses in Engyophrys, Trrchopsetia, 
and Monolene and suggested this as a character state indicating 
these genera were more closely related to the Bothidae than the 
Paralichthyidae. We have since found them in Perissias. As 
previously stated, Norman ( I  934) had placed these four genera 
in the Paralichthyinae. Amaoka (1969) presented the most de- 
tailed descriptions of these structures. Basically, there are two 
pairs of transverse apophyses on the vertebrae. an anterior and 
a posterior pair. They are found on many abdominal and most 
caudal vertebrae. Subsequently, we have found that the trans- 
verse apophyses seen by Regan ( I9 I O )  and Kyle ( I92 1 : fig. 3 2) 
in the scophthalmids are very similar to those present in the 
Bothidae. They are similar in shape and occur in two pairs. 

Amaoka ( I  969) interpreted the occurrence of these structures 
in the Bothidae as indicative o f a  relationship to some fish group 
other than the Percomorpha and used this as evidence that the 
Bothidae arose independently from the remaining pleuronec- 
tiforms. To support this, he cites the occurrence of similar struc- 
tures in anguilliforms (Trewavas, 1932; Asano. 1962). 

Recently in a preliminary survey of this character or complex 
in other flatfishes, we found transverse apophyses on some ver- 
tebrae in the Samarinae, Cynoglossidae, and Soleinae. However, 
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in these groups, they occur only as one pair on the anterior end 
of the vertebra. In addition, the C)dopsertu group has two pairs 
of very small lateral protuberances on most vertebrae. How to 
interpret the presence of vertebral transverse apophyses in pleu- 
ronectiforms is still open to question. 

First neural spine. -Amaoka (1  969) found that the neural spine 
of the first vertebra is missing in the Bothidae and interpreted 
this as a synapomorphy for the group, since absence of this spine 
is apparently rare or unknown in othcr teleosts. We have made 
a preliminary survey for this in other pleuronectiforms not treat- 
ed by Amaoka. Some of this survey was based on radiographs. 
and due to the close proximity of the first vertebra and neu- 
rocranium, in some groups we are not sure if the first neural 
spine is present, absent, or greatly reduced. The states in other 
groups are more certain, since some cleared-and-stained ma- 
terial was available. A greatly reduced or missing first neural 
spine is not limited to the Bothidae (Table 179). 

Position of the urinarv pupilla. -All flatfishes have a papilla on 
the posteroventral area of the abdomen near thc anal-fin origin. 
Schmidt (1915, cited by Norman, 1934) commented on its po- 
sition in flatfishes, claiming it was located on the ocular side in 
all species. However, Chabanaud ( I  934). Hubbs ( 1  945). and 
Hubbs and Hubbs (1945) found it to be on the midventral line 

in Psettodes. In addition, Hubbs (1945) and Hubbs and Hubbs 
(1  945) found the papilla on the blind side in the paralichthyid 
genera Sjucium, Cithurichth),s, and Etropus. We have found it 
in the same position in Cyclopserta. Another exception here 
may be certain cynoglossids. Menon (1977: fig. 45) shows the 
urinary papilla on the blind side in a species of Cynoglossus, 
but claims it is attached to the first anal-fin ray in all species of 
the family. A midventral position for the papilla is generalized 
for teleosts and plesiomorphic for pleuronectiforms. 

Position qf vent.-Position of the anus in flatfishes has been 
reviewed by Norman (1934), Hubbs (1945), and Hubbs and 
Hubbs (1 945). A midventral position is plesiomorphic for the 
order. In flatfishes where the vent is on or near the midventral 
line, it is often very difficult to determine what state is repre- 
sented. It is on the blind side in several groups, but apparently 
on the ocular side only in the Citharidae. Hubbs ( 1  945) inter- 
preted the distribution of these states as indicating that deflec- 
tion of the vent to the blind side has occurred several times 
within the order. 

Cuudal-fin corrip/e,x -The caudal tin and skeleton of many 
species of pleuronectiforms have been illustrated and discussed 
(e.g., Monod. 1968: Amaoka. 1969). The caudal skeleton of 
Psetrodes is reported to be the most primitive among living 
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Fig. 359. Caudal skeleton of Pscwodrs /wvimi. Hypural pattern I .  
EP = epural, HY 1-5 = hypurals 1-5. NS = neural spine. PHY = par- 
hypural. PHYP = parhypurapophysis, PU 2 .  3 = preural centrum 2, 3. 
THC = terminal halfcentrum, U N  = uroneural. Redrawn from Monod 
( I  968). 

flatfishes. It can be characterized as follows (Fig. 359): a par- 
hypural with a haemal arch and parhypurapophysis; five au- 
togenous hypurals; two pairs of uroneurals, i.e., pairs of stegurals 
and splinter bones; two epurals, the first between the neural- 
arch remnants of the second preural centrum; terminal half 
centrum, Le., fusion of two ural centra and the first preural 
centrum; haemal spine of the second preural centrum autoge- 
nous; haemal spine of the third preural centrum fused; and 24- 
25 caudal rays, 17 principal, I5 branched. The caudal skeleton 
of Psettodes has been labelled as basically percoid (e.g., Wu, 
1932; Monod, 1968: Amaoka, 1969). It should be noted here 
that the neural spine ofthe second preural centrum is interpreted 
as probably a captured epural, and that apparently only one free 
epural remains. This is one of the more important differences 
between Psettodes and all other pleuronectiforms, which have 
a neural spine on the second preural centrum and apparently a 
basal number of two epurals. There are a t  least two hypotheses 
which may explain this difference: ( I )  The earliest pleuronec- 
tiforms may have had three free epurals, the anteriormost be- 
coming wedged in the neural-arch remnant on the second preur- 
a1 centrum (Le., captured) and, thus forming a secondary neural 
spine. In Psettodes the remaining epurals were fused (Amaoka, 
1969) or one was lost, while both were retained in the remaining 
flatfishes, at least primitively. (2) The earliest pleuronectiforms 
had two epurals, the anteriormost being captured in Psettodes, 
leaving one free epural. In the remaining flatfishes a neural spine 
on the second preural centrum was acquired by fusion of this 
vertebra with an anterior one bearing a spine. Rosen (1973) has 
discussed the second hypothesis to account for secondary ac- 
quisition of a neural spine on the second preural centrum and 
offered as  evidence the frequent occurrence of double spines on 
the second preural centrum. Such anomalies are frequent in 

pleuronectiforms (see Cole and Johnstone, 1902: Barrington, 
1937; Chabanaud, 1937; Amaoka, 1969; Okiyama, 1974; Futch, 
1977; Fig. 360H). However, although a detailed survey for these 
doubled spines has never been done, it appears that doubled 
neural spines on this vertebra are just as frequent as doubled 
haemal spines. 

In spite of the work that has been done on pleuronectiform 
caudal osteology, there is still little agreement on interpretation 
of some structures. We cannot solve these problems here or 
discuss them in great detail. Most of these differences in inter- 
pretation concern certain epaxial elements. More detailed com- 
parative work needs to be done on these elements before ho- 
mologies can be determined. For example, there is one 
interpretation that uroneurals occur only in Psettodes (Ahl- 
strom). However, what appear to be remnants of a stegural may 
remain in Citharoides. Lepidoblepharon, Scophthalmus, and 
some achirines (Fig. 361; Amaoka, 1969; Hensley, pers. ob- 
serv.). Although sufficient comparative work has not been done 
to treat these dorsal structures across all lines of flatfishes, within 
certain groups we can be fairly sure of homologies, due to certain 
consistent patterns of placement and shape and to some larval 
work where fusions have been observed. 

