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FOREWORD

As the second decade of intensive research on rare native fishes
of the Upper Colorado River Basin comes to an end, it i1s apparent
that a complete understanding of their life histories is paramount in
successful management and preservation of these unique species. To
fully appreciate the ecology of any species, the ability to identify all
of its life stages is essential.

These identification capabilities are especially valuable in the
study of rare riverine fishes where sampling habitats and obtaining
specimens can be difficult.  Typically, however, availability of
information on the early life of many fish species is delayed due to
the tedious nature of developing taxonomic information for recently-
hatched stages. This difficulty in detecting presence or absence of
larval and early juvenile fish has hampered data collection on rare
species such as the razorback sucker (Xyrauchen texanus).

The razorback sucker, currently listed as endangered in Colorado,
is truly a unique species endemic to the Colorado River Basin. Its
candidacy for federal protection under the Endangered Species Act
attests to recent concern about its prospects for future survival. As
a sense of urgency concerning its present abundance in the upper
basin builds, the need for adequate tools to study its early-life stages
is intensified.

This manual consolidates, refines, enhances, and supplements
data and keys in existing publications and reports. In addition to
morphological, morphometric, meristic, pigmental, and developmental
state characters, it incorporates selected skeletal characters to help
distinguish larval and early juvenile fishes. The keys and descriptive
accounts are the most definitive prepared to date for early-life stages
of catostomids occurring in the Upper Colorado River Basin. This
work will prove invaluable as we enter the third decade of research
on riverine fish communities of the upper basin.
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Patrick J. Martinez
Wildlife Biologist
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Frontispiece. Yearling razorback suckers. Top - interneural bones of clearad and stained specimen, 65 mm
total length. Bottom -- predorsai keel barely evident immediately behind the head of a living specimen, 85 mm
total length. Reared by the Larval Fish Laboratory from eggs artificially fertilized on June 8, 1980, from aduits
collected in gravel pits connected to the Colorado River near Clifton, Colorado.
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DESCRIPTIONS AND IDENTIFICATION OF
RAZORBACK, FLANNELMOUTH, WHITE,
UTAH, BLUEHEAD, AND MOUNTAIN
SUCKER LARVAE AND EARLY JUVENILES

ABSTRACT

Larvae of the endangered razorback sucker (Xyrauchen texanus) and six other suckers
(genus Catostomus) in the Upper Colorado River System are broadly similar in appearance.
To facilitate identification, developmental series of all species except longnose sucker (C.
catostomus) were studied for differences in morphology, meristics, pigmentation, size relative
to developmental state, and skeletal features. The razorback sucker is most similar to
bluchead sucker (C. discobolus) as protolarvae and flexion mesolarvae and flannelmouth
sucker (C. latipinnis) as metalarvae and early juveniles. Some razorback sucker larvae can
be distinguished by early yolk absorption, early scattering of dorsal pigmentation, few or no
melanophores along the ventral mid-line between heart and vent, and generally lighter or
less widely distributed body pigmentation. Later larvae and juveniles can be distinguished
by 14 or more dorsal fin rays; a correspondingly long dorsal fin base; a large, fan-shaped,
first interneural bone; and a large, oval-shaped, frontoparietal fontanelle. Bluehead sucker
and mountain sucker (C. platyrhynchus) represent subgenus Pantosteus and are best
characterized by early scattering of dorsal pigmentation; early folding of the gut; dark
peritoneum; a generally smaller dorsal fin; a small, blocky, first interneural bone; a narrow
fontanelle; and, for early juveniles, a distinctive mouth. The midventral line of pigment from
heart to vent is often complete for mountain sucker larvae and highly variable for bluehead
sucker larvae. The remaining species represent subgenus Catostomus. Flannelmouth sucker
are distinguished by their large size at hatching, yolk absorption, and onset of other
developmental events; also by delayed gut folding, generally lighter or less widely distributed
body pigmentation, limited midventral pigmentation, distinctive "tractor-tread” pigment
pattern on the dorsum of some mesolarvae, and very small scales in juveniles. A complete
midventral line of melanophores from the heart or branchial region to vent is typical of
white sucker (C. commersoni) larvae while large scales, frequently well outlined with
pigment, and a series of three large lateral spots characterize larger young-of-the-year
juveniles. Utah sucker (C. ardens) usually have larger eyes relative to head length than the
other species. They are similar to white sucker, but larvae usually have much less midventral
pigmentation, sometimes none, and juveniles have only two, if any, prominent lateral spots.



INTRODUCTION

Despite the information explosion and
technological advances of the past few
decades, knowledge of the biology of many
North American fishes remains inadequate
for cither evaluation of potential environ-
mental impacts on aquatic ecosystems or
optimal management of fisheries. Knowledge
of carly-life stages (cggs, larvae, and early
juveniles) is especially weak. For most spe-
cies, the larvae and early juveniles represent
several life-intervals that are ecologically
distinct from each other and from their later
juvenile and adult counterparts. Knowledge
of habitat requirements and limitations, popu-
lation dynamics, and behavior of these early-
life intervals will improve our understanding
of aquatic ecosystems and communities and
facilitate more effective monitoring and
management of fish populations and habitats.
Such knowledge is particularly valuable in
evaluation of environmental impacts and
recovery of endangered species such as the
razorback sucker (Xyrauchen texanus).

Early-life stages of fishes are or should
be a principal focus of many ecological stud-
ies (Snyder 1976a). Their distributions and
densities are indicative of spawning and nur-
sery areas, spawning seasons, larval behavior,
and year-class strength. Even in baseline
surveys designed to determine presence and
relative abundance of fishes, larval collections
can often provide information on certain spe-
cies that because of gear selectivity, behavior,
or habitat are difficult to collect or observe as
adults. Studies of fish larvae also can provide
information on morphological development,
systematics, growth rates, survival rates, food
habits, predation, and various other ecological
relationships.

Rescarch on ecology of carly-life stages
and subsequent management efforts depend
on accurate identification of collected speci-
mens. Inland fishery managers and research-
ers often exclude potentially critical larval-
fish investigations specifically because they
"haven’t done it before” or they don’t have
the taxonomic tools needed for the job.
Unfortunately, acquisition of this vital taxo-
nomic information is very time-consuming
and expensive. While such information is
slowly building, the many individual efforts
are piecemeal, uncoordinated, and often "a

labor of love" on the part of the researchers
involved.

Of approximately 775 species of fresh-
water and anadromous fishes in North Amer-
ica (Lee et al. 1980), less than 20% are ade-
quately described as larvae for identification
purposes (extrapolated from 15% reported by
Snyder 1976a). In a relatively comprehensive
listing of regional guides, keys, and compar-
ative descriptions of larval fishes by Simon
(1986), only about 80 of 230 citations (35%)
pertain to freshwater species. Snyder (1983b)
listed 11 regionally oriented larval fish identi-
fication manuals for or including freshwater
species (some of these are for the same
regions and all are incomplete in coverage).
Since 1983 five local or regional guides for
freshwater larvae have been published
(Conrow and Zale 1985, McGowan 1984 and
1988, Sturm 1988, and Wang 1986).

The purpose of this publication is to
facilitate identification of larval and early-
juvenile razorback, flannelmouth, bluehead,
mountain, white, and Utah suckers (Xyrau-
chen texanus, Catostomus latipinnis, C. disco-
bolus, C. platyrhynchus, C. commersoni, and
C. ardens respectively). All but Utah sucker
are covered to some degree in the metalarva
key and descriptions by Snyder (1981), a
mountain sucker description by Snyder
(1983a) and in an unpublished provisional key
to protolarvae and mesolarvac Snyder pre-
pared in 1984 for the Colorado Division of
Wwildlife and Ecosystems Research Institute
of Logan, Utah. However, except for flannel-
mouth sucker, species accounts in the 1981
publication are incomplete and previously
prepared keys are tentative and based on
limited descriptive information. By compar-
ison, species accounts and keys in this manual
are much more comprehensive for the char-
acters studied and the accounts include full
sets of three-view illustrations for all but
white sucker. Species accounts for mountain
and Utah suckers are modifications of those
in Snyder and Muth (1988).

The early-life stages of white sucker have
been described or included in identification
manuals by many other authors: Crawford
(1923), Stewart (1926), Fish (1929,1932),
Mansueti and Hardy (1967), Lippson and



Moran (1974), Long and Ballard (1976),
Buynak and Mohr (1978), Jones et al. (1978),
Loos et al. (1978), Fuiman (1978, 1979),
Wang and Kernchan (1979), McElman and
Balon (1980), and Auer (1982). The pattern
of three large lateral spots typical of carly
juvenile white suckers was recognized at least
as early as Ellis (1914). Although Metcalf
(1966) suggested that there is little rationale
for subspecies designations (e.g., C. commer-
soni suckeyi for western white sucker), diag-
nostic comparisons of larvae herein are based
on data from western populations rather than
previous white sucker descriptions from east-
ern populations.

Winn and Miller (1954) included meso-
larvae of razorback sucker, flannelmouth suc-
ker, and Pantosteus species in their photo-
graph-illustrated key. All Pantosteus larvae
included in that publication have since been
recognized as desert sucker (Catostomus
clarki) by Smith (1966). Pigmentation of
bluchead and mountain sucker mesolarvae is
typically similar to that documented by Winn
and Miller for desert sucker. However, pig-
mental variation is much greater and for
bluchecad and mountain suckers of similar
size dorsal and lateral pigmentation can be
indistinguishable from that illustrated and
described by Winn and Miller for razorback
sucker.

In the process of documenting hybridiza-
tion among several species of suckers, Hubbs
et al. (1943) described young-of-the-year
juveniles (and commented on some larvae)
of flannelmouth, white, bluchead, and moun-
tain suckers. Hubbs and Hubbs (1947) did
the same for flannelmouth and bluehead suc-
kers. Douglas (1952) published a photograph
of a razorback sucker protolarva (or recently
transformed mesolarva) without yolk. Doug-
las’s publication also included a photograph
of a 10 cm specimen which, as noted by Winn
and Miller (1954), is not a juvenile razorback
sucker but rather an adult speckled dace
(Rhinichthys osculus). Minckley and Gustaf-
son (1982) chronicled the carly development
of the razorback sucker but their illustrations
of larvac are poor and misleading. Mountain
and Utah sucker larvae have not been des-
cribed by authors other than oursclves,

This publication covers six of seven
species of Catostomidae inhabiting the Upper
Colorado River System. The species not
covered herein, the longnose sucker (C.

catostomus), was described by Fuiman and
Witman (1979) and included in the Great
Lakes manual edited by Auer (1982). All
seven species belong to the subfamily Catos-
tominae and tribe Catostomini. Xyrauchen is
a monotypic genus. Among the Catostomus
species, the bluehead and mountain suckers
represent a distinctive group known as
“mountain suckers,” subgenus Pantosteus; the
others represent "valley suckers,” subgenus
Catostomus (Smith 1987).

The biology and distribution of fishes in
the Upper Colorado River System (Fig. 1)
was most recently reviewed by Behnke et al.
(1982), Carlson and Carlson (1982), Miller et
al. (1982a), Tyus et al. (1982), Woodling
(1985), and Carlson and Muth (1989).
Razorback, flannelmouth, bluehead, and
mountain suckers are native to the System.
The razorback sucker is protected by Colo-
rado and Utah and has long been a candidate
for the federal threatened and endangered
species list.  Flannelmouth and bluchead
suckers are common to abundant in main-
stem rivers throughout the System. The
white sucker is present but less abundant in
the Colorado, Gunnison, Yampa, and upper
Green Rivers. The mountain sucker is res-
tricted largely to headwater tributaries
throughout much of the Green River Sub-
basin and is rarely found in mainstem rivers.
However, individual specimens have been
reported in the Green River near the con-
fluence with the Yampa River and in the
White River near and above the confluence
with Piceance Creek. The Utah sucker is
restricted largely to hcadwater tributaries
west of the Green River, particularly the
Duchesne River. A few specimens have been
reported in the Green River in or below the
lower end of Dinosaur National Monument.
The longnose sucker (C. catostomus) is found
only above Flaming Gorge Rescrvoir, in the
Blue Mesa area of the Gunnison River, and
in the Lake Granby area of the Colorado
River.

The distribution and ecology of sucker
larvae and young-of-the-year juveniles in the
Upper Colorado River System has not yet
been summarized, but selected information
can be found in various progress reports, final
reports, and formal publications by regional
researchers (e.g., Carlson et al. 1979, Miller
et al. 1982b, Haynes et al. 1985, and Tyus et
al. 1987).
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A COMBINED DEVELOPMENTAL INTERVAL TERMINOLOGY

It is often convenient and desirable to
divide the ontogeny of fish into specifically
defined intervals. If the intervals selected are
used by many biologists as a frame of refer-
ence, such division can facilitate communica-
tion and comparison of independent results.
The largest intervals, periods (e.g., embry-
onic, larval, juvenile, and adult), are often
sub-divided into phases and sometimes into
steps (Balon 1975b and 1984); the word
"stage," although commonly used as a syno-
nym for period or phase (e.g., Kendall et al.
1984), should be reserved for instantaneous
states of development.

The larval phase terminologies most
commonly used in recent years, particularly
for descriptive purposes, are those defined by
Hardy et al. (1978 -- yolk-sac larva, larva,
prejuvenile; modified from Mansueti and
Hardy 1967), Ahlstrom et al. (1976 -- preflex-
ion, flexion, postflexion; expanded upon by
Kendall et al. 1984), and Snyder (1976b and
1981 -- protolarva, mesolarva, metalarva).
Definitions for all three terminologies were
presented by Snyder (1983b). During a work-
shop on standardization of such terminolo-
gies, held as part of the Seventh Annual
Larval Fish Conference (Colorado State Uni-
versity, January 16, 1983), it became obvious
that these are not competing terminologies,
as they often are treated, but rather comple-
mentary options with subdivisions or phases
defined for different purposes. As such, it is
possible to utilize all three terminologies
simultaneously to: (1) facilitate comparative
descriptions and preparation of keys based on
fish in similar states of development with res-
pect to morphogenesis of finfold and fins; (2)
segregate, for fishes with homocercal tails,
morphometric data based on standard lengths
measured to the end of the notochord prior
to and during notochord flexion from those
measured to posterior margin of the hypural
plates following notochord flexion; and (3)
approximate transition from at least partially
endogenous nutrition (utilization of yolk
material) to fully exogenous nutrition (depen-
dence on ingested food) based on presence or
absence of yolk material.

The combined terminology presented
below and utilized herein cffectively inte-

grates principal subdivisions and functions of
the three component terminologies. In doing
so, Ahlstrom’s "preflexion-flexion-postflexion"
terminology is treated, for fishes with homo-
cercal tails, as a subset of Snyder’s mesolarva
phase. Since notochord flexion in the caudal
region usually begins when the first caudal fin
rays appear and is essentially complete when
all principal caudal fin rays are well defined,
and since presence of fin rays can be more
precisely observed than the beginning or end
of actual notochord flexion, fin rays are used
as transition criteria. As a result, all proto-
larvae are preflexion larvae, and all meta-
larvae are postflexion larvae. Although most
fish pass sequentially through all phase sub-
divisions designated, some pass pertinent
points of transition prior to hatching or birth
and begin the larval period in a later phase or
possibly skip the period entirely.

The definition for the end of the larval
period is necessarily a compromise deleting
all requirements (some taxon-specific, others
difficult to determine precisely) except acqui-
sition of the full complement of fin spines
and rays in all fins and loss of all finfold (last
remnants are usually part of the preanal fin-
fold). Provision for taxon-specific prejuvenile
(or transitional) phases are also deleted. In
some cases, finfold persists through the end-
point for such special intervals, and the inter-
vals are effectively included in the larval
period.

Timing of complete yolk absorption
varies from well before notochord flexion and
initial fin ray formation, as in most fishes with
pelagic larvae, to postflexion stages after all
or most of the fin rays are formed, as in
many salmonids. Accordingly, the interval
during which fish larvae bear yolk should not
be represented generally as a separate phase
preceding phases based on fin formation as it
has been treated by Kendall et al., (1984).
The Hardy et al. terminology effectively dis-
tinguishes between larvae with and without
yolk by modifying the period name with the
adjective "yolk-sac® when yolk material is
present. Any period or phase name of the
combined terminology can be similarly modi-
fied to indicate presence or absence of yolk
material (e.g., yolk-bearing larva, yolk-sac



metalarva, postflexion mesolarva with yolk,
protolarva without yolk).

The combined terminology is designed to
be relatively simple but comprehensive, pre-
cise in its transition criteria, applicable to
nearly all teleost fishes, and flexible. It can
be utilized in part (essentially as one of its
component terminologies) or its entirety
depending on purposes of the user. For

example, if it is necessary to acknowledge
only that the fish is a larva and whether it
bears yolk, the terms "yolk-sac larva® and
"larva without yolk™ are all that is needed.
Biologists who formerly utilized one of its
component terminologies should have no
difficulty in adapting to the combined
terminology -- essential features and terms of
the original terminologies have been retained.

Larva:

retained by the adult.

to end of notochord.)

axial skeleton.)

elements or plates.)

homocercal tails.)

Period of fish devclopment between hatching or birth and (1)
acquisition of adult complement of fin spines and rays (principal and
rudimentary) in all fins, and (2) loss beyond recognition of all finfold not

Protolarva: Phase of larval development characterized by absence of
dorsal, anal, and caudal fin spines and rays. (Standard length measured

Mesolarva: Phase of larval development characterized by presence of at
least one dorsal, anal, or caudal fin spine or ray but either lacking adult
complement of principal soft rays in all median (dorsal, anal, and caudal)
fins or lacking pelvic fin buds or fins (if present in adult). (Standard
length measured to end of notochord or, when sufficiently developed,

Preflexion Mesolarva: Among fishes with homocercal tails, phase
of mesolarval development characterized by absence of caudal fin
rays. (Posterior portion of notochord remains essentially straight
and standard length measured to end of notochord. When first
median fin ray is a caudal ray, as in most fishes, larva progresses
directly from protolarva to flexion mesolarva.)

Flexion Mesolarva: Among fishes with homocercal tails, phase of
mesolarval development characterized by an incomplete adult com-
plement of principal caudal fin rays. (Posterior portion of notochord
flexes upward and standard length measured to end of notochord.)

Postflexion Mesolarva: Among fishes with homocercal tails, phase
of mesolarval development characterized by adult complement of
principal caudal fin rays. (Notochord flexion essentially complete
and standard length measured to posterior-most margin of hypural

Metalarva: Phase of larval development characterized by presence of (1)
adult complement of principal soft rays in all median fins and (2) pelvic
fin buds or fins (if present in adult). (Standard length measured to
posterior end of axal skeleton, hypural elements or plates in fishes with

Yolk-sac, Yolk-bearing, With Yolk, Without Yolk: Examples of modifiers
used with any of the above period or phase designations to indicate presence
or absence of yolk material, including oil globules.




CHARACTERISTICS USEFUL IN IDENTIFICATION
OF CYPRINIFORM FISH LARVAE

The following discussion of taxonomically
useful characters is reprinted with minor
modification from Snyder (1981) and Snyder
and Muth (1988). Fishes of the families
Cyprinidae (minnows and carps) and Catosto-
midae (suckers) are closely related and mor-
phologically similar. Together the two fami-
lies account for nearly half of over 50 specics
in the Upper Colorado River System. Gener-
alizations with respect to the order Cyprin-
iformes refer specifically to North American
species of these families. Figures 2 and 3
identify the more obvious morphological
features and structures of catostomid (and
cyprinid) eggs and larvae.

Identification of fish larvae is in part a
process of elimination. Even before ¢xamin-
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Space
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Crest of Head
Mesoderm
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Yolk Plug with

protruding Periblast
Material
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ation of a single specimen, the number of
candidate species can be substantially reduced
by a list of known or likely species based on
adult captures in the study area or connected
waters. However, there are cases in which
the presence of certain species was first docu-
mented by collection and identification of lar-
vae. Incidental transport of eggs or larvae
from far upstream or distant tributaries also
must be considered. Knowledge of spawning
scasons, temperatures, habitats, and behavior
coupled with information on egg deposition,
larval nursery grounds, and larval behavior
are also useful in limiting possibilities.

Berry and Richards (1973) noted that
"although species of a genus may vary from
one geographical area to another, generally
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Fig. 2. Selected anatomical features of cypriniform fish eggs and embryos (from Snyder 1981; based on

drawings from Long and Ballard 1976).
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Fig. 3. Selected anatomical features of cypriniform fish larvae (from Snyder 1981).



wp—

the larval forms of closely related species
look alike. At the same time, larvae of dis-
tantly related forms may be closely similar in
gross appearance.” Cypriniform larvae as a
group are distinctive and gencrally easy to
distinguish from larvae of other families.
Beginning workers should become familiar
with the general larval characteristics of each
family likely to be encountered. The guides
and keys cited in Snyder (1983b) are most
useful in this respect. Auer (1982) is parti-
cularly recommended since it covers all fami-
lies and some species in the Upper Colorado
River Basin. Discussions of taxonomic char-
acters by Berry and Richards (1973) and
Kendall et al. (1984) are also recommended.

In the Upper Colorado River System,
cypriniform larvae are readily categorized as
cyprinids or catostomids. But elsewhere, if
members of the cyprinid subfamily Cyprini-
nae (carps) and the catostomid subfamily
Ictiobinae (carpsuckers and buffalofishes) or
tribe Erimyzontini (chubsuckers) are present,
identification at the family level can be more
difficult.

Within their respective families, and
especially at the subfamily level, cypriniform
larvae are very homogeneous in gross struc-
ture and appearance. Accordingly, they may
be especially difficult to discriminate at genus
or species levels. This is particularly true of
Colorado River System suckers. For the
latter, specific identification relies on size at
which certain developmental events occur,
form of the gut, melanistic (brown or black)
pigment patterns, osteological characters, and
to a limited extent, morphometrics and meris-
tics (especially dorsal fin ray counts for
metalarvae and juveniles).

There is often a noticeable amount of
intra- as well as inter-regional variability in
many of the characters to be discussed. This
variability necessitates confirmation of iden-
tity based on as many diagnostic characters
as possible.

Myomeres

Myomeres, because they are obvious
morphological features and relatively con-
sistent in number and position, are one of the
most useful characters available for identifica-
tion of larvac above (and sometimes at) the
species level, especially for protolarvac and
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mesolarvaec. They begin as part of the
embryonic somites and are usually formed in
their full complement prior to hatching,
Throughout the protolarval and much of the
mesolarval phase, myomeres are chevron-
shaped, but by the metalarval phase they
evolve to their typical three-angled adult
form. Fish (1932) and many subsequent
authors observed that there is a nearly direct,
one-to-one correlation between total myo-
meres and total vertebrae (including Weber-
ian ossicles in cypriniforms). Snyder (1979)
and Conner et al. (1980) summarized myo-
mere and vertebral counts for many cyprin-
iform fishes.

The most anterior and most posterior
myomeres are frequently difficult to dis-
tinguish. The most anterior myomeres are
apparent only in the epaxial or dorsal half of
the body; the first is often deltoid in shape
and is located immediately behind the occi-
put. The most posterior myomere is defined
as lying anterior to the most posterior com-
plete myoseptum. Siefert (1969) describes a
“false (partial) myoseptum" posterior to the
last complete myoseptum which adds to the
difficulty of discerning the last myomere.
Early in the larval period, myomeres are most
readily observed using transmitted light.
Polarizing filters, depending on thickness and
certain other qualities of the preserved
tissues, can dramatically increase contrast
between the muscle tissue of myomeres and
the myosepta that separate them. Myomeres
of some metalarvac and most juveniles are
difficult to observe even with polarizing
filters; reflected light at a low angle from one
side and higher magnification sometimes
facilitates observation.

Typical counts used in taxonomic work
include total, preanal, and postanal myo-
meres. Partial counts are frequently used to
reference location of various structures in
addition to the vent. The most generally
accepted method of making partial counts
was described by Siefert (1969) for distin-
guishing preanal and postanal myomeres:
"postanal myomeres include all [entire] myo-
mercs posterior to an imaginary vertical line
drawn through the body at the posterior end
of the anus . . . Remaining myomeres, includ-
ing those bisected by the line, are considered
preanal.” The technique is equally applicable
with other structures or points of reference
such as origins of fins or finfolds. The



opposite approach was used by Snyder et al.
(1977), Snyder and Douglas (1978), Loos and
Fuiman (1977) and, according to the latter
authors, Fish (1932) -- only entire myomeres
were included in counts anterior to points of
reference. Siefert’s method is recommended
as standard procedure since resulting counts
are expected to more nearly approximate the
number of vertebrae to points of reference.

In the United States and Canada, the
range of total myomere (and vertebral)
counts for cyprinids, 28 to 52, is slightly larger
and nearly includes that for catostomids, 32
to 53. Ranges for preanal and postanal myo-
mere counts also overlap with 19 to 35 and 9
to 22, respectively, for cyprinids and 25 to 42
and 5 (possibly 3) to 14, respectively, for
catostomids. Despite the magnitude of over-
lap in these ranges, proportions of postanal
to preanal and preanal to total myomeres will
distinguish most cyprinids from catostomids
(Snyder 1979). The preanzﬁo%ostanal myo-
mere proportion is at least 2/5 (often greater
than 1/2) for cyprinids (exclusive of subfamily
Cyprininae, the carps) and less (often less
than 1/3) for catostomids. Also, the propor-
tion of preanal to total myomeres is 5/7 or
less (often less than 2/3) for cyprinids and
greater (often greater than 3/4) for catos-
tomids. For cypriniform fishes in the Upper
Colorado River System the degree of overlap
in total and preanal myomere counts is less
and larvae with fewer than 42 total or 32
preanal myomeres can be cyprinids only.

Fins and Finfolds

Fin ray meristics and fin positions are
among the most useful characters for later
mesolarvae and metalarvae, especially among
the cyprinids. These data can be determined
from older juveniles and adults or gleaned
from published descriptions of adults. The
scquence and timing of fin development, fin
lengths, and basal lengths of the dorsal and
anal fins are also useful.

The median finfold, one of the most
obvious structures in protolarvae and meso-
larvae, is a thin, erect, medial fold of tissue
that originates on the dorsal surface usually
well behind head. It extends posteriorly to
and around the end of the notochord, then
anteriorly along the ventral surface to the
posterior margin of the vent. During the
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mesolarval phase, the soft-rayed portions of
the median fins (dorsal, anal and caudal)
differentiate from this finfold. As the median
fins develop, the finfold diminishes and
recedes before and between the fins until it is
no longer apparent during or near the end of
the metalarval phase.

The preanal finfold is a second median
fold of tissue that extends forward from the
vent. In most fishes the preanal finfold is
completely separated from the ventral portion
of the median finfold by the vent. But in
burbot (Lota lota), and its marine relatives
(Gadidae, codfishes), the preanal finfold is
initially continuous with the median finfold
and only later are the finfolds entirely separ-
ated by the vent (vent initially opens through
right side of finfold). The preanal finfold
may or may not be present upon hatching,
depending upon size and shape of the yolk
sac. In cypriniform fishes, it is typically
absent or barely apparent upon hatching. As
yolk is consumed and the yolk sac decreases
in size prior to hatching or during the proto-
larval phase, a small preanal finfold appears
just anterior to the vent. As more yolk is
consumed and the larva grows, the preanal
finfold enlarges and extends anteriorly.
Ultimately, its origin lies anterior to that of
the dorsal portion of the median finfold. The
preanal finfold remains prominent throughout
the mesolarval phase, then slowly diminishes
and recedes in a posterior direction during
the metalarval phase. It is typically the last
finfold to be absorbed or lost.

The caudal fin is the first fin to differ-
entiate from the median finfold in cyprini-
form and most other fishes with homocercal
tails. The portion of the finfold involved first
thickens along the ventral side of the poster-
ior end of the notochord and begins to differ-
entiate into the hypural elements of the cau-
dal skeleton. Immediately thereafter, the first
caudal fin rays appear (beginning of flexion
mesolarval phase) and the posterior portion
of the notochord begins to bend or flex
upward. Be careful not to confuse striations
or folds in the finfold with developing fin
rays. As the fin develops and the notochord
continues to flex upward, the hypurals and
developing caudal fin rays, all ventral to the
notochord, move to a posterior or terminal
position. The first principal rays are medial
and subsequent principal rays form and pro-



gressively above below. Principal caudal fin
rays articulate with hypural bones of the
caudal structure and ultimately include all
branched rays plus two adjacent unbranched
rays, one above and one below the branched
rays. Branching and segmentation of rays can
be observed as or shortly after the full com-
plement of principal rays becomes evident
and notochord flexion is completed (begin-
ning of postflexion mesolarval phase).

The number of principal caudal fin rays
is typically very stable within major groupings
of fish. Cyprinids generally have 19 principal
rays (ten based on superior hypurals and nine
on inferior hypurals), and catostomids usually
have 18 principal rays.

Dorsal and ventral rudimentary rays of
the caudal fin begin forming sequentially in
an anterior direction immediately after all or
nearly all principal caudal fin rays are
formed. They are often the last group of fin
rays among all fins to form their full adult
complement. Accordingly, counts of rudi-
mentary caudal fin rays are usually ignored in
larval fish identification, but they may be of
taxonomic value for juveniles and adults.

The dorsal and anal fins, which typically
form either simultaneously (many cyprinids)
or dorsal first (most catostomids), usually
begin development prior to attainment of the
full complement of principal caudal fin rays.
Tissue first aggregates in vicinity of the future
fin, and basal structures or pterygiophores
soon become evident. The latter structures
permit limited use of dorsal and anal fin
position and meristics about midway through
the mesolarval phase. Anterior principal fin
rays develop first and subsequent rays are
added in a posterior direction. The first
rudimentary fin rays (anterior to the principal
rays) are frequently evident before all the
principal fin rays form. Rudimentary fin rays
are added in an anterior direction.

The first or most anterior principal ray in
both dorsal and anal fins remains unbranched
while all other principal fin rays branch
distally as or after ray segmentation becomes
evident. The last or most posterior principal
ray in each fin is considered to be divided at
the base and therefore usually consists of two
elements that, except for their close proximity
and association with the same pterygiophore,
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might otherwise be considered as separate fin
rays.

Principal dorsal and anal fin ray counts
between and within certain genera often vary
sufficiently to be of use in identification at the
species level, especially anal fin rays of
cyprinids and dorsal fin rays of catostomids.
Positions of dorsal fin origin (anterior attach-
ment) and insertion (posterior attachment)
relative to origin of pelvic fins or fin buds and
the vent vary considerably among cyprinids
and are useful in identification of genera or
species. These position characters are more
consistent among catostomids (e.g., dorsal fin
origin is always well in advance of the pelvic
fins), especially at subfamily level, and there-
fore, are of less value in identification.

The pelvic fins begin as buds before or
upon transition to the metalarval phase. In
cypriniform fishes, they originate in an abdo-
minal position along each side of the preanal
finfold. They may erupt shortly after dorsal
and anal fin development begins or be delay-
ed until just before or shortly after all
principal rays are present in the median fins.
Pelvic rays begin to form shortly after the
buds appear and the adult complement of
rays quickly ensues. Among cypriniform
fishes, pelvic ray counts are seldom used
diagnostically. However, position of the pel-
vic fins or fin buds, relative to other struc-
tures, and their formation in the sequence of
developmental events can be useful in identi-
fication, especially among cyprinids.

The pectoral fins typically begin as buds
immediately behind the head in the late
embryo. However, pectoral buds are not evi-
dent in some cypriniform fishes until shortly
after hatching. Though strongly striated and
occasionally with membranous folds and
breaks, they typically remain rayless in
cypriniforms until late in the mesolarval
phase when most of the principal median fin
rays are present. With the exception of rudi-
mentary caudal fin rays, the rays of pectoral
fins are often the last to establish their full
complement. For this reason and because
the number of pectoral rays is usually rela-
tively large and difficult to count without
excision (especially the smaller ventral rays),
pectoral fin ray counts are generally of little
value in larval fish identification.