In regard to neural and haemal spines of the second preural 
centrum, the parhypural, and hypurals, our knowledge rests on 
firmer ground. Characteristics of these structures have been 
widely surveyed and there is much more agreement on inter- 
pretation of homologous states. We interpret autogenous neural 
and haemal spines on the second preural centrum, retention of 
a parhypurapophysis and haemal arch on the parhypural, and 
articulation of the parhypural with the terminal half centrum 
as  plesiomorphic for the order. 

Several patterns of fusions occur in regard to hypurals 1-4. 
Hypural 5 moves to an epaxial position during ontogeny in 
flatfishes (Figs. 360,362), and its fate is more properly discussed 
in reference to fusion (or lack of it) with epurals. The most 
primitive condition is where hypurals 1-4 are not fused to the 
terminal half centrum or among themselves (pattern 1; Figs. 
359, 363 upper). 

There are three patterns which are slightly different from each 
other. The interpretation of these is not so obvious, and we are 
hesitant here to make statements concerning homologies be- 
tween groups. One of these (pattern 2) is where hypurals 3 and 
4 are fused to the terminal half centrum (Fig. 36 1). This pattern 
is shown by Citharoides and apparently some Achirinae. In 
some achirines, a somewhat different pattern (3) occurs where 
hypurals 2, 3, and 4 are fused to the terminal half centrum (Fig. 
363 middle). A fusion of hypurals 1-4 to the terminal half 
centrum (pattern 4) is found in the Soleinae, Cynoglossidae, one 
citharid (Eucitharus), and two genera of Rhombosoleinae (Pe/- 
torhamphus. Rhombosolea; Figs. 362, 363 lower). Caudal-fin 
development in a soleine is illustrated in Fig. 362. 

Another pattern of hypurals (5) is unique to the Samarinae 
(Fig. 364). There are two ways to interpret this pattern. Here 
the central hypurals (2 and 3 or 2-4) are fused to the terminal 
half centrum. However, unlike the patterns previously de- 

- 
-t 

Fig. 360. Caudal-fin structure of .Engyphr,~~.\ 5mla  larvae (A-F), juveniles and adults (G-H). Standard lengths of specimens: (A) 4.6 mm; (B) 
5.5 mm; (C) 7.0 mm; (D) 7.6 mm; (E) 7.7 mm; (F) 15.3 rnrn; (G) 45.7 mm; (H) 82.4 mm. NC = notochord, other abbreviations as in Fig. 359. 
Redrawn from Hensley (1977). 
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Fig. 36 I .  Caudal skeleton of ('fr/?unif&\ t t i u ~ ~ r o / q i i . ~  Hypural pat- 
tern 2. HAR = haemal-arch remnant. other abbreviations as in Fig. 
359. "V" on distal end of fin ray indicates dorsal- and ventralmost 
branched ray. 

scribed, in the samarines hypural 1 does not articulate with the 
terminal half centrum. 

The last pattern of hypurals (6) is characterized as follows 
(Figs. 360. 364 middlc and lower): hypurals I and 2 arc fused 
together forming one elcmcnt which articulatcs with the pos- 
teroventral surface of the terminal half centrum: and hypurals 
3 and 4 are fused togcthcr and to the terminal half centrum. 
This pattern occurs in the Pleuronectinae. Paralichthyidae (ex- 
cept 7ephrinecres and Th~~.~anopset /a) .  Scophthalmidae. one 
citharid (Brachypleura). and the Bothidae (except .1Iuricopsc~ita). 
We interpret this pattern as homologous between these groups, 
derived. and indicative of a monophyletic origin. We will refer 
to these fishes as the bothoid group. Caudal-fin development in 
a bothid is illustrated in Fig. 360. 

Although there is still some doubt concerning interpretations 
of certain epaxial caudal elements in Batfishes, some patterns 
are apparent. Most of the information indicates that at least in 
most pleuronectiform groups, the basal epural number is two. 
However, there is a small third element that appears in many 
species (Fig. 36 I ;  first uroneural ofAmaoka. 1969). This element 
does not appear to be paired and its interpretation and fate in 
some groups is questionable. The two larger epural elements are 
still present in some flatfishes (Figs. 36 I ,  363 upper). the cith- 
arids Leprdoblrpharon and Crtharordes and the paralichthyid 
Tephrinrctes. The fate ofthese from the perspective ofthe entire 
order is questionable. However, it is obvious that these epurals 
have been reduced to one or zero in several groups. Which of 
these reductions are homologous is unknown. Within groups 
defined by other specializations, however, we are probably jus- 
tified in assuming these epural reductions took the same course 
and are homologous states. 

Although space does not allow a more detailed discussion of 
other caudal-fin characters, some obvious trends should be men- 

tioned: Symmetrization-There is a marked trend among Hat- 
fishes toward dorsoventral symmetry in the caudal fin and skel- 
eton. This has occurred by various types of fusions, losses. and 
secondary divisions of elements. These secondary divisions oc- 
cur as scissures ofvarying depths in many caudal elements (Figs. 
360H, 362F. 363 lower. 364 upper). Reduction of total and 
branched caudal rays-It has long been recognized that more 
primitive flatfishes tend to have larger numbers of total and 
branched caudal rays. Thus. Pseitodes has a total caudal ray 
count of 24-25, 15 of which are branched. In many groups, 
caudal rays have been reduced to less than 18 and branched 
rays to 0-1 3. 

Infraorbital lateral-line canal on ocular side.-In his study of 
sinistral Hounders (Le., Psettodidae and Pleuronectoidei) of Ja- 
pan, Amaoka (1969) found ocular infraorbital bones present in 
the Psettodidae, two citharid genera (Citharoides. Lepidobleph- 
won), and the Paralichthyidae; they were absent from Japanese 
bothids. We have since done some survey work on this character 
in other groups not treated by Amaoka and found ocular in- 
fraorbital bones missing in additional groups (Table 179). 

Examination of the Regan-Norman model 
using adult characters 

In the following discussion, the groups and classification re- 
sulting from the current model for pleuronectiform evolution 
will be reexamined. The limited analysis presented here sheds 
much doubt on the monophyly of many of the currently rec- 
ognized groups and their interrelationships. In a few cases, the 
evidence favoring different interpretations is so strong that these 
should be recognized in classifications. However, most of this 
analysis has produced questions and alternative suggestions thal 
need additional study. 

Psettodoidei, Psettodidae. -Nearly all of the character states used 
to define this group (Psettodes. two species) are symplesio- 
morphies or have been interpreted as such. Two exceptions, gill 
arches with groups of teeth and barbed jaw teeth, are states that 
Hubbs ( I  945) proposed as synapomorphies. Although we have 
no reason to doubt that Psettodes is a natural group, it should 
be redefined using character states which have been shown to 
be synapomorphies. 

Soleoidei. -The differences between the Soleoidei and Pleuro- 
nectoidei were noted and expressed in important classifications 
before the works of Regan and Norman (e.g., Jordan and Ev- 
ermann, 1896-1 900) and they are obviously evident in the cur- 
rent model and classification. In most previous systematic re- 
search on pleuronectiforms. the author has concerned himself 
with one or the other group and assumed that the two were 
related only through a common ancestor near the early pleu- 
ronectiform line. The possibility. for example. that some so- 
leoids may be most closely related to some pleuronectoids has 
only rarely been addressed. In any cladistic analysis of pleuro- 
nectiform interrelationships. charactcr states used to unite the 
soleoids will need to he reinterpreted. Some character states 

~ 

Fig. 362. Caudal-fin structure o f .Y i i / c~~  ,ii/cu l a n a c  (Ad' ) ,  j u \ cn i l es  and adults (D-F). Total lengths of Fpccimens: (A) 6.0 mm; (H) 6.8 m m .  
(C) 8.1 mm; (D) 11.5 mm: (E) 18 mm: (F) 470 mm. HA = haemal arch. NA = neural arch. other abbre\lalions as in Figs. 359. 360. Kedrawr 
from Fabre-Domergue and Rii-trix (1905). 
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%HY1 

L P H Y  

H Y 2 - 4  

H Y 5  

T H C  * H Y  1 - 4 

P H Y  

Fig. 3 6 3 .  Caudal skeleton of 7 q i / i r i t i m t ( , s  s i ~ i i ’ n ~ r \  Hypural pattern 
1 (upper); caudal skeleton of 7rrnecres frmhrrara. Hypural pattern 3 
(middle): and caudal skeleton of Rhotnhow/c~u pleheia. Hypural pattern 
4 (lower). Abbreviations as in Fig. 359. “V” on distal end of lin ray 
indicates dorsal- and veniralmo,t branched ray 

used as evidence that soleids and c>noglossids arc most closcly 
related are plesiomorphic for the order (symmetrical nasal or- 
gans. dimorphic optic chiasmata). found in some pleuroncctoids 
but dismissed as parallelisms [lower jaw not prominent, absence 

of postcleithra. several ”soleoid characters” found in rhombo- 
soleines. (see Norman. 1934)l. or are incorrect (absence of all 
ribs). Other states used to unite the soleoid families include: ( I )  
a preopcrcular margin covered bq skin and scales: and (7)  skin 
covenng the dentan  and interopcrcular bones being continuous 
across thechin. hiding the isthmusand branchiostegal rays(Nor- 
man. 1966). A covered preopercular margin is not limited to 
soleoids: it occurs in some rhombosoleine genera (Chabanaud. 
1949: Hensley. pers. obscrv.). The second state as well as the 
absence of pleural ribs are possible synapomorphics for the 
group. 

Cynoglossrdae.-There is little doubt that the tonguesoles are 
monophyletic. They are unique in having the ventral fin of the 
blind side oriented along the midventral line and the ocular fin 
placed more dorsally or missing. The relationship of this family 
to other groups, however. is obscure (see Soleidae). 

So/rfdae. -The main character state proposed as uniting the 
two soleid subfamilies (Soleinae. Achirinae) appears to be that 
all species are dextral. This is still a poorly known group, and 
we are not prepared to make much o f a  contnbution here. How- 
ever, there are some marked differences between these subfam- 
ilies. In several characters, the Achinnae are more primitive 
than onginally thought. Some species have hypural pattern I ,  
the most primitive. In species where hypural fusions have oc- 
curred. the first hypural remains free and articulates with the 
terminal half centrum (Fig. 363 middle). The haemal spine of 
the second prcural centrum is autogenous (].e,, the plesiornorph- 
ic state for the order) in achirines. Uroneurals may still be pres- 
ent in some species. Although postcleithra are lacking in adult 
soleoids. at least one achirine species has them during larval 
development (Futch et al.. 1977). Soleines differ from achirines 
in these characters in that they show what appear to be more 
derived states. The Soleinae have hqpurals 1-4 fused to the 
terminal half centrum (Fig. 362F). the haemal spine of the sec- 
ond preural centrum is attached. there is no indication of uro- 
neurals. and postcleithra have not been reported in larvae or 
adults. Soleines share these states with the Cynoglossidae. In 
addition. both groups have vertebral transverse apophyses. which 
are missing in achirines. The possibilities that the Soleidae are 
not monophyletic and the Soleinae arc more closely related to 
the Cynoglossidae should be more thoroughly explored. 

Pleuranectordrr. -Some of the character states used to define 
this group are plesiomorphic for the order: ( 1 )  preoperculum 
with free margin; (2)  presence of postcleithra: and ( 3 )  presence 
of pleural and epipleural ribs. Some apomorphic states for the 
order are not limited to pleuronectoids; e.g., loss of dorsal and 
anal spines. The Regan-Norman model has used the position 
of the nasal organ of the blind side to separate pleuronectoids 
from soleoids and psettodids. In pleuronectoids. this nasal organ 
follows the migrating eye during metamorphosis. After meta- 
morphosis, it remains near the dorsal edge of the head. This 
was interpreted as a specialization ofpleuronectoids, except that 
this state does not occur in all Rhombosoleinae (].e.. nasal organs 
remain symmetrically placed). Thus, i t  is not a synapornorphy 
for the group, unless it can be showjn that the nasal-organ sym- 
metry in these rhombosoleines was secondarily derived from 
the asymmetrical state. We have not done a survey of nasal- 
organ symmetry, but incidental observations indicate that the 
supposed diKcrences between these states (I .c. .  symmetrical vs 
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asymmetrical placement) are not as great as formerly thought. 
Loss of a truly dimorphic optic chiasma would appear to be the 
only synapomorphy proposed to date uniting the pleuronec- 
toids. However, as  previously discussed, a basically dimorphic 
or monomorphic optic chiasma has been demonstrated in very 
few pleuronectoid species. 

One might expect that we are well informed about the inter- 
relationships among pleuronectoids. Unfortunately, all of the 
past work has used the eclectic approach. Thus, scophthalmids 
and cithands have been related horizontally as primitive pleu- 
ronectoids, and bothids, paralichthyids, and pleuronectids as 
higher groups. Again, an important character here is the optic 
chiasma. Two states were recognized in pleuronectoids: (1) the 
primitive one (for pleuronectoids) where the nerve of the mi- 
grating eye is always dorsal regardless of eye position (Le., the 
basically dimorphic state): and (2) the monomorphic state char- 
acteristic of “higher” pleuronectoids where the chiasma is fixed 
regardless of reversals. It  has been assumed that all bothids, 
pleuronectids, and paralichthyids show the monomorphic state. 
Some evidence from other characters indicates this assumption 
is not valid. 

Due mainly to the work of Amaoka (1969) and one of us 
(Ahlstrom), we have a good survey of the caudal-fin complex 
of pleuronectoids. Patterns of hypurals 1-4 are fairly well known. 
The distributions of these patterns call into question much of 
the current evolutionary model and classification of the Pleu- 
ronectoidei. There are five patterns of hypurals in this group as 
defined in the Regan-Norman model: Pattern 1 (Fig. 363 up- 
per)-This is plesiomorphic for the order. Pattern 5 (Fig. 364 
upper)-This pattern is limited to the Samarinae. We interpret 
this pattern as a synapomorphy uniting the samarines. Pattern 
2 (Fig. 361)-Within pleuronectoids this pattern seems to be 
limited to Citharoides. It  is apparently derived from pattern 1. 
Pattern 6 (Figs. 360, 364 middle and lower)-This is an apo- 
morphic pattern which is very distinctive. We consider it ho- 
mologous in pleuronectoids where it occurs and a synapomor- 
phy uniting these groups. Again, we are calling this group the 
bothoids and it includes the Pleuronectinae, Paralichthyidae 
(except Tephrinecies and Thpsanopsetta), Scophthalmidae, 
Bothidae (except Muncopserta), and Bruchypleura. Pattern 4 
(Fig. 363 lower)-Within the pleuronectoids this pattern is lim- 
ited to certain genera of Rhombosoleinae and Euciiharus. Based 
on other characters, the homology of pattern 4 between these 
groups is probably not true. 