Other Countable Structures

Other structures that may be treated
meristically (and in some cases morphologi-
cally) include branchiostegals, gill rakers,
pharyngeal teeth, and scales. Branchiostegals
form early in larval development, but counts
are usually constant within major taxon
groups. Within the order Cypriniformes, all
members of superfamily Cyprinoidea, which
includes Cyprinidae and Catostomidae, have
three branchiostegals (McAllister 1968). Due
to later development, small size or internal
location, the other characters are seldom
used to diagnosf fish larvae. Gill rakers
form gradually in postflexion mesolarvae or
metalarvae with numbers increasing through-
out much of the early portion of the juvenile
period. The adult complement of gill rakers
on the first gill arch is not achieved in many
Catostominae until they reach about 70 mm
standard length (Smith 1966). Pharyngeal
teeth form relatively early but may not be
sufficiently well developed to be readily
removed and observed until late in the larval
period or ecarly in the juvenile period.
Detailed study of gill rakers and pharyngeal
teeth might reveal some useful diagnostic
qualities, including size, shape, and number.
However, most specimens are more ecasily
identified using external characters. Scales
typically become apparent late in the larval
period or early in the juvenile period. First
scales on cypriniforms typically appear mid-
laterally on the posterior half of the body and
from there spread anteriorly, dorsally, and
ventrally toward adult coverage. Scales of
large-scaled species are sometimes sufficiently
obvious by late in the metalarval phase to
distinguish certain species or genera.

Morphology

The shape or form of larvae and specific
anatomical structures (e.g., gut, air bladder,
yolk sac, and mouth) change as fish grow and
provide some of the most obvious characters
for identification, particularly at family and
subfamily levels. Within genera, morpholog-
ical differences among species are usually
much more subtle, but may still be of diag-
nostic value. Much shape or form-related
information can be quantified via propor-
tional mcasurements or morphometrics.

Morphometric data emphasize the rela-
tive position and relative size of various body
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components and dimensions and may be criti-
cal to species identification. Such measure-
ments may be allometric, changing in propor-
tion as the fish grow; thus morphometric data
should be related to size, at least for proto-
larvae and mesolarvac. Some morphometric
data, particularly body depths and widths,
may be directly affected by the condition of
individual specimens and volume and form of
food items in their digestive tracts. The
source of specimens and the preservative in
which they are stored also may affect mor-
phometric data. Some measures in wild fish
may differ from those of laboratory reared
specimens (e.g., fin lengths). Shrinkage and
deformation are notably greater in alcohol
than in formalin preservatives.

Morphometric data in this guide are
reported as percentages of standard length.
Use of standard length avoids the allometric
influence of caudal fin growth included in
percentages based on total length. As
explained later (Methods), data can be easily
converted to percent total length for compar-
ison with other works. Prior to hypural plate
formation and completion of notochord flex-
ion (protolarvae and flexion mesolarvae),
standard length is the length from snout to
posterior end of the notochord (notochord
length). Thereafter, it is the length from
anterior margin of the snout to most poster-
ior margin of the hypural plates (usually the
superior plate or hypurals). Use of noto-
chord length for protolarvae and early meso-
larvae gives the appearance of greater allo-
metric growth differences than may really
exist, at least in comparison with subsequent
measures based on posterior margin of the
hypural plates. This undesirable effect is a
result of upward bending or flexing of the
notochord and the switch from use of end of
the notochord to posterior margin of the
hypurals as the basis for length measurement.
These factors must be taken into account
when reviewing morphometric data herein,

In contrast to procedures recommended
by Hubbs and Lagler (1958) for larger juven-
iles and adults, measurements of body length
and various parts thereof for fish larvae are
generally taken along lines parallel to the
horizontal axis of the fish. Exceptions are fin
lengths, which in studies conducted for this
manual were measured from origin of the fin
base to most distal margin of the fin rays.
Typical measures include total, standard,



head, snout, eye, and fin lengths, as well as
snout-to-vent and snout-to-origin-of-fin (dor-
sal, anal and pelvic) lengths.

Snout-to-vent length is measured to the
posterior margin of the vent or anus. It is a
primary diagnostic character for many spe-
cies, especially at the family and sometimes
subfamily level. In the Upper Colorado
River System, most cyprinid larvae are readily
differentiated from catostomid larvae by
snout-to-vent lengths less than 72% SL.
Exceptions are most larvae of common carp
(Cyprinus carpio) and occasionally mesolarvae
of Colorado squawfish. The term "preanal
length” is often applied to this measure but
might be misinterpreted as length to origin of
the anal fin. For many fishes, including
cypriniforms, the latter measure is approx-
imately the same as snout-to-vent length since
the anal fin begins at or near the posterior
margin of the vent.

Head length is typically measured to the
posterior margin of the operculum in juven-
iles and adults, but the operculum may be
absent or incomplete throughout much of the
larval period. Accordingly, many biologists
have redefined head length for larvae to be
measured to the posterior end of the auditory
vesicle or the anterior or posterior margin of
the cleithrum, one of the first bones to ossify
in fish larvae (Berry and Richards 1973).
Unfortunately, the auditory vesicle and
cleithrum are not always easy to observe,
especially in postflexion mesolarvae and
metalarvae. Also, resultant measures to the
auditory vesicle are considerably anterior to
the eventual posterior margin of the oper-
culum. Snyder et al. (1977) and Snyder and
Douglas (1978) measured larval head length
to origin (anterior insertion) of the pectoral
fin. This measure has distinct advantages
over the alternatives -- the base of the
pectoral fin is readily observed throughout
the larval period (except in the few species
that hatch prior to pectoral bud formation),
it somewhat approximates the position of the
cleithrum (part of its supporting structure),
and it more nearly approximates the posterior
margin of the operculum than does the pos-
terior margin of the auditory vesicle. Accord-
ingly, we recommend this definition of head
length (Snyder 1983b) and have used it in all
our descriptive work. For purposes of consis-
tency, we apply it to juveniles as well as
larvae. The measure is most precisely deter-
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mined while examining the specimen from
above or below and, if necessary, holding the
fin away from the body.

Body depths and widths are measured in
planes perpendicular to the horizontal axis of
the fish. Many biologists report these as
maximum or minimum measures (e.g., great-
est head depth, greatest body depth, and least
caudal peduncle depth). However, for com-
parative purposes, it seems more logical to
specify standard reference points for such
measures as was done by Moser and Ahl-
strom (1970), Fuiman (1979), and Snyder and
Douglas (1978). Five specific locations, four
corresponding to specific length measure-
ments, are used herein: (1) immediately
posterior to eyes, (2) origin of pectoral fin,
(3) origin of dorsal fin, (4) immediately
posterior to vent, and (5) at anterior margin
of most posterior myomere (along the hori-
zontal myosepta). It is often desirable to
approximate position of reference points in
larvae prior to formation of the referenced
structure (e.g., origin of dorsal fin in
protolarvae and flexion mesolarvae based on
position in later stages). Neither fins nor
finfolds are included in depth measurements
herein. As mentioned earlier, care must be
used in evaluation of depth and width mea-
sures affected by body condition and gut
contents (e.g., measures at the origin of the
dorsal fin).

Other morphological characters such as
position, size, and form of the mouth and gut,
and related changes, can be among the more
useful characters for identification to the
species level. Size of the mouth, as well as its
position, its angle of inclination, and the form
of specific mouth structures are diagnostic for
some cypriniforms, especially in metalarvae.
Timing of mouth migration from terminal to
inferior position can be especially useful for
catostomid metalarvae. Gut loop length, tim-
ing of loop formation, and eventual degree
and form of the gut loops, folds, or coils can
be diagnostic for the larvae many fishes.
Such characters are especially useful in
distinguishing postflexion mesolarvae, meta-
larvae and early juveniles of certain catos-
tomids.

Pigmentation

Basic patterns of chromatophore distribu-
tion, and changes in these patterns as fish



grow are often characteristic at the species
level. Used with caution, preferably in com-
bination with other characters, and with an
awareness of both intra- and inter-regional
variation, chromatophore distribution and
patterns for many fishes are among the most
useful characters available for identification.
However, in some instances, differences are
so subtle or variation so great that use of
pigmentation is impractical and may be
misleading.

In cypriniform and most other fishes,
chromatophores other than melanophores
have not been sufficiently studied for
identification purposes.  Such chromato-
phores are typically neither as numerous nor
as obvious as melanophores and their pig-
meats are difficult to preserve. In contrast,
melanin, the amino acid breakdown product
responsible for the dark, typically black,
appcarance of melanophores (Lagler et al.
1977), remains relatively stable in preserved
specimens. However, melanin is subject to
fading and bleaching if specimens are stored
or studied extensively in bright light for long
periods of time, stored in highly alkaline pre-
servatives, or subjected to changing concen-
trations of preservative fluids. To minimize
the latter effects, as well as shrinkage and
deformation, dilute formalin solutions (3-5%,
unbuffered or buffered to near neutral) are
strongly recommended over alcohol solutions
as storage media. Most of the following dis-
cussion refers to chromatophores in general,
but in this manual and others for freshwater
species in North America, pigmentation typi-
cally refers to that of melanophores.

According to Orton (1953), pigment cells
originate in the neural crest region (dorsal
portion of body and tail) and migrate in
amocboid fashion in waves to their eventual
position. The first wave of chromatophores
oceurs late in the embryonic period or early
in the larval period and establishes a rela-
tively fixed basic or primary pattern of
chromatophore distribution. In a few species
(mostly marine), such cells acquire pigment
prior to chromatophore migration and the
actual migration can be observed and docu-
mented. But in cypriniform and most other
freshwater fishes, pigment is not present in
chromatophores until after the cells reach
their ultimate destination.

14

For a specific species and developmental
stage, pigmental variation is largely a function
of number of chromatophores exhibiting pig-
ment, either in general or in specific areas,
and not a change in chromatophore pattern
or distribution. Lack of pigment in chroma-
tophores of a particular an area, precludes
that portion of the visible pattern. In addi-
tion, pigment in chromatophores can be var-
iously displayed from tight, contracted spots,
resulting in a relatively light appearance, to
widely expanded, reticular networks, resulting
in a dark or more strongly pigmented appear-
ance in the affected area. Differences in
environmental conditions and food can signi-
ficantly affect the presence and displayed
form of pigmentation. Accordingly, research-
ers must be aware that pigmentation of cul-
tured specimens can appear quite different
from that of field-collected material.

Pigmentation often changes considerably
as larvac and early juveniles grow. Most of
the change is due to increased numbers and
distribution of chromatophores. Observable
pigmentation might also be lost from certain
areas through loss of pigment in chromato-
phores, loss of chromatophores themselves,
or, in the case of subsurface or internal
chromatophores, by growth and increased
opacity of overlying tissues. Peritoneal
melanophore pigmentation is an obvious
character for later stages of some larvae But
in late metalarvae and especially juveniles,
dark peritoneal pigmentation can be obscured
by overlying tissues with silvery iridophores
(this silvery pigment often dissipates over
time in preservative). If internal melano-
phore pigmentation is obscured by overlying
tissues, it can be observed by selective
dissection or careful clearing of specimens.

Osteology

When externally visible characters fail to
segregate species conclusively, osteological
characters may come to the rescue. While
whole-specimen clearing and cartilage- and
bone-staining techniques are relatively simple
(see Methods), they require much time (a
few days, mostly waiting) and a fair amount
of attention (monitoring progress and chang-
ing fluids). Soft (longwave) X-ray techniques
(Tucker and Laroche 1984) may be faster and



easier, especially when examining many speci-
mens, but they require appropriate X-ray
equipment and a darkroom.

Dunn (1983, 1984) reviewed use of skele-
tal structures and the utility of developmental
osteology in taxonomic studies. Among the
first bones to ossify are those associated with
feeding, respiration, and orientation (e.g,
jaws, bones of the branchial region, clei-
thrum, and otoliths). The axial skeleton
follows with formation of vertebrac and asso-

ciated bones. Once the axial skeleton is
sufficiently established, median- and pelvic-
fin supports form, and fins develop. Pre-
sence, number, position, and shape of certain
bones in many parts of the skeleton can have
diagnostic value, even for closely related
species. Use of osteological characters for
identification of fish larvae has received little
attention, but its potential value is great,
particularly for confirmation of questionable
identities and for species in which external
characters are diagnostically inadequate.

SPECIMENS EXAMINED

Cultured specimens were analyzed for
cach species. Developmental series for all
but Utah sucker were reared by the Larval
Fish Laboratory from artificially-fertilized
eggs during 1978 through 1981. Parental
stock for culture of flannelmouth sucker was
collected from the Yampa River near Juniper
Springs; bluehead sucker from the White
River near Rio Blanco Lake; mountain suc-
ker from Willow Creek, headwater tributary
to the Elk River (tributary to the Yampa
River) northwest of Steamboat Springs;
razorback sucker from a gravel pit off the
Colorado River near Clifton; and white
sucker from a private pond southwest of Fort
Collins. Razorback sucker larvae and juven-
iles were reared also by Dexter National Fish
Hatchery in 1982 from Lake Mohave stock.
Utah sucker specimens were reared by the
Utah Cooperative Fish and Wildlife Research
Unit in 1987 from Bear Lake stock.

Wild or field-collected specimens of
certain identity were analyzed also for all
species except Utah sucker. Flannclmouth,
bluehead, and white sucker larvae and juven-
iles were collected during 1976 through 1979
from the Yampa River from west of Milner
to the Lily Park area below Cross Mountain
Canyon. Analyzed flannelmouth and blue-
head sucker larvae were collected also from
the White River between Rio Blanco Lake
and Spring Creek. Additional flannelmouth
and bluehead sucker specimens were cursorily
examined from 1977 through 1979 collections
in the Colorado River between Palisade and
the Colorado-Utah border and in the Gunni-
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son River between Whitewater and Redlands
Dam. Analyzed mountain sucker specimens
were collected in 1981 from Willow Creek
(and Ways Gulch) in Colorado, and in 1982
through 1986 from the Provo and Spanish
Fork Rivers in Utah. Mountain suckers
collected in 1973 through 1982 from the Truc-
kee River and Pyramid Lake, Nevada, and in
1966 and 1967 from Rocky Creek, Madison
River, and Flathead Creek (all tributaries of
the Missouri River) in southcentral Montana
were cursorily examined. Partial series of
razorback sucker larvae were analyzed from
collections in Lake Mohave and a March 20,
1984, collection from the Salt River at Horse-
shoe Bend in Arizona (the latter were reared
at Dexter National Fish Hatchery and stocked
a week prior to capture).

Most of the collected and reared speci-
mens were killed and fixed in 10% formalin,
then stored in 3% buffered formalin. Some
mountain sucker specimens from Montana
were preserved in ethyl or isopropyl alcohol
solutions. Due to excessive dehydration and
shrinkage, none of the latter specimens were
analyzed for measures or size relative to
developmental state.

All specimens used for morphometric
and skeletal analysis, and most of other speci-
mens on which this study is based are main-
tained in collections of the Larval Fish Labor-
atory and are available for examination by
other researchers. Individual specimen data
(counts and measures) are stored in IBM PC-
compatible computer files (Lotus 123).



METHODS

Specimen Data and Observations

Specimens were analyzed for counts,
measures, developmental state, structural
differences, and pigment distribution. Fig. 4
illustrates the various measurements, fin ray
counts, and myomere counts that were made
on at least two specimens, if available, in
each 1-mm TL (total length) interval
throughout the larval period of each species.
Thereafter, to a length of about 50 mm TL,
one or more specimens were similarly pro-
cessed for each 5-mm interval, if available.
Specimens were studied under low-power
stereo-zoom microscopes with measuring eye-
piece reticles and various combinations of
reflected, transmitted, and polarized light.
Magnification was adjusted before each series
of measurements to calibrate the scale in the
eyepiece against a stage micrometer for direct
measurement. Measurements were made to
the nearest 0.1 mm and occasionally to half
that unit. Remeasurement of selected speci-
mens by a second observer indicated that
most measurements are repeatable to within
0.1 mm. Most measurements are reported as
a percentage of standard length (% SL) but
are readily converted to percent total length
by dividing the length of interest (as % SL)
by total length (AS to PC, as % SL), and
multiplying by 100. Some meristic data were
obtained from specimens cleared and stained
for skeletal study and from available adults.

Size at apparent onset of selected devel-
opmental events was documented for fully
analyzed and cursorily examined specimens.
Sclected events were hatching, attainment of
eye pigment, formation of pectoral and pelvic
fin buds, loss of yolk and preanal finfold,
formation of first and last principal fin rays in
each of the median fins, formation of first
and last fin rays in the paired fins, formation
of first and last rudimentary rays of the
caudal fin, and initial and complete formation
of lateral scales on the body. For each speci-
men developmental phase (e.g., Protolarva)
and extent of gut folding were also deter-
mined. The latter was classified as one of
five gut phases (Fig. 5). Changes in other
structures were only casually noted.
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Drawings, including dorsal, lateral, and
ventral views, were prepared for the begin-
ning and middle of each larval phase (flexion
and postflexion mesolarvae treated as one
phase) and the juvenile period (young-of-the-
year portion) for all species except white
sucker to document typical body form and
pigmentation.  Enlarged photographs of
typical specimens were traced to assure
accurate body proportions. Various struc-
tures were checked and additional detail was
added to drawings while specimens were
examined under a microscope. Final draw-
ings were idealized (e.g., closed or frayed fins
opened and smoothed and curved bodies
straightened). If necessary, melanophore dis-
tribution was modified using additional refer-
ence specimens to represent a more typical
pattern. In addition, pigmentation variation
was studied by sketching observed patterns
and loosely noting their frequency.

Selected postflexion mesolarvae, meta-
larvae, and juveniles were cleared and stained
for examination of potential osteological char-
acters and vertebra counts as well as to verify
fin meristics. Shape and size of the fronto-
parietal fontanelle, interneurals, and anterior-
dorsal maxillary projections; position of man-
dibles relative to maxillae; and, to a less
consistent extent, angle at which the base of
postcleithra extend from the cleithra (Fig. 6).
Mesolarvae were stained with alcian blue for
cartilage and metalarvae and juveniles with
alizarin red for bone using the procedures
given on the following pages.

Keys were produced with the aid of the
DELTA (DEscriptive Language for TAxon-
omy) system of computer programs (Dallwitz
1974, 1980; Dallwitz and Paine 1986). Char-
acters were encoded using the DELTA for-
mat then transformed for use by the program
KEY. Due to limitations of the current MS-
DOS version of KEY and the numerous over-
lapping characters of the species considered,
output was generated in segments, each res-
tricted to a sclect sct of characters and
species. These were then edited to remove
repeated branches and phrases and assemb-
led into a complete key for cach develop-
mental phase.
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Fig. 4. Measures and counts for larval and early juvenile fishes. Yolk-sac and pterygiophores are included in
width and depth measures but fins and finfolds are not. "B" in BPE and BPV means immaediately behind. AMPM
is anterior margin of most posterior myomere. Location of width and depth measures at OD prior to D formation
is approximated to that of later larvae. PHP is measured to end of notochord untif aduit complement of principal
caudal fin rays are observed. Fin lengths (D, A, P1, and P2, encircled) are measured along plane of fin from
origin to most distal margin. When reported together, rudimentary median fin rays (outlined above) are given
in lower case Roman nurnerals, while principal median fin rays (darkened above) are given in arabic numerals);
rudimentary rays are not distinguished in paired fins. Most anterior, most posterior and last myomeres in counts
to specific points of reference are shaded above. {From Snyder 1981.)
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% PHASE 1

PHASE 2

PHASE 3

PHASE 4

PHASE 5

ADULT FORM

Fig. 5. Phases of gut coil development in catostomid fish larvas and early juveniles with comparison to adult
form in Catostomus commersoni {latter modified from Stewart 1926}. Phase t - essentially straight gut. Phase
2 - initial loop formation {usually on left side}, begins with 90° bend. Phase 3 - full loop, begins with straight
loop extending to near anterior end of visceral cavity. Phase 4 - partial fold and crossover, begins with crossing
of first limb over ventral midline. Phase 5§ - full fold and crossover, begins with both limbs of loop extending
fully to opposite {usually right) side, four segments of gut cross nearly perpendicular to the body axis. Later in
Phase 5 and in adult form, outer portions of gut folds or coils extend well up both sides of visceral cavity.
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Fig. 6. Location of selected skeletal features of
metalarval and early-juvenile catostomids. Top-
lateral view. Middle--dorsal view. Bottom--ventral
view.

Clearing and Staining Procedures
for Skeletal Study of Small Fish

These instructions are modified from
Snyder and Muth (1988) and based on proce-
dures detailed by Fish (1932, Method I1I),
Taylor (1967), Potthoff (1984), and Taylor
and Van Dyke (1985). See Taylor (1967) and
Taylor and Van Dyke (1985) for detailed
explanations and discussions of the various
steps, factors affecting them, and alternatives.

The procedures that follow are for
differential staining of cartilage and bone
beginning with living specimens. To begin
with previously preserved specimens, stain
only for cartilage, only for bone, or clear
(make transparent) without staining, skip the
‘#relevant steps.

Minimum and maximum times given in
the procedures are approximate for single
specimens measuring 10 and 25 mm total
length, respectively, and processed in 20 ml
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vials. Times for other sizes and numbers of
specimens can be approximated accordingly.
Vertebrates as large as 500 mm have been
cleared and stained by these procedures but
time requirements are considerably greater;
clearing alone can take several weeks.
Potthoff (1984) provides a diagram of approx-
imate times for specimens 10 to 500 mm
standard length. Specimens larger than 30
mm with scales or thick skin may need to be
scaled or skinned, or selectively and carefully
punctured over the body with a sharp needle,
prior to clearing and staining. Some larger
specimens may need to be eviscerated. Fatty
or oily specimens may need “"degreasing” in
xylene before staining or clearing and speci-
mens with large amounts of guanine or simi-
lar white or silvery substances may needed
soaking in 2% or stronger potassium hydrox-
ide solution after clearing by the enzyme
method (Taylor and Van Dyke 1985).

Specimens should never occupy more
than 25% of solution volume during fixation;
lesser percentages (e.g., <10%) are recom-
mended. During clearing and staining, results
will be better and time requirements may be
less if specimens occupy much less than 10%
of solution volumes (e.g., down to 2% of
solution volume during neutralization and
clearing). For specimens 30 mm total length
or less, most or all steps can be carried out
conveniently in 20 ml or similar-size vials.
During each step, periodically turn or move
specimens to minimize solution stratification
and aid penetration of solutions into tissues
of specimens being processed.

For the most reliable results begin with
freshly fixed and preserved specimens. Older
museum specimens may or may not clear and
stain properly depending on original fixative,
preservative, and subsequent care. However,
properly fixed and preserved specimens
should clear and stain nearly as well as fresh
material, even after a few decades.

With specific regard to fish embryos and
larvae, Taylor and Van Dyke (1985) made the
following observations. "The presence of
cartilage in embryos and larval fishes is
readily determined by this method [differ-
ential staining with enzyme clearing]. But,
determining the presence and time and/or
degree of osteogenesis is more difficult
because newly deposited bone mineral is
much more labile than mineral that has been
deposited for some time. The presence of



bone mineral is usually indicated by staining
with alizarin Red S. This color may be faint,
pink, or bright red in larval fishes with ages
from unhatched embryos, through those with
complete absorption of the yolk sac or even
older. To state in the absence of the red
color that osteogenesis or bone development
is not present at any of these developmental
stages may be incorrect without microscopic
examination of tissue structure because bone
may be in an early stage of development or
the mineral may have been removed during
fixation, clearing or staining steps.” They
further observed that fish larvae with obvious
bone, often lose bone stain while in enzyme
clearing solution, but that much of it remains
in specimens cleared in potassium hydroxide
solutions. Accordingly, they recommend that
fish larvae be fixed in neutral-buffered (pH
6.5-7.2) formalin and that some be differen-
tially stained for bone and cartilage, while
others are stained for bone only and cleared
with potassium hydroxide (instead of
enzymes) soon after fixation.

Safety: Many of the chemicals and solutions
used in clearing and staining can be hazar-
dous and should be handled and disposed of
accordingly.

Chemicals: (applicable procedures: FP = fix-
ation and preservation; BL = bleaching;
CL = clearing, protein digestion; CS =
cartilage staining; BS = bone staining.)

Alcian blue (powder) CS
Alizarin red S (powder) BS
Distilled water ALL
Ethanol (absolute ethanol preferred,
denatured or 95% will suffice) Ccs
If used as preservative FP, CL

Formalin (saturated formaldehyde sol.) FP
Glacial acetic acid Cs
Glycerin (glycerol)

If used as preservative CL
Hydrogen peroxide, 3% solution BL
Potassium hydroxide (KOH)  BL, CL, BS
Sodium borate (powder) Cs, CL
Sodium phosphate monobasic FP
Sodium phosphate dibasic (anhydrous) FP

Thymol (crystals)  If glycerin is used  CL

Trypsin powder (pancrcatic protease,
pancreatin; sufficiently purified to be
free of collagenase and clastase;
trypsin from pig pancreas with an
activity of 300 units/mg produces a
clear, highly effective solution, but
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other trypsin preparations with activ-
ities as low as 80 units/mg have also

been used successfully) CL

Stock Solutions: (applicable procedures as
above.)

10% buffered formalin solution
In distilled water; buffer to pH 7.0
with 4.0 g sodium phosphate mono-
basic and 6.5 g sodium phosphate
dibasic per liter of formalin solution
(recommended by Taylor and Van
Dyke 1985), or to pH 6.8 with 4 g
each of monobasic and dibasic sod-
jum phosphate per liter of formalin
solution. The latter is about twice
the 1.8 g each of monobasic and
dibasic per liter recommended by
Markle (1984) for 5% formalin solu-
tions. Formalin solutions can be
buffered with excess marble or lime-
stone chips or limestone powder to
near neutral, but phosphate buffering
is more precise and reliable; borax
(sodium borate) buffered formalin is
not recommended (Taylor and Van
Dyke).
3-5% buffered formalin solution

In distilled water; buffer with 1.8 g
sodium phosphate monobasic and 1.8
g sodium phosphate dibasic per liter
of formalin solution (Markle 1984).
Alternatively, fixed specimens can be
stored in alcohol (e.g, 75% ethanol
via a graded series of concentra-
tions), but expect greater shrinkage,
deformation, and, if examined peri-
odically, fading of melanophore pig-
mentation than if stored in dilute
formalin solutions.

50% ethanol solution
In distilled water.
If used in graded series for specimen
preservation (storage). FP, CL

75% (or 70%) ethanol solution
In distilled water if used for speci-
men preservation. FP, CL

Alcian blue stain solution
20 mg alcian blue per 100 ml of 30%
glacial acetic acid in ethanol (solution
will keep at room temperature for 3-4
weeks). CS

Saturated sodium borate solution
Excess sodium borate powder in



distilled water; mix well and allow
excess sodium borate to settle; use
clear supernatant solution. CS, CL

1% Potassium hydroxide (KOH) solution

In distilled water. BL,CL,BS
2% Potassium hydroxide solution

In distilled water.

If KOH clearing used used. CL

Bleaching solution
15% of 3% hydrogen peroxide solu-

tion in 1% KOH solution. BL

Trypsin solution

About 0.1-0.2 g (depending on
strength or activity level of trypsin)
per 100 ml of 30% saturated sodium
borate solution in distilled water; mix
well but do not allow to froth
(Taylor and Van Dyke 1985). Make
a fresh solution for each use; it does
not keep well.

If enzyme clearing used. CL

Alizarin red stain solution
Dissolve enough alizarin red powder
in 1% KOH to turn the solution
deep purple (about 0.1 g per 100
ml). Or mix about 1 ml of a satur-
ated alizarin red solution per 100 ml
of 1% KOH (saturated alizarin red
solution is prepared by dissolving
excess alizarin red powder in small
amount of distilled water, about 1.5-
2.0 g per 20 ml). Alizarin red stain
solution will keep at least one

week. BS

40% glycerin solution
In 1% KOH (preferred) or distilled
water.

If glycerin is used. CL

70% glycerin solution
In 1% KOH (preferred) or distilled
water.
If glycerin is used. CL

Fixation and Preservation:

1. Kill and fix specimens in 10% buffered
formalin for 24-48 hours.

If specimens are to be stored more than
a couple days before clearing and stain-
ing, preserve them in 3-5% buffered for-
malin or alcohol (preferably via a graded
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series of concentrations, e.g., 50% eth-
anol for 6-24 hours then 75% cthanol).
Do not soak in water between fixative
and preservative solutions.

Cartilage Staining Procedure:

3. Dehydrate formalin-fixed and preserved
specimens in 50% ethanol solution for 6-
24 hours, then in 100% or absolute eth-
anol for 12-24 hours. Replace the abso-
lute ethanol and leave at least another
12-24 hours. A more gradual series of
alcohol concentrations can be used, e.g.,
50%, 75%, and 100% but is usually un-
necessary. If specimens were preserved
in alcohol, skip the 50% ethanol step.
For embryos and larvae, dehydration is
essential to assure minimal loss of bone
while in the acid stain for cartilage.

Stain specimens in alcian blue stain solu-
tion for 6-24 hours, no longer than nec-
essary to adequately stain all cartilage.

Rinse specimens in saturated sodium
borate solution then soak in fresh satur-
ated sodium borate solution for 6-24
hours to neutralize (change body fluid
pH from acid to alkaline).

Bleaching: (Optional)

6. If specimens are heavily pigmented (such
that pigments would obscure desired
structures), bleach specimens by placing
them in bleaching solution and exposing
them to strong light until chromatophore
pigment is notably faded, about 20 min-

utes to a few hours.

Initial Clearing:
7. Enzyme method. If specimens were not

processed for cartilage staining, soak
them in saturated sodium borate solution
for 2-12 hours to remove remaining for-
malin or alcohol and adjust body fluids
to well above pH 7. Soak specimens in
trypsin solution until 75-90% of the
muscle tissue is cleared, typically 1-5 days
at 20-30°C, possibly longer depending on
specimen volume relative to solution vol-
ume and activity or strength of trypsin.
Use a volume of trypsin solution at least
10 to 40 times the volume of specimens.
Completely change trypsin solution every
2-3 days. This method is preferred for



all fish except embryos and larvae in
which some critical bone mineral may be
lost. For both freshly fixed and long pre-
served material, the enzyme method gen-
erally provides more consistent results
with firmer whole specimens than the
KOH method.

or

KOH _method. Soak specimens in 2%
KOH solution until muscle tissue begins
to clear, typically 1 to 12 hours (use 1%
KOH for very small and delicate speci-
mens). Monitor specimens closely -- this
method of clearing is simpler, less expen-
sive, and tends to be faster than the
enzyme method, but it is also more likely
to result in fragile specimens with skin
that literally splits at the seams if the
specimens are inadequately fixed or if di-
gestion of tissues is allowed to go too far.
Results are usually better and more con-
sistent if specimens are freshly fixed than
if they were preserved and stored for a
long time (Taylor and Van Dyke 1985).

Bone Staining Procedure:

8.

Stain specimens in alizarin red stain solu-
tion until bones are adequately stained, a
few hours to one day; monitor specimens
closely. Rinse specimens briefly in dis-
tilled water.
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Final Clearing and Storage:

9.

10.

Return specimens to clearing agent (tryp-
sin solution or 1 or 2% KOH solution)
until remainder of muscle is adequately
transparent (some final clearing will take
place in glycerin series if used for stor-
age). Change solution after an hour or
two to remove excess stain and continue
clearing if necessary. If clearing in KOH
solution, monitor specimens closely (this
procedure is usually faster and less for-
giving than the enzyme method).

Specimens may be stored in alcohol (e.g.,
75% ethanol), in which they are easier to
handle, but "to attain uniformity in clear-
ing and avoid storage problems" (Taylor
1967), most researchers store cleared and
stained specimens in pure or 100% gly-
cerin.  Glycerin also will reduce or
climinate cloudiness due to water in the
remaining soft tissues. In either case,
work specimens through at least a mini-
mal graded series to the final concentra-
tion, 4-24 hours in each solution (e.g.,
50% and 75% ethanol or 40%, 70% and
100% glycerin). If specimens are not as
transparent as desired at this point, try
adding a 20% glycerin in 1% KOH step
to the beginning of the graded glycerin
seriecs. Add a few thymol crystals to
containers with 100% glycerin to prevent
fungus growth.