Cithuridue. -Many character states used to define this family 
(Hubbs, 1945, 1946) are plesiomorphic for the order: ( I )  reten- 
tion of pelvic spines; (2) retention of supramaxillae (Eucztharus 
and Citharoides); (3) urinary papilla close to anus; (4) no union 
of branchiostegals; (5) retention of vomerine teeth (Eucitharus, 
Bruchypleura, Lepidoblepharon): and (6) retention of short-based 
ventral fins. Some are plesiomorphic for the Pleuronectoidei: 
( I )  basically dimorphic optic chiasma (at least in Cirharoides); 
( 2 )  gill membranes showing some degree of union, but still fairly 
widely separated: and (3) loss of dorsal and anal-fin spines. The 
only possible character state proposed to date that could be 
interpreted as a synapomorphy for this family is the position of 
the on the ocular side, Although we have not examined 
many specimens for this character, it appears that deflection of 
the to the ocular side is probably slight, Amaoka (1972b) 
:xamined Bruchypleura and attempted to redefine the Cithar- 
idae. However, he still showed no synapomorphies for the group. 

Fig. 364. Caudal skeleton of Samar/scus l r fo td /Ul l t f .  Hypural Pat- 
tern 5 (upper), caudal skeleton of Cirharrchthra rnacrws. Hypural pat- 
tern 6 (middle). and caudal skeleton ofIf~pp@~.~sfna o b h s a  Hwural 
pattern 6 (lower), SR = splinter ray. other abbreviations as in Fig. 359. 

ray, 
“V” on dlstal end of fin ray indicates dorsal- and ventralmost branched 
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The family Citharidae as presently defined is a grade. Ex- 
amination of the caudal osteology has shown two derived and 
one plesiomorphic pattern of hypurals. Lepidoblepharon shows 
pattern 1, which is plesiomorphic for the order. Citharoides 
shows pattern 2, a derived pattern (Fig. 36 1). This pattern could 
represent a state on a line leading toward pattern 6, which is 
shown by Brachjpleura. Eucitharus shows pattern 4, which pos- 
sibly developed independently in some rhombosoleines. The 
most obvious result of this is that Brachypleura belongs to the 
bothoid group, which shares the derived hypural pattern 6. In 
this interpretation, the character states shown by Brachypleura 
that are primitive for the order (e.g., vomerine teeth, ventral- 
fin spines) are also primitive for bothoids. 

Scophthalmidae. -Based on ventral-fin morphology, the Scoph- 
thalmidae appear to be monophyletic. There are certain simi- 
larities in ventral-fin morphology between this family and the 
achirines, but these are probably superficial. Scophthalmids were 
previously thought to be closely related to and derived from the 
Citharidae (Hubbs, 1945). This hypothesis was based on certain 
symplesiomorphies, e.g., the low degree of fusion of the gill 
membranes and the presence of vomerine teeth. The Scoph- 
thalmidae show hypural pattern 6 and are thus members of the 
bothoid group. 

Para1ichthyidae.-Norman (1 934)  basically defined the 
Paralichthyinae (=Paralichthyidae with modifications) on ex- 
ternal pelvic-fin morphology and vertebral structure (absence 
of transverse apophyses). The group was supposed to have the 
ventral fins nearly symmetrical in position and base lengths, or 
the ocular fin on the midventral line and its base slightly ex- 
tended anteriorly. Symmetries in ventral-fin position and base 
lengths are plesiomorphic for the order and bothoids. Norman’s 
paralichthyidgenera with an ocular ventral fin on the midventral 
line and its base extended anteriorly are bothids (Le., Trichop- 
setta. Engyophrys, Taeniopsetta, Monolene, Perissias). 

Amaoka (1969) presented a more thorough, detailed defini- 
tion of the family. However, many or most of the character 
states he used appear to be plesiomorphic for bothoid fishes 
(i.e., those defined by hypural pattern 6). A second limitation 
of Amaoka’s work on this group is that it was limited to three 
genera (Paralichthys, Pseudorhombus, Tarphops). An important 
change in Norman’s classification was made by Amaoka when 
he removed Taeniopsetta from the Paralichthyidae and placed 
it in the Bothidae. Hensley (1977) and Futch (1977) did the 
same for Monolene, Engyophrys, and Trichopsetta. 

We have now examined some characters in the remaining 
Paralichthyidae, and additional changes are required in the com- 
position of this group. In a survey of caudal-fin structure, it was 
found that Thysanopsetta and Tephrinectes show the most prim- 
itive type of hypural pattern (1: Fig. 363 upper). These two 
genera are much more primitive than expressed in the current 
classification and definitely d o  not belong to the bothoid group. 

Within the remaining Paralichthyidae another group is dis- 
cernable. This is composed of Cyclopsetta, Syacium, Citharich- 
thys, and Etropus, Le., the Cyclopsetta group. States for two 
complexes of characters, ventral-fin morphology and urinary- 
papilla position, are unique to this group and interpreted as 
synapomorphic. Arrangement of caudal-fin rays in the Cyclop- 
setta group is also unique and probably apomorphic (Fig. 364 
middle). All species have 17 caudal rays, none of which are 

supported by preural. neural or hacmal spines. It should also 
be noted that the fifth hypural has fused with an epural. Thi! 
fusion has been observed in larval development (Tucker. 1982; 
Ahlstrom, pers. observ.). However, fusion of the fifth hypural 
and one or more epurals has apparently occurred several times 
in pleuronectiforms, possibly including the bothoids (e.g., see 
Fig. 360). A detailed analysis of relationships between the Cy- 
clopsetta group and other bothoids is not possible here. How- 
ever, some character states may indicate a close relationship 
with bothids (absence of first neural spine, presence of vertebral 
transverse apophyses). 

Amaoka (1969) and one of us (Ahlstrom) recognized another 
group within the Paralichthyidae composed of Pseudorhombus. 
Tarphops. and Cephalopsetta. i t . ,  the PseudorhornhuJ group. 
We interpret these genera as  more specialized in certain char- 
acters than most other members of the family. Species of this 
group usually have a total caudal ray count of 17, the epural is 
fused to the fifth hypural, and they lack a splinter ray on the 
ventralmost caudal-fin ray. With the exceptions noted above 
(the primitive non-bothoid genera Tephrrncctes and ThJsan- 
opsetta and the Cyclopsetta group), the remaining paralichthyids 
of the Regan-Norman classification (what we are calling the 
Paralichthys group) have the apparently plesiomorphic states 
of 18 caudal rays, at least one free epural (except in one species 
of Hippoglossina (Sumida et al., 1979)), and a splinter ray on 
the ventralmost caudal-fin ray (Fig. 364 lower). The splinter ray 
is probably a remnant of a ray lost through fusion with an 
adjacent ray (Okiyama, 1974). The Pseudorhombus group may 
be definable by synapomorphies but a detailed analysis has not 
been done. 

After removal of the bothids (Trichopsetta, Engyophrys, Tae- 
niopsetta, Monolene, Perissias) and the primitive non-bothoid 
genera (Tephrinectes, Thysanopsetta), recognition of the Cp- 
clopsetta group as  monophyletic, and recognition of the Pseu- 
dorhombus group as possibly monophyletic, few of the original 
paralichthyid genera remain. We have been refemng to these 
as the Paralichthys group (Ancylopsetta, Gastropsetta. Hippo- 
glossina, Lioglossina, Paralichthys. Verecundum, and Xystreu- 
rys). At least most of the character states known for these re- 
maining genera are plesiomorphic for the order (eg., symmetrical 
ventral-fin states) or for bothoids ( e g ,  usual presence of at least 
one free epural). The Paralichthys group is probably not mono- 
phyletic. 