RESULTS AND CONCLUSIONS

Results are divided into three interrelated
sections -- Comparative Summary, Keys, and
Species Accounts. Although 445 specimens
were analyzed in detail for morphometrics
and meristics and hundreds more were docu-
mented for size, developmental state, skeletal
characters, and pigmentation patterns, there
are undoubtedly rare specimens with charac-
ter extremes beyond those we observed. For
example, Kevin Bestgen, an associate studying
larvae in the Lower Colorado River Basin,
measured reared razorback sucker flexion
and postflexion mesolarvae as small as 10 and
11 mm SL, respectively. Those measures are
a millimeter less than the smallest specimens
we measured and are included in the results
that follow. Because of the similarity among
larvae of Upper Colorado River Basin suc-
kers, the specific identity of some larvae will
remain inconclusive or questionable after
application of the keys and diagnostic criteria
provided herein. The identity of such speci-
mens must be considered tentative and
should be designated as such by use of a
question mark ("?") after the more probable
taxon name (preferably with a footnote on
other possibilities), or leaving the identity at
the family level (e.g., "unidentified Catosto-
midae"). Some inconclusive specimens may
be hybrids.

Hybridization among Colorado River
System catostomids is well documented (e.g.,
Holden and Stalnaker 1975, Hubbs et al.
1943, Hubbs and Hubbs 1947, Hubbs and
Miller 1953, McAda 1977, McAda and
Wydoski 1980, Prewitt 1977, and Smith 1966).
Intermediacy of characters for white X blue-
head sucker hybrids as small as 25 mm SL
and flannelmouth X bluehead sucker hybrids
as small as 34 mm SL were documented by
Hubbs et al. (1943) and Hubbs and Hubbs
(1947) respectively. Using diagnostic charac-
ters and descriptive data that follow, hybrid
metalarvae and early juveniles might be at
least tentatively identified as such; hybrid
protolarvaec and mesolarvae will likely be
identified as the parental species they most
closely resemble or remain questionable.

In the species account sections on
reproduction, all six suckers are classified
according to Balon’s (1975a, 1981) reproduc-
tive guilds as non-guarding, open-substrate,
lithophils. Lithophils prefer to spawn over
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predominately rock or gravel substrates.
Their recently hatched larvae are photo-
phobic and usually hide or remain in the
substrate for at least a few days before
emerging and drifting with the current.
Although considered broad-cast spawners,
razorback sucker produce discrete, identi-
fiable redds in reservoirs (Bozek et al. 1984).
This may suggest tendency towards a brood-
hiding guild.

Comparative Summary

The diagnostic criteria that follow are
provided to help confirm identities determin-
ed through the keys or, for biologists familiar
with the larvae of concern, to serve as a par-
tial alternative to the keys. Since extremes in
character states beyond those reported here
are likely to occur, identifications should be
based on as many criteria as possible.

Size relative to state of development:
Flannelmouth sucker eggs are the largest of
Upper Colorado River System suckers (3.8-
3.9 mm diameter versus 3.3-3.5 for blue-head
sucker and 2.3-3.3 for the others) and larvae
hatching from them are usually much larger
as well. This relative size difference is
characteristic of flannelmouth sucker through-
out its early development (Table 1). In con-
trast, razorback, mountain, and some white
sucker eggs are notably smaller (2.3-2.8 mm
diameter) than other species and their
recently hatched protolarvae and recently
transformed mesolarvae tend to be corres-
pondingly small. These species also complete
yolk absorption at a much smaller size,
usually by 12 mm SL; flannelmouth larvae
finish their yolk at 15 mm SL.

Size relative to state of development for
all species but flannelmouth sucker is nearly
the same by the beginning of the metalarval
phase. Fin development tends to proceed
fastest (at smaller sizes) for white sucker and
slowest (at larger sizes) for flannelmouth
sucker. White and Utah suckers acquire the
adult complement of all fin rays, lose their
preanal finfold, and become juveniles at the
smallest sizes (19-20 mm SL) while transfor-
mation to the juvenile period for some razor-
back sucker occurs at sizes nearly as large as
for flannelmouth sucker (22-23 and 23-24 mm
SL, respectively).



Table 1. Comparison of size (mm standard length) at onset or transition of developmental intervals, gut
phases, and other developmental events for larvae and early juveniles of Upper Colorado River Basin
catostomids. Rare extremes in parentheses. * = "or before hatching.”

Catostomus  Catostomus  Catostomus Catostomus  Catostomus Xyrauchen
Character ardens commersoni discobolus lanpinnis playyrhynchus texanus
Egg diameter: 2932 2.6-3.3 3.335 3839 2.3-2.7 25-28
Phase/period transitions
Embryo to larva: (7)8-11 (7)8-10 (8)9-16(11) (8-)10-11 (78 7-9
Proto- to mesolarva:  12-13 10-12 10-12 13 11 (10)11(12)
Flexion to post-
flexion mesolarva:  13-14 (12)13-15 (1n2-13 15 13-14 (1ni2-13
Meso- to metalarva:  15-17 15-16(17) (16)17 19-20(21) 16-17 15-17
Larva to juvenile: 19-20 (17-)19-20  21-22(23) 23-24(25) 21-22 (21)22-23(24)
Gut phase transitions
1 to 2 (90° bend): 14-17 14-15(16) 14(15) (17)18(-20) 14-17 (A)15¢-17)
2 to 3 (full loop): 18-19 (16)17-18 15(16) (19-)21-25(-27) 1617 17
3 to 4 (partial
Crossover): 20-22 19-20(21) (16)17 (22)23-32(-37) 18-20 18-25(26)
4to 5 (full
Crossover): 27-28 (20)21-25 (16)17-19(-21) (29-)3542 21-23 (22-)26-28(-31)
Onset of selected events
Eyes Pigmented: 9-10 * (78 * 9-10 * (N1 * 8 (T8(9) *
Yolk Assimilated: 12-13 10-12(-14) (10—)1243’:’?’) 15 (1011 (MN10-11
Finfold Absorbed: 19 (17-)19-20  21-22(23) 23-24(25) 21-22 (21)22-23(24)
Pectoral Fin Buds: (n* (78 * 8)* o) * (UM 7
Pelvic Fin Buds: 13-15 13-15 14 (15)16(17) 13 14
Fin rays first observed e
Dorsal, principal: 13-15 12-13 (11-)13 15 13 "4
Anal, principal: 14-15 14-16 14-15 17 1617 (315
Caudal, principal: 12-13 10-12 10-12 13 1 11
Caudal, rudimentary:  14-15 13-15 14 (16)17 14 14
Pectoral: 14-15 14-16 14-15 17 1315 "5
Pelvic: 14-17 15-16 16 17-18 16 ‘03 315-17
Full fin ray counts first observed
Dorsal, principal: 14-16 14-16 aH1s 17-18 14-17 15(-17)
Anal, principal: 15-17 15-16(17)  (16)17 19-20(21) 16-17 15-17
Caudal, principal: 13-14 (12)13-15 (11)12-13 1S ’ 13-14 12-13
Caudal, rudimentary:  19-20 (17)18 19-20 23 20-21 19-20(-24)
Pectoral: 15-18 16(-20) 16-18(19) 19-22 18-20 16-18
Pelvic: 18-19 16-18 19-20 23 18-20 16-17
Scales, lateral series
First observed: 21-23 22(23) 28-34 (36)37-39 23-24 24-28
Full series
first observed:  24-28 29-31 30-39 3942 32-36 33-36(37)

appears as carly as 24 mm SL for Utah suc-
ker and 29 mm SL for white sucker, both of
which have large scales. But it appears no
earlier than 39 mm SL for flannelmouth that
has very fine scales.

Gut folding or coiling proceeds at a
faster rate for most bluchead sucker than for
other species and at a much slower rate for
nearly all flannelmouth sucker. Although gut
folding begins only a little later in razorback
larvae than in bluehead larvae, it slows during
the metalarval phase. As a result, the upper
end of the size range for razorback sucker at
transition to gut phase 4 overlaps the lower
end of the range for flannelmouth sucker.

Meristics and morphometrics: Some
character differences determined by compar-
ison of species account summarics of meris-
tics and morphometrics are not included in
Tables 2 and 3 because corresponding data

The size at first appearance of the full
series of lateral scales roughly correlates with
scale size. The full lateral serics of scales

for an adjacent phase indicate that the differ-
ences might not hold up if additional speci-
mens in the size range of concern are anal-
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yzed. When comparing morphometric char-
acters, be aware that some characters, espec-
ially depths and widths at OD and OP2, are
affected by the amount of yolk in early larvae
and by health or condition in later larvae and
juveniles.

The more useful meristics are counts of
lateral line (or series) scales for juveniles in
which scales are sufficiently formed; principal
dorsal fin rays (and corresponding pterygio-
phores) and vertebra for late postflexion
mesolarvae, metalarvae, and juveniles; and
myomeres, both total and to the posterior
margin of the vent, for all larval phases
(Table 2). White and Utah suckers usually
have fewer than 75 lateral rows of scales
while bluchead and flannelmouth suckers
usually have over 85, and mountain and
razorback suckers typically have counts
between 75 and 85. Typical counts of princi-
pal dorsal fin rays are highest for razorback
sucker with 14-15, and lowest for mountain
sucker with 10; the other species have typical
counts within the 11-13 range. However,
when considering observed extremes in these
counts, three species have ranges that include
the count of 14 and four species include the
count of 10.

As would be expected, vertebra counts
(based on specimens cleared and stained for
cartilage or bone) nearly match or fall within
the range of total myomere counts (all larval
phases combined). The one notable excep-
tion, an upper extreme of 50 vertebrae for
the mountain sucker is based on one verified
observation over 48. The greater range in
values for myomere counts, especially at the
lower end, is due to the far greater number
of specimens examined for myomere counts
(vertebra counts are based on only a few to
several observations per species) and the
difficulty in observing first and last myomeres
in some specimens, especially metalarvae for
which polarizing filters are no longer useful.
Probably for the latter reason, both total and
to-the-vent myomere counts for metalarvae
tend to range one or two myomeres less than
for protolarvae and mesolarvae. A slightly
more anterior vent position in metalarvae
(and juveniles) than in carlier larvae might
also account for some of the difference in
myomere counts to the posterior margin of
the vent. Combined total vertebrae and myo-
mere counts are greatest for bluehead and
flannelmouth sucker (typically 47 or greater)
and least for Utah, white, and mountain suc-
ker (typically 47 or less); razorback sucker

Table 2. Comparison of the more diagnostic differences in meristics for larvae and early juveniles of
Upper Colorado River Basin catostomids. Character range is followed by the mean or more typical range.
See Fig. 4 for methods of counting myomeres and fin rays. PV = posterior margin of the vent. Vertebra
counts include four for the Weberian complex; dorsal fin ray counts are of principal rays; scale counts are
of the lateral line or series. Data previously published by other authorsé:irgL given in parentheses.

Catostomus Catostomus Catostomus Catostomus Catostomus Xyrauchen
Character ardens commersoni discobolus latipinnis platyrhynchus texanus
Myomeres to PV
Proto- and
mesolarvae:  35-38, 36-37 3440, 37-38 3740, 39 3740, 39 34-37, 36 3741, 38-39
Metalarvae:  34-37, 36 34-37, 35 35-38, 37 36-38, 37 32-36, 35 36-39, 37
All larvae: 34-38, 36-37  34-40, 35-38  35-40, 37-39 36-40, 37-39 32-37, 35-36 36-41, 37-39
Myomeres, total
Proto- and
mesolarvae: 4548, 46 43-49, 4647 4749, 48 4749, 48 43-47, 45-46 4649, 4748
Metalarvae: 4347, 45 44-47, 45 4748, 47 4648, 47 43-45, 45 44-48, 46
All larvae: 43-48, 4546 4349, 4547 4749, 4748 4649, 47-48 43-47, 45-46 44-49, 4648
Vertebrae: 4748 45-48, 46 4749 47-50 46-50, 4648 4547, 46
(44-48) (45-50, 47-49)  (42-48,44-47)
Dorsal fin rays: 10-14, 11-13 16-13, 11-12 9-12, 11 11-14, 12-13 9-11, 10 12-16, 14-15
(11-13) (9-15, 10-13y  (9-12, 10-11) (10-15, 12-13) (813, 10) (12-16,14-15)
Lateral line
scales: 5768, 62-68 56-72, 59-68 76-86
(34-79, 60-70) (5385, 56-76) (78-122,86-115) (89-120,98-105) (60-108,75-97)  (68-95,76-87)




Table 3. Comparison of the more diagnostic differences in morphometrics for larvae and juveniles (<40
mm SL) of Upper Colorado River Basin catostomids. Except as otherwise noted for most eye diameters,
all data & given as 4 percentagé, of standard length. The full range for each character is followed by the
mean or more typical range. See Fig. 4 for abbreviations and methods of measurement. HL = head
length measured to origin of the pectoral fin (AS to OP1).

Catostomus  Catostomus  Catostomus  Catostomus  Catostomus Xyrauchen
Character ardens commersoni discobolus ladpinnis  platyrhynchus texanus
Protolarvae
Eye diameter:* 57,6 57,6 5-6, 5 56,5 68,7 56,6
AS to PE length: 79,8 89,8 67,7 69,7 8-10, 9 78,8
AS to OP1 length: 12-17, 15 13-19, 16 13-15, 14 12-16, 14 16-18, 17 14-17, 16
Yolk length:® 49-64, 57 26-63, 51 61-67, 63 54-67, 61 0-67, 47 0-68, 44
Pectoral fin lcnglh:c 1-8, 5 2-12, 7 36, S 39,6 2-11, 9 311, 7
Depth at OD:™ 10-12, 11 8-13, 10 12-17, 14 13-15, 14 10-14, 12 7-13, 10
width at OD:*? 59,7 59,6 8-12, 10 7-11, 10 6-11, 8 49,6
Max. yolk depth:” 311, 7 1-11, 6 7-12, 10 9-16, 12 0-13, 5 0-9, 5
Max. yolk width:® 5-14, 8 1-10, 6 10-15, 12 9-18, 13 0-14, 6 09,5
Flexion mesolarvae
Eye diameter, % HL:* 34-38, 36 28-38, 4 32-38, 35 32-37, 34 31-38, 35 28-39, 34
AS to PV length: 75-77, 76 76-81, 79 74-79, 7 75-78, 77 75-78, 77 78-81, 19
Yolk length: 0-43, 16 0-50, 18 0-53, 26 23-54, 46 0-14, 3 0-50, 4
Depth at OD:* 89,9 8-10, 9 9-12, 10 9-13, 11 10-12, 11 6-11, 9
Max. yolk depth: 0-2,0 03,1 0-7,3 2-8,5 01,1 0-2,0
Max. yolk width: 0-2,1 04,1 0-8, 4 19,6 0-2,0 0-5,0
Postflexion mesolarvae
Eye diameter, % HL:* 31-38, M4 24-34, 31 24-34, 28 24-35, 27 26-35, 30 27-33, 30
AS to OP2 length: 50-53, 52 52-54, 53 53-57, 55 50-54, 53 52-56, 54 50-54, 52
AS to ID length:®! 60-63, 62 61-64, 63 61-64, 62 62-67, 64 61-64, 62 65-67, 66
AS 10 PV length: 76-80, 79 78-81, 80 76-81, 79 76-80, T8 77-80, 79 78-84, 81
Dorsal fin (D) length:"8 14-16, 15 16-17, 17 11-17, 15 15-21, 18 11-15, 13 18-21, 19
Dorsal fin base length:*" 12-15, 13 12-14, 13 11-14, 12 12-17, 15 11-13, 12 16-18, 17
Yolk length: 0 0 0 0-7,0 0 0
Metalarvae
Eye diameter, % HL:? 28-33, 30 25-34, 30 22-27, 25 22-25, 24 25-28, 26 24-32, 27
AS to OP2 length: 53-57, 56 54-59, 56 55-61, 58 52-57, 55 53-58, 56 51-58, 56
AS to OD length: 49-52, 50 48-53, 51 49-54, 52 47-51, 49 50-53, 51 47-51, 49
AS to ID length:! 64-67, 65 61-67, 65 63-66, 64 62-67, 65 62-65, 63 65-69, 67
Caudal fin length:' 18-22, 20 16-26, 21 16-24, 21 17-25, 22 15-20, 18 20-28, 23
Dorsal fin (D) length:! 18-20, 19 15-22, 19 17-21, 19 20-24, 22 15-19, 17 21-29, 24
Dorsal fin base length: 14-16, 15 12-15, 14 11-15, 13 14-17, 16 11-14, 12 16-21, 18
Juveniles <40 mm SL
Eye diameter, % HL:* 27-32, 30 22-28, 25 21-28, 4 19-26, 23 22-25, 24 21-30, 25
AS to OP1 length: 25-28, 26 24-29, 28 23-27, 25 24-28, 25 24-26, 25 25-31, 28
AS to OP2 length: 55-58, 56 52-59, 57 56-60, 58 52-57, 55 55-60, 57 54-60, 57
AS to OD length: 48-51, 49 48-53, 51 47-54, 51 46-49, 48 48-52, 50 46-52, 49
AS to ID length: 64-66, 65 61-68, 65 62-66, 64 61-66, 65 60-64, 63 65-70, 67
AS to PV length: 73-76, 75 72-78, 76 72-76, 75 72-76, 74 74-78, 75 75-80, 77
Caudal fin length:' 23-28, 25 19-24, 22 20-24, 23 21-25, 23 19-23, 21 23-28, 25
Dorsal fin (D) length:! 21-26, 24 18-24, 20 19-23, 21 23-26, 24 18-21, 20 23-29, 27
Dorsal fin base length:” 14-17, 16 13-16, 14 11-16, 13 14-18, 16 12-14, 13 16-20, 18
Depth at OD: 16-22, 20 17-22, 19 16-21, 19 17-22, 19 18-21, 20 18-27, 23
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Eye diameter = (AS to PE)-(AS to AE).
Ignore differences in maximum values since they may be affected by developmental state at hatching.
Ignore differences in minimum values since they may be affected by developmental state at hatching.

OD for protolarvae and early flexion mesolarvae is approximated at one-half of standard length (AS to PHP).
Applicable only to specimens with a full complement of dorsal fin pterygiophores or principal rays.
For Xyrauchen texanus with a rare count of only 12 or 13 principal dorsal fin rays, lengths for this character may
be less than the range reported herein (all specimens analyzed for these measures had 214 principal dorsal {in rays

or pterygiophores).

Applicable only to specimens with most principal dorsal fin rays formed; ignore differences in minimum values
since some data represent specimens with a few fin rays less than the adult count.
Dorsal fin base = (AS to ID)-{AS to OD).
Caudal fin length = (AS to PC)-(AS to PHP), total length minus standard length.



larvae typically has 46 to 48 total vertebrae or
myomeres. The number of myomeres to the
vent is typically 37 or greater for bluehead,
flannelmouth, and razorback sucker, 37 or
fewer for Utah sucker, and less than 37 for
mountain sucker; white sucker larvae typically
have 35 to 38 myomeres to the vent.

For protolarvae and flexion mesolarvae
most diagnostically useful measures relate to
the amount of yolk remaining as the fish
grow (Table 3). By the end of the protolarva
phase, mountain and razorback suckers con-
sume most but not all of their yolk and blue-
head and especially flannelmouth suckers still
retain about half of their original yolk supply
by the end of the protolarva phase. All suc-
kers except some flannelmouth complete yolk
absorption by the end of the flexion meso-
larva phase.

For late postflexion mesolarvae, meta-
larvae, and juveniles most diagnostic mea-
sures relate to the size and position of the
dorsal fin. The length of the dorsal fin (from
origin of the fin to its most distal margin) and
length of the base of the fin correlate well
with the number of principal fin rays. As
would be expected, these measures are great-
est for razorback sucker and least for moun-
tain sucker, but not much larger for bluehead
and white suckers. Length to the insertion of
the dorsal fin is also greatest for razorback
and least for mountain sucker, while length to
the origin of the fin is greatest for bluehead
sucker, followed by white and mountain suc-
kers, and least for flannelmouth and razor-
back suckers.

Among the remaining measures, only eye
diameter is useful for all developmental inter-
vals. As protolarvae, mountain sucker gener-
ally have both the greatest eye diameters and
head lengths (measured to the origin of the
pectoral fin bud) relative to standard (noto-
chord) length. Bluehead and flannelmouth
protolarvae typically have the smallest eyes
and heads. For subsequent developmental
intervals, differences in eye diameter are best
considered as a percentage of head length.
For these later stages Utah sucker usually
have the largest eyes while flannelmouth
sucker continue to average the smallest eyes,
although not by much. Head length among
juveniles is often greatest for razorback and
white suckers and least for bluchead, flannel-
mouth, and mountain suckers.

In addition to dorsal fin lengths discussed
above, pectoral and caudal fin lengths are
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also useful for specific developmental inter-
vals. Pectoral fin length is sufficiently diag-
nostic only for protolarvae, and then only
with respect to the maximum values for which
it is greatest for white, mountain, and
razorback suckers and least for Utah and
bluehead suc-kers. Caudal fin length is
sufficiently diag-nostic only for metalarvae
and juveniles; for both intervals, caudal fin
length is least for mountain sucker while it is
greatest for razor-back metalarvae and both
razorback and Utah sucker juveniles.

Lengths from snout to pelvic fin origin
and posterior margin of the vent, and body
depth at the origin of the dorsal fin are the
only remaining length characters considered
sufficiently diagnostic to include in Table 3.
Snout to pelvic fin origin lengths are appli-
cable only to postflexion mesolarvae and later
intervals and, like lengths to the origin of the
dorsal fin, are typically greatest for bluehead
sucker and least for flannelmouth sucker
metalarvae and juveniles, thereby maintaining
the pelvic fin origins a more-or-less similar
horizontal distance behind dorsal fin origins.
For postflexion mesolarvae, length to origin
of the pelvic fin is least for Utah sucker but
only slightly larger for flannelmouth and
razorback suckers. Snout to vent lengths are
greatest for Utah and razorback sucker meso-
larvae and razorback juveniles.

Body depth measured at the origin of the
dorsal fin reflects the amount of yolk remain-
ing in protolarvae and mesolarvae, as noted
above, but reflects the health or condition of
the fish for later stages and, especially for the
larger juveniles, differences in structural
depth. The upper end of the range for this
measure is notably greater for razorback
juveniles and is probably due, at least in part,
to enlarging interneural bones behind the
head which will eventually form the distinc-
tive predorsal “razor” or keel of older juven-
iles and adults.

Pigmentation: Capture of these suckers
prior to initial eye and body pigmentation is
rare. If not pigmented at hatching, at least
the eyes and some body pigmentation is usu-
ally evident by emergence from the spawning
substrate. White and mountain suckers are
usually well pigmented by 9 mm SL and
Utah, bluchead, and flannelmouth suckers by
11 mm SL (Table 4). Pigmentation through-
out early development is generally lightest for
flannelmouth and  especially razorback
suckers.



Of all pigment characters, the most diag-
nostic for the later larvae and carly juveniles
of bluehead and mountain suckers is the ex-
tent of peritoneal pigmentation (Table 4). In
the ventro-lateral region of the peritonecum,
sparse to patchy pigment is present in some
postflexion mesolarvae as early as 14 or 15
mm SL and uniformly dark pigmentation is
present in all metalarvae by 20 to 22 mm SL
(Figs. 45-49 and 74-77). In contrast, uniform
pigmentation (light or dark) in this region
was rare for other species. It was not obser-
ved at all for Utah sucker (Figs. 17-21) or in
other species less than 35 mm SL, except for
rare observations of uniform light pigmenta-
tion in razorback juveniles as small as 26 mm
SL. Uniform peritoneal pigmentation also is
present in the ventral region of some razor-
back juveniles as small as 29 mm SL but not
apparent in other razorback specimens as
large as 40 mm SL (observations through sur-
face tissues; specimens were not dissected).

Once melanophore pigmentation is suffi-
ciently established, one of the more useful
surface pigment characters is the extent of
pigmentation on the ventral midline between
the heart region and the vent (Table 5).
White and mountain suckers typically have a
continuous line of midventral pigment with
over 20 melanophores (Fig. 30-32, 34, and 72-
73), at least through the larval period. Exten-
sion of this pigment line into the branchial
region anterior to the heart is common in
white sucker but rare in mountain sucker.
Among the others, only bluehead sucker
occasional have as many melanophores along
the ventral midline, but the line is either
shorter or distinctly discontinuous (Figs. 44-
45). Complete absence of melanophores
along the ventral midline is rare among Utah,
bluehead, and flannelmouth larvae but com-
mon for razorback sucker larvae. Unlike the
others, razorback larvae have not been obser-
ved to have more than 6 melanophores along
the ventral midline (Figs. 85-89).

Table 4. Comparison of size (mm SL) relative to pigmental state (melanin) of eyes and bodies for proto-
larvae and lateral to ventral regions of the peritoneum for postflexion mesolarvae (P), metalarvae (M),
and early juveniles (J, <40 mm SL) of Upper Colorado River Basin catostomids. For peritoneal pigmen-
tation, size is preceded by initials for the applicable developmental intervals. The letter "r" indicates that

the condition is rare.

Catostomus  Catostomus  Catostomus  Catostomus  Catostomus  Xyrauchen
Character ardens commersoni  discobolus latipinnis platyrhynchus  texanus
Eye pigmentation, protolarvae®
Unpigmented <10 7 <10 <10 <8 <9
Light to moderate 9-11 7-9 9-11 9-11 8-9 7-10
Dark 210 28 210 211 28 29
Body pigmentation, protolarvac®
Unpigmented <11 <9 <10 <10 <8 <10
1-12 spots on dorsum 9-12 7-9 9-10 9-11 8-9 8-10
213 spots on dorsum 211 28 210 211 28 29
Peritoneal pigmentaticmb
Lateral, P and M only®
Absent PM all PM <18 P <17 PM <22 P <14 PM <
Sparse or patchy PM 215 PM 21 PM 517 PM 219 PM <22 PM =14
Uniformly light - - M 17-19 - M 221 -
Uniformly dark - - M 217 - M 221 -
Ventro-lateral surfaces
Absent (or obscured in J} PMJ all PMJ all P 17 PMIJ all PM <16 PMIJ all
Sparse or patchy J 219 PMJ 1637 PM 15-17 MJ 223 PM 14-18 MJ 20-37
Uniformly light - r-J 35-37 M 17-19 r-J 235 M 19-21 r-J 26-37
Uniformly dark - - MJ 17-23 r-J 238 MJ 20-22 r-J 35-37
Ventral surface
Absent PMJ all PMJ all PM 517 PMI all PM <21 PMJ all
Sparse or patchy - ¥ 22:37 MJ 17-25 M 222 MJ 17-34 J 2337
Uniformly light - r-J 35-37 MJ 18-25 r-J 238 12634 J 229
Uniformly dark - - MJ 218 r-J 238 ¥ 226 ¥ 232

% Some to most specimens of each species will hatch with eyes or eyes and body well pigmented.
Pigmentation of the peritoneum is subsurface and should not be confused with surface or cutaneous pigmentation.
Also, pigment might be apparent in the dorsal and dorso-lateral portions of the peritoneum of smaller larvae and
should not be interpreted as pigment in the lateral region.

© In juveniles, lateral pigmentation of the peritoncum usually is obscured by muscle.



Table 5. Comparison of the more diagnostic melanophore pigmentation patterns for larvae and juveniles
(<40 SL) of Upper Colorado River Basin catostomids. Key to characters and their states is given below.
The letter "r" indicates that the character state or range of states it follows is rare.

Character  Catostomus  Catostomus Catostomus Catostomus Catostomus  Xyrauchen
number ardens commersoni discobolus latipinnis platyrhynchus texanus
Protolarvae (after pigment is well established)

1. 3-5 1-2 2-5 3-S5 1-3 4-5

2. 1/3 1/2(r)/3 1 1 1/2(r)/3 1/2(r)/3
7. 2-3 1-2 1-3 1-3 1-2 1-3

8. 2-3 1-2 2-3 1-2 2-3 1-2
Flexion Mesolarvae

1. 3-5 1-2 2-5 34 1-2 4-5

2 1/3 1-3 1 1 1-3 1-3

3 1-2 2 1-2 1-2 2 1-2

4, 1-2 1-2 1-2 1 1-2 1-2

S. 2 2 1-2 2 1-2 2

7. 2-3 1-3 1-2 2-3 1-2 1-3

8. 1-2 1-3 1-3 1-2 2-3 1-2

9. 1 1-2 1 1-2 1 1

10. 2 2 2 2 2 1-2

11. 1-2 1-2 1-3 1-2 1 1

12. 1-2 1-2 1-2 1 1 1

13. 2-3 2-3 1-3 2-3 2-3 1-3
Postflexion Mesolarvae

1. 3(r)/4/5(x) 1/2(r) 2-3/4-5(r) 34 1/2(r) 4-5

2. 1/2(r)/3 1(r)/2-3 1/3(r) 1/2-3(r) 1(r)/2-3 1/2(s)/3
3, 2 2 1(r)/2 1-2 2 1(r)/2
8. 1-3 1(r)/2(r)/3 23 1-3 2r)/3 1(r)/2-3
9, 1 1(r)/2(r) 1 1(r)/2 1(r) 1

12. 1-2 1-3 1-2/3(r) 1-2 1-3 1-2

13. 2(r)/3 3 23 2-3 2-3 20)/3
18. 1/2(r) 2 1/2(r) 12 1(r)/2 1-2(r)
Metalarvae

1. 3(r)/4/5(r) 12 2-3/4-5(1) 3(r)/4/5(r) 1-3 4(n)/s
2. 1(r)/3 1-3 1/3(r) 1 1-3 1

3. 1(r)/2 2 1-2 1-2 1(r)/2 1/2(r)
6. 1 1 1/2(r) 1 1 1

11. 3 3 3 2n/3 3 1{r)/2-3
12. 2An)/3 1-2(1)/3 3 1(r)/2-3 1-2(r)/3 1/2

19. 1 1/2(r) 1 1/2(r) 1 1(r)/2
20. 1-2/3(r) 1-2/X(r) 1-2 1/2-3(r) 1/2(r) 1(r)/2
21. 1(r)/2-3 1-2/3(r) 1-2 1/2 1(r)/2-3 1/2(r)
Juveniles

1. 3(r)/4-5 1-3/4-5(r) 35 3(r)/4-5 1-2(r)/3/4(r)/5  4-5

2. 1/3(r) 1/2(r)/3 1 1 1/3(r) 1/3(r)
14. 3 2r)/3 3 23 23 13

15. 23 1-2/3(r) 1-2 1-2 1(r)/2-3 1-2/3(r)
16. 1/2(r) 1/3 1 1 1 1

17. 1/2(r) 1-2 1 1 1/2(r) 1

19. 1-2 1-2 1 1(r)/2 1-2 2

20. 1-2/3(r) 1-2/3(r) 1(5)/2 1/2-3<r> 1-2 1-2/3(r)
22. 1-2 1/2(r) 1 12 1 2

Key to pigment characters and states:

1.

Ventral midline from shortly behind heart region to ncar vent
|8
2.
3.
4.
S.