Bothidae.-Norman (1934) defined the Bothinae (=Bothidae 
with modifications) on the basis of a high degree of ventral-fin 
asymmetry and the presence of vertebral transverse apophyses. 
The ocular ventral fin was said to be on the midventral line with 
its base extending anteriorly to the urohyal. Norman excluded 
Taeniopsetta, Engyophrys, Trichopsetta, Monolene. and Peris- 
sias from this group because the base of the ocular ventral fin, 
although on the midventral line and somewhat longer than that 
of the blind side, does not extend to the urohyal. 

Amaoka ( 1  969) examined many bothid genera and redefined 
the family using more characters. Most of the characters stressed 
by Amaoka have now been examined in other bothoids. These 
are discussed below: 

Ventral-fin asymmetry.-In bothids the ocular fin base is on the 
midventral line, elongated, and has its origin anteriorly placed 
relative to the base of the blind fin. Within the bothoids this 
combination of states appears to be derived and unique. 
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Preorbital on blind side.-This bone is absent in the Bothidae. 
It appears to be present in all other bothoids (Pleuronectinae 
not examined for this character). Based on this comparison, we 
interpret the loss ofthis bone a derived state within the bothoids 
defining the family Bothidae. 

Infraorbital bones of the ocular side.-All bothids have an ocu- 
lar preorbital bone but lack the remainder of the series. The 
presence or absence of the ocular preorbital has not been sur- 
veyed in most bothoid groups. However, an ocular infraorbital 
lateral line is present in most bothoids. In addition to the Both- 
idae, it is missing in Brachypleura and the Cjdopsetta group. 

Intermuscular bones.- We interpret the presence of at least two 
of the series of these bones (myorhabdoi) as a derived state 
unique to and defining the Bothidae. 

First neural spine.-Although the first neural arch is present, 
the neural spine is missing in the Bothidae. It  is present in all 
other bothoids except the Cyclopsetta group. 

Vertebral transverse apophyses.-All bothids have two pairs of 
transverse apophyses on most vertebrae. As previously dis- 
cussed, how to interpret these on the pleuronectiform level and 
within the bothoid group is questionable. Within the bothoids 
well-developed and very similar structures occur only in the 
Bothidae and Scophthalmidae. Very small transverse apophyses 
also occur in the Cyclopsetta group. 

Based on these characters, the Bothidae appear to be mono- 
phyletic and definable by synapomorphies in at least three char- 
acters or complexes: (1) loss of the preorbital on the blind side; 
(2) presence of myorhabdoi; and (3) asymmetrical states of ven- 
tral-fin morphology. 

Since Amaoka’s (1969) work, we have examined the remain- 
ing genera not examined by him that have been considered 
bothids (i .e., Gram mat oboth us, Loph onect es. Peleca nich thys, 
Mancopsetta). All of these except Mancopsetta are bothids. 
Mancopsetta exhibits the following character states: ( I )  hypural 
pattern I ,  Le., the most primitive type; (2) presence of pleural 
and epipleufal ribs, but no myorhabdoi or other intermuscular 
bones in the caudal region; (3) at least one free epural (none in 
adult bothids); (4) anus on midventral line (clearly on blind side 
in bothids); (5) no vertebral transverse apophyses; and (6) seven 
rays in the ocular ventral fin, 5-7 in that of the blind side (six 
in both fins in bothids). These are all characters in which .\fan- 
copsetta differs from the Bothidae. Due to the primitive hypural 
pattern, it is not a bothoid (see Rhombosoleinae). 

Amaoka ( I  969) analyzed intergeneric relationships of Jap- 
anese bothids. However, his analysis was eclectic and did not 
include all genera (Le., Engyophrys, Trichopsetta, Monolene, 
Perissias. Grammatobothus. Lophonectes, and Prlecanichthvs 
were not examined). He recognized two subfamilies, the Tae- 
niopsettinae and Bothinae. He erected the first subfamily for 
Taeniopsetta. Hensley (1977), Futch (1977), Evseenko (1977. 
I98 l) ,  and Amaoka ( I  979) implied that Engyophrys and Tri- 
chopsetta should be included in the Taeniopsettinae. This was 
done on the basis of larval characters and ventral-fin morphol- 
ogy. Most of the states used to define the Taeniopsettinae were 
considered by Amaoka ( 1  969) to be plesiomorphic at the family 
level. Three characters were emphasized: ( I )  degree of anterior 

extension of the base of the ocular ventral fin: ( 3 )  shape of the 
ventral (sciatic) area ofthe urohyal: and (3) number ofsuborbital 
bones on the blind side. In the taeniopsettines. the origin of the 
blind ventral fin is at the same transverse level as the second 
ray of the ocular ventral fin. i.e.. the base of the ocular fin is 
only slightly elongated. In the Bothinae. extension of the base 
of the ocular fin is greater and the origin of the blind fin is on 
the same transverse level as the third or fourth ray of the ocular 
fin. Obviously, the taeniopsettine state here is the more plesio- 
morphic. Engyophrys, Trrchopserra. .\lonolenr. and I’crissias 
show this state. Taenropserta has a broad, truncate margin on 
the sciatic part of the urohyal. In bothines, this area of the 
urohyal is pointed. Amaoka (1969) clearly showed that the ple- 
siomorphic state for bothoids is closer to the condition shown 
in taeniopsettines. Enm.op1rn.s. Trrchopserta. and Perissias show 
the taeniopsettine condition. .Zlonolene the bothine state. 
Amaoka (1969) noted an apparent trend among bothoids in 
reduction of the number of suborbital bones of the blind side. 
This reduction may have occurred in several bothoid groups 
and interpretation of this character is not clear. Thus. infraor- 
bital counts for bothoids are as follows (preorbital + suborbit- 
als): Scophthalmidae 1 + 5 ;  Brachjpleura 1 + 0: Parulichthi~s 
group 1 + 4-5; Pseudorhoriibus group 1 + 5-7: C.j.clopscrru 
group I + 5-6; and Bothidae 0 + 3-5. Pleuronectines were not 
examined for this character. The most common count in both- 
oids other than bothids is 1 + 5-7. Thus. there is some evidence 
that the basal or plesiomorphic count for bothids may be live 
suborbitals on the blind side. Among bothids this count appar- 
ently occurs only in Taenropserta and Pclecanichrhis. En.g.0- 
phrys, Trichopsctta. Perrssras. and .Zfonolene have three sub- 
orbitals on the blind side. In summary, there is good evidence, 
at least for the first two characters discussed above, that the 
Taeniopsettinae show states that are plesiomorphic for the fam- 
ily and may not be monophyletic. 

P1euronectidae.-Norman (1934) considered this family to be 
one of the “higher” flatfish groups, Le., those with a mono- 
morphic optic chiasma. Hubbs (1945) basically followed this 
interpretation, but showed that two of Norman’s pleuronectid 
genera. Brachjpleura and Lepidoblcpharon. possessed some 
primitive states not shown in other pleuroncctids. These two 
genera were removed by Hubbs and placed in his family Cith- 
aridae. 

Norman (1934) defined the Pleuronectidae as bring dextral 
and having eggs without oil globules. Basic to his concept of 
this family were the assumptions that all members \vex mono- 
morphic in regard to the optic chiasma and that nearly all species 
were discriminately dextral. He divided the family into five 
subfamilies. All members of the Poecilopsetrinac. Paralichthod- 
inae, Samarinae, and Rhombosoleinae. as presently interpreted. 
are discriminately dextral. !.e., sinistral individuals occur so 
rarely in any one species that they can be considered anomalies. 
Most species of Plcuronectinae are also discriminately destral. 
The few exceptions have probably returned to indiscriminate 
ocular asymmetry secondarily (Hubbs and Hubbs. 1945). We 
have no reason to doubt Norman’s or Hubbs’ assumption that 
the Pleuronectinae have a monomorphic optic chiasma. How- 
ever, as previously discussed, there are no data showing this for 
the other pleuronectid subfamilies. Uniting these groups in the 
family Pleuroncctidae appears to haye rested only on ocular 
asymmetry. We have surveyed these subfamilies for \ arious 
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characters and are confident that the Pleuronectidae as currently 
defined are not monophyletic. In fact, four of the pleuronectid 
subfamilies are not bothoids as we define the group. However, 
what the true relationships of these groups are is unknown. We 
discuss these subfamilies individually: 

Poeci1opsettinae.- We have examined radiographs of speci- 
mens ofPoecilopsetta and Nematops. These genera have hypural 
pattern 1, at least one free epural, 20 caudal rays, and what 
appears to be a haemal-arch remnant on the parhypural. The 
caudal structure here is primitive compared to the bothoids and 
these fishes do not belong to that group. Poecilopsettines are 
poorly known and character states defining the group or relating 
it to others have not been investigated. 

Para1ichthodinae.-Paralichthodes algoensis has hypural pat- 
tern 1 (Ahlstrom, pers. observ.) and does not belong to the 
bothoid group. Its relationships to other groups are unknown. 

Samarinae. -Since Hubbs’ (1 945) removal of Brachypleura and 
Lepidoblepharon from this group, it has been composed of Sa- 
maris and Samariscus. We have not done a detailed study of 
these genera, but some characters we have examined are worthy 
of note: ( I )  These genera show a unique hypural pattern (5; Fig. 
364 upper). We interpret this pattern as derived relative to 
pattern 1 and as indicative that the group is monophyletic. Using 
this pattern to relate the group is more difficult; however, one 
of us (Ahlstrom) noted that in late-stage larvae of Sat?iariscus, 
hypural pattern 1 is present, and fusions resulting in pattern 5 
must occur very late in development. This is evidence that 
pattern 5 may have evolved directly from pattern 1 and does 
not represent a modification of the bothoid pattern 6. (2) Sa- 
marines are the only pleuronectiforms known other than the 
Bothidae to have intermuscular bones, although they do not 
have the two series of myorhabdoi as found in bothids. We have 
not done a detailed study of these bones in samarines, but they 
appear very similar to the epimerals, epicentrals, and hypom- 
erals of bothids. (3) Samarines, cynoglossids, and soleines have 
an anterior pair of well-developed transverse apophyses on many 
vertebrae. Two pairs of these structures are found in the Both- 
idae and Scophthalrnidae. (4) The Samannae, Soleoidei. and 
Mancopsetta lack postcleithra, at least in adults. How to inter- 
pret these last three character states is open to question. Are 
three of the series of intermuscular bones homologous in sa- 
marines and bothids? Arc the anterior vertebral transversc 
apophyses homologous between all of the groups? Do some of 
these character states indicate a close relationship between sa- 
marines and some soleoids (i.e., cynoglossids and soleines)? Our 
tentative hypothesis is that the samarines are a line that is at 
least independent from the bothoids. Here we are obviously 
stressing caudal characters. The corollary of thls is that we are 
interpreting similarities between samarines and bothoids in in- 
termuscular bones and vertebral transverse apophyses as hom- 
oplasies. 

Rhomboso1einae.-The main character states used by Norman 
(1926, 1934) to define this subfamily were the high degree of 
asymmetry in the ventral fins and the absence ofpectoral radials. 
The ocular ventral fin is on the midventral line and its base IS 

considerably extended. The blind ventral fin is short based or 
missing. Another interesting characteristlc of this group 1s that 

several genera show high numbers of fin rays in the ocular ven- 
tral fin. There is a great deal of morphological diversity in rhom- 
bosoleines. Some genera appear fairly generalized in many char- 
acters (Oncopterus, Psammodiscus, Rhombosolea, Az.vgopus, and 
Pelotretis); others are more specialized (Colrstiutn, Peltorham- 
phus, and Amrnotretis). Many of the specializations in the latter 
genera are similar to those in some soleoids. This has been 
interpreted as parallel evolution (Norman, 1934; Hubbs, 1945). 
Norman apparently had some doubts about aligning this group 
with the Pleuronectinae. He realized that Parker’s (1903) ex- 
amination of one specimen of Oncoprerus darwinii in his survey 
of optic chiasmata did not prove the group to be monomorphic 
in this character. This group has still not been studied in detail. 
It may be monophyletic, but its relationship to other flatfishes 
is unknown. 

We have examined the caudal skeleton of all rhombosoleine 
genera except Psammodiscus. They show hypural patterns 1 and 
4 (Fig. 363 upper and lower). Assuming the group is monophy- 
letic, there are two implications here: (1) The primitive pleu- 
ronectiform hypural pattern 1 is also plesiomorphic for the 
Rhombosoleinae, and the derived pattern 4 arose within the 
group independently from the same pattern in the Solcinae, 
Cynoglossidae, and Eucrtharus. (2) The Rhombosoleinae are 
not bothoids and should not be aligned with the Pleuronectinae. 

The possibility has recently become apparent that Mancop- 
setta may be most closely related to the Rhombosoleinae. All 
known specimens of Mancopsetta are sinistral and it has been 
considered a hothid. However, it shares certain character states 
with at least some rhombosoleines. This genus has ventral-fin 
ray counts of 7 on the ocular side and 5-7 on the blind side. 
Although not strictly limited to the rhombosoleines, these high 
counts, at least in the fin of the ocular side, are characteristic 01 

at least four rhombosoleine genera. The eyes are densely scaled 
in Mancopsetta and in Azygopus and Pelotretrs. However, scaled 
eyes are found in some genera of other groups also (e.g.. some 
pleuronectines). Andriashev (1960) and Penrith (1965) have 
both remarked on a fleshy lip-like structure which overhangs 
the anterior end of the upper jaw in Mancopsetta. One of the 
soleoid-type characteristics exhibited by the more specialized 
rhombosoleines is the dorsal fin originating in a rostral hook 
that overhangs the mouth. In the more generalized genera, there 
is no rostral hook and the dorsal fin originates at some posterior 
position. In at least one of these generalized genera (Azygopus, 
the only one examined for this character) there is a fleshy struc- 
ture (possibly a precursor to the rostral hook?) overhanging the 
anterior end of the upper jaw which is very similar to that in 
Mancopsetfa. Obviously more comparative work needs to be 
done here. However, it is possible that Mancopsetta and the 
Rhombosoleinae may form a monophyletic group with an in- 
discriminately dextral or sinistral common ancestor. 

Pleuronectinae. -Norman ( I  934) stressed two character states 
in defining this subfamily: (1) lateral line well developed on both 
sides of the body; and (2) olfactory laminae parallel (except in 
Atheresthes), without rachis. A well-developed lateral line on 
both sides of the body is plesiomorphic for the order and both- 
oids. We have not examined olfactory laminae or attempted to 
analyze distributions of states for the character. 

We have shown that the Pleuronectidae is probably not mono- 
phyletic, due to the inclusion of the four non-bothoid subfam- 
ilies. The subfamily Pleuronectinae is the only bothoid group 
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in Norman’s Pleuronectidae. Members of this subfamily are 
dextral or apparently secondarily indiscriminate (Hubbs and 
Hubbs, 1945). They apparently have a monomorphic optic 
chiasma. However, most character states which species of this 
subfamily share appear to be plesiomorphic for the order or 
bothoids, e g ,  symmetrical or nearly symmetrical ventral-fin 
placement and fin-base lengths, anus on or close to the mid- 
ventral line. We have examined the caudal osteology of about 
half of the pleuronectine genera. All have the bothoid hypural 
pattern (6) and one or possibly two free epurals. We have found 
no  synapomorphies in the caudal fin for this group. 