1.

with 221 melanophores in a continuous or nearly continuous line or narrow band.
with 221 melanophores in a shorter or a distinctly discontinuous line.

with 7-20 melanophores.
with 1-6 melanophores.

without pigment.
2. Pigment over ventral to ventro-lateral surfaces of gill covers (opercula)

absent.
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Table 5. Continued

2. present in a distinct oblique row of 3 or more melanophores near or along ventral margin of one or both
preopercles.
3. present but not in distinct oblique rows.
3. Pigment on ventral surface of heart region
1. absent.
2. present.
4. Pigment under chin (anterior ventral surface of lower jaw)
1. absent.
2. present.
5. Dorsal body pigmentation between head and last myomere
1. scattered with no distinct lines of melanophores on or lateral (and parallel) to dorsal midline.
2. including at least a partial distinct line of melanophores on or lateral (and parallel) to dorsal midline.
6. Dorsal body pigmentation between head and last myomere
1. scattered more or less evenly (with or without emphasis on distinct lines of melanophores on or lateral and
parallel to dorsal midline).
2. scattered but in a blotchy pattern (with or without emphasis on distinct lines of melanophores on or lateral
and parallel to dorsal midline).
7. Dorsal midline from shortly behind head to near last myomeres
1. with 225 melanophores in a distinct continuous or nearly continuous line.
2. with 225 melanophores but in one or more shorter segments or a distinctly discontinuous line .
3. with <24 melanophores in one or more short lines, a discontinuous, well-spaced line, or (rarely) with no
distinct line of melanophores.
8. Dorsal surface lateral to midline from shortly behind head to about 2/3 distance to last myomeres
1. with distinct continuous or nearly continuous lines of melanophores along (parallel to) each side of dorsal
midline.
2. with distinctly shorter or discontinuous lines of melanophores along one or both sides of dorsal midline.
3. without distinct lines of melanophores along ¢ither side of dorsal midline.
9. Melanophores in lines lateral (and parallel) to dorsal midline between head and 2/3 distance to last myomeres
mostly
1. in single file.
2. in obliquely oriented pairs or groups resulting in a "herring bone” or “tractor tread” pattern.
10. Dorsal surface of head pigmented
L. only over hindbrain (posterior to middle of eyes).
2. over both mid- and hindbrain (anterior and posterior to middle of eyes).
11. Lateral surface of body above horizontal myosepta (or lateral midline), exclusive of melanophores associated with
horizontal myosepta, air bladder, visceral cavity (peritoneum), or gut,
1. unpigmented.
2. with 1-5 melanophores.
3. with 26 melanophores.
12. Lateral surface of body below horizontal myosepta (or lateral midline), exclusive of melanophores associated with
horizontal myosepta, air bladder, visceral cavity (peritoneum), or gut,
1. uapigmented.
2. with 1-5 melanophores.
3. with 26 melanophores.
13. Lateral surface of head posterior to eyes
1. unpigmented.
2. with 1-5 melanophores.
3. pigmented with 26 melanophores.
14. Pigmentation on lateral surfaces of body above bottom-of-eye level and anterior to vent, exclusive of
melanophores associated with horizontal myosepta, air bladder, visceral cavity (peritoneum), or gut,
1. scattered only partially down to the horizontal myoseptum (lateral midline).
2. scattered fully and evenly down to the horizontal myoseptum with few if any melanophores below the
myoseptum,
3. scattered evenly or in blotchy pattern (continuous with dorsal and dorso-lateral surface pattern) down to
horizontal myoseptum and at least partially to bottom- of-eye level below.
15. Pigmentation on lateral to ventro-lateral surfaces of body below bottom-of-cye level, exclusive of melanophares
associated with horizontal myosepta, air bladder, visceral cavity (peritoneum), or gut,
1. absent including caudal peduncle.
2. absent except on caudal peduncle.
3. present.
16. Lateral surface of body
1. with no large, distinct, mid-lateral body spots.
2. with 2 large, distinct mid-lateral body spots, one between head and dorsal fin and the other between pelvic
and anal fins.
3. with 3 large, distinct mid-lateral body spots, one between head and dorsal fin, the second between pelvic
and anal fins, and the last on the caudal peduncle near the base of the tail.
17. Pigment outlining scales
1. absent or light.
2. bold.




Table §. Continued

18. Developing dorsal fin
1. with few (s5) or no melanophores.
2. with many (26) melanophores.

19. Pigment in dorsal fin

1. along fin rays with very few, if any, melanophores on membrane between rays.

2. abundant both along and between rays.
20. Pigment in anal fin
1. absent.

2. present but very light with only a few (<5) melanophores.
3. present but more prominent with many (26) melanophores.

21. Pigment in pectoral fin
1. absent.

2. present but very light with only a few (<5) melanophores.
3. present but more prominent with many (26) melanophores.

22. Pigment in caudal fin

1. along fin rays with very few, if any, melanophores on membrane between rays.

2. abundant both along and between rays.

Presence and pattern of melanophores on
the ventral to ventro-lateral surfaces of the
gill covers can also be diagnostic throughout
the early development of these fishes. Such
pigment is present on some larvae of all
developmental intervals for all species except
bluehead and flannelmouth sucker. It is
rarely present on bluehead flexion mesolarvae
and metalarvae or on flannelmouth flexion
mesolarvae. Distinct oblique rows of three or
more melanophores are often present along
or near the ventral margin of the preopercle
of white and mountain suckers (Figs. 31 and
74), but are rarely present for most other
species.

Another obvious diagnostic character for
protolarvae and mesolarvae is the melano-
phore pattern of the dorsal surface from
behind the head to about two-thirds the
distance to the last myomeres. Pigment here
tends to be scattered with no distinct lines
parallel to the dorsal midline for mesolarvae
of most bluechead and mountain suckers
(Figs. 44-45 and 72-73). Many flannelmouth
and some white sucker mesolarvae have lines
of melanophores lateral to the dorsal midline
in which the melanophores tend to be in obli-
quely oriented pairs or groups resulting in a
distinctive "herring bone” or "tractor tread”
pattern (Figs. 30 and 58).

Extent of lateral body pigmentation is
useful for mesolarvae through juveniles.
Among flexion mesolarvae, for example, at
least a couple melanophores are sometimes
present between dorsolateral surface and the
horizontal myoseptum of all but flannelmouth
and razorback suckers. Even by the metalar-
val phase, some razorback sucker are still
without pigment in this region (Fig. 88).
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Among juveniles, only white sucker and some
Utah sucker display large mid-lateral spots.
White sucker have three spots (Fig. 35) while
Utah sucker with lateral spots have only two
distinct spots anterior to the vent (a faint or
indistinct third lateral spot might be apparent
in the caudal region of some Utah suckers).
The scales of most white sucker and some
Utah and mountain suckers greater than 30
mm SL are well outlined with pigment (Fig.
35).

Distribution of pigment in various fins
can be diagnostic for later larvae and juven-
iles. Pigment along the rays of the dorsal and
caudal fins is typical of all suckers considered
herein. In addition, abundant melanophores
on the membranes between dorsal and caudal
fin rays are characteristic of all razorback
juveniles (Fig. 91) and most razorback meta-
larvae. In contrast, few melanophores are
present on the membranes betwecen caudal
fin rays of bluechead and mountain sucker
metalarvae and juveniles, dorsal fin rays of
bluehead, mountain and Utah sucker meta-
larvae, and dorsal fin rays of bluchead
juveniles.

Mouth characters are important in the
diagnosis of adult catostomids. Unfortunately
the mouths are insufficiently developed in all
but the latest larvae and certain characters
remain indistinct in the earliest juveniles (e.g.,
the lower lip lobes of some bluehead suckers
up to 25 mm SL, Table 6).

Mouth position remains terminal for
some metalarvae and juveniles of mountain
and razorback suckers up to 25 mm SL, but
changes to low terminal or subterminal by 19
mm SL for all metalarvae of the other



species. Some white, flannelmouth, and
razorback suckers have low terminal mouths
throughout the metalarval phase and early
juvenile period, at least up to 40 mm SL
(Figs. 90 and 91). The first subterminal
mouths appear as carly as 18 mm SL for
bluehead metalarvae and as late as 32 mm SL
for razorback juveniles. All bluehead sucker
juveniles and metalarvae over 19 mm SL have
subterminal mouths (Figs. 47-49). Likewise
for all mountain sucker greater than 25 mm
SL and Utah sucker larger than 31 mm SL.

The median cleft of the lower lip divides
the lip of these suckers into two distinct
lobes. The cleft is deep in most suckers but
is shallow in bluehead and mountain suckers
in which it is bridged by a few rows of
papillae. Once the lower lips are sufficiently
formed to distinguish two lobes, the lower lip
lobes of most metalarvae and some juveniles
of all species are well separated. This separ-
ation continues for some Utah, white, and
bluehead sucker up to 25 to 31 mm SL (Figs.
47 and 48), some razorback suckers up to at
least 37 mm SL, and many mountain suckers
to at least 40 mm SL (Figs. 75-77). The gap
closes much more rapidly for flannelmouth
sucker with all specimens over 20 mm SL
having either adjacent or slightly separated
lip lobes (Figs. 61-63). Metalarvae of neither
mountain nor bluchead sucker have adjacent
or only slightly separated lip lobes; only their
juveniles have these traits.

The presence or absence of notches at
the corners of the mouth is diagnostic for
juveniles as well as adults. For bluehead and

mountain suckers, the notches are present
and separate the upper and lower lips (Figs.
48 and 49). For the other species, distinct
notches are not present and the upper and
lower lips are more-or-less smoothly joined
(Figs. 62 and 63).

Osteological features can be conclusively
diagnostic for late metalarvae and juveniles
of razorback sucker, subgenus Pantosteus, and
subgenus Catostomus. Unfortunately these
characters, as well as vertebra counts dis-
cussed under meristics, require that speci-
mens be cleared and preferably stained for
bone (or that the structures of interest be
otherwise exposed). They are therefore best
used to confirm or refine identities based on
more external characters for which special
preparation is not required. The fronto-
parictal fontanelle (opening between the
frontal and parietal bones covered with con-
nective tissue) and first interneural bone are
observable in some late postflexion meso-
larvae while the remaining skeletal characters
considered are applicable only to larger
metalarvae and juveniles (Fig. 6). Adult
descriptions suggest that more detailed study
of larval and early juvenile skeletons might
reveal additional skeletal differences, but
these are probably the more obvious.

As the bones of the skull form, an oval
to rectangular fontanelle approximately half
as wide as long forms in postflexion meso-
larvae and small metalarvae. By 20 mm SL,
the fontanelle narrows to a rectangular shape
and maximum width less than 45% of maxi-
mum length for all but razorback sucker

Table 6. Comparison of size (mm SL) relative to mouth position and lower lip lobe separation for
metalarvae (M) and juveniles (J, <40 mm SL) of Upper Colorado River Basin catostomids. Size is
preceded by initials for the applicable developmental intervals; "r" indicates that the condition is rare.

Catostomus  Catostomus  Catostomus  Catostomus  Catostomus — Xyrauchen
Character ardens commersoni  discobolus  latipinnis  plasyrhynchus  texanus
Mouth position
Terminal, above bottom of eye M x19 M <18 M =17 - MJ <25 MJ <25
Low terminal, at or below
bottom of eye MJ <31 MJ all M <19 MJ all MJ <25 MJ all
Subterminal, low and not most
anterior portion of snout J 223 J =219 MJ 218 M 222 J 223 I 232
Lower lip tobes, median separation
Indistinct M <18 M <18 MJ <25 - M 22 -
Well separated M <25 MJ <31 MJ <28 M <20 MIJ all MJ 237
Siightly separated MJ 218 MJ 17-31 J 222 MJ all J 223 MJ 20-37
None, adjacent ¥ 222(r) MIJ 217 J =222 MIJ 222 J 226(r) MJ 220
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(Table 7, Fig. 7). Beyond 20 mm SL, fontan-
elle length increases proportionately with
body length, but width and shape vary with
species. Width generally increases in razor-
back sucker and maintains a more-or-less
oval shape, decreases in mountain sucker, and
remains relatively constant in the others
(greatest in Utah sucker and least in blue-
head sucker). For specimens 35-46 mm SL,
fontanelle width remains greater than 45%
of length in most razorback sucker (rarely as
low as 43%), drops to less than 25% in
mountain sucker, and ranges between 25 and
45% in the others (generally lowest in blue-
head sucker). Observations for Utah sucker
may be suspect due to poor culture condi-
tions and growth rates (Appendix C, Snyder
and Muth 1988).

Adult descriptions of the subject species
reveal that the fontanelle is significantly
reduced or lost only in bluchead and moun-

tain suckers. Smith (1966) reported that the
fontanelle of bluchead sucker is usually
reduced in juveniles and closed in adults,
while that of mountain sucker adults is usu-
ally reduced to a narrow slit but occasionally
obliterated. To document, preliminarily,
changes in fontanelle shape and size toward
the adult condition, we cleared and stained
one 76 to 81 mm SL yearling for each species
except Utah sucker (specimen not available).
Based on these solitary observations (Table
7), the fontanelle continues to grow in both
length and width in razorback sucker and
maintains its larger width-to-length ratio
(45%). The fontanelle increases significantly
only in length for white, flannelmouth, and
bluechead suckers, resulting in decreased
width-to-length ratios (25-26% for white and
flannelmouth and 19% for bluchead sucker).
Only in mountain sucker was the fontanelle
closed. More yearling and older specimens

Table 7. Comparison of frontoparietal fontanelle size for selected length groups of larval and juvenile
catostomids of the Upper Colorado River Basin. "N" is number of specimens examined.

Size group Catostomus  Catostomus Catostomus Catostomus ~ Catostomus  Xyrauchen
Character ardens commersoni discobolus latipinnis platyrhynchus  texanus
17-19 mm SL, n 2 2 4 3 0 3
Width, mm 1.0-1.2 08-1.0 0.60.9 0812 1.0-1.2
Length, mm 20-2.2 2.0-22 1.4-18 1.2-20 1.7-1.9
Width/length, % 45-60 40-45 41-50 50-67 59-63
20-21 mm SL, n 1 2 2 3 2 5
Width, mm 09 0.6-0.8 050.9 0.6-0.7 0.6-0.8 1.0-1.3
Length, mm 2.1 1.9-2.1 1.7-1.7 1.8-2.0 2.2-22 18-2.1
Width/length, % 43 32.38 29-35 33-35 27-36 52-68
22-25 mm SL, n 2 1 3 3 1 2
Width, mm 0.9-0.9 0.8 0508 08-0.8 0.7 1.0-1.3
Length, mm 2324 20 1.3-2.8 1821 22 1.9-2.1
Width/length, % 38-39 40 29-38 38-44 32 5362
26-34 mm SL, n 3 2 2 2 1 2
Width, mm 1.0-1.0 0.8-0.8 0.60.7 0.70.8 05 0.9-1.3
Length, mm 2324 2326 20-22 2223 2.1 2.1-23
Width/length, % 42-43 31-35 27-35 30-36 vzl 43-57
3546 mm SL, n 1 1 1 1 2 3
Width, mm 1.1 09 0.7 0.7 0.4-05 1.1-1.7
Length, mm 2.7 30 27 23 25-2.7 2334
Width/length, % 41 30 26 30 15-20 48-50
Al 22-46 mm SL, n 6 4 6 6 4 7
Width, mm 0.9-1.1 0.8-0.9 0508 0.708 0.4-0.7 09-1.7
Length, mm 2327 26-3.0 1.3-2.8 1823 2.1-27 1.9-34
Width/length, % 3843 3040 26-38 30-44 15-32 4362
76-81 mm SL, n 0 1 1 1 1 1
Width, mm 08 0.7 1.0 0.0 23
Length, mm 31 37 4.0 0.0 5.1
Width/length, % 26 19 25 0 45




Flg. 7. Frontoparietal fontanelles of early juveniles.
Top - Xyrauchen texanus; wide and oval. Bottom -
Catostomus species; moderately wide to narrow and
rectangular.

must be examined to determine if fontanelle
closure is typical of mountain sucker popu-
lations in the Upper Colorado River Basin.

The large, fan-shaped, first interneural
bone of razorback sucker metalarvae and
juveniles over 16 mm SL rcadily distinguishes
it from the other species (Fig. 8). By late in
the metalarval phase, the smaller interneurals
posterior to the first also develop enlarged or
flared tops. The interneurals eventually form
the skeletal basis for the unique predorsal
keel or "razor” of the razorback sucker (Fig.
94). By 20 mm SL, the first interncural also
segregates the remaining species according to
subgenera.  Subgenus Catostomus (Utah,
white, and flannelmouth suckers) have
moderate to large, anvil-shaped first inter-
ncurals with moderate to long posterior
extensions (especially long in flannelmouth
sucker). Subgenus Pantosteus (bluchead and
mountain suckers) have smaller, somewhat
blocky first interncurals with  short to
moderate posterior extensions.

Position of mandibles relative to maxillae
also are diagnostic for subgenus Pantosteus.
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For juveniles and metalarvae greater than 22
mm SL, the anterior margins of the mandi-
bles are closer to the posterior ends of the
maxillae in bluehead and mountain suckers
(Fig. 9). For the other species, they are

closer to the anterior ends of the maxillae.
However, by about 40 mm SL, at least some
flannelmouth suckers have anterior margins

Fig. 8. interneural bones of late metalarvae and early
juveniles. Top ~ Xyrauchen texanus; first imerneural
large and fan-shaped; posterior inter-neurals weli

formed and flared dorsally. Middls - subgenus
Catostomus; first interneural modarate to large, anvil-
shaped with prominent posterior extension. Bottom
- subgenus Pantosteus; first intarneural smaller and
more blocky with short to moderate posterior projec-
tion.



Fig. 9. Position of mandibles relative to maxillae of
late metalarvae and only juveniles. Top - Xyrauchen
texanus and subgenus Catostomus; anterior ends of
mandibles far anterior to posterior ends of maxillae.
Bottom — subgenus Pantosteus; anterior ends of
mandibles slightly anterior to posterior ends of
maxillae.

of the mandibles positioned about midway
between anterior and posterior ends of the
maxillae.

Shape and size of anterior-dorsal projec-
tions on the maxillae are diagnostic for razor-
back sucker and subgenus Pantosteus greater
than 22 mm SL, sometimes smaller. The
anterior-dorsal projections of the maxillac are
very shallow to almost absent in razorback
sucker, relatively long and pointed (at lcast as
deep as wide at the base) in bluehead and
mountain suckers, and intermediate {promin-
ent but blunt and less deep than wide at the
base) in subgenus Catostormus (Fig. 10).

The angle at which the posteleithrum
extends from the cleithrum was initially sus-
pected to be diagnostic for subgenus Pantos-

teus, about 90° for bluchead and mountain
suckers and variable, but usually much less
for the others (Fig. 11). However, the differ-
ences in this character are not always distinct,
and perceived postcleithral angle can be
This

affected strongly by angle of view.
character needs further study.

Fig. 10. Anterior-dorsal maxillary projections of late
metalarvae and early juveniles. Top - Xyrauchen
texanus; very shallow to flat. Middle ~ subgenus
Catostomus; short and biunt. Bottom - subgenus
Pantosteus, long and more pointed.



Flg. 11. Postcleithra of late metalarvae and early
juveniies. Top -- Xyrauchen texanus and subgenus
Catostomus; postcleithrum base often extends from
cleithrum at much less than 90° angle. Bottom --
subgenus Pantostaus; often extends from cleithrum
at about 80° angle.



Keys -- Upper Colorado River Basin
Catostomids

The continual change in available char-
acters and character states and similarity of
species during larval and early juvenile
development are accommodated by separate
keys for eggs, each of four larval phases, and
carly juveniles up to 40 mm SL (about 50 mm
TL). Users must begin by determining the
developmental interval of the specimen in
question: embryo (egg), protolarva, flexion
mesolarva, postflexion mesolarva, metalarva,
or early (young-of-the-year) juvenile -- see
preceding section on developmental interval
terminology for complete definitions. Users
must then determine standard length since
each key begins with size dependent charac-
ers. Although the polychotomous keys are
necessarily long and complex, often with
multiple paths leading to the same conclu-
ion, most specimens will require no more
than several steps to reach a terminus.
Supplemental keys based on selected skeletal
characters are provided to confirm or better
resolve the identity of postflexion mesolarvae,
metalarvae and juveniles (specimens must be
cleared and preferably stained).

A discussion of characters useful in iden-
tification of cypriniform larvae and diagrams
of anatomical features, methods of counts
and measures, gut loop phases, and selected
skeletal structures (Figs. 2-6) precede results.
The discussion of cypriniform characters
includes criteria for distinguishing the families
Cyprinidae and Catostomidae (see especially
fins and finfolds, last paragraph on myo-
meres, and fifth paragraph on morphology).
A comparative summary of diagnostic charac-
ters and species accounts immediately pre-
cede and follow this section, respectively.
The species accounts include full sets of
dorsal, lateral, and ventral view drawings.
Users of the keys should be familiar with this
material before proceeding.

The drawings in the species accounts are
frequently referenced in the keys, especially
to illustrate specific patterns of melanophore
pigmentation. However, referenced figures
are not necessarily of the species, develop-
mental state, or size appropriate to the
portion of the key in which the reference is
made. Each spot of black or brown pigment
(melanin) represents a melanophore. In the
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keys, melanophores refer only to those with
visible pigment (other melanophores may be
present but lack pigment or sufficient
amounts to be obvious under low power
magnification).

These keys require the use of a low-
power microscope and some means of
measuring to the nearest 0.1 mm, e.g,
pointed dial calipers, graduated mechanical
stage, or measuring eyepiece reticle with a
stage micrometer disc or slide for calibration.
If using the latter, be sure to set focus before
calibration; any subsequent changes in focus
or magnification will require recalibration. If
using a zoom microscope and eyepiece reti-
cle, the scale can be calibrated for direct
millimeter measurement. A 10 mm reticle
scale in a 10X eyepiece focused on the speci-
men (or stage micrometer) with precisely 1X
of objective magnification will measure 10
mm (note that zoom control magnification
scales may not be accurate). At 0.5X objec-
tive magnification, the reticle scale will
measure 20 mm (each 0.1 division then
equals 0.2 mm). If the specimen is not too
large, adjustment of magnification to calibrate
the reticle scale to standard length (Fig. 4) of
the specimen will allow direct measurement
of specific structures or dimensions as a
percentage of standard length.

Except for fin lengths, measurements are
made parallel or perpendicular to the body
axis (Fig. 4). Specimens must be completely
submerged in fluid (usually water) and posi-
tioned such that their body axis is horizontal.
Flat pieces of glass can be used to prop or
hold-down a specimen. For fish which taper
from head to tail or have a pectoral fin pre-
venting it from lying flat on the bottom of a
dish, try suspending the head and part or
most of the body over the edge of a suffi-
ciently thick piece of glass. Lay another,
smaller and thinner piece of glass over the
tail to hold the specimen in position. Curved
or bent specimens that can’t be straightened
or gently flattcned under a cover slip or
thicker piece of glass can be measured in
sections along the horizontal axis. Specimens
larger than the range of the measuring devise
also can be measured in sections. Measure-
ment units are the nearest whole or tenth of
a millimeter (e.g., a 12 mm specimen covers
the range 11.50 to 12.49 mm, and a measure
of 6.5 more precisely measures between 6.450
and 6.549).
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Some keys require myomere counts
(lateral muscle scgments; Fig. 3-4). For
accurate counts, the first myomere must be
identified and included. It is partial {epaxial,
dorsal only), sometimes deltoid or triangular
in shape, and located above and often slightly
anterior to the cleithrum or base of the
pectoral fin (Fig. 4). To observe myomeres,
experiment with both reflected (from above)
and transmitted (from beneath) light. For
small, somewhat translucent specimens, bright
transmitted light will pass through the larva
and make myomeres more visible. In many
cases, the addition of a pair of polarizing
filters will actually highlight individual
myomercs, including the first. One polarizing
lens is placed between the light source and
specimen (under the dish) and the other is
positioned or held between the specimen and
the objective lens of the microscope. The
highlighting effect is achieved by rotating the
upper lens until the background is black or as
dark as possible. Only light waves that are
turned 90° as they pass through the larva are
observed. The position of the specimen rela-
tive to the plane of light passed by the lower
filter is important as well. Once background
light is minimized, rotate the specimen itself,
or the dish, for optimal effect. For larger or
more opaque specimens, reflected light at a
low to near-horizontal angle casts shadows
that help define myomeres.

Fin ray counts also are required for some
keys. Developing fin rays must not be con-
fused with folds or creases in the finfold or
membrane, or with the skeletal structures
that precede and support median fin rays, i.c.,
the hypural eclements of the caudal fin and
pterygiophores of the dorsal and anal fins
(Fig. 3). The hypural clements eventually
fuse and form the hypural plates. Externally,
the upper or articulating ends of pterygio-
phores appear as small nodules at the base of
the developing dorsal and anal fins. Since
pterygiophores appear before the rays they
support and since there is a one to one
correspondence between pterygiophores and
principal fin rays, pterygiophore counts can
substitute for principal dorsal and anal fin
counts near the end of the mesolarval phase.
Also use them to determine presence of all
principal dorsal or anal rays (a requirement
for transition to the metalarval phase).

For median fins, principal rays also must
be distinguished from rudimentary rays (Figs.
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3 and 4). Principal dorsal and anal fin rays
include all branched rays and the long
unbranched ray preceding them. Principal
caudal rays include all branched rays and the
long unbranched rays immediately above and
below them. Terminal branching for some
principal rays of the dorsal and anal fins
might not be evident until late in the meta-
larval phase, but the pterygiophores asso-
ciated with them are obvious on close exa-
mination. The most posterior principal ray
for dorsal and anal fins consists of two
elements that articulate with the last ptery-
giophore. By convention, these elements are
said to branch at the base and are counted
together as one principal ray. In early meta-
larvae, the most posterior element of the last
ray is often difficult to observe. Again, rely
on the association between principal dorsal
and anal fin rays and their pterygiophores to
confirm counts. All fin rays are included in
pectoral and pelvic fin ray counts. Do not
mistake the spine-like pelvic splint at the
leading edge of the pelvic fin for a fin ray.
Transmitted light and polarizing filters are
uscful in observing pterygiophores and fin
rays.

Keys are seldom perfect. When a speci-
men is near the boundary between develop-
mental phases, use the adjacent key to help
confirm results of the proper key. Similarly,
within keys, if a character state is nearly
borderline or if the user is unsure which of
the criteria the specimen meets, try both
branches of the key. In either of these situ-
ations, if the conclusions are different, and
remain so after review, cither the identity via
the more appropriate key or branch should
be considered tentative (add a question mark,
“?", to the name and footnote other possibili-
ties) or the identity of the specimen should
be left in question (label to family or genus
only). When character states are so similar
between species that positive diagnosis is not
possible (based on characters studied), the
keys conclude with two or more possible
species. As previously noted, some of these
specimens might be hybrids. Use both the
comparative summary and species accounts
to help confirm conclusions reached through
these keys. Non-morphological data, such as
collection date and location, can be used
sometimes to delimit possible species (e.g.,
neither Utah, white, nor razorback sucker
have been reported in the White River in



Colorado -- Snyder 1981, Tyus et al. 1982).
However, such data must be used cautiously.
Positively identified fish larvae are often the
basis for revision of previous assumptions
regarding spawning seasons and grounds, lar-

val drift or migration, nursery habitat, and
sometimes species distribution. The authors
appreciate notification of errors, misleading
criteria, or problems uncovered by users, as
well as suggestions for revisions.

Eggs -- water hardened (embryos with pigment-

C. platyrhynchus

ed eyes can be removed from the chorion X. texanus
and further identified using the key for d 28mm ............... = commersoni
protolarvae). e. 2932mm ................ C. ardens
. ; C. commersoni
1. Diameter (maximum) f.33mm ............... C. commersoni
a 2324mm............ C. platyrhynchus .
latvrhvnch C. discobolus
b.25mm .............. C.paz ty"c lz:: g 3436mm ........... .. C. discobolus
c. 2627mm............. C. commersoni B. 37-39mm .. C. latipinnis
Protolarvae -- no caudal fin rays (definition b. lightly to moderately pigmented (Figs.
abbreviated for species of concern; Figs. 3, 70,84y ... IR 142
4, 14, 15) c. darkly pigmented (Fig. 71) ........... 6
. 6 (5). Body
1. Standard (notochord) length (SL; Fig. 4) , a. unpigmented to sparsely pigmented, <12
a. Tmm ... . mclanophorcs (SpO[S of black or brown
bo8mm .. 7 pigment) on dorsal surface (Fig. 70) ... 93
€ 9mm ... a b. moderately to well pigmented, >13
d 10mm...... ... .. ... .. melanophores on dorsal surface (Fig.
e. Mmm......... . .............. 15
T 24
o 12mm ... .. .. . 19
g B3mm ... ... ... ............. 21 7(1). Yolk
a. present ............ ... ... 8
2 (2). Eyes b, absent ....... ... ... ... ... X. texanus
a. unpigmented . .............. C. ardens
C. commersoni 8 (7). Pectoral fin buds
C. platyrhynchus a. absent ... ... ... ... ..., C. latipinnis

X. texanus
b. lightly to moderately pigmented (Figs.
T0,84) L.
3(2). Body
a. unpigmented (Fig. 84) ............ 129

b. sparsely pigmented, <12 melanophores
(spots of black or brown pigment) on
dorsal surface (Fig. 70) . . .. C. commersoni

4 (1). Pectoral fin buds

a. absent C. discobolus

C. latipinnis
b. present (Figs. 70, 84, buds initially form
as minute crescents high on anterior
surface of yolk sac and are later above

and anterior to yolk sac)

5 (4). Eyes
a. uopigmented .......... ... .. C. ardens
C. discobolus
C. platyrhynchus
X. texanus

39

b. present (Figs. 70, 84) initially form as
minute crescents high on anterior sur-

face of yolk sac and are later above and

anterior toyolk sac) .. ....... ... ..., 9
9 (8). Eyes )
a. unpigmented ............... C. ardens

C. commersoni
C. discobolus
C. latipinnis

C. platyrhynchus

X. texanus
b. lightly to moderately pigmented (Figs.
TO8) 10
c¢. darkly pigmented (Figs. 71,85) .. ... .. 11
10 (9). Body
a. unpigmented (Fig. 84) .. ... .. .. .. 122

b. sparsely pigmented, <12 meianophores

(spots of black or brown pigment) on

dorsal surface (Fig. 70) .. ... ... . .. 132
11 (9). Body
a. unpigmented (Fig. 84} .. ... ... ... 129



b. sparsely pigmented, 12 melanophores
(spots of black or brown pigment) on

dorsal surface (Fig. 70) . ........... 142
¢. moderately to well pigmented, =13
melanophores on dorsal surface (Figs.
TL85) o 25
12 (1). Yolk
a present ..., 13
b.absent ......... ... ... .. ... 26
13 (12). Eyes
a. unpigmented . .............. C. ardens
C. discobolus
C. latipinnis
b. lightly to moderately pigmented (Figs.
14,84) 114
c. darkly pigmented (Figs. 15,85) ....... 14

14 (13). Body
a. unpigmented to sparsely pigmented, <12
melanophores (spots of black or brown
pigment) on dorsal surface (Fig. 70) ... 81
b. moderately to well pigmented, 213
melanophores on dorsal surface (Figs.

THL8B5) 25
15 (1). Yolk
a presemt . ... 16
b. absent ......... ... ... .. ... ... 26
16 (15). Eyes
a. lightly to moderately pigmented (Fig.
14) 17
b. darkly pigmented (Figs. 15) ......... 18
17 (16). Body
a. unpigmented (Fig. 14) ........ C. ardens
b. sparsely pigmented, <12 melanophores
(spots of black or brown pigment) on
dorsal surface (Fig. 70) . ... .. .... .. 120
18 (16). Body
a. unpigmented (Fig. 14) ... ... .. C. ardens
b. sparsely pigmented, <I2 melanophores
(spots of black or brown pigment) on
dorsal surface (Fig. 70) ... ......... 120
¢. moderately to well pigmented, 213
melanophores on dorsal surface (Figs.
15,71) oo
19 (1). Yolk
a. present ... 20
b. absent ......... ... .. .. ... X. texanus
20 (19). Body

a. sparsely pigmented, <12 melanophores
(spots of black or brown pigment) on
dorsal surface (Fig. 70) . .. ... .. C. ardens

b. moderately to well pigmented, =13
melanophores on dorsal surface (Figs.
15,71} oo

21 (1). Dorsal midline from shortly behind head

to ncar last myomeres

a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line (Figs.
3,7 ... (rarcly) C. latipinnis

b. with >25 melanophores but in a shorter
or distinctly discontinuous line or with
<24 melanophores (Figs. 15, 57)

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly con-
tinuous lines of melanophores along
(parallel to) each side of dorsal mid-
line (Fig. 57) C. latipinnis

b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Fig. 15)

c. without distinct lines of melanophores

along either side of dorsal midline (Fig.

85) C. ardens

Pigment on ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent (Figs. 15, 57)

b. present (Figs. 16, 17)

22 (21).

23 (22).