Larval characters 
In the previous discussion, many doubts were raised con- 

cerning pleuronectiform interrelationships as  expressed in the 
Regan-Norman model. Unfortunately, larvae for many of these 
groups are unknown. A second problem is that surveys for many 
characters where larvae are known have been incomplete and 
inconsistent. Most descriptive larval research has dealt with 
characters useful for identification and has not involved com- 
parative work of sufficient detail to determine homologous states. 
Such work is sorely needed before distributions of homologous 
states can be determined for many characters. 

Below is a list and discussion of certain characters and com- 
plexes. Selection of these was based mainly on the amount of 
available information. 

Preopercular spines. -The presence of preopercular spines ap- 
pears to be plesiomorphic for the order and some pleuronecti- 
form groups. This is based on the observation that the state is 
widespread among flatfish and percomorph larvae. 

Neurocrania1 spines. -Spines occur in some regions of the neu- 
rocranium in some pleuronectiform larvae. Most of these are 
said to occur in the otic or frontal regions. However, determining 
homologies here is difficult due to a general lack of detailed 
osteological study of the bones carrying these spines. Spines in 
the otic and frontal regions appear to be of two types. One of 
these is where spines are associated with neurocrania1 ridge 
systems. These are known for larvae of achirines (Houde et al., 
1970; Futch et al., 1972), some scophthalmids (Jones, 1972), 
and some pleuronectines (Pertseva-Ostroumova, 196 I). In the 
second type, spines occur singly or in small groups but are not 
part of a pronounced ridge. These have been said to occur on 
various bones of the otic region (epiotics, autosphenotics, au- 
topterotics) or on the frontals. Tucker (1982) was not able to 
determine the origin ofsuch spines in the larvae of Citharichthys 
and Etropus and referred to them as  frontal-sphenotic spines. 
Although thorough studies are needed before neurocranial spines 
can be used to infer or test pleuronectiform interrelationships, 
certain patterns are noteworthy: ( I )  Spines that are not part of 
some pronounced ridge system appear to be limited to some 
bothoids (some species of  the Paralrchthys group, Cjdopsetta 
group, Pseudorhombus group, Scophthalmidae, Pleuronectinae, 
and Bothidae). (2) Within the Bothidae. only the larvae of En- 
gyophrys, Taeniopsetta, and Trichopsetta (Taeniopsettinae; lar- 
vae of Perissias are unknown) are known to have otic spines 
(Amaoka, 1979). In these genera, the spines are on the same 
bones (epiotics and autosphenotics) and are probably homol- 
ogous. (3) Within the Cycfopserta group, a relatively well-de- 

veloped otic or frontal spine occurs in Cvclopsetta and Syacium 
(Aboussouan, 1968b; Gutherz, 1970: Ahlstrom, 197 I :  Futch 
and Hoff. 1971; Evseenko. 1979). while series of small spines 
occur in Gtharichthvs and Etropus (Tucker, 1982). 

Urohyal. basipter-vgial, and cleithral spines. -Spines on these 
bones are limited to certain genera of the Bothidae. Thus. they 
are considered apomorphic a t  the pleuronectiform and bothoid 
levels of universality. 

Early-forming elongated dorsal-jin rays. - The presence of elon- 
gated dorsal-fin rays in pleuronectiform larvae has been exten- 
sively and justifiably used for identification purposes. However. 
use of these structures for phylogenetic interpretations is pres- 
ently difficult and generally premature. There are several reasons 
for this. Surveys for these characters are inadequate, since larvae 
for many groups are unknown. Characters and character states 
have never been adequately defined to allow proper compari- 
sons to be made. The only pattern here that is clear and phy- 
logenetically interpretable is the state in bothids. All species of 
this family for which larvae are known show elongation of only 
the second dorsal-fin ray. This state is known only in this family 
and thus appears to be apomorphic within the order and both- 
oids. 

Early-forming elongated ventral-fin rays. -Ocular ventral-fin 
rays which are elongated relative to those of the blind side are 
limited to certain species of the C.vclopsetta group. Due to the 
restricted occurrence of these, they are probably apomorphic 
for the order and bothoids. However, within the Cvclopsetta 
group, the distnbution of elongated ocular ventral-fin rays does 
not conform to generic groups based on adult morphology. At 
least one species of cynoglossid is known to have elongated rays 
in the ventral fin of the blind side (Kyle. 1913; Padoa, 1956k). 

Size at metamorphosis. -Most flatfishes metamorphose in the 
size range of ca. 10-25 mm. When size at metamorphosis has 
been discussed in regard to evolution in pleuronectiforms, the 
usual hypothesis has been that certain species and groups have 
evolved mechanisms for prolonging larval life for greater dis- 
persal, and others have actually shortened larval life for re- 
cruitment to limited habitats (Amaoka, 1979; Moser. I98 I). 
There are several implications in this hypothesis that are rele- 
vant here: ( I )  There is some size range for transformation that 
is plesiomorphic for the order. This is usually implied to be ca. 
10-25 m m  because most pleuronectiforms metamorphose in 
this range. (2) Metamorphosis at markedly smaller (e.g.. Achir- 
inae) or larger (e&, Bothidae, some pleuronectines) sizes are 
derived states. (3) According to the Regan-Norman model, pro- 
longed larval development must have developed independently 
in several lines. Although metamorphosis at large sizes is most 
common in bothids, it is also known for some Pleuronectinae, 
the Poecilopsettinae, some species of  the Cjclopsettagroup, and 
some cynoglossids. 

Size at metamorphosis is an important character for larval 
identification, but its use for infcrring phylogenetic relationships 
in most instances is premature. Exceptions may exist in the 
Bothidae, where the extremely long premetamorphic lengths 
exhibited by some genera are probably apomorphic within the 
family and can be used for phylogenetic information. 
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Relative time of caudal-fin formation. - In most known larvae 
of flatfishes and other teleosts, formation of the caudal fin pre- 
cedes or occurs with that of the dorsal and anal fins. The only 
exceptions known in pleuronectiforms are the cynoglossids. In 
this family, the caudal fin does not develop until the dorsal and 
anal fins are nearly completely developed. This pattern of de- 
velopment is considered apomorphic in pleuronectiforms. 

Eye migration a n d  dorsallfin posirion a t  metamorphosis. - Eye 
migration has been observed in some flatfish groups. In the 
Psettodidae, Pleuronectinae, Paralichthyidae (excluding the C.v- 
clopsetta group), Scophthalmidac, and apparently some Sole- 
idae, the first ray of the dorsal fin is above or posterior to the 
eyes. At metamorphosis, the migrating eye crosses anterior to 
the dorsal-fin origin. These types of eye migration and dorsal- 
fin position appear to be plesiomorphic for the order. Several 
derived states for these characters occur. In at least one species 
of cynoglossid, a fleshy rostral beak is formed anterior to the 
dorsal-fin origin. Eye migration takes place between the rostral 
beak and the interorbital region. In some soleids, the dorsal-fin 
origin projects above the snout and the eye migrates between 
this projection and the neurocranium. In the Bothidae, the dor- 
sal fin is anterior to the eye and attached to the ethmoid region. 
During migration, the eye goes between the base of the dorsal 
fin and the ethmoid region. A path for the migrating eye is 
created by detachment of the anterior section of the dorsal fin 
from the ethmoid region so that a narrow slit is formed. or some 
tissue in the path of the migrating eye is absorbed. A very similar 
type of eye migration occurs in some species of the Cyclopserta 
group. However, in other members of this group, the eye mi- 
grates around the dorsal-fin origin (Gutherz, 1970; Tucker, 1982). 