.............. 120
......... C. ardens
24 (6). Veatral midline from shortly behind

heart region to near vent
a. with 213 melanophores in a continuous
or nearly continuous line or narrow
band, or in a shorter or distinctly dis-
continuous line (if 221 melanophores on
midline from heart to vent and pigment
line extends into branchial region, anter-
ior to heart, most probably C. commer-
soni -- Fig. 31) (Figs. 29, 71)

b. with 7-12 melanophores (Fig. 43)

................ C. platyrhynchus

25 (11,14). Ventral midline from shortly behind
heart region to near vent

a. with 213 melanophores in a continuous
or nearly continuous line or narrow
band, or in a shorter or distinctly dis-
continuous line (if 221 melanophores on
midline from heart to vent and pigment
line extends into branchial region, anter-
ior to heart, most probably C. commer-
soni -- Fig. 31) (Figs. 29, 71)

b. with 7-12 melanophores (Fig. 43)
................ C. platyrhynchus
¢. with <6 melanophores (Fig. 85) X. texanus

26 (12,15). Ventral midiine from shortly behind
heart region to near vent
a. with 27 melanophores (Fig. 71)

C. platyrhynchus
b. with <6 melanophores (Fig. 85) X texanus

27 (20). Veantral midline from shortly behind
heart region to near vent

a. with 221 melanophores in a continuous
or nearly continuous line or narrow

band (Fig. 30) .......... C. commersoni
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b. with 221 melanophores in a shorter or
distinctly discontinuous line (Fig. 44) ... 28
¢. with <20 melanophores (Figs. 15, 43,
57

28 (27). Pigment on ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent (Fig. 43)

b. present (Figs. 29, 30)

29 (28). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly contin-
uous lines of melanophores along (paral-
lel to) each side of dorsal midline (Fig.
30) e C. commersoni
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 43, 85) ... 30
c. without distinet lines of melanophores
along either side of dorsal midline (Figs.
4,71y ..o C. discobolus

Dorsal midline from shortly behind
head to near last myomeres

a. with 225 melanophores in a distinct con-

tinuous or nearly continuous line or in a

shorter or distinctly discontinuous line

30 (29).

(Figs. 30,31, 43) ................. 60
b. with <24 melanophores (Fig. 85)
................... C. discobolus
31 (27). Pigment on ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 15,43,57) ............ 32
b. present (Figs. 16,17) ......... C. ardens

32 (31). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly contin-
uous lines of melanophores along (paral-
lel to) each side of dorsal midline (Fig.
ST o C. latipinnis
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 15, 43,

c. without distinct lines of melanophores
along either side of dorsal midline (Figs.
44, 71)

Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line (Fig.
43)
b. with >25 melanophores but in a shorter
or distinctly discontinyous line or with
524 melanophores (Figs. 15, 57)

33 (32).

Ventral midline from shortly behind
heart region to near vent

a. with 221 melanophores in a continuous

or nearly continuous line or narrow band

34 (18).

(if ventral midline from heart to vent
extends into branchial region, anter-
ior to heart, most probably C. com-
mersoni -- Fig. 31) (Fig. 30)

b. with >21 melanophores in a shorter or
distinctly discontinuous line (Fig. 71) .. 35
c. with 7 to 20 melanophores (Fig. 43) ... 39
d. with <6 melanophores (Fig. 85)

35 (34). Pigment on ventral to ventro-lateral

surfaces of gill covers (opercula)

a. absent (Figs. 43,71) ............... 36
b. present (Figs. 29, 30)

36 (35). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly contin-
uous fines of melanophores along (paral-
lel to) each side of dorsal midline (Fig.
) o C. commersoni
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 43, 72) ... 37
c. without distinct lines of melanophores
along either side of dorsal midline (Figs.
T 43

37 (36). Dorsal midline from shortly behind

head to near last myomeres

a. with 225 melanophores in a distinct con-

tinuous or nearly continuous line or in a
shorter or distinctly discontinuous line
(Figs. 43, 71)

b. with <24 melanophores (Fig. 85)
.................. C. discobolus

38 (24,25,34,35). Dorsal surface lateral to mid-
line from shortly behind head to
about 2/3 distance to last myomeres

a. with distinct continuous or nearly contin-
uous lines of melanophores along (paral-
lel to) each side of dorsal midline (Fig.
3) .. C. commersoni
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Fig. 72) or with-
out distinct lines of melanophores along
either side of dorsal midline (Figs. 29,

T 93
39 (34). Pigment on ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 15,43,57,71) ......... 40
b. present (Fig. 16) ................. 44

40 (39). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly contin-
uous lines of melanophores along (paral-
lel to) each side of dorsal midiine (Fig.
57y C. latipinnis
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 15, 43) . .. 41
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c. without distinct lines of melanophores
along either side of dorsal midline (Figs.
A4, T1) o 2

Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line (Fig.
43) o 97
b. with 225 melanophores but in a shorter
or distinctly discontinuous line (Fig. 15)

41 (40).

¢. with <24 melanophores (Fig. 57) . ... .. 73

Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct
continuous or nearly continuous line
(Fig. 1)
b. with 225 melanophores but in a shorter
or distinctly discontinuous line (Fig.
45) 76
¢. with <24 melanophores (Fig. 85) .. .. .. 51

42 (40).

43 (36). Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line or in a
shorter or distinctly discontinuous line
(Figs. 45, 71) ... ....oveeennnn... 64
b. with <24 melanophores (Fig. 85) ... .. ...
................... C. discobolus
44 (39). Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line (Fig.
1 ) T C. platyrhynchus
b. with >25 melanophores but in a shorter
or distinctly discontinuous line (Fig.
15) 54
¢. with <24 melanophores (Fig. 85) . C. ardens
45 (34). Pigment on ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 15, 43, 57, 85)
b. present (Figs. 16,17) .............. 49

46 (45). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly contin-
uous lines of melanophores along (paral-
lel to) each side of dorsal midline (Fig.
STY 69
b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 15, 43,
BS) s 47
c. without distinct lines of melanophores
along cither side of dorsal midline (Figs.
B,71) o 48

Dorsal midline from shortly behind
head to near last myomeres

47 (46).

a. with =25 melanophores in a distinct con-
tinuous or nearly continuous line (Fig.
TI) e 102
b. with 25 melanophores but in a shorter
or distinctly discontinuous line or with
<24 melanophores (Figs. 15,85) ... .. 114

48 (32,46). Dorsal midline from shortly behind
head to near last myomeres
a. with>25 melanophores in a distinct con-
tinuous or nearly continuous line (Fig.
) ) I C. discobolus
b. with =25 melanophores but in a shorter
or distinctly discontinuous line or with
<24 melanophores (Figs. 45,85) ...... 51

49 (45). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly con-
tinuous lines of melanophores along
(parallel to) each side of dorsal midline
(Fig. 5Ty ... it X. texanus

b. with distinctly shorter or discontinuous
lines of melanophores along one or both
sides of dorsal midline (Figs. 15, 85) ... 50

¢. without distinct lines of melanophores
along either side of dorsal midline (Fig.
T C. ardens

50 (49). Dorsal midline from shortly behind

head to near last myomeres

a. with >25 melanophores in a distinct con-

tinuous or nearly coatinuous line (Fig.
43) e X. texanus

b. with 225 melanophores but in a shorter

or distinctly discontinuous line or with

<24 melanophores (Figs. 15,85) ... ... 56
51 (42,48). Length from anterior margin of
snout to posterior margin of eye
a. 68%SL ... ... 52
b. 9% SL ... ... ... C. ardens
52 (51). Number of myomeres to posterior
margin of vent
a 3536 ...l C. ardens
b. 3739 . 53
c. 4041 ... .. L C. discobolus

53 (52). Length from anterior margin of snout
to origin of pectoral fin

a. 12-16%SL ............. ... C. ardens
C. discobolus
b. 17-19%SL ................ C. ardens

54 (44). Pectoral fin length
a S9%BSL....... 55
b. 10-12% SL

........... C. platyrhynchus

55 (54). Yolk length
a =4%SL ............ C. platyrhynchus
b. 1% SLormore ... .. ... .. ... 108

56 (50). Length from anterior margin of snout
to posterior margin of cye
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8 6800 e 57
b. 9%SL ........ ... ... . ..., C. ardens
57 (56). Pectoral fin length
a. <9% SL ... e, 58
b. 10-12% SL ............... X. texanus
58 (57). Yolk length
a. <40%SL ................ X. texanus
b. 241% SL  ...... ... ... .. .. .. 59
59 (58). Number of myomeres to posterior
margin of vent
a 3536 ... C. ardens
b. 3739 ... C. ardens
X. texanus
c. 4041 ..., X. texanus

60 (30). Length from anterior margin of snout
to posterior margin of eye

8 68T e 61
b. 9% SL ............... C. commersoni

61 (60). Yolk length
a. 21-40% SL
b. 241% SL

............ C. commersoni
...................... 62

62 (61). Pectoral fin length
a. <9%SL ... ... ... ... . . 63
b. 10-12% SL ............ C. commersoni

63 (62). Length from anterior margin of snout
to origin of pectoral fin
a. 12:16% SL........ .. ... ... ..... 91
b. 17-19% SL ............ C. commersoni

64 (42,43). Pectoral fin length
a. <9%SL ... 65
b. 10-12% SL

65 (64). Length from anterior margin of snout
to origin of pectoral fin

a. 12-14%SL ............. C. discobolus

b. 1516% SL ....... ... ... ... .... 66

¢ 17-119%SL ........... C. platyrhynchus
66 (65). Number of myomeres to posterior

margin of vent

a. 3436 ... ... C. platyrhynchus
b. 3739 .. 6
c. 4041 ... L. C. discobolus

67 (66). Length from anterior margin of snout
to posterior margin of eye

a. 68% ... .. 68
b. 910%SL ............ C. platyrhynchus
68 (67). Yolk length
a. s40%SL ... . ... C. platyrhynchus
b. 241% SL ............ C. platyrhynchus
C. discobolus

69 (46). Length from anterior margin of snout
to posterior margin of eye
a 68% ... 0

70 (69). Pectoral fin length
a.

<9%SL......... ... .. ... ... ... it
b. 10-12% SL ............... X. texanus
71 (70). Yolk length
a. <40%SL ................ X. texanus
b. 241% SL ....... ... .. ... gy

72 (71). Length from anterior margin of snout
to origin of pectoral fin

a. 12-16%SL .............. C. latipinnis
X. texanus
b. 17-19%SL ............... X. texanus
73 (33,41). Length from anterior margin of
snout to posterior margin of eye
a 68% ... 74
b. 9% SL....... ... .. ... ..... 120
74 (73). Number of myomeres to posterior
margin of vent
a. 3536 ..., C. ardens
b 3739 . 75
c 4041 ... L. C. latipinnis

C. discobolus

75 (74). Length from anterior margin of snout
to origin of pectoral fin

a. 12-16% SL ................ C. ardens
C. discobolus
C. latipinnis
b. 17-19%SL ................ C. ardens

76 (42). Pectoral fin length
a. <S9%SL....... . ... ... L. 77
b. 10-12% SL ........... C. platyrhynchus

77 (76). Yolk length

a. s40%SL ............ C. platyrhynchus
b. 241% SL ............... ... ... 78

78 (7). Numbqr of myomeres to posterior
margin of vent

a 3436 ... 108
b. 3739 79
c 4041 ..., C. discobolus
79 (78). Length from anterior margin of snout
to origin of pectoral fin
a. 12-14%SL ............. C. discobolus
C. ardens
b. 1516 SL ... .. .............. 80
¢ 17-119%SL ... ... ... ... .. ... 109
80 (79). Length from anterior margin of snout
to posterior margin of eye
a 68% ................ C. platyrhynchus
C. ardens
C. discobotus
b. 9%SL .............. C. platyriynchus
C. ardens
¢ 10%SL .............. C. platyrhynchus

81 (14). Length from asterior margin of snout
to posterior margin of eye
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A 6B .ot 82

b. 9% SL ... . C. ardens
82 (81). Pectoral fin length

a. 9% SL .. ... 83

b. 10-12% SL ............... X. texanus
83 (82). Yolk length

a. up40% SL ............... X. texanus

b. 241% SL . ... .. 84
84 (83). Number of myomeres to posterior

margin of vent

a 3536 ... C. ardens

b. 3739 ... 85

e 4041 ... 86

85 (84). Length from anterior margin of snout
to origin of pectoral fin

a. 12-16%SL . ... ... ... ... C. ardens
C. discobolus

X. texanus

b. 17-19% SL ... .......... X. texanus
C. ardens

86 (84). Length from anterior margin of snout
to origin of pectoral fin
a. 12-16%SL ............. C. discobolus
X. texanus
b. 17-19%SL ............... X. texanus
87 (37). Pectoral fin length
a. S9%SL ... . 88
b. 10-12% SL . ...... .. ... e 93
88 (87). Yolk length
a. =20%SL ............ C. platyrhynchus
b. 21-40% SL ......... .. ... .. 94
c. 241%SL ... 89

89 (88). Length from anterior margin of snout
to posterior margin of eye

a. 68%SL ......... ... ... .. .. 90
b. 9% SL ... 95
c. 10%SL .............. C. platyrhynchus

90 (89). Length from anterior margin of snout
to origin of pectoral fin

a. 12-14%SL ...... ... .., 91
b. 1516% SL ....... ... ... ... ... 92
¢ 17-19%SL ... .. ... 96

91 (63,90). Number of myomeres to posterior
margin of vent

a. 336 ... C. commersoni

b. 3741 ... . ... ... ... C. commersoni

C. discobolus

92 (%0). Number of myomeres to posterior
margin of vent

a 336 ... C. platyrhynchus

C. commersoni

b. 3739 ... ... ... C. platyrhynchus

C. commersoni

C. discobolus

c. 4041 ................ C. commersoni
C. discobolus
93 (6,38,87). Yolk length
a. <20%SL ............ C. platyrhynchus
b. 221%SL ... . .
94 (8893). Length from anterior margin of
snout to posterior margin of eye
a 69%SL ... 95
b. 10%SL .............. C. platyrhynchus
95 (89,94). Length from anterior margin of

snout to origin of pectoral fin

a. 12-14%SL ............ C. commersoni
b. 15-19% SL ...... ... ... ... ... 96
96 (90,95). Number of myomeres to posterior

margin of vent

a. 3439 ... C. commersoni

C. platyrhynchus

b. 4041 ................ C. commersoni
97 (41). Pectoral fin length

a. 9% SL ... ... 98

b. 10-12%SL ........... C. platyrhynchus

98 (97). Yolk length
a. <40% SL
b. 241%SL ... ...
99 (98). Length from anterior margin of snout
to origin of pectoral fin

a, 12-14% SL ... ... i 113
b. 1516% SL .......... ... .. ... 100
c. 17-19%SL ........... C. platyrhynchus
100 (99). Number of myomeres to posterior
margin of vent
a. 3436 ... C. platyrhynchus
b. 3739 ... 101
c. 4041 ... ... 113

101 (100). Length from anterior margin of snout
to posterior margin of eye

3. 68% ........... C. platyrhynchus
C. discobolus

C. latipinnis

b. 9%SL .............. C. platyrhynchus
C. latipinnis

c. 10%SL.............. C. platyrhynchus

102 (47). Length from anterior margin of snout
to posterior margin of eye

a. 68% ... 103

b. 9% SL ... ... ... . ..., C. latipinnis
103 (102). Pectoral fin length

a. <9%SL............... ... ..... 104

b. 10-12% SL ............... X. texanus
104 (103). Yolk length

a. =40%SL ................ X. texanus

b. 241%SL ....... ... ... ... 119



105 (41). Pectoral fin length

a. 9% SL ... . i 106

b. 10-12% SL ........... C. platyrhynchus
106 (105). Yolk length

a. <40%SL ............ C. platyrhynchus

b. 241% SL ... . . 107

107 (106). Number of myomeres to posterior
margin of vent

a. 3436 ... 108
b. 3739 ... 110
c. 4041 ... 113
108 (55,78,107). Length from anterior margin of
snout to origin of pectoral fin
a. 12-14% SL ................ C. ardens
b. 1519% SL ....... .. ... 109
109 (79,108). Length from anterior margin of
snout to posterior margin of eye
a. 69%SL .......... ... ... C. ardens
C. platyrhynchus
b. 10%SL .............. C. platyrhynchus
110 (107). Length from anterior margin of snout
to posterior margin of eye
a. 68%SL ........... ... .. ... 11
b. 9% SL ... . 112
c. 10%SL .............. C. platyrhynchus
111 (110). Length from anterior margin of snout
to origin of pectoral fin
a. 12-14%SL ................ C. ardens
C. discobolus
C. latipinnis
b. 15-16% SL .............. C. latipinnis
C. ardens
C. discobolus
C. platyrhynchus
c. 17-19%SL ........... C. platyrhynchus
C. ardens
112 (110). Length from anterior margin of snout
to origin of pectoral fin
a. 12-14%SL ................ C. ardens
C. latipinnis
b. 15-16% SL ........... C. platyrhynchus
C. ardens
C. latipinnis
¢ 17-19%SL ........... ..., C. ardens
C. platyrhynchus
113 (33,99,100,107). Length from anterior
margin of snout to posterior margin
of cye
a 68%SL ............... C. discobolus
C. latipinnis
b.9%SL .............. ... C. latipinnis
114 (13,47). Pectoral fin length
a S9%SL.......... .. ... ... 115
b. 1612%SL ............... X. texanus

115 (114). Yolk length

a. s40%SL ................ X. texanus
b. 241%SL ........ ... .. ... ... 116
116 (115). Length from anterior margin of snout
to posterior margin of eye
A 68% ... 117
b. 9% SL...... .. ... 120
117 (116). Number of myomeres to posterior
margin of vent
a 3536 ... C. ardens
b. 3739 ... 118
c 4041 ... 119
118 (117). Length from anterior margin of snout
to origin of pectoral fin
a. 12-16%SL ............. C. discobolus
C. latipinnis
X. texanus
C. ardens
b. 17-199% SL ................ C. ardens
X. texanus
119 (104,117). Length from anterior margin of
snout to origin of pectoral fin
a. 12-16%SL ............... X. texanus
C. discobolus
C. latipinnis
b. 17-19%SL ............... X. texanus
120 (17,18,73,116). Number of myomeres to
posterior margin of vent
a. 3536 ... C. ardens
b. 3739 ... 121
c. 4041 ........ ... ..., C. latipinnis
121 (120). Length from anterior margin of snout
to origin of pectoral fin
a. 12-16%SL ................ C. ardens
C. latipinnis
b. 17-19%SL ................ C. ardens
122 (10). Pectoral fin length
a S9%SL....... ... ... 123
b. 10-12%SL .................... 129
123 (122). Yolk length
a. s20%SL ... ... ... X. texanus
b. 2140%SL .................... 130
c. 241%SL ... ... ... .. ... ... 124
124 (123). Length from anterior margin of snout
to posterior margin of cye
a. 68%SL ...................... 125
b. 9%SL ....... .. ... 127
125 (124). Number of myomeres to posterior
margin of vent
a 3436 ... C. ardens
C. commersoni
b. 3739 .., 126
e 4041 ... 137

126 (125). Length from anterior margin of snout
to origin of pectoral fin
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a. 12-16% SL .............. C. latipinnis

C. discobolus

X. texanus

C. commersoni

C. ardens

........... C. commersoni
C. ardens

X. texanus

b. 17-19% SL

127 (124). Number of myomeres to posterior
margin of vent

a. 3436 ... .. C. commersoni

C. ardens
b. 3739 ... .. 128
c. 40-41 .. ... 141

128 (127). Length from anterior margin of snout
to origin of pectoral fin

a. 12-16%SL .............. C. latipinnis

C. ardens

C. commersoni

b. 17-19% SL ............ C. commersoni

C. ardens

129 (3,11,122). Yolk length

a. <20%SL ................ X. texanus

b. 221% SL ...... ... ... ... ... . 130

130 (123,129). Length from anterior margin of
snout to posterior margin of eye
a. 6-8%SL ...... .. ... ... ... ... 131
b. 9% SL ....... ... .... C. commersoni
131 (130). Number of myomeres to posterior
margin of vent

a 3436 ... L C. commersoni
b. 3741 ... ............ C. commersoni
X. texanus
132 (10). Pectoral fin length
a. S9%SL.......... .. ... .. ..., 133
b. 10-12% SL .................... 142
133 (132). Yolk length
a. <20%SL ... 146
b. 21-40% SL .................... 149
c. 241%SL . ... ... . 134

134 (133). Length from anterior margin of snout
to posterior margin of eye

a. 68%SL ..., 135
b. 9% SL ... 138
c. 10%SL .............. C. platyrhynchus
135 (134). Number of myomeres to posterior
margin of vent
a. M36 ... 148
b. 3739 ... 136
c. 4041 ... ... 137

136 (135). Length from asterior margin of snout
to origin of pectoral fin
a. 12-14% SL

C. latipinnis

X. texanus

.............. C. latipinnis
X. texanus

C. ardens

C. commersoni

C. discobolus

C. platyrhynchus

........... C. platyrhynchus
C. commersoni

X. texanus

C. ardens

b. 15-16% SL

c. 17-19% SL

137 (125,135). Length from anterior margin of
snout to origin of pectoral fin

a. 12-.16% SL ............... X. texanus
C. commersoni
C. discobolus
C. latipinnis
............. X. texanus
C. commersoni

b. 17 to 19% SL

138 (134). Number of myomeres to posterior
margin of vent

a 336 .. 139
b. 3739 .. 140
c 4041 L. 141
139 (138). Length from anterior margin of snout
to origin of pectoral fin

a. 12-14%SL ................ C. ardens

C. commersoni
b. 15-19% SL ............ C. commersoni

C. platyrhynchus
C. ardens

140 (138). Length from anterior margin of snout
to origin of pectoral fin
a. 12-14%SL ............ C. commersoni
C. ardens
C. latipinnis
........... C. platyrhynchus
C. ardens
C. commersoni
C. latipinnis
............ C. commersoni

C. platyrhynchus
C. ardens

b. 15-16% SL

c. 17-19% SL

141 (127,138). Length from anterior margin of
snout to origin of pectoral fin

a. 12-16% SL .............. C. latipinnis
C. commersoni
b. 17-19% SL ............ C. commersoni

142 (5,11,132). Length from anterior margin of
snout to posterior margin of eye

a 68%SL ... 143
b. 9% SL ... 153
¢ 1W0%SL ... ........... C. platyrhynchus

143 (142). Number of myomeres to postcrior
margin of vent

a 336 ... 154
b. 3739 . 145
c. 4041 .., 144
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144 (143). Yolk length a 3436 ..., 155

a. <20%SL ................ X. texanus b. 3739 ... 152
b, 221% SL . ... ... . ... X. texanus c. 4041 ......... ... .. X. texanus
C. commersoni C. commersoni
145 (143). Yolk length 151 (149). Number of myomeres to posterior
a S2W0%SL ... 148 margin of vent
b 221%SL ... 152 a. 3439 ... 155
b. 40-41 ................ C. commersoni

146 (133). Length from anterior margin of snout

- 5 of
fo posterior margin of eye 152 (145,150). Length from anterior margin of

a. 68%SL ......... .. 147 ot s of pectoral fo
b SI0BSL .onvniien C. platyrhynchus a 1214%SL ............... X. texanus
147 (146). Number of myomeres to posterior C. commersoni
ma_rgu) of vent b. 1519%SL ............... X. texanus
a. 3436 ............... C. platyrhynchus C. commersoni
b. 3739 .. 148 C. platyrhynchus
€. 4041 ...l X. texanus
) X 153 (142). Number of myomeres to posterior
148 (135,145,147). Length from anterior margin margin of vent
of snout to origin of pectoral fin a 3439 154
a 12-14%SL ............... X. texanus b. 40-41 ................ C. commersoni
b. 15-19% SL ............... X. texanus
C. platyrhynchus 154 (143,153). Yolk length
149 (133). Length from anterior margin of snout a sW%SL ............ C. platyrhynchus
(o posterior margin of cye b 221%SL ... 155
a. 68%SL ............ ... .. ... 150 . .
b. 9% SL .. 151  155(150,151,154). Length from anterior margin
¢. 10%SL .............. C. platyrhynchus of snout to origin of pectoral fin
a. 12-14%SL ............ C. commersoni
150 (149). Number of myomeres to posterior b. 1519%SL ............ C. commersoni
margin of vent C. platyrhynchus
Flexion Mesolarvae -- at least one fin ray a. with 221 melanophores (Fig. 30) e _//ﬁ;é{
e present in caudal fin but not the full adult e . C. commersoni ~ /'
e W‘ﬁ,‘u complement of 18 principal rays (definition b. with 1-20 melanophores (Fig. 58) /7
FpAT (2 abbreviated for species of concern; Fig. 16). e C. latipinnis
Lo gt - .
wt\”’ phod 1. Standard (notochord) length (SL; Fig. 4) 70). Vcntrarle:igi;utxs lf,r::: 323{ tly behind heart \7?
o J\(‘ﬂ ; ]1.(1) MI . ... e et e e 1? a. with >21 melanophores (if in a contin- v’yw@‘
» , d‘ 2 0.+ ¢ » Uous or ncafly continuous line and mid- [ 0
r ’\' “ C. 108 ¢ I line pigmcnt extends into branchial n&q\/
/‘?“/Qlor o vd. Vmm......................... 19 region anterior to heart, probably C. (/é;(
L}V e. dmm........... ... ... .. ... 3 commersoni; Fig.31) (FigS. 30, 72) ... 45
// ’. f. 1Smm .......... ... ... ........ 2 b. with <20 mclaﬂophorcs or without
’ /‘/LL 2(1). Yolk pigment (Fig. 16) ............ C. ardens
é v a. present ................. C. latipinnis 8 (1). Yolk
R b. abseat ................ C. commersoni a presemt . ........................ 9
3(1). Yolk b.absent ......... ... ... .. .. .. ... 10
o a present .............. ... 4 9(8). Maximum depth of yolk
/ S boabsent oo 7 a 25%SL.............. .. C. discobolus
i / b, =4%SL ... .. ... ... 10
£/ ¥ /4 (3). Maximum depth of yolk
N 3 / a =25%SL....... .. ... . .... C. latipinnis 10 (8,9). Ventral midline from shortly behind
TN b =4%SL...... 5 heart region to near vent
R a. with 221 melanophores in a continuous
v "*\\‘ 5 (4). Length of yolk or ncarly continuous line or narrow
SO a zI9%SL ... ... band (Fig. 30) .......... C. commersoni
A e b. <18%SL .............. C. commersoni #/y% b. with >21 melanophores in a shorter or
LN a distinctly discontinuous line (Fig. 44) . 26
A N 6 (5). Ventral midline from shortly behind heart ¢. with 7-20 melanophores (Fig. 17)
& }'\) § region to mear vent C. discobolus
S \0'
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d. with <6 melanophores or without pig-

ment (Fig.86) ................... 16

11 (1). Yolk

A PrESEnt ... ... 12

b.absent .......... ... ...l 15
12 (11). Maximum depth of yolk

a. 25%SL................ C. discobolus

b. 4% SL ...... ... .. . i 13
13 (12). Length of yolk

a. 219%SL ... o 14

b. <s18%SL .................. ... 15

14 (13). Ventral midline from shortly behind
heart region to near vent

a. with 221 melanophores in a continuous

or nearly continuous line or narrow band
(Fig.30) .............. C. commersoni

b. with 221 melanophores in a shorter or
a distinctly discontinuous line (Fig. 44) . 26

¢. with 7-20 melanophores (Fig. 17)

................... C. discobolus

d. with <6 melanophores or without pig-
ment (Fig. 86)

15 (11,13). Ventral midline from shortly behind
heart region to near vent
a. with 221 melanophores in a continuous
or nearly continuous line or narrow band
(if midline pigment extends into bran-
chial region anterior to heart, probably
C. commersoni; Fig. 31) (Figs. 30, 72) .. 45
b. with 221 melanophores in a shorter or
a distinctly discontinuous line (Fig. 44)
¢. with 7-20 melanophores (Fig. 17)
................... C. discobolus
d. with <6 melanophores or without pig-
ment (Fig. 86)

16 (10,14,15).  Dorsal body pigmentation
between head and last myomere

a. scattered with no distinct lines of melan-
ophores on or lateral (and parallel) to

dorsal midline (Fig. 44) . ... C. discobolus
b. including at least a partial distinct line of
melanophores on or lateral (and paral-

lel) to dorsal midline (Fig. 86)

17 (16). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct lines of melanophores along
one or both sides of dorsal midline (Fig.
86)

b. without distinct lines of melanophores
along cither side of dorsal midline (Fig.

44) . C. discobotus

18 (17). Dorsal midline from shortly behind
head to near last myomeres

a. with 225 melanophbores in a distincet con-

tinuous or nearly continuous line, one or

more shorter segments, or a distinctly

discontinuous line (Figs. 45,86) ...... 51
b. with <24 melanophores in one or more
short lines, a discontinuous, well-spaced
line or (rarely) no distinct line of
melanophores . ............ X. texanus
19 (1). Yolk
a. presenmt ... ... 20
b. absent ............. ... ... ... 44
20 (19). Maximum depth of yolk
a. 25%SL ... 35
b. 4% SL...... ... 21
21 (20) Length of yolk
Z19% SL ..o 2
b <18%SL ... .. 25
22 (21). Ventral midline from shortly behind

heart region to near vent
a. with 221 melanophores in a continuous
or nearly continuous line or narrow
band (Fig. 30)
b. with 221 melanophores in a shorter or
a distinctly discontinuous line (Fig. 44) .
c. with 1-20 melanophores (Figs. 16, 58) . .
d. without pigment . .................

23 (1).
a. present
b. absent

24 (23).
a. 25%SL................
D 4% SL ..ttt

25 (21,24). Ventral midline from shortly behind
heart region to near vent
a. with 221 melanophores in a continuous
or nearly continuous line or narrow
band (Fig. 30)
b. with 221 melanophores in a shorter or
a distinctly discontinuous line (Fig. 44) .
c. with <20 melanophores or without
pigment (Fig. 16) .................
26 (10,14,22.25). Dorsal body pigmentation
between head and last myomere
a. scattered with no distinct lines of melan-
ophores on or lateral (and parallel) to
dorsal midline (Fig. 44) . ...
b. including at least a partial distinct line of
melanophores on or lateral (and paral-
lel) to dorsal midline (Fig. 30) .......
27 (22). Dorsal body pigmentation between head
and last myomere
a. scattered with no distinct lines of melan-
ophores on or lateral (and parallel) to
dorsal midline (Fig. 44) .
b. mdudmgmtlcastapamddxstmhnco{
melanophores on or lateral (and paral-
lel) to dorsal midline (Figs. 16, 58) .. ..
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28 (27). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct lines of melanophores along
one or both sides of dorsal midline
(Figs. 16,58) ........ ..., 29
b. without distinct lines of melanophores
along either side of dorsal midline (Fig.
44) C. discobolus

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres

mostly in single file (Fig. 16)
mostly in obliquely oriented pairs or
groups resulting in a "herring bone” or
“tractor tread” pattern (Fig. 58)
.................... C. latipinnis

29 (28).

IS

Dorsal midline from shortly behind
head to near last myomeres

a. with 225 melanophores in a distinct
continuous or nearly continuous line
(Fig. 43) ............... C. discobolus

b. with 225 melanophores but in one or
more shorter segments or a distinctly
discontinuous line (Fig. 45) ... ....... 65

¢. with <24 melanophores in one or more

short lines, a discontinuous, well-spaced

line or (rarely) no distinct line of

melanophores (Figs. 16,539) ......... 31

30 (29).

31 (30). Ventral to ventro-lateral surfaces of gill
covers (opercula)

a. unpigmented (Fig. 58)

b. pigmented (Fig. 17) .......... C. ardens

32 (31). Chin (anterior ventral surface of lower
jaw)
a. unpigmented (Figs. 16,58) .......... 33
b. pigmented (Fig. 17) .......... C. ardens

33 (32). Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of pigment associated with
horizontal myosepta, air bladder, or
visceral peritoneum)
a. unpigmented (Figs. 16,58) ......... 105
b. pigmented (at least 1 melanophore)

(Fig. 17)

34 (33). Lateral surface of body below horizon-

tal myosepta (lateral midline)

(exclusive of pigmeant associated with

horizontal myosepta, air bladder,

visceral peritoneum, or gut)

a. unpigmented (Figs. 16,58) ... ...... 105

b. pigmented with at least 1 melanophore
Fg 17y ... C. ardens

35 (20). Ventral midline from shortly behind
heart region to near vent

a. with 221 melanophores (Fig. 44)
.................. C. discobolus

b. with 1-20 melanophores (Fig. 58) .. ... 36

c¢. without pigment . ......... C. discobolus

36 (35). Dorsal body pigmentation between head
and last myomere
a. scattered with no distinct lines of melan-
ophores on or lateral (and parallel) to
dorsal midline (Fig. 44) . ... C. discobolus
b. including at least a partial distinct line of
melanophores on  or lateral (and
parallel) to dorsal midline (Fig. 58) ... 37

37 (36). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. withdistinct lines of melanophores along
one or both sides of dorsal midline (Fig.
58) e 38
b. without distinct lines of melanophores
along either side of dorsal midline (Fig.
4“4 C. discobolus

38 (37). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres

a. mostly in single file (Fig. 43)

b. mostly in obliquely oriented pairs or
groups resulting in a "herring bone" or
"tractor tread” pattern (Fig. 58) C. latipinnis

39 (38). Dorsal midline from shortly behind

head to near last myomeres

a. with 225 melanophores in a distinct

continuous or nearly continuous line
(Fig. 43) ............... C. discobolus
b. with 225 melanophores but in one or
more shorter segments or a distinctly
discontinuous line (Fig. 45)
c. with 524 melanophores in one or more
short lines, a discontinuous, well-spaced
line or (rarely) no distinct line of
melanophores (Fig. 58) ..... C. latipinnis

40 (39). Chin (anterior veatral surface of lower

jaw)
a. unpigmented (Figs. 44,58) .......... 41
b. pigmented (Fig. 30) ....... C. discobolus

41 (40). Lateral surface of head posterior to
eyes

a. unpigmented (Fig. 44) ... .. C. discobolus

b. pigmented (at least 1 melanophore)

(Fig. 58)

42 (41). Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of melanophores associated
with  horizontal myosepta, air
bladder, or visceral peritoncum)
a. unpigmented (Fig. 58) ... .. C. discobolus
C. latipinnis
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b. pigmented with 1-5 melanophores (Fig. 49 (48). Dorsal surface lateral to midline from
A4) 43 shortly behind head to about 2/3

c. pigmented with >6 melanophores (Fig. distance to last myomeres
46) . C. discobolus a. with distinct lines of melanophores along

(parallel to) one or both sides of dorsal
43 (42). Lateral surface of body below midline (Figs. 16,86) .............. 50
horizontal myosepta (lateral b. without distinct lines of melanophores
midline) (exclusive of pigment along either side of dorsal midline (Fig.
associated with horizontal myosepta, M) C. discobolus
air bladder, visceral peritoneum, or
gut) 50 (49). Dorsal midline from shortly behind
a. unpigmented (Fig. 58) ..... C. discobolus head to near last myomeres
C. latipinnis a. with 225 melanophores in a distinct
b. pigmented with at least 1 melanophore continuous or nearly continuous line
(Fig. 45) ............... C. discobolus b (Fi%:ii)s L L SIS 51

. with 225 melanophores but in one or

44 (19,23). Ventral midline from shortly behind more shorter segments or a distinctly
heart region to near vent JQ"\V discontinuous line (Fig. 45) ......... 55

a. with 221 melanophores in a continuous ;“cﬁ‘f,* ¢ with <24 mclapopho.rcs In one or more
or nearly continuous line or narrowband ~ , ~ ) short lines, a discontinuous, weli-spaced
(if midline pigment extends into bran- w? line or (rarely) no distinct line of
chial region anterior to heart, probably 77" melanophores (Figs. 16,86) ......... 53
C. commersoni; Fig. 31) (Figs. 30, 72) .. 45 ¢ y .

b. with 221 melanophores in a shorter or  ,#59¢51 (18,50). Dorsal .surfacez of hcad.plgmen'lcd
a distinctly discontinuous line (Fig. 44) . 46 ¢ a. only over hindbrain (posterior to middle

c. with 7-20 melanophores (Fig. 17) .. . .. 47 of eyes; Fig. 86) ............ X. texanus

d. with <6 melanophores or without pig- b. over both mid- and hindbrain (anterior
ment (Figs. 16,86) ................ 48 and posterior to middle of eyes; Fig.

48 52
45 (115,4). hlz:és:lnmtp;g;g:;?élon between 52 (51). Ventral to ventro—lljlcral surfaces of gill

a. scattered with no distinct lines of melan- covers ((;)p}c;c 1)4
ophores on or lateral (and parallel) to g‘ uppngmcn:e F'( xgs.7 '186) """ X tera 38
dorsal midline (Fig. 44) .. C. platyrhynchus - pigmented (Figs. 17,31) . ... .. - fexanus

b. including at least a partial distinct line of S .
mlaophores ool Gand g (175 6. Dorsl st o b e

1 idline (Figs. 2) ... 7 ’ .
le) to dorsal midline (Figs. 30, 72) of eyes; Fig. 86) ............ X. texanus
. . b. over both mid- and hindbrain (anterior
46 (15,44). Dorsal body pigmentation between and posterior to middle of eyes; Fig.
head and last myomere 16) 54

a. scattered with no distinet lines of melan- N T
ophores on or lateral (and parallel) to ‘(%54 (53). Ventral to ventro-lateral surfaces of gill
Qorsal‘ midline (Fig. 44) e n covers (opercula)

b. including at least a partial distinct line of ; a. unpigmented or pigmented but not in
melanophores on or lateral (and paral- "ALV\ distinct oblique rows (Figs. 16, 86) 60
lel) to dorsal midline (Figs. 30, 45, 72) . 80 ¢/a¢‘ ’ 1que rows (Higs. 10, 80) . . ..
¢ » 3 12 b. pigmented in a distinct oblique row of 3

. ) or more melanophores near or along
47 (22,2544).  Dorsal body pigmentation ventral margin of one or both preoper-
between head and last myomere cles (Figs. 17,31) ........... X. texanus

a. scattered with no distinct lines of melan-
ophores on or lateral (and par allel) to 55 (50). Dorsal surface of head pigmented
@0'531' midline (Fig. 44) e G discobolus a. only over hindbrain (posterior to middie

b. including at least a partial distinct line of of eyes; Fig. 86) ............ X. texanus
melanophores on or lateral (and paral- b. over both mid- and hindbrain (anterior
lel) to dorsal midline (Figs. 16,45) . 62 and posterior to middle of eyes; Figs.

16,84) ...
48 (44). Dorsal body pigmentation between head
and last myomere 56 (55). Veatral to ventro-lateral surfaces of gill

a. scattered with no distinct lines of melan- covers (opercula)
ophores on or lateral (and parallel) to a. unpigmented (Figs. 44, 86) . ....... .. 57
dorsal midline (Fig. 44) . ... C. discobolus b. pigmented io a distinct oblique row of 3

b. including at least a partial distinct line of or more melanophores near or along
melanophores on or lateral (and paral- ventral margin of 1 or both preopercies
lel) to dorsal midline (Figs. 16, 45, 86) . 49 (Figs. 17,31) .............. X. texanus
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c. pigmented but not in distinct oblique

rows (Figs. 16) . .................. 60
57 (56). Lateral surface of head posterior to
eyes
a. unpigmented (Fig. 4) ............. 58
b. pigmented (at least 1 melanophore)
(Figs. 16,86) .............co ... 59

58 (52,57). Lateral surface of body above hori-
zontal myosepta (lateral midline)
and below dorso-lateral surface
(exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, or visceral peritoneum)

a. unpigmented (Fig. 86) ............ 112
b. pigmented (at least 1 melanophore; Fig.
M) e C. discobolus

59 (57). Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of melanophores associated with
horizontal myosepta, air bladder, or
visceral peritoneum)

a. unpigmented (Figs. 16,86) ......... 113
b. pigmented with 1-5 melanophores (Fig.
A) 103
c. pigmented with 26 melanophores (Fig.
46) ... C. discobolus
60 (54,56). Lateral surface of head posterior to
eyes
a. unpigmented (Fig. 44) ....... X. texanus
b. pigmented (at least 1 melanophore)
(Figs. 16,86) .......... ... 61

61 (60). Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of melanophores associated with
horizontal myosepta, air bladder, or
visceral peritoneum)

a. unpigmented (Figs. 16,86) ......... 109
b. pigmented with 1-5 melanophores (Fig.
17y o C. ardens

62 (47). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct lines of melanophores along
one or both sides of dorsal midline (Fig.
16 ... 63
b. without distinct lines of melanophores
along either side of dorsal midline (Fig.
M) C. discobolus

63 (62). Dorsal midline from shortly behind
head to near last myomeres
a. with >25 melanophores in a distinct
continuous or nearly continuous line
(Fig 43) ............... C. discobolus
b. with 225 melanophores but in one or
more shorter segments or a distinctly
discontinuous line (Fig. 45) .......... 64

64 (63).

65 (30).

ow

66 (65).

with <24 melanophores in one or more

short lines, a discontinuous, well-spaced

line or (rarely) no distinct line of

melanophores (Fig. 16) ....... C. ardens

Ventral to ventro-lateral surfaces of gill
covers (opercula)

unpigmented (Fig. 44) ............. 70

. pigmented (at least 1 melanophore; Fig.

16) .. C. ardens

Ventral to ventro-lateral surfaces of gill
covers (opercula)

unpigmented (Figs. 44, 58) .......... 66

pigmented (at least 1 melanophore; Fig.

16) ..o C. ardens

Chin (anterior ventral surface of lower
jaw)

unpigmented (Figs. 16, 44, 58) ....... 67

pigmented (at least 1 melanophore; Fig.

Lateral surface of head posterior to
eyes
unpigmented (Fig. 44) ... .. C. discobolus
pigmented (at least 1 melanophore; Figs.
16,58) ..ot 68

Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of melanophores associated
with  horizontal myosepta, air
bladder, or visceral peritoneum)
unpigmented (Figs. 16, 58) ......... 107
pigmented with 1-5 melanophores (Fig.
) 69
pigmented with >6 melanophores (Figs.
4546) . ... C. discobolus

Lateral surface of body below horizon-
tal myosepta (lateral midline)
(exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral peritoneum, or gut)
unpigmented (Figs. 16, 44, 58) ...... 107
pigmented (at least 1 melanophore)
(Figs. 45,46) . .................. 103

70 (64,66). Lateral surface of head posterior to

a.
b.

71 (70).

51

eyes
unpigmented (Fig. 44) .. ... C. discobolus
pigmented (at least 1 melanophore; Fig.

16) oo 7

Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of melanophores associated
with horizontal myosepta, air
bladder, or visceral peritoneum)

unpigmented or pigmented with <5

melanophores (Figs. 16, 44) .. ... ... 103
pigmented with 26 melanophores (Figs.
45,46) .. ... C. discobolus



72 (46). Ventral to ventro-lateral surfaces of gill , b without distinct lines of melanophores
covers (opercula) ;#‘;((, along either side of dorsal midline (Fig.
a. unpigmented (Figs. 44,72) .......... B M)
b. pigmented (Fig. 73) ... .. C. platyrhynchus
80 (46). Dorsal surface lateral to midline from
73 (72). Ventral surface of heart region shortly behind head to about 2/3
a. unpigmented (Fig. 45) ..... C. discobolus distance to last myomeres
b. pigmented (Figs. 44,72) ............ 74 a. with distinct continuous or nearly con-
tinuous lines of melanophores along
74 (73). Lateral surface of head posterior to (parallel to) each side of dorsal midline
eyes (Fig.30) ...,
a. unpigmented (Fig. 44) ..... C. discobolus b. with distinctly shorter or discontinuous
b. pigmented (at least 1 melanophore; Fig. lines of melanophores along one or both
7)) B 75 sides of dorsal midline (Fig. 43) ......
¢. without distinct lines of melanophores

Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of pigment associated with
horizontal myosepta, air bladder, or
visceral peritoneum)

75 (74).

a. unpigmented (Fig. 72) ............. 9
b. pigmented (at least 1 melanophore; Fig.
M) ... C. discobolus

76 (45). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

a. with distinct continuous or nearly
continuous lines of melanophores along

(parallel to) each side of dorsal midline

(Fig. 30)

with distinctly shorter or discontinuous

lines of melanophores along one or both

sides of dorsal midline (Fig. 43)

without distinct lines of melanophores

along either side of dorsal midline (Fig.

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres

mostly in single file (Fig. 43)
mostly in obliquely oriented pairs or
groups resulting in a “herring bone" or
"tractor tread” pattern (Fig. 30)

77 (76).

78 (76,77). Dorsal midline from shortly behind
head to near last myomeres

a. with 225 melanophores in a distinct con-
tinuous or nearly continuous line, one or
more shorter segments, or a distinctly
discontinuous line (Figs. 30, 45)
with <24 melanophores in one or more
short lines, a discontinuous, well-spaced
line or (rarely) no distinet line of
melanophores (Fig. 16)

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres

. with distinct lines of melanophores along

one ot both sides of dorsal midline (Fig.

79 (26).

C. commersoni

C. commersoni

£ P tinuous or nearly continuous line, one or
%5 ‘ A more shorter segments or a distinctly
82 o discontinuous line (Figs. 30, 45) ......

¢t

... C. commersoni

a uppigmcntcd (Figs. 44,72y . ... ......
<° b. pigmented (Fig. 16) ...............
(259
81 ¢* 86 (85). Ventral surface of heart region

along either side of dorsal midline (Fig.

81 (79,80). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres

mostly in single file (Fig. 43)

mostly in obliquely oriented pairs or

groups resulting in a "herring bone" or

“tractor tread" pattern (Fig. 30)

oe

82 (79,81). Dorsal midline from shortly behind
head to near last myomeres
a. with >25 melanophores in a distinct con-
tinuous or nearly continuous line, one or
more shorter segments or a distinctly
discontinuous line (Figs. 30, 45)
with <24 melanophores in one or more
short lines, a discontinuous, well-spaced
line or (rarely) no distinct line of
melanophores (Fig. 16)
83 (80). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres
mostly in single file (Fig. 43)
mostly in obliquely oriented pairs or
groups resulting in a “herring bone” or
"tractor tread” pattern (Fig. 30)

o

84 (80,83). Dorsal midline from shortly behind
head to near last myomeres
a. with 225 melanophores in a distinct con-

ree

b. with <24 melanophores in one or more

short lines, a discontinuous, well-spaced

line or (rarely) no distinet line of

melanophores (Fig. 16)

85 (84). Ventral to veatro-lateral surfaces of gill
covers (opercula)
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C. commersoni

... C. commersoni
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a. unpigmented (Fig. 45) ..... C. discobolus a. upto80%SL .......... C. commersoni
b. pigmented (Figs. 30,44,72) ......... 87 C. discobolus
b. 81% SLormore ........ C. commersoni
. Lateral surf f head posterior to o )
87 (86) ::;:s surtace © pos 96 (89). Longitudinal eye diameter
: i . 29% of head length . . C. commersoni
a. unpigmented (Fig. 44) ... .. C. discobolus a. upto
b. pigmented (at least 1 melanophore; Figs. b. 30% of head length or more ... ... ... 97
B0.72) e 57 (96). Leagih from anterior margin of snou
88 (87). Lateral surface of body above horizos- tto&te’é?‘or margin of vent 08
tal myosepta (latcral midlme) and g \8111.‘) OSL e e C ....... >
below dorso-lateral surface (exclu- . 81% SLormore ........ . commersoni
z’;cﬁz::;mf g;:::tpta, airl:ltae:dc:lg: 98 (97). Number of myomeres to posterior
visceral peritoneum) ¢ gfx;v margin of vent
a. unpigmented (Fig. 72) ... ......... 100 2* a. upto38 ............. C. platyrhynchus
b. pigmented with 1-5 melanophores (Figs. [h‘(]‘?\ C. commersoni
30, 48) « o e 94 P b. 39ormore ............ C. commersoni
< g;gl:lg;l ted with 26 mclanophor? gz;‘%sob olus 99 (75). Number of myomeres to posterior
LA6) L . margin of vent
89 (78,85). Lateral surface of body above'hqri- a uptodd ...l C;(r:; d“‘f;ﬁ;ﬁi
zontal myosepta (lateral midline).\nd b. 390rmore ............. C. discobolus

below dorso-lateral surface (exclu-
sive of pigment associated with
horizontal myosepta, air bladder, or
visceral peritoneum)
unpigmented (Fig. 72)
pigmented with 1-5 melanophores (Fig.

90 (82). Ventral to ventro-lateral surfaces of gill

covers (opercula)
a. unpigmented (Fig. 44)
b. pigmented (Fig. 30)

91 (90). Ventral surface of heart region
a. unpigmented (Fig. 45)
b. pigmented (Figs. 30, 44)

92 (91). Lateral surface of head posterior to

cyes
a. unpigmented (Fig. 44)
b. pigmented (at least 1 melanophore; Fig.

...........................

93 (92). Lateral surface of body above horizon-
tal myosepta (lateral midline) and
below dorso-lateral surface (exclu-
sive of pigment associated with
horizontal myosepta, air bladder, or
visceral peritoncum)

C. commersoni

C. discobolus

C. discobolus

100 (88). Longitudinal eye diameter
2 a. up to 29% of head length . . C. commersoni

96/7 ﬁ‘”’ b. 30% of head length or more . ....... 101
101 (100). Length from anterior margin of snout
to posterior margin of vent
a. upto80%SL .......... ... ... 102

b. 81% SL or more

c'ﬁ%\
91" 102 (101). Number of myomeres to posterior
margin of vent

a upto38 ............... C. discobolus

C. commersoni

C. platyrhynchus

C. commersoni

C. discobolus
103 (59,69,71). Longitudinal eye diameter

a. 30 to 32% of head length ... C. discobolus

b. 33% of head length or more .

92 b. 39 or more

104 (103). Number of myomeres to posterior
margin of vent
a. upto38 ... C. ardens
C. discobolus
b. 39ormore ............. C. discobolus
105 (33,34). Longitudinal eye diameter
a. 30 to 32% of head length . ... C. latipinnis

a. unpigmented or pigmented with 15 c?ﬁ,; b. 33% of head length or more .. ... ... 106
melanophores (Figs. 30,44} . ........ o4 .
b. pigmented with 26 melanophores (Figs. 106 (1085). Numb'cro?( myomeres to posterior
45,86) ..o C. discobolus margin of vent
a upto38 .................. C. ardens
- . C. latipinnis
94 (88,93). Longitudinal eye diameter b. 39 i
2 up to 29% of head length . . C. c oni,,..;\ OfTMOTE . ............. C. latipinnis
b. 3% of head length ormore ... ... ... 957" 107 (68,69). Longitudinal eye diameter
a. 3010 32% of head leagth . . .. C. latipinnis
95 (54). Length from anterior margin of snout C. discobolus
to posterior margin of vent b. 33% of head lengthor more . .. ... .. 108
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108 (107). Number of myomeres to posterior
margin of vent
a upto38.......... C. ardens
C. discobolus
C. latipinnis
b. 3%ormore ............. C. discobolus
109 (61). Longitudinal eye diameter C. latipinnis
a. up to 32% of head length . . . .. X. texanus
b. 33% of head length or more . .. ... .. 110

Number of myomeres to posterior
margin of vent

a. upto38 .. ... 111
b. 39 or more

110 (109).

111 (110). Length from anterior margin of snout
to posterior margin of vent

a. upto76%SL .............. C. ardens
b. 77t08%SL............... C. ardens
X. texanus
c. 81% SLormore ........... X. texanus
112 (58). Longitudinal eye diameter
a. up to 29% of head length . . . .. X. texanus
b. 30% of head length or more . ... .. .. 114

113 (59). Longitudinal eye diameter

a. up to 29% of head length . . . .. X. texanus
b. 30 t032% of head length . ... ... .. 114
¢. 33% of head length or more . .. ... .. 115

114 (112,113). Length from anterior margin of
snout to posterior margin of vent
a. upto76% SL ........... C. discobolus

b. 77to80%SL ........... C. discobolus
X. texanus
c. 81% SLormore ........... X. texanus

115 (113). Length from anterior margin of snout
to posterior margin of vent
a. upto76% SL ........... C. discobolus

C. ardens
b. 7708%SL .................. 116
¢c. 81% SLormore ........... X. texanus

116 (115). Number of myomeres to posterior
margin of vent

a. upto38 ... C. ardens
C. discobolus

X. texanus

b. 9ormore ............. C. discobolus
X. texanus

Postflexion Mesolarvae -- adult complement of
principal caudal fin rays present but adult
complement of principal dorsal or anal fin
rays lacking (Figs. 3,17; definition abbre-
viated for species of concern). Separate
skeletal character key at end for confirma-
tion of identity or further diagnosis of
specimens cleared (and preferably stained)
for bone.

1. Standard length (SL; Fig. 4)

a. lmm ... ... .. 2A
b. 12mm........... ... . ..., 2B
e 6 Bmmo. 10
W 4o Mmmo...oool 27
el 1S mm L. 43
f. 16mm.............. .. ... .., 80
g 17mm............... ... ..... 101
h. 182imm ............... C. latipinnis

Ventral midline from shortly behind
heart region to near vent with

. 27 melanophores (Fig. 17) .. C. discobolus

. 1-6 melanophores or without pigment

(Fig. 87)

Ventral midline from shortly behind
heart region to near vent with

a. =21 melanophores in a continuous or
nearly continuous line or narrow band
(Fig. 31) .............. C. commersoni

b. 221 melanophores in a shorter or a
distinctly discontinuous line (Fig. 45) .. .. 3

¢ 7-20 melanophores (Fig. 17) . C. discobolus

d. 1-6 meclanophores or without pigment
(Fig. 87)

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Figs. 30,

3) C. commersoni

b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Figs. 72, 73) ........ 4

¢. no distinct lines of melanophores along

either side of dorsal midline (Figs. 44,

85) 5

4 (3). Melanophores in lines lateral (and paral-
lel) to dorsal midline between head
and 2/3 distance to last myomeres
mostly in
a. single file (Fig. 31) ................. 5
b. obliquely oriented pairs or groups
resulting in a “herring bone” or “tractor
tread” pattern (Figs. 30, 59) C. commersoni

3 (2B).

Pigmentation of peritoncum
a. absent on lateral and ventro-lateral

surfaces (Figs. 30,44) .. ... ... .... 6
b. at least sparse or patchy on lateral
surfaces (Fig. 45) ......... C. discobolus
6 (5). Principal dorsal fin rays
a absent .......... ... .. ... ... ... 218
b. preseat (at leastone) . ............ 116
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Dorsal surface lateral to midline
from shortly behind head to about
2/3 distance to last myomeres with
a. distinct continuous or nearly continuous
lines of melanophores along (parallel
to) each side of dorsal midline (Fig.
17) X. texanus
b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along either side
of dorsal midline (Figs. 45, 87)

7 (2A,2B).

8 (7). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral
surfaces (Figs. 44, 87) ... ............ 9
b. at least sparse or patchy on lateral
surfaces (Fig. 45) ......... C. discobolus
9 (8). Principal dorsal fin rays
a. absent
b. present (at least one)

Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
nearly continuous line or narrow band
(if midline pigment extends into
branchial region anterior to heart, most
probably C. commersoni; Figs. 31, 73) .. 11
b. =21 melanophores in a shorter or a
distinctly discontinuous line (Fig. 45) ... 15
7-20 melanophores (Fig. 17)
1-6 melanophores or without pigment

(Fig. 87)

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Figs. 30,

31) C. commersoni

b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Figs. 72, 73)

¢. no distinct lines of melanophores along

either side of dorsal midline (Figs. 44,

45)

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

a. single file (Figs. 31, 72, 73)

b. obliquely oriented pairs or groups

resulting in a “herring bone” or “tractor

tread” pattern (Figs. 30, 59) C. commersoni

10 (1).

e

11 (10).

12 (11).

13 (11,12). Pigmentation of peritoncum
a. absent on lateral and ventro-lateral
surfaces (Figs. 30, 72) ... ........... 14
b. at least sparse or patchy on lateral
surfaces (Fig. 73) ....... C. platyrhynchus

14 (13). Principal dorsal fin rays
a. absent
b. present (at least onc)

15 (10). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous

lines of melanophores along (parallel to)

each side of dorsal midline (Figs. 30,

3) C. commersoni
b. distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline (Figs. 72, 73)
c. no distinct lines of melanophores along

either side of dorsal midline (Figs. 44,

45)

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

a. single file (Figs. 31, 43, 72, 73)

b. obliquely oriented pairs or groups

resulting in a “herring bone” or "tractor

tread” pattern (Figs. 30, 59) C. commersoni

16 (15).

17 (15,16). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral

surfaces (Figs. 30,44, 72) . .......... 18
b. at least sparse or patchy on lateral
surfaces (Figs. 45,73) ............. 19
18 (17). Principal dorsal fin rays
a absent ............ ... . 211
b. present (atleastone) ............. 122
19 (17). Principal dorsal fin rays
a. absent ..................... .., 231
b. present (atleastone) ............. 125

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or anearly continuous
lines of melanophores along (parallel to)
cach side of dorsal midline (Fig. 17)

..................... C. ardens

b. distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline or with no distinct

lines of melanophores along either side

of dorsal midline (Figs. 16, 44, 45) . ... 21

20 (10).

21 (20). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral
surfaces (Figs. 17, 44) . ...... ... .. 2
b. at least sparse or patchy on lateral
surfaces (Fig. 45) ....... .. C. discobolus
22 (21). Principal dorsal fia rays
a abseat ............ . ... .. ... ... 271
b. present (atleastone) ............ 146
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23 (10). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Fig. 17) ... 24
b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along either side

of dorsal midline (Figs. 45,87) ....... 25

24 (23). Principal dorsal fin rays
a absent ....... .. ... e 282
b. present (at least one) . ........ C. ardens

25 (23). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral sur-

faces (Figs. 17,44,87) ............. 26
b. at least sparse or patchy on lateral sur-
faces (Fig. 45) ........... C. discobolus
26 (25). Principal dorsal fin rays
a. absent ... ... ... 248
b. present (at leastone) ............ 146

27 (1). Ventral midline from shortly behind
heart region to near vent with

a. =21 melanophores in a continuous or

nearly continuous line or narrow band

(if midline pigment extends into bran-

chial region anterior to heart, most
probably C. commersoni) (Figs. 31, 73) . 28

b. >21 melanophores in a shorter or a dis-

tinctly discontinuous line (Fig. 45) . .. .. 31
¢. 7-20 melanophores (Fig. 17) ......... 35
d. 1-6 melanophores or without pigment

(FIg 87) o oiee e 37

28 (27). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous

lines of melanophores along (parallel to)

each side of dorsal midline (Figs. 30,

31) o C. commersoni
b. distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline (Figs. 72,73) ....... 29
¢. no distinct lines of melanophores along

cither side of dorsal midline (Figs. 44,

45) 30

29 (28). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Figs. 31,73) ............ 30

obliquely orieated pairs or groups result-

ing in a "herring bone” or “tractor tread

pattern (Figs. 30, 59) ... .. C. commersoni

ow

30 (28,29). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral sur-
faces or present on lateral surfaces only
(Figs. 30,31, 72) ................ 107
b. at least sparse or patchy on lateral and
ventro-lateral surfaces (Figs. 73, 74)
................ C. platyrhynchus

31 (27). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous

lines of melanophores along (parallel

to) each side of dorsal midline (Figs. 30,

3 C. commersoni
b. distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline (Figs. 72, 73) ....... 32
¢. no distinct lines of melanophores along

either side of dorsal midline (Figs. 44,

45) 33

32 (31). Mclanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

a. single file (Figs.31,73) ............ 33

b. obliquely oriented pairs or groups
resulting in a "herring bone” or "tractor
tread” pattern (Figs. 30, 59) C. commersoni

33 (31,32). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral sur-
faces or present on lateral surfaces only
(Figs. 30,31, 44,72) . .............. 34
b. at least sparse or patchy on lateral and
ventro-lateral surfaces (Figs. 73, 74)
................ C. platyrhynchus

34 (33). Principal dorsal fin rays

a. present (at least one) but full comple-
ment incomplete or unclearly formed . 122

b. present with full (aduit) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or "branches®
based on the most posterior pterygio-
phore, is well defined) ............ 158

35 (27). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous
lines of melanophores along (paraliel to)
cach side of dorsal midline (Fig. 17)
..................... C. ardens
b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along cither side
of dorsal midline (Figs. 44, 45) . ... .. 3

56



36 (35).
a.

b.
37 27).

a.

40 37).
a.

41 (40).
a.

42 (40).

Pigmentation of peritoneum
absent on lateral and ventro-lateral

surfaces (Figs. 17, 44) . ............. 64
at least sparse or patchy on lateral
surfaces (Fig. 45) .. ....... C. discobolus

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Fig. 17) ... 38
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along either side
of dorsal midline (Figs. 45,87) ....... 40

Pigmentation of peritoneum
absent on lateral and ventro-lateral sur-

faces (Figs. 17,87) ................ 39
at least sparse or patchy on lateral
surfaces (Fig. 45) ........... X. texanus

Principal dorsal fin rays

absent . ... 282
present (at least onc) but full comple-
ment incomplete or unclearly formed . 130
present with full (adult) complement
clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two
separate ray clements or "branches’
based on the most posterior pterygio-
phore, is well defined) ........ C. ardens

Pigmentation of peritoneum
absent on lateral and ventro-lateral

surfaces (Figs. 17, 44,87) ........... 41
at least sparse or patchy on lateral
surfaces (Fig. 45) ................. 42

Principal dorsal fin rays

absent ...... ... ... ol 282
present (at least one) but full comple-
ment incomplete or unclearly formed . 127
present with full (adult) complement
clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two
scparate ray clements or “branches
based on the most posterior pterygio-
phore, is well defined) ............ 171

Principal dorsal fin rays

absent ...... ... ... ... X. texanus
present (at least one) but full comple-
ment incomplete or unclearly formed . 133
present with full (aduit) complement
clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which cousists of two
scparate ray clements or “branches’
based on the most posterior pterygio-
phore, is well defined) ... .. C. discobolus

44 (43).

45 (44).

46 (45).

49 (48).

43 (1). Yolk

a. present . .......... 0. C. latipinnis
b. absent .......... ... ... .. 44
Ventral midline from shortly behind

heart region to near vent with
a. =21 melanophores in a continuous or
nearly continuous line or narrow band
(if midline pigment extends into bran-
chial region anterior to heart, most
probably C. commersoni) (Figs. 31, 73) .
b. 221 melanophores in a shorter or a
distinctly discontinuous line (Fig. 45) ..
7-20 melanophores (Fig. 17) .........
1-6 melanophores (Fig. 59) . .........

e. no pigment (Fig. 87)

an

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly continuous

lines of melanophores along (parallel

to) each side of dorsal midline (Figs. 30,

3) C. commersoni

b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Figs. 72,73) .......

¢. no distinct lines of melanophores along
either side of dorsal midline (Figs. 44,
45)

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Figs. 31, 73)
obliquely oriented pairs or groups result-
ing in a "herring bone” or "tractor tread”
pattern (Figs. 30, 59)

o

47 (45,46). Pigmentation of peritoneum

a. absent on lateral and ventro-lateral
surfaces or present on lateral surfaces
only (Figs. 30, 31)

b. at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 73)

..... C. commersoni

....... 'C. commersoni

................ C. platyrhynchus

48 (44). Gut (Fig. 5)

a. cssentially straight or with bend less
than 90° (gut phase 1) or with at least
90° bend or partial s-shaped loop (gut
phase 2)

b. with full loop (s-shape to near anterior
end of visceral cavity) but with aeither
limb of loop completely across ventral

midline (gut phase 3) ... ... C. discobolus

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinct continuous or nearly contingous

lines of melanophores along (parallel

to) each side of dorsal midline (Figs. 30,

M) C. commersoni



b.

50 (49).

distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Figs. 72, 73) .. ... .. 50
no distinet lines of melanophores along
either side of dorsal midline (Figs. 44,
45) 51

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Figs.31,73) ............ 51
obliquely oriented pairs or groups
resulting in a "herring bone” or "tractor
tread” pattern (Figs. 30, 59y C. commersoni

51 (49,50). Pigmentation of peritoneum

a.

52 (51).
a.

b.

53 (51).
a.

b.

54 (44).