Phylogenetic information provided by 
larval characters 

Although larvae ofsome critical groups are unknown or poor- 
ly known, some comments about phylogenetic relationships can 
be made in regard to groups where our knowledge is on a higher 
level. 

Bothoidx-Spines in the otic or frontal regions of the neuro- 
cranium which are isolated or in small clusters appear to be 
limited to various groups of bothoids. If these spines prove to 
be homologous between these groups, they may be apomorphic 
within the order. In this interpretation, they would be primitive 
for bothoids and lost in various lines. 

Paralichthyidae. -As discussed in the section on adult charac- 
ters, this family as currently interpreted is polyphyletic due to 
the inclusion of Tephrinectes and Thysanopsetta. We d o  not 
consider these genera bothoids as defined by the caudal-fin com- 
plex. Their larvae are unknown. 

We have interpreted the Cyclopsetia group as monophyletic 
based on some adult character states which are probably apo- 
morphic. Although larvae of this group show certain states which 
appear to be apomorphic within bothoids (e.g., elongated left 
ventral-fin rays), not all species in this group show these. 

The Pseudorhoinbus group is possibly definable by adult syn- 
apomorphies. In larvae of this group, we see no character slates 
that are presently interpretable with certainty as synapomor- 
phies. 

In examining adult charactrrs of the Para1ichthj.s group, it 
appeared likely that this group had no synapomorphies. Larvae 

tend to support this. They show the following character states 
which appear to be plesiomorphic for the order: ( I )  presence of 
preopercular spines: (2)  origin of the  dorsal fin behind the eyes; 
(3)  metamorphosis in a size range of 7.5-14.2 mm; and (4) eye 
migration anterior to the dorsal fin. In addition, at least some 
species show the following states which may prove to be ple- 
siomorphic at least within the bothoids: ( I )  four or five elon- 
gated. early-forming dorsal-fin rays: and (2) presence of otic 
spines. 

Bothidae. - With the exclusion of ,Wancopsetta and inclusion of 
Perrssias, this family is definable by adult synapomorphies. Lar- 
vae of the Bothidae are probably better known than for any 
other family of flatfishes. However, larvae of many genera are 
still unknown (i.e., Parabothiis. Asterorhornbus. Tosarhombus. 
Neolaeops, faponolaeops, and Permias). Amaoka ( 1  979) re- 
viewed larval characters of most genera for which larvae are 
known. Known bothid larvae show the following character states 
which are interpreted as synapomorphies: ( I )  metamorphosis 
at a relatively large size (ca. 15-120 mm); (2) eye migration 
below the dorsal fin: (3) dorsal-fin origin anterior to eyes just 
prior to metamorphosis; (4) elongated, early-forming second 
dorsal-fin ray; and (5) lack of preopercular spines. 

Larvae of some bothid genera have various combinations of 
otic-region. urohyal, cleithral, and basipterygial spines. It is 
tempting to use the presence of these spines to define bothid 
groups, and therefore, assume that they are apomorphic within 
the family. Spines in the otic region within the Bothidae are 
limited to the Taeniopsettinae as presently defined. However, 
spines in this region occur in other bothoid groups. Although 
sufficient comparative osteological work has not been done to 
show that these spines are homologous between taeniopsettines 
and other bothoids. use of these spines to infer close relation- 
ships between Engj*ophrys, Taenropsetta, and Trichopsetta is 
questionable. Urohyal. cleithral, and basipterygial spines are 
known only from larvae of nine bothid genera. They occur in 
various combinations inter- and intragenerically. Amaoka ( 1  969) 
presented a model of intergeneric relationships for Japanese 
bothids based on adult characters. Occurrence of these larval 
spines is scattered among the bothid lines hypothesized by 
Amaoka. This could indicate two possibilities: ( I )  the spines are 
apomorphic within the family, and Amaoka’s model is incor- 
rect; or (2) Amaoka’s model is correct and the spines are ple- 
siomorphic within the family and have been lost in several lines. 
Two major problems exist with Amaoka’s phylogeny based on 
adult characters; it was constructed using eclectic methods and 
it did not include all genera. Interpretation of urohyal. basip- 
terygial. and cleithral spines should await a cladistic analysis of 
bothid interrelationships based on adult characters. 

Pleuronectrdae. - Based on adult characters, we interpret this 
family as polyphyletic. Larvae of the four non-bothoid subfam- 
ilies are poorly known, and hence. of little aid in determining 
relationships of these groups. However, there are certain simi- 
larities in general body morphology between the few known 
samanne and poecilopsettine larvae. In regard to the Pleuro- 
nectinae, many adult states that are shared are plesiomorphic 
for pleuronectiforms or bothoids. This also appears to be true 
for most larval characters. The position of the dorsal-fin origin 
(posterior to the eyes) and the type of eye migration (anterior 
to the dorsal-fin origin) are plesiomorphic for the order. Some 
plcuronectine larvae have preopercular spines. which again. are 
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probably plesiomorphic for flatfishes. Some genera show spines 
in the otic region of the neurocranium; these are possibly ple- 
siomorphic for bothoids. All known pleuronectine larvae lack 
elongated dorsal-fin rays. However, this state is not limited to 
this group and a phylogenetic interpretation of it would be pre- 
mature. In short, at present, we know of no character states that 
are unique to  pleuronectine larvae or that can confidently be 
interpreted as  apomorphic. 

Egg characters 
Except in certain groups, eggs of flatfishes are still too poorly 

known to be of much value in phylogenetic studies. One char- 
acter of pleuronectiform eggs was used by Regan (1  9 10) and 
Norman (1 934) to interpret phylogeny, the presence of one oil 
globule in bothid eggs to separate them from those of pleuro- 
nectids which lack oil globules. We now have more information 
about the occurrence of oil globules in flatfish eggs, and the 
distribution of these character states is not exactly that predicted 
by the Regan-Norman model (preceding article, this volume). 
The obvious pattern here is that bothoids have 0-1 and soleoids, 
rhombosoleines, and Mancopsetfa multiple oil globules. There 
are published exceptions to this. Watson and Leis (1  974) iden- 
tified three types of eggs with multiple oil globules as those of 

bothids. However. these authors expressed some doubt about 
the identifications of at least two of these egg types. These eggs 
are probably some other group (poecilopsettines or samarines?). 
Brownell (1979) identified some eggs which lacked oil globules 
as the soleid Heteromyctens capensis. This is the only soleid we 
are aware of that lacks multiple oil globules. 

It is probably premature to use the oil-globule character for 
phylogenetic information until eggs from other groups are known. 
However, it is interesting and possibly significant that the so- 
leoids, rhombosoleines, and Mancopsetfa are so sharply sepa- 
rable from the bothoids in this character. One oil globule appears 
to be the most common state in the eggs of percomorph fishes 
(based on accounts in Watson and Leis, 1974; Russell, 1976; 
Fritzsche, 1978; Hardy, 1978b: Johnson. 1978: and Brownell. 
1979). This may indicate that this state is plesiomorphic for 
pleuronectiforms. Corollaries of this would be that oil globules 
were lost in most pleuronectines, and multiple oil globules de- 
veloped in a line leading to the soleoids, rhombosoleines, and 
Mancopset tu. 

(D.A.H.) DEPARTMENT OF MARINE SCIENCES, UNIVERSITY OF 
PUERTO RICO, MAYAGUEZ, PUERTO Rlco 00708. 
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