55 (54).

absent on lateral and ventro-lateral
surfaces or present on lateral surfaces
only (Figs. 30,31, 44) .. ............ 52
at least sparse or patchy on lateral and
ventro-lateral surfaces (Figs. 45,73) ... 53

Principal dorsal fin rays

present (at least one) but full comple-
ment incomplete or unclearly formed . 116
present with full (adult) complement
clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two
separate ray elements or “branches’
based on the most posterior pterygio-
phore, is well defined) . ........... 161

Principal dorsal fin rays

present (at least one) but full comple-
ment incomplete or unclearly formed . 125
present with full (adult) complement
clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two
separate ray eclements or "branches”
based on the most posterior pterygio-

phore, is well defined) ............ 167
Gut (Fig. 5)

essentially straight or with bead less than

90° (gutphase 1) ................. S5
with at least 90° bend or partial s-shaped
loop (gut phase 2) ................ 62

with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across over
ventral midline (gut phase 3) C. discobolus

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinet continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Figs. 17,
59) %
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Fig. 16) .......... 59

¢. no distinct lines of melanophores along
cither side of dorsal midline (Figs. 44,
45) 60

56 (55). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Fig. 17) ................ 57

obliquely oriented pairs or groups

resulting in a “herring bone” or "tractor
tread” pattern (Fig. 59) ... ... C. latipinnis

o

57 (56). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral sur-

faces (Figs. 17,59) ................ 58
b. at least sparse or patchy on lateral sur-
faces only (Fig. 18) .......... C. ardens

58 (57). Principal dorsal fin rays

a. absenmt ........... ... ... .. ..... 278

b. present (at least one) but full comple-
ment incomplete or unclearly formed . 150

c. present with full (aduit) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or "branches”
based on the most posterior pterygio-
phore, is well defined) ........ C. ardens

59 (55). Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

a. single file (Fig. 17) ................ 60

b. obliquely oriented pairs or groups
resulting in a “herring bone" or "tractor
tread” pattern (Fig. 59) . ... .. C. latipinnis

60 (55,59). Pigmentation of peritoneum
a. abseot on lateral and ventro-lateral sur-

faces (Figs. 17,44,59) ............. 61
b. at least sparse or patchy on lateral sur-
facesonly (Fig. 18) ............... 64

c. at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)
.................. C. discobolus

61 (60). Principal dorsal fin rays

a absent ........................ 278

b. present (at least one) but full comple-
meat incomplete or unclearly formed . 139

¢. present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
scparate ray clements or “branches”
based on the most posterior pterygio-
phore, is well defined) ............ 171

62 (54). Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

a. distinet continuous or nearly conlinuous
lines of melanophores along (parallel

58



63 (62).
a.

to) each side of dorsal midline (Fig.
17) e C. ardens
distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline or with no distinct
lines of melanophores along either side

of dorsal midline (Figs. 44,45) .......
Pigmentation of peritoneum

absent on lateral and ventro-lateral sur-
faces or present on lateral surfaces only
(Figs. 17, 18, 44)
at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)

C. discobolus

64 (36,60,63). Principal dorsal fin rays

a.
b.

c.

65 (44).
a.

66 (65).

a.

67 (66)

absent C. ardens
present (at least one) but full comple-
ment incomplete or unclearly formed . 146
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or “branches’
based on the most posterior pterygio-
phore, is well defined)

Gut (Fig. 5)

essentially straight or with bend less than
90° (gut phase 1)
with at least 90° bend or partial s-shaped
loop (gut phase 2)
with full loop (s-shape to near anterior

end of visceral cavity) but with neither
limb of loop completely across over ven-

tral midline (gut phase 3) ... C. discobolus

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Figs. 17,
59)
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline (Fig. 87)
no distinct lines of melanophores along

cither side of dorsal midline (Fig. 45) ..

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Figs. 17, 87)
obliquely oriented pairs or groups result-
ing in a “herring bone” or “tractor tread”
pattern (Fig. 59) C. latipinnis

Pigmentation of peritoncum

absent on lateral and ventro-lateral sur-
faces (Figs. 17, 59, 87)
at least sparse or patchy on lateral sur-
faces (Fig. 18)

69 (68).
a.
b.

C.

70 (66).

o

71 (66,7
a.
b.

C.

72 (7).
a.
b.

C.

73 (65).

74 (73).

75 (44).

59

Principal dorsal fin rays
absent
present (at least one) but full comple-
ment incomplete or unclearly formed .
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or “branches’
based on the most posterior pterygio-
phore, is well defined)

Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last myo-
meres mostly in

single file (Figs. 17, 87)
obliquely oriented pairs or groups
resulting in a “herring bone” or "tractor
tread” pattern (Fig. 59) C. latipinnis

0). Pigmentation of peritoneum

absent on lateral and ventro-lateral
surfaces (Figs. 17, 44, 59, 87)
at least sparse or patchy on lateral
surfaces only (Fig. 18)
at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)

C. discobolus

Principal dorsal fin rays
absent
present (at least one) but full comple-
ment incomplete or unclearly formed .
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
scparate ray elements or "branches’
based on the most posterior pterygio-
phore, is well defined)

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinct continuous or nearly continuous

lines of melanophores along (parallel to)
each side of dorsal midline (Fig. 17) . ..
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along either side
of dorsal midline (Figs. 45, 87)

76

Pigmentatior of peritoneum

absent on lateral and ventro-lateral sus-
faces or present on lateral surfaces only
(Figs. 17, 18, 44, 87)
at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)

C. discobolus

Dorsal surface lateral to midline from
shortly bebind head to about 2/3
distance to last myomeres with



distinct continuous or nearly continuous
lines of melanophores along (parallel
to) each side of dorsal midline (Fig.
17) oot e
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along either side
of dorsal midline (Figs. 45, 87)

76 (68,73,75). Principal dorsal fin rays

a.
b.

C.

77 (75).

absent C. ardens
present (at least one) but full comple-
ment incomplete or unclearly formed .
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray clements or "branches”
based on the most posterior pterygio-
phore, is well defined)

130

Gut (Fig. 5)

a. essentially straight or with bend less than

78 (77).

90° (gut phase 1) or with at least %°
bend or partial s-shaped loop (gut phase
thh full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across over
ventral midline (gut phase 3) C. discobolus

Pigmentation of peritoneum

a. absent on lateral and ventro-lateral sur-

faces or present on lateral surfaces only
(Figs. 17, 18, 44, 87)
at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)

C. discobolus

79 (71,74,78). Principal dorsal fin rays

a.
b.

C.

80 (1).

a o

absent C. ardens
present (at least one) but full comple-
ment incomplete or unclearly formed .
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray clements or “branches’
based on the most posterior pterygio-
phore, is well defined)

127

Ventral midline from shortly behind
heart region to near vent with
>21 melanophores in a continucus or
nearly continuous line or narrow band
(if midline pigment extends into bran-
chial region anterior to heart, most
probably C. commersoni) (Figs. 31, 73) 104
>21 melanophores in a shorter or a
distinctly discontinuous line (Fig. 45) . .. 81

7-20 melanophores (Fig. 17) .. ..... .. 87
1-6 melanophores (Fig. 59) .......... 93
no pigment (Fig. 87) .............. 9%

81 (80). Gut (Fig. 5)

a.

b.

[

82 (81).

83 (82).

85 (84).

86 (84).

essentially straight or with bend less
than 90° (gut phase 1)
with at least 90°bend or partial s-shaped
loop (gut phase 2)
with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase
C. discobolus

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinct continuous or nearly continuous

lines of melanophores along (parallel to)

each side of dorsal midline (Figs. 30,

31) C. commersoni

. distinctly shorter or discontinuous lines

of melanophores along one or both sides
of dorsal midline of with no distinct~, . v
lines of melanophores along either sxdc,,‘

of dorsal midline (Figs. 72,73) ....... 83
Melanophores in lines lateral (and
parallel) to dorsal midline between
head and 2/3 distance to last
myomeres mostly in
single file (Figs.31,33) ............ 84

obliquely oriented pairs or groups
resulting in a “herring bone" or "tractor
tread” pattern (Figs. 30, 59) C. commersoni

. Pigmentation of peritoneum
absent on lateral and ventro-lateral
surfaccs or present on lateral surfaces

only (Figs. 30,31, 44) .............. 85
at least sparse or patchy on lateral and
ventro-lateral surfaces (Figs. 45, 73) ... 86

Principal dorsal fin rays

present (at least one) but full comple-

ment incomplete or unclearly formed
................. C. commersoni

present with full (adult) complement

clearly formed and countable (principal

fin rays are sufficiently formed whea the

last principal ray, which consists of two

scparate ray elements or "branches"

based on the most posterior pterygio-

phore, is well defined)

Principal dorsal fin rays

a. present (at least one) but full comple-

87 (80).

60

ment incomplete or unclearly formed . 119
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray clements or “branches”
based on the most posterior pterygio-
phore, is well defined)

Gut (Fig 5)



a.
b.

C.

88 (87).
a.

89 (88).
a.

90 (87).

91 (90).
a.

92 (91).
a.

93 (80).
a.

essentially straight or with bend less than
90° (gut phase 1)
with at least 90°bend or partial s-shaped
loop (gut phase 2)
with full loop (s-shape to near anterior
end of visceral cavity) but with necither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase
C. discobolus

Pigmentation of peritoneum

absent on lateral and ventro-lateral sur-
faces (Figs. 17, 59)
at least sparse or patchy on lateral sur-
faces only (Fig. 18) C. ardens

Principal dorsal fin rays

present (at least one) but full comple-

ment incomplete or unclearly formed .

present with full (adult) complement

clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two

separate ray elements or "branches

based on the most posterior pterygio-

phore, is well defined) ........ C. ardens

Dorsal surface lateral to midline from
shortly behind head to about 2/3
distance to last myomeres with

distinct continuous or nearly continuous

lines of melanophores along (parallel to)

each side of dorsal midline (Fig. 17)
...................... C. ardens

distinctly shorter or discontinuous lines

of melanophores along one or both sides

of dorsal midline or with no distinct

lines of melanophores along either side

of dorsal midline (Figs. 44, 45) .......

Pigmentation of peritoneum

absent on lateral and ventro-lateral sur-

faces or present on lateral surfaces only

(Figs. 17, 18, 44)

at least sparse or patchy on lateral and

ventro-lateral surfaces (Fig. 45)

C. discobolus

Principal dorsal fin rays

present (at least one) but full comple-

ment incomplete or unclearly formed
...................... C. ardens

present with full (adult) complement

clearly formed and countable (principal

fin rays are sufficiently formed when the

last principal ray, which consists of two

separate ray clements or “branches*

based on the most posterior pterygio-

phore, is well defined) ............

Gut (Fig. 5)

cssentially straight or with bend less than

90° (gut phase 1)

94 (93).
a.

95 (94).
a.

9% (80).
a.

97 (93,96).

b. with at least 90° bend or partial s-shaped
loop {gut phase 2)
c. with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase

Pigmentation of peritoneum

absent on lateral and ventro-lateral sur-
faces (Figs. 17, 59, 87)
b. at least sparse or patchy on lateral sur-
faces only (Fig. 18)

Principal dorsal fin rays

present (at least one) but full comple-
ment incomplete or unclearly formed .
b. present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or "branches”
based on the most posterior pterygio-
phore, is well defined)

Gut (Fig. 5)
essentially straight or with bend less
than 90° (gut phase 1)
b. with at least 90 bend or partial s-shaped
loop (gut phase 2)
c. with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase

Dorsal surface lateral to midline
from shortly behind head to about
2/3 distance to last myomeres with
a. distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Fig. 17) ...
b. distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or with no distinct
lines of melanophores along cither side
of dorsal midline (Figs. 45, 87)

98 (94,96,97). Principal dorsal fin rays

61

a. present (at least one) but full comple-
ment incomplete or unclearly formed |
b. present with full (adult) complement
clearly formed and countable (principal
fin rays are suffidently formed when the
last principal ray, which consists of two
separate ray clements or “branches
based on the most posterior pterygio-
phore, is well defined)

94 99 (97). Pigmentation of peritoneum

C. discobolus

143

C. discobolus

98



absent on lateral and ventro-lateral
surfaces or present on lateral surfaces
only (Figs. 17, 18, 44, 87) .......... 100
at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 45)
................... C. discobolus

100 (99). Principal dorsal fin rays

a.

b.

101 (1).

a.

b.

present (at least one) but full comple-
ment incomplete or unclearly formed . 130
present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or "branches®
based on the most posterior pterygio-
phore, is well defined) ............ 169

Ventral midline from shortly behind
heart region to near vent with

>21 melanophores in a continuous or
nearly continuous line or narrow band
(if midline pigment extends into bran-
chial region anterior to heart, most
probably C. commersoni) (Figs. 31, 73) 102
>21 melanophores in a shorter or a
distinctly discontinuous line (Fig. 45) .. 103

¢. 7-20 melanophores (Fig. 17) ...... .. 1
d.
e.

1-6 melanophores (Fig. 59) . ........ 111
no pigment (Fig. 87)

102 (101). Gut (Fig. 5)

a.

b.

essentially straight or with bend less than
90° (gut phase 1) . ...... C. platyrhynchus
with at least %0° bend or partial s-shaped
loop (gut phase 2) ............... 104

103 (101). Gut (Fig. 5)

a.

b.

C.

104 (80,81,102,103).

a.

essentially straight or with bend less than
X (gut phase 1) ....... C. platyrhynchus
with at least 90° bend or partial s-shaped
loop (gut phase 2) . .............. 104
with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase
4) e C. discobolus

Dorsal surface lateral to
midline from shortly behind head
to about 2/3 distance to last myo-
meres with
distinct continuous or nearly continuous
lines of melanophores along (parallel to)
each side of dorsal midline (Figs. 30,
31) C. commersoni
distinctly shorter or discontinuous lines
of melanophores along one or both sides
of dorsal midline or (Figs. 72, 73) ... . 105
no distinct lines of melanophores along
cither side of dorsal midline (Figs. 44,
85) 106

105 (104). Melanophores in lines lateral (and

parallel) to dorsal midline between
head and 2/3 distance to last myo-

meres mostly in
a. single file (Figs.31,73) ...........
b. obliquely oriented pairs or groups result-
ing in a "herring bone” or "tractor tread”

106

pattern (Figs. 30, 59) ..... C. commersoni

106 (104,105). Pigmentation of peritoneum

a. absent on lateral and ventro-lateral
surfaces or present on lateral surfaces
only (Figs. 30, 31)

b. at least sparse or patchy on lateral and
ventro-lateral surfaces (Fig. 73)

107 (30,106). Principal dorsal fin rays

a. present (at least one) but full comple-
ment incomplete or unclearly formed

b. present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or "branches”
based on the most posterior pterygio-
phore, is well defined) . ... ........

108 (101). Gut (Fig. 5)

a. essentially straight or with bend less
than 90to (gut phase 1) or with at least
90to bend or partial s-shaped loop (gut
phase 2)

b. with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase

....... C. commersoni

. 119

) C. discobolus

109 (108) Pigmentation of peritoneum

absent on lateral and ventro-lateral
surfaces (Figs. 17, 59)
b. at least sparse or patchy on lateral
surfaces only (Fig. 18)

110 (109). Principal dorsal fin rays

a. present (at least one) but full comple-
ment incomplete or unclearly formed

........ C. ardens

................... C. latipinnis

b. present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray elements or “branches”
based on the most posterior pterygio-
phore, is well defined) . ........ ...

111 (101). Gut (Fig. 5)

a. essentially straight or with bend less
than 90" (gut phase 1) or with at least
90° bend or partial s-shaped loop (gut
phase 2)

b. with full loop (s-shape to near anterior
end of visceral cavity) but with neither
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limb of loop completely across ventral
midline (gut phase 3) or with at least one
limb of loop fully across ventral midline but
not yet with both limbs across fully to
opposite side (gut phase 4) . ... C. discobolus

112 (111). Pigmentation of peritoneum
a. absent on lateral and ventro-lateral
surfaces (Figs. 17, 59,87) .......... 113
b. at least sparsc or patchy on lateral
surfaces only (Fig. 18)

113 (112). Principal dorsal fin rays

a. present (at least one) but full comple-
ment incomplete or unclearly formed . 154

b. preseat with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray eclements or “branches”
based on the most posterior pterygio-
phore, is well defined) ............ 175

114 (101). Gut (Fig. 5)

a. essentially straight or with bend less than
90° (gut phase 1) or with at least 9%0°
bend or partial s-shaped loop (gut phase
D) 115

b. with full loop (s-shape to near anterior
end of visceral cavity) but with neither
limb of loop completely across ventral
midline (gut phase 3) or with at least
one limb of loop fully across ventral
midline but not yet with both limbs
across fully to opposite side (gut phase
4) e C. discobolus

115 (112,114). Principal dorsal fin rays
a. present (at least one) but full comple-
ment incomplete or unclearly formed
..................... X. texanus
b. present with full (adult) complement
clearly formed and countable (principal
fin rays are sufficiently formed when the
last principal ray, which consists of two
separate ray clements or “branches”
based on the most posterior pterygio-
phore, is well defined) ............ 183

116 (6,52). Full complement of dorsal fin ptery-
giophores (same number as aduit
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 185
b. clearly formed and countable . ... ... 117

117 (116). Number of dorsal fin pterygiophores

a9 C. discobolus
b 10-12 ... ... ... 118
e 13 . C. commersoni

118 (117). Length of base of dorsal fin (origin
to insertion of dorsal fin)
a. 11%SL ................ C. discobolus
b. 12214% SL ..................... 185

119 (14,86,107). Full complement of dorsal fin
pterygiophores (same number as
adult complement of principal
dorsal fin rays which develop
subsequent to the pterygiophores)

a. incompletely or unclearly formed . ... 187
b. clearly formed and countable . ...... 120

120 (119). Number of dorsal fin pterygiophores

a. 9 L C. platyrhynchus
b 10-12 ... . 121

................. C. commersoni

121 (120). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL.............. C. platyrhynchus
b. 12-13% SL  ............ .. ...... 187
c. 14%SL ............... C. commersoni

122 (18,34). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 189
b. clearly formed and countable ....... 123

123 (122). Number of dorsal fin pterygiophores

a9 e 126
b 10-12 . ... ... ... 124
c. 13 . C. commersoni

124 (123). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL ... ... ... 191
b. 12-13% SL ........ ... ... ... 189
c W%SL ......... . ... ... .. 185

125 (19,53). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 191
b. clearly formed and countable ....... 126

126 (123,125). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 11-13% SL

b. 4% SL .......... ... ... C. discobolus

127 (41,79). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 197
b. clearly formed and countable ... .. .. 128

128 (127). Number of dorsal fin pterygiophores
9 C. discobolus

panoe
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129 (128). Length of base of dorsal fin (origin to
insertion of dorsal fin)

a. 11%SL ................ C. discobolus
b. 12214% SL . ......... ... e 149
c. 15%SL ........ ... ... ... C. ardens
d 16-18% SL ................ X. texanus

130 (39,76,98,100). Full complement of dorsal
fin pterygiophores (same number as
adult complement of principal dorsal
fin rays which develop subsequent
to the pterygiophores)
a. incompletely or unclearly formed .... 195
b. clearly formed and countable ....... 131

131 (130). Number of dorsal fin pterygiophores

a. 10-11 ... ... ... C. ardens
b 12-14 ... 132
¢ 1516 ... ... X. texanus

132 (128,131). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 12-15% SL; length from anterior margin

of snout to insertion of dorsal fin 60-
63%SL ... ... C. ardens

b. 16-18% SL; length from anterior margin

of sonout to insertion of dorsal fin 65-
67% SL ... . X. texanus

133 (42). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 209
b. clearly formed and countable ....... 134

134 (133). Number of dorsal fin pterygiophores

a. 9-11................... C. discobolus
b. 12 .. . 135
c. 13-16 ...... ... .. ... .. X. texanus

135 (134). Length of base of dorsal fin (origin
to insertion of dorsal fin)
a. 11-14% SL; length from anterior margin
of snout to insertion of dorsal fin 61-
64% SL .......... ... ... C. discobolus
b. 16-18% SL; length from anterior margin
of snout to insertion of dorsal fin 65-
67% SL .. .. ... X. texanus

136 (72). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to

the pterygiophores)

a. incompletely or unclearly formed .. .. 205
b. clearly formed and countable ....... 137
137 (136). Number of dorsal fin pterygiophores
a % C. discobolus
b 100 ... 148
e 11 141
do12 138
e 314 0 145
L1516 ..o X. texanus

138 (137). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL ................ C. discobolus
b. 122.14% SL ...... ... .. . . o, 142
¢ 15%SL ... .. 153
d 1617%SL ....... ... ... ...... 157
e. 18%SL .................. X. texanus

139 (61). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . ... 201

b. clearly formed and countable ....... 140
140 (139). Number of dorsal fin pterygiophores

a9 C. discobolus

b. 10 ... 148

e 13-12 ... 141

d 13-14 ... 152

141 (137,140). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 11%SL ................ C. discobolus
b. 12-14% SL ....... .. ... ........ 142
c. 15%SL ... . ... 153
d 16-17%SL .............. C. latipinnis

142 (138,141). Length from anterior margin of
snout to insertion of dorsal fin

a. 60%SL ... ... C. ardens
b. 61%SL ........ .. ... ..., 193
c. 6263% SL . ... 201
d 64%SL ........ ... 207
e. 6567%SL ... ... ... ... C. latipinnis

143 (69,95). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed . .
b. clearly formed and countable ....... 144

144 (143). Number of dorsal fin pterygiophores
a 10 ..ol C. ardens

€ 1204 Lo 145
d 1516 ............. . .. ... X. texanus

145 (137,144). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 12-15% SL

b. 16-17% SL

c 18%SL ........... ... .. .. X. texanus

146 (22,26,64). Full complement of dorsal fin
pterygiophores (same number as
adult complement of principal dor-
sal fin rays which develop subse-
quent to the pterygiophores)

a. incompletely or unclearly formed . ... 193
b. dearly formed and countable . ... ... 147

147 (136). Number of dorsal fin pterygiophores
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a9 C. discobolus
b. 10-12 ... .. 148
e 13-14 ... ... ... C. ardens
148 (128,137,140,147). Length of base of dorsal
fin (origin to insertion of dorsal fin)
a. 11%SL ................ C. discobolus
b 12-14% SL . ... ... ... ... ... 149
c. 15%SL ... .. .. C. ardens
149 (129,148). Length from anterior margin of
snout to insertion of dorsal fin
a. 60%SL ... ..., C. ardens
b. 61-63% SL . .......... ... .. ..... 193
c. 64%SL ... .. ... ... . ... C. discobolus

150 (58,89). Full complement of dorsal fin ptery-
giophores (same number as adult
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)

a. incompletely or unclearly formed .... 199
b. clearly formed and countable ....... 151
151 (150). Number of dorsal fin pterygiophores
a 10 ... C. ardens
b. 11-14 ... . 152
152 (140,144,151). Length of base of dorsal fin
(origin to insertion of dorsal fin)
a. 12-15% SL . ... 153
b. 16-17% SL ............... C. latipinnis
153 (138,141,145,152). Length from anterior
margin of snout to insertion of
dorsal fin
a. 60-61%SL ................. C. ardens
b. 6263% SL . .......... .. ... . ... 199
c. 64-67%SL ...... ... . ... C. latipinnis
154 (113). Full complement of dorsal fin ptery-
giophores (same number as aduit
complement of principal dorsal fin
rays which develop subsequent to
the pterygiophores)
a. incompletely or unclearly formed .... 292
b. clearly formed and countable ....... 155
155 (154). Number of dorsal fin pterygiophores
T 1 C. latipinnis
b 1214 .. . 156
c 1516 ... ..ol X. texanus
156 (155). Length of base of dorsal fin (origin
to insertion of dorsal fin)
a 12-15%SL............... C. latipinnis
b. 1617% SL . .......... ... L 157
c. 18%SL .................. X. texanus
157 (138,145,156). Length from anterior margin
of snout to insertion of dorsal fin
a 6264%SL ............... C. latipinnis
b. 6567%SL............ ... ..... 292

158 (34,86). Number of principal dorsal fin rays

a9 167
b 10-12 ... . 159
c. 13 ... C. commersoni

159 (158). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL ......... ... ... .. ... 168
b. 12-13% SL ....... ... .. ..., .. 160
c. 4% SL ... .. ... ... 163
160 (159). Dorsal fin length
a 11-15%SL ... ... ... . ... 192
b. 16-17% SL ... ... ... ........ 186
161 (52,85). Number of principal dorsal fin rays
a9 L C. discobolus
b, 10-12 . ... 162
e 13 C. commersoni

162 (161). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL ................ C. discobolus

b. 12-14% SL ... ... ... ..., 163
163 (159,162). Dorsal fin length

a. 11-15%SL ............. C. discobolus

b. 16-17% SL ....... ... ... ..... 186
164 (107). Number of principal dorsal fin rays

a. 9 L C. platyrhynchus

b, 10-12 ... ... 165

¢ 13 L C. commersoni

165 (164). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11%SL .............. C. platyrhynchus
b. 12-13% SL ... ... ... . ... ... 166
c. 4% SL ............... C. commersoni

166 (165). Dorsal fin length
a. 11-115%SL ........... C. platyrhynchus
b. 16-17% SL ............ C. commersoni

167 (53,158). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 11-13%SL ... ... ... . 168
b. 4% SL ................ C. discobolus
168 (159,167). Dorsal fin length
a. 11-15%SL .................... 192
b. 16-17% SL ............. C. discobolus
169 (72,79,100). Number of principal dorsal fin
rays
a9 C. discobolus
b, 10-11 ... .. ... 172
c. 12 170
d 1314 ... 184
e. 1516 .. ... ... ... .. X. texanus
170 (169). Leagth of base of dorsal fin (origin
to insertion of dorsal fin)
a. 11%SL ................ C. discobolus
b 12-14%SL ... ... . ... ..... 173
¢ I53%SL ................... C. ardens
d 1618%SL ............... X. texanus
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171 (41,61,64,92). Number of principal dorsal

fin rays
a9 e e C. discobolus
b. 10-12 oo 172
c. 1314 ... ... C. ardens

172 (169,171). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 11%SL ............. ... C. discobolus
b. 12214% SL . .. ...... ... 173
¢. 15%SL ... . . . i, C. ardens

173 (170,172). Length from anterior margin of
snout to insertion of dorsal fin

a. 60%SL ... .. C. ardens

b. 61-63% SL . ........ .. .. 174

c. 64%SL ....... ... . ... C. discobolus
174 (173). Dorsal fin length

a 11-13%SL.............. C. discobolus

b. 1417%SL . . .o oo i 194
175 (113). Number of principal dorsal fin rays

a 10 ... e C. ardens

b. 11 e e e 180

C 12-14 e 176

d 1516 ... X. texanus

176 (175). Length of base of dorsal fin (origin
to insertion of dorsal fin)

a. 12215 SL . ... .. 181
b. 1617% SL . . ..o e 177
c. 18%SL ... ... i X. texanus

177 (176). Length from anterior margin of snout
to insertion of dorsal fin

a 62-64%SL............... C. latipinnis

b. 6567% SL . .......... ..., 178
178 (177). Dorsal fin length

a 1517%SL............... C. latipinnis

b. 1821%SL........ ... ... ..., 292
179 (110). Number of principal dorsal fin rays

a. 10 ... C. ardens

b. 11-14 . ... 180

180 (175,179). Length of base of dorsal fin
(origin to insertion of dorsal fin)
a. 12-15%SL....... .. ...l 181
b. 1617%SL .. ............. C. latipinnis

181 (176,180). Length from anterior margin of
snout to insertion of dorsal fin

a 6061%SL................. C. ardens

b. 6263% SL . ....... ... ... .. ... 182

. 6467%SL............... C. latipinnis
182 (181). Dorsal fin length

a 14%SL .............. . ..., C. ardens

b. 1516% SL ......... ... ... L, 20

e 1721%SL........... ... C. latipinnis
183 (69,76,9598,115). Number of principal

dorsal fin rays
a 1011 ... ... C. ardens

184 (169,183). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 12-15% SL; length from anterior margin

of snout to insertion of dorsal fin 60-
63% SL; dorsal fin length 14-16% SL

..................... C. ardens

b. 16-18% SL; length from anterior margin

of snout to insertion of dorsal fin 65-
67% SL; dorsal fin length 18-21% SL

................... X. texanus

185 (116,118,124). Pelvic fin buds
a. absent .......... ... L. o L 218
b. present .............. .. ....... 186

186 (160,163,185). Length from anterior margin
of snout to origin of pelvic fin

a. 52%SL ............... C. commersoni

b. 5354% SL .................... 218

¢ 55-57T%SL ............. C. discobolus
187 (119,121,133). Pelvic fin buds

a. absent .......... ... ..o, 225

b present ............... ... ..... 188

188 (187). Length from anterior margin of snout
to origin of pelvic fin

a 52-54%SL ...l 225
b. 55-5%6% SL ........... C. platyrhynchus
189 (122,124). Pelvic fin buds
a absent .......... .. ... .. 211
b. present .......... ..., 190
190 (189). Length from anterior margin of snout
to origin of pelvic fin
a. 52%SL ............... C. commersoni
b. 5354%SL ... ... .. il 211
¢ 555%SL ....... .. . i 231
d S57%SL ....... ... ... C. discobolus
191 (124,125,126). Pelvic fin buds
a absent ............ .. .. ... 231
b. present ........... ... 192
192 (160,168,191). Length from anterior margin
of snout to origin of pelvic fin
a S52%SL ........ ... ... C. platyrhynchus
b. 5356%SL ..... ... .. ... .. ... 31
c 51%SL ....... ... ..... C. discobolus
193 (142,146,149). Pelvic fin buds
a absent ............. ... ... m
b preseat ............. ... ... ... 194
194 (174,193). Length from anterior margin of
soout to origin of pelvic fin
a 5052%SL ................ C. ardens
b. 53% SL ... . m
e 5457%SL ............. C. discobolus
195 (130). Pelvic fin buds
a absent ........................ 282
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b. present ....................... 196

196 (195). Length from anterior margin of snout
to origin of pelvic fin

a. 50-53% SL............. ... ... 282

b. 54%SL .................. X. texanus
197 (127). Pelvic fin buds

a. absent ........................ 248

b. present ....................... 198

198 (197). Length from anterior margin of snout
to origin of pelvic fin

a. S0-52%SL........ .. ... .. ..... 282

b. 53%SL ......... . 248

c S4%SL ..., 288

d 55-57%SL.............. C. discobolus
199 (150,153). Pelvic fin buds

a. absent ........................ 278

b. present ....................... 200

200 (182,199). Length from anterior margin of
snout to origin of pelvic fin

a. 50-53%SL..................... 278
b. 54%SL ................. C. latipinnis
201 (139,142). Pelvic fin buds
a. absent .......... ... .. ... ..... 255
b. present ....................... 202
202 (201). Length from anterior margin of snout
to origin of pelvic fin
a. 50-52%SL..................... 278
b. 533%SL ... 255
C 54%SL ... .. 287
d. 5557%SL.............. C. discobolus
203 (143). Pelvic fin buds
a absenmt ........................ 266
b. present ....................... 204
204 (203). Length from anterior margin of snout
to origin of pelvic fin
a. 50-53%SL . .......... .. ... ..... 266
b. S4%SL ... ... 292
205 (136). Pelvic fin buds
a. absent ................... ... .. 26
b.present ....................... 206
206 (205). Length from anterior margin of snout
to origin of pelvic fin
a. 50-52%SL ..................... 266
b. 533%SL ....................... 26
© M%BSL ... 293
d. 55-57% SL ............ .. C. discobolus
207 (142). Pelvic fin buds
a absent ...... .. ... . ... 287
b.opresent ... ... ... 28
208 (207). Length from anterior margin of saout
to origin of pelvic fin
a 50-52%SL............... C. latipinnis

b. 53-54%SL .................... 287

¢ 5557%SL ............. C. discobolus
209 (133). Pelvic fin buds

a. absent ........................ 288

b, present ....................... 210

210 (209). Length from anterior margin of snout
to origin of pelvic fin

a. 50-52% SL

b. 53-54% SL

¢. 55-57% SL

211 (18,189,190). Longitudinal eye diameter
a. 24-25% of head length
b. 26-34% of head length
¢ 35% of head length

212 (211). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but not in distinct
oblique rows (Figs. 30, 45, 72)

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-

tral margin of one or both preopercles

(Figs. 31, 73)

213 (212). Pigment on ventral surface of heart
region

a. absent (Fig. 45)

b. present (Figs. 31, 44, 73)

214 (213). Lateral surface of head posterior to
eyes with

a. =5 melanophores. (Fig. 45)

b. 26 melanophores (Figs. 31, 73)

215 (214). Developing dorsal fin with
a. few (<5) or no melanophores (Fig. 45)
b. many (26) melanophores (Fig. 73; Fig.
31 by our observations should have more
melanophores in the dorsal fin for speci-
mens of the size pertinent to this loop of
thekey) ...... ... ... ... ... ...,
216 (215). Length from anterior margin of snout

to posterior margin of vent

. T6%SL ...,

ee ow
.
*
&
R
v
ol

217 (216). Number of myomeres to posterior
margin of vent
a. 32-33

218 (6,185,186,211). Pigment over ventral to
ventro-lateral surfaces of gill covers

(opercula)
a. absent or present but oot in distinct
oblique rows
b. present in a distinct oblique row of 3 or
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more melanophores near or along ventral
margin of one or both preopercles
.................. C. commersoni

219 (218). Pigment on ventral surface of heart
region

a. absent (Fig.45) .......... C. discobolus
b. present (Figs.31,44) ............. 20
220 (219). Lateral surface of head posterior to
cyes with
a. <5 melanophores (Fig. 45) .. C. discobolus
b. 26 melanophores (Fig. 31) ......... 21

221 (220). Developing dorsal fin with
a. few (s5) or no melanophores (Fig. 45)
................... C. discobolus
b. many (z6) melanophores (Fig. 31 by our
observations should have more melano-
phores in the dorsal fin for specimens of
the size pertinent to this loop of the
KEY) - ovvimen e 22

222 (221). Length from anterior margin of snout
to posterior margin of veat

a. 7677%SL ... .. C. discobolus
b. 7881% SL . ... .o 223
223 (216,222). Number of myomeres to

posterior margin of vent

a 34 e C. commersoni
b. 35-40 ... 24
224 (217,223). Total number of myomeres
a 43-46 .. ... C. commersoni
b. 4749 ... ... C. commersoni
C. discobolus
225 (14,187,188). Longitudinal eye diameter
a. 24-25% of head length . ... C. commersoni
b. 26-34% of head length . ........... 226
¢. 35% of head length. . .. .. C. platyrhynchus

226 (212,225). Lateral surface of head posterior
to eyes with
a. <5 melanophores (Fig. 45) C. platyrhynchus
b. =6 melanophores (Figs. 31, 73) ...... 227

227 (226). Developing dorsal fin with

a. few (s5) or no melanophores (Fig. 45) . ..
................. C. platyrhynchus

b. many (26) melanophores (Fig. 73; Fig.

31 by our observations should have more

melanophores in the dorsal fin for speci-

mens of the size pertinent to this loop of
the key) . ..o 228

228 (227). Length from anterior margin of snout
to posterior margin of vent

a. 71%SL ... C. platyrhynchus
b. 7880% SL . ... ... 29
c. 81%SL ... . ... C. commersoni

229 (228). Number of myomeres to posterior
margin of vent

230 (217,229). Total number of myomeres

a 4347 ... C. commersoni
C. platyrhynchus
b. 4849 .. ... ... e C. commersoni

231 (19,190,191,192). Longitudinal eye diameter

a. 24-25% of head length . .. .. C. discobolus
b. 26-34% of head length . .. ......... 232
¢. 35% of head length. .. ... C. platyrhynchus

232 (231). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent or present but not in distinct

oblique rows (Fig. 45) ............ 233
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig 73) . .vvvnvnnnn C. platyrhynchus
233 (232). Pigment on ventral surface of heart
region
a. absent (Fig. 45) .......... C. discobolus
b. present (Figs. 44, 73) ............. 234
234 (214,215,233). Length from anterior margin
of snout to posterior margin of vent
a. 76%SL ... .. C. discobolus
b. 77-80% SL ... .o 235
c. 81%SL ........... ..., C. discobolus
235 (216,234). Number of myomeres to
posterior margin of vent
a 323 ... C. platyrhynchus
b. 3537 o 310
c 3840 ... ... C. discobolus
236 (205,206). Longitudinal eye diameter
a. 24-26% of head length . ........... 237
b. 27-30% of head leagth .. .......... 238
c. 31-33% of head length . . .......... 239
d. 3% of head length .............. 257
e. 35% ofheadlength ... ........... 279
f. 36-38% of head length ........ C. ardens

237 (236). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent or present but not in distinct
oblique rows (Figs. 45,59) ......... 259
b. present in a distinct oblique row of 3 or
more melanophores aear or along ven-
tral margin of one or both preopercles
Fig M) oo C. latipinnis

238 (236). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but not in distinct
oblique rows (Figs. 45, 59, 87)

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-

tral margin of one or both preopercles

(Fig. 73)
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239 (236). Pigment over ventral to ventro-lateral

a.

b.

surfaces of gill covers (opercula)
absent or present but not in distinct
oblique rows (Figs. 16, 45, 59, 87) . . ..
present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig. 17)

240

267

240 (239). Pigment on ventral surface of heart

a.

b.

241 (238,240).

region
absent (Figs. 45, 59)
present (Figs. 17, 44, 58, 87)

Lateral surface of body below
horizontal myosepta (or lateral mid-
line) exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toncum), or gut,

unpigmented or with <5 melanophores

(Figs. 45, 59, 87)

pigmented with =6 melanophores (Fig.

C. discobolus

242 (241). Length from anterior margin of snout

to posterior margin of vent

a. 76T7% SL . ..o 261
b. 7880% SL ......... .. .. ... ... 243
c. 81%SL ... .. 304
d. 8284%SL................ X. texanus
243 (242). Number of myomeres to posterior
margin of vent
a. 35 .o C. discobolus
b. 3640 . ... 303
e 4l L X. texanus
244 (240). Lateral surface of body below hori-
zontal myosepta (or lateral midline)
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,
a. unpigmented or with <5 melanophores
(Figs. 17,45,59,87) .. ............ 245
b. pigmented with 26 melanophores (Fig.
46) . C. discobolus
245 (244). Length from anterior margin of snout
to posterior margin of vent
a 16-TT%SL . ... 264
b. 7880% SL ... 246
c. 81%SL .. ... 304
d 82-84%SL................ X. texanus
246 (245). Number of myomeres to posterior
margin of vent
a. M C. ardens
b, 35 T
e 3638 .. 247
d 3940 ... 303
e 4l L. X. texanus
247 (246). Total number of myomeres
a. 43 C. ardens

..................... C. ardens

X. texanus

..................... C. ardens

C. latipinnis

X. texanus

d. 4748 ... ... C. ardens
C. discobolus

C. latipinnis

X. texanus

C. discobolus

C. latipinnis
X. texanus

248 (26,197,198). Longitudinal eye diameter

C. discobolus

a. 24-26% of head length . . ...
b. 27-30% of head length . .. ......... 289
c. 31-33% of head length .. .......... 249
d. 3% of head length .. ............ 272
e. 35-38% of head length ... ... .. C. ardens
249 (248). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent or present but not in distinct
oblique rows (Figs. 16,45, 87) ...... 250
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig 17) oo 283
250 (249). Pigment on ventral surface of heart
region
a. absent (Figs. 45,88) .............. 290
b. present (Figs. 17,44,87) .......... 251
251 (250). Lateral surface of body below hori-
zontal myosepta (or lateral midline)
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,
a. unpigmented or with <5 melanophores
(Figs. 17,45,87) .. .oovevenn. .. 252
b. pigmented with 26 melanophores (Fig.
46) e C. discobolus
252 (251). Length from anterior margin of snout
to posterior margin of vent
a. 76-T1%SL ...... ..., 276
b. 7880%SL ....... ... .. 253
e BI%SL ... . 304
d 82-84%SL ............... X. texanus
253 (252). Number of myomeres to posterior
margin of vent
a. M e C. ardens
b, 35 277
€ 3638 ... 254
d. 3940 . ... ... 305
e. 4l L. X. texanus
254 (253). Total number of myomeres
a 43 e C. ardens
b. 4446 ....... ... C. ardens
X. texanus
c. 4748 ... ... C. ardens
C. discobolus
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X. texanus
d. 49 ... e C. discobolus

X. texanus

255 (201,202). Longjtudinal eye diameter

a. 24-30% of head length . ........... 256
b. 31-34% of head length .. .......... 257
c. 35% of headlength .. ............ 279
d. 36-38% of head length . ..... .. C. ardens

256 (255). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but not in distinct
obligue rows (Figs. 45,59) ......... 259

b. present in a distinct oblique row of 3 or

more melanophores near or along ven-

tral margin of one or both preopercles
Fig.17) .. .oiivieins C. latipinnis

257 (236,255). Pigment over ventral to
ventro-lateral surfaces of gill covers

(opercula)
a. absent or present but not in distinet
oblique rows (Figs. 16, 45, 59)
b. present in a distinct oblique row of 3or
more melanophores near or along ven-
tral margin of one or both preopercles

(Fig. 17)

258 (257). Pigment on ventral surface of heart
region
a. absent (Figs. 45,59) .............. 259
b. present (Figs. 17, 44,58} .......... 262

259 (237,256,258). Lateral surface of body below
horizontal myosepta (or lateral
midline) exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toncum), or gut,

a. unpigmented or with <5 melanophores
(Figs. 45,59) ..o vvniiinnnts 260
b. pigmented with 26 melanophores (Fig.
A6) e C. discobolus

260 (259). Length from anterior margin of snout
to posterior margin of vent
a 76-80% SL ... ...t 261
b. 81%SL ...... ...t C. discobolus

261 (242,260). Number of myomeres to
posterior margin of vent

Lateral surface of body below
horizontal myosepta (or lateral
midline) exclusive of melanophores
associated with horizontal myoscpta,
air bladder, visceral cavity (peni-
toneum), or gut,

a. unpigmented or with S5 melanophores
(Figs. 17,45,59) .......cooneecns 263
b. pigmented with 26 melanophores (Fig.
) o C. discobolus

262 (258).

263 (262). Length from anterior margin of snout
to posterior margin of vent

a 76-80%SL ......... i 264
b. 81%SL ... C. discobolus
264 (245,263). Number of myomeres to poster-
ior margin of vent
a. M e C. ardens
b. 35 e 271
€ 3638 ... 265
d 3940 ... .. 301
265 (264). Total number of myomeres
a 4345 ... C. ardens
b. 46 ... C. ardens
C. latipinnis
c 4748 .. ... C. ardens
C. discobolus
C. latipinnis
d. 49 . C. discobolus
C. latipinnis
266 (203,204,206). Longitudinal eye diameter
a. 24-26% of head length . ... .. C. latipinnis
b. 27-30% of head length .. .......... 306
c. 31-33% of head length . ........... 267
d. 34-35% of head length . ........... 279
e. 36-38% of head length . ....... C. ardens
267 (239,266). Pigment on ventral surface of
heart region
a. absent (Figs. 59,88) .............. 306
b. present (Figs. 17,58,87) .......... 268
268 (267). Length from anterior margin of snout
to posterior margin of vent
a 76T1%SL ... 280
b. 7880%SL ...... .. 269
c. 81-84%SL ............... X. texanus
269 (268). Number of myomeres to posterior
margin of vent
a M35 .. C. ardens
b. 3638 i 270
€ 3940 ... 308
d 41 X. texanus
270 (269). Total number of myomeres
a 43 e C. ardens
b. 4445 ... .. e C. ardens
X. texanus
C 4648 ... ... C. ardens
C. latipinnis
X. texanus
d 49 . C. latipinnis
X. texanus
271 (22,193,194). Longitudinal eye diameter
a. 24-30% of head length . . . .. C. discobolus
b. 31-34% of head length ... ......... m
c 3538% of bead length .. ... ... C. ardens
272 (248271).  Pigment over ventral to
ventro-lateral surfaces of gill covers
(opercula)
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a. absent or present but not in distinct
oblique rows (Figs. 16,45) ......... 273
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles

Fig. 17) ..o C. ardens
273 (272). Pigment on ventral surface of heart
region
a. absent (Fig.45) .......... C. discobolus
b. present (Figs. 17, 44) ............. 274

274 (273). Lateral surface of body below hori-
zontal myosepta (or lateral midline)
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity = (peri-
tooeum), or gut,

a. unpigmented or with <5 melanophores

(Figs. 17,45) . ..voeoinnenen .. 275
b. pigmented with 26 melanophores (Fig.
46) ... C. discobolus

275 (274). Length from anterior margin of snout
to posterior margin of vent
a. 76-80%SL ... ... .. 276
b. 81% SL ................ C. discobolus

276 (252,275). Number of myomeres to poster-
ior margin of vent

a. M C. ardens
b. 3538 . s 277
c. 3940 ... ... . C. discobolus
277 (246,253,264,276). Total number of myomeres
a, 43-46 ... ... C. ardens
b. 47-48 ... .. e C. ardens

C. discobolus

c. 49 L. C. discobolus
278 (58,61,69,72,199,200,202). Longitudinal eye
diameter
a. 24-30% of head length . ... .. C. latipinnis
b. 31-35% of head length .. .. ........ 279
¢. 36-38% of head length .. ... ... C. ardens

279 (236,255,257,266,278). Pigment on ventral
surface of heart region

a. absent (Fig. 59) ........... C. latipinnis
b. present (Figs. 17,58) ............. 280
280 (268,279). Number of myomeres to
posterior margin of vent
a. 3435 ... C. ardens
b. 3638 ... ... 281
€ 3940 ... C. latipinnis
281 (280). Total number of myomeres
a 4345 ... C. ardens
b. 4648 .. ... ... C. ardens
C. latipinnis
e 49 L C. latipinnis
282 (24,39,41,195,196,198).  Longitudinal eye
diameter
a. 27-30% of head length . ... ... X. texanus

b. 31-33% of head length ............ 283

c. 34-38% of head length . ....... C. ardens
283 (249,282). Pigment on ventral surface of
heart region
a. absent (Fig. 88) ............ X. texanus
b. present (Figs. 17,87) ............. 284

284 (283). Length from anterior margin of snout
to posterior margin of vent

a. 76-77% SL . ... ... ... ... ... C. ardens
b. 7880% SL .......... ... . ... .. 285
c. 81-84% SL ....... ... ..., X. texanus

285 (284). Number of myomeres to posterior
margin of vent

a. 335 ... C. ardens
b. 3638 .. ... 286
c. 41 X. texanus
286 (285). Total number of myomeres
a 43 L C. ardens
b. 4448 . ... .. ... C. ardens
X. texanus
c. 499 L X. texanus
287 (202,207,208). Longitudinal eye diameter
a. 24-34% of head length ... ......... 294
b. 35% of head length ... ... .. C. latipinnis
288 (9,198,209,210). Longitudinal eye diameter
a. 24-26% of head length .. . .. C. discobolus
b. 27-33% of head length . ... ........ 289
c. 34% of head length ....... C. discobolus
289 (248,288). Pigment over ventral to
ventro-lateral surfaces of gill covers
(opercula)
a. absent or present but not in distinct
oblique rows (Figs. 45,87) ......... 290

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
Fig 17) ... X. texanus

290 (250,289). Lateral surface of body below
horizontal myosepta (or lateral
midline) exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toneum), or gut,

a. unpigmented or with <5 melanophores

(Figs. 45, 87) ...... ..ot 291
b. pigmented with =6 melanophores (Fig.
46) ... C. discobolus

291 (290). Length from anterior margin of snout
to posterior margin of vent

a 76T1%SL ............. C. discobolus

b. 7881%SL ........ ... .. ... ... 304

c. 8284%SL ... .. ... ... ... X. texanus
292 (154,157,178,204). Longitudinal eye diameter

a. 24-26% of head length . ... .. C. latipinnis

b. 27-33% of head length . ........... 306

c. 34-35% of head length . .. ... C. latipinnis
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293 (206). Longitudinal eye diameter

a. 24-26% of head length .. .......... 294
b. 27-33% of head length .. .......... 297
c. 3% of headlength .. ............ 294
d. 35% of head length ........ C. latipinnis
294 (287,293). Pigment over ventral to
ventro-lateral surfaces of gill covers
(opercula)
a. absent or present but not in distinct
oblique rows (Figs. 45, 59) ......... 295

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig. 17) C. latipinnis

Lateral surface of body below
horizontal myosepta (or lateral
midline) exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toncum), or gut,

a. unpigmented or with <5 melanophores
(Figs. 45, 59)

b. pigmented with 26 melanophores (Fig.

C. discobolus

295 (294).

296 (295). Length from anterior margin of snout
to posterior margin of vent

a 76-80%SL ... ..

b. 81%SL ........ .. ...,

297 (293). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but mot in distinct

oblique rows (Figs. 45, 59, 87)

b. present in a distinct oblique row of 3 or

more melanophores near or along ven-

tral margin of one or both preopercles

(Fig. 17)

298

298 (297). Lateral surface of body below
horizontal myosepta (or lateral
midline) exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toneum), or gut,

a. unpigmented or with <5 melanophores
(Figs. 45, 59, 87)

b. pigmented with 26 melanophores (Fig.
C. discobolus

299

299 (298). Length from anterior margin of snout
to posterior margin of vent

L 76-T1% SL .o

ORI SL .o

O B284% SL ...

an o
~
®
3
%2
e

300 (296,299). Number of myomeres to poster-
ior margin of vent

301 (261,264,300). Total number of myomeres
C. latipinnis
C. discobolus
C. latipinnis

302 (299). Number of myomeres to posterior
margin of vent

a 35 e C. discobolus

b. 36-40 . ... .. 303

c. 41 e X. texanus

303 (243,246,302). Total number of myomeres

a 45 ... X. texanus

b. 46 ... e C. latipinnis

X, texanus

c. 4749 ... ... C. discobolus

C. latipinnis

X. texanus

304 (242,245,252,291,299). Number of myomeres
to posterior margin of vent

a. 35 e C. discobolus
b. 3640 . . ... e 305
c. 41 e X. texanus
305 (253,304). Total number of myomeres
a. 4446 .. ... X. texanus
b. 4749 .. ... ... . C. discobolus
X. texanus

306 (238,266,267,292,297). Length from anterior
margin of snout to posterior margin

of vent
a. 767T71% SL .............. C. latipinnis
b. 7880% SL ...... .. ... ... ... 307
c. 81-84%SL ............... X. texanus
307 (306). Number of myomeres to posterior
margin of vent
a, 3640 ... 308
b. 41 ... X. texanus
308 (269,307). Total number of myomeres
a 445 . X. texanus
b. 46-49 .. ... .. ...l C. latipinnis
X. texanus
309 (217). Total number of myomeres
a, 4346 ... ... .. C. commersoni
C. platyrhynchus
b. 47 ... C. commersoni
C. discobolus
C. platyrhynchus
c. 4849 ... ... ... C. commersoni
C. discobolus
310 (235). Total number of myomeres
a. 4346 ... ... C. platyrhynchus
b. 47 ... C. discobolus
C. platyrhiynchus
c 4849 ... ... C. discobolus
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a.

3 (1,2).

o

a.

TR T O B0 o

2 (1). Gut (Fig. 5)

a.

Skeletal Character Key for Postflexion Meso- d 47 C. ardens
larvae that have been cleared and prefer- C. commersoni
ably stained for bone or cartilage (Fig. 6). C. discobolus

C. latipinnis

1. Standard length group (Fig. 4) C. platyrhynchus

ZI8MM . oo C. latipinnis . X. texanus
CR L U 2 €8 C. ardens
SL6 MM o ooeeee e 3 C. commersoni
C. discobolus
. . . al bo C. latipinnis
Fust( ]g:zogt) anterior) interneur ne C. platyrhynchus
unclearly formed ........... ... 3 fo49-50 ... C'(/‘d‘;yc?’?OI‘f‘
large and fan-shaped across top  X. texanus | - tanpinnis
large and angular or anvil-shaped with (rarely) C. platyriynchus
a prominent posterior-directed projec-
tionorbeak .......... .. ... .. .. 4 4 (2 Nusmbe £ b includi 4 f
small and blocky or angular with a small @ umwgbgria;cit;:mrpalixgmc uding & for
to moderate posterior-directed projec- a 4446 ... .. C. commersoni
tion or beak ..o b 4748 L. C. ardens
Number of vertebrae (including 4 for ¢ ?7;:;333;
Weberian complex) 49- R
4243 e C. platyrhynchus € 4950 C. latipinnis
4 L C. commersoni
“C. platyrynchus 5 (2). Number of vertebrae (including 4 for
45-46 .. C. commersoni Weberian complex)
C. discobolus a. 42-44 ... C. platyrhynchus
C. platyrhynchus b. 45-50 .. ... C. discobolus
X. texanus (rarely 49-50) C. platyrhynchus

Metalarvae -- adult complement of principal fin 3 (2). Pigmentation on lateral surfaces of
rays present in dorsal, anal, and caudal fins, peritoneum
but some preanal finfold remaining (Figs. a. absent (Figs. 19,88,89) ............ 67
18, 19; definition abbreviated for species of b. sparse or patchy (Figs. 18,32,33) .. ... 72
concern; there may be rare metalarval .

P . . 4 (1). Gut (Fig. 5
specimens in which all ﬁn_fold is lost but ( )a. cssc(:ntigally) straight or with bend less
not all pelvic fin rays or rudimentary caudal than 90° (gut phase 1) ........ C. ardens
fin rays are yet present). Separate slgeletal b. with at least 90° bend or partial s-shaped
character key at end for confirmation of loop (gut phase 2) ........ o 5
identity or further diagnosis of specimens c. with full loop (s-shape to near anterior
cleared (and preferably stained) for bone. end of visceral cavity) but with neither
limb of loop completely across over
X ventral midline (gut phase 3) ......... 7
1. Standard length (SL; Fig. 4) d. with at least one limb of loop fully
1I5mm . ... 2 across ventral midline but not yet with
16mm ...t 4 both limbs across fully to opposite side
17mm .. ... 9 (gut phase 4) to gut with both fimbs of
18mm . ..o 13 loop across midline fully to opposite side
19mm ......coi s 20 (four segments of gut crossing nearly
20MM .. 28 perpendicular to body axis) or with
20MMmM . 38 more extensive coil development (gut
22 . e 47 phase §) . .............. C. discobolus
23mMm ... s 52
A MM .. 53 5 (4). Pigmentation on lateral surfaces of
25 MM L C. latipinnis peritoncum
a. absent (Figs. 19,88,89) ........ 67
b. sparse or patchy (Figs. 18, 32, 33,
essentially straight or with bend less than TAY
90° (gut phase 1) .. .......... C. ardens

b.

with at least 90° bend or partial s-shaped
loop (gut phase 2)

6 (5). Pigmentation on ventro-lateral surfaces
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4. Pigmentadon on lateral surfaces of
peritoncum
a. absent (Fig. 19) C. commersoni
b. sparst Of patchy (Figs. 12, 33, 46, 74,

(- Pigmentation on vcnlro—la(era\ surfaces

a. absent (Fig. 19)
p. sparse of patchy (Figs- 33, 46, 74, 75) - - 81

) (1). Gut (Fig. 5)
a. essentially straight of with bend less than
o (gut phast 1 C.
b. with at least 90° bend of partial s-shaped

phase

c. with full loop (s-shape tO pear anterior
end of visceral ity) but with neither
limb of looP over
ventral midline (gut phase 3)

4. with at least one
across ventral midline but not yet with
both limbs acToss fully to opposite side

t with both limbs of

loop across midline fully to opposite side

(four segments of gut crossing nearly

perpcndicular 1o body axis) of with more

extensive cotl development (gut phas¢

§) aeeeeerrrii C. discobolus

10 ) Pigmcmaliou on lateral surfaces of

sparse Of patchy (Figs. 32, 13,46, 75) -~ 11
o umformly light o dark (Fig. 47
C. discobolus

T

11 (10). Pigmcntalion on vcnlro—laleral surfaces
of peritoneum
a. absent (Fig. 32) <= i C. commersoni
b. sparse Of patchy (Figs.
. uniformly light to dark (Fig- 47

12 (1. Pigmcnta(ion on ventral surface of
ritopeun

a absent (Fig 12; do not confuse pert-

catation with cpidcrmal or

surface pigmcmation)

b, sparse of patchy (Figs. 4, 74)

13 (1), Gut (Fig, ) with
n atleast % bend or partial s-shaped loop

b, full loop (s-shape

4. both Limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearty perpendicwiar to body
axis) Of with more extensive coil

C. discobolus

development (gut phase 5 .-

Pigmcnlation on lateral surfaces of
peritoneum

a, absent (Fig 19) < oo 3y L 72

b. sparse Of patchy (Figs- 18, 32, 33)

14 (13).

15 (14). Pigmcmation oo ventro-lateral surfaces

a. absent (Fig. 18) «ee T 72
b. sparse Of patchy (Fig- 33 .. C commersoni

16 (9,13)- P'\gmenlation on lateral surfaces of
peritoncum
a absent (Figs. 19,88,89) oot 67
b. sparse Of patchy (Figs. 18,32,33) .- - 17
17 (16). pigmentation on ventro-lateral surfaces
of peritopeum
a. absent (Fig. 18) - 200 72
b. sparse Of patchy (Figs- 33,74) -0 18
18 (17N)- Pigmentation on ventral surface of
peritoneum
a absent (Fig. 32, do not confuse peri-
toneal pigmcnlation with epidermal of
surface pigmcntation) .............. 85
b. sparse Of patchy (Figs. T4, 15)
............... C. platyrhynchus

entation o lateral surfaces of
peritoncum
a. absent (Figs- 88, 8 X. texanus
b. sparse Of patchy (Fig. 75) . C. platyrhynchus
c. uniformly light to dark (Fig. 47
.................. C. discobolus

19 (13). Pigm

Gut (Fig. 5) with

at least 9 bend of partial s-shaped

loop (gut phase D)

b. full loop (s-shape 10 near anteriof end
of visceral cavity) but with neither limb
of loop completely across over ventr
midline (gut phase 3)

c. at least on¢ limb of 100P fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)

4. both L

20 (1)-
a.

or with more extensive <O
development (gut phase 5y .. C discobolus

21 (20). Mouth
a terminal (above bottom-of-c¥e level)
(Fig 1T) oo 0 b ome C. ardens

b. low terminal (at of below bottom-of-€ye
tevel) to i i
including upper lip, not the most antcr-
jor portios of snout) (Figs: 18, 60) - -

74
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22 (20). Pigmentation on lateral surfaces of
peritoneum

a. absent (Figs. 19, 60, 88, 89)

b. sparse or patchy (Figs. 18, 32,33,75) .. 24

Mouth

a. terminal (above bottom-of-eye level)
(Figs. 17, 87)

b. low terminal (at or below bottom-of-eye

level) to slightly subterminal (mouth,

including upper lip, not the most

anterior portion of snout) (Figs. 18, 60,

8830

Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent (Figs. 18, 60)
b. sparse or patchy (Fig. 33) .. C. commersoni
c. uniformly light (Fig. 75) .. C. platyrhynchus

24 (22).

25 (24). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 17) ............ . ..., C. ardens

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 18, 32, 60) .. 59

26 (20). Pigmentation on lateral surfaces of
peritoneum

a. absent (Figs. 88, 89)

b. sparse or patchy (Figs. 32, 33, 75)

¢. uniformly light to dark (Fig. 47)

C. discobolus

27 (26). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent or sparse to patchy (Figs. 32,
33) C. commersoni

)
b. uniformly light (Fig. 75) .. C. platyrhynchus

Gut (Fig. 5) with

at least 90° bend or partial s-shaped loop

(gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end

of visceral cavity) but with neither limb

of loop completely across over ventral

28 (1).
a.

midline (gut phase 3) .............. 29
c. at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phased) .......... ... ... 33

d. both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body
axisy or with more extensive coil
development (gut phase 5) .. C. discobolus

29 (28). Pigmentation on lateral surfaces of
peritoneum
a. absent (Figs. 19,60,89) ... ... ..... 30
b. sparse or patchy (Figs. 18, 33,75) ... .. 31
30 (29). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 8T) ................. X. texanus

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 19, 60, 89) . 60

Pigmentation on ventro-lateral surfaces
of peritoneum

absent (Fig. 18)

sparse or patchy (Fig. 33) ........... 37

c. uniformly light to dark (Fig. 75)

................ C. platyrhynchus

31 (29).

o

32 (31). Mouth
a. terminal (above bottom-of-eye level)
(Fig.87) ... ... ...t X. texanus

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 19, 33, 60,

BY) e 58
33 (28). Pigmentation on lateral surfaces of
peritoneum
a. absent (Figs. 19,89) ............... 34
b. sparse or patchy (Figs. 18,33,75) ... .. 35

c. uniformly dark (Figs. 47, 48) C. discobolus

34 (33). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 87) ... ... ool X. texanus

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 19,89) .... 68

35 (33). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent (Fig. 18)
b. sparse or patchy (Fig. 33)
c. uniformly light to dark (Fig. 75)
................ C. platyrhynchus

36 (35). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 87y ................. X. texanus

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 19, 33, 89) . 67

37 (31,35). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 87) X. texanus
b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 33,89) .... 73

38 (1). Gut (Fig. 5) with
a. at least 90° bend or partial s-shaped
loop (gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end
of visceral cavity) but with neither limb
of loop completely across over ventral
midline (gut phase 3)
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¢. at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)

d. both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil
development (gut phase 5) .. C. discobolus

Pigmentation on lateral surfaces of
peritoneum

39 (38).

a. absent (Figs. 61,89) ............... 41
b. sparse or patchy (Fig.33) ........... 40
40 (39). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent (Figs. 61,89) ............... 41
b. sparse or patchy (Fig.33) ..... X, texanus
41 (39,40). Mouth
a. terminal (above bottom-of-eye level)
(Fig. 87) ..ocvevivinnnn X. texanus
b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
jor portion of snout) (Figs. 61,89) .... 74
42 (38). Pigmentation on lateral surfaces of
peritoneum
a. absent (Fig. 89) ............ X. texanus
b. sparse or patchy (Fig. 75) ........... 43
¢. uniformly light ......... C. platyrhynchus
d. uniformly dark (Fig. 47) ............
43 (42). Pigmentation on ventro-lateral surfaces

of peritoncum
a. absent or sparse to patchy (Fig. 89)
..................... X. texanus

b. uniformly light to dark (Fig. 76)
C. platyrhynchus

Pigmentation on ventro-lateral surfaces
of peritoneum

a. uniformly light

b. uniformly dark (Fig. 76)

44 (42).

45 (44). Pigmentation on ventral surface of
peritoneum
a. absent
b. sparse or patchy (Fig. 75)
¢. uniformly light to dark (Fig. 47)
C. discobolus

46 (45). Mouth
a. terminal (above bottom-of-eye level) or
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
jor portion of snout) (Fig, 75)
C. platyrhynchus
b. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 47) C. discobolus

Gut (Fig. 5) with

at least 90 bend or partial s-shaped
loop (gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end

of visceral cavity) but with neither limb

of loop completely across over ventral

47 (1).
a.

midline (gut phase 3) ........... ... 48
c. at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phased) ... ... ... 50

d. both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil
development (gut phase 5) .. C. discobolus

Pigmentation on lateral surfaces of
peritoneum

48 (47).

a. absent (Figs.61,89) ............... 57
b. sparse or patchy (Fig.33) ........... 49
49 (48). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent (Figs.61,89) ............... 57
b. sparse or patchy (Fig. 33) ..... X. texanus
50 (47). Pigmentation on lateral surfaces of
peritoneum
a. absent (Figs.61,89) ............... 57
b. sparse or patchy (Fig. 75) ........... 51

¢c. uniformly light to dark (Fig. 76)
................ C. platyrhynchus
51 (50). Pigmentation on ventro-lateral surfaces
of peritoneum )
a. absent (Figs. 61,89) .75 ........... 57
b. sparse or patchy (Fig. 33) X. texanus
c. uniformly dark (Fig. 76) . . C. platyrhynchus

Gut (Fig. 5) with
at least 90° bend or partial s-shaped
loop (gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end
of visceral cavity) but with neither limb
of loop completely across over ventral
midline (gut phase 3) or gut with at
least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)
¢. both limbs of loop across midline fully
to opposite side (four scgments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil
development (gut phase 5) .. C. discobolus

52 (1).
a.

53 (1). Gut (Fig. 5) with
a. at least 90° bend or partial s-shaped
loop (gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end
of visceral cavity) but with acither limb
of loop completely across over ventral
midline (gut phase 3) or gut with at
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least one limb of loop fully across ventral
midline but not yet with both limbs across

fully to opposite side (gut phase 4) ...... 54
54 (52,53). Pigmentation on lateral surfaces of
peritoneum
a. absent (Fig.89) ............ X. texanus
b. sparse or patchy (Fig. 33) ........... S5
55 (54). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent (Figs.61,89) ............... 57
b. sparse or patchy (Fig. 33) ........... 56
56 (55). Pigmentation on ventral surface of
peritoneum
a. absent (Figs.61,89) ............... 57
b. sparse or patchy (Fig. 75) . ... C. latipinnis
57 (48,49,50,51,55,56). Mouth
a. terminal (above bottom-of-eye level)
(Fig.87) ...t X. texanus

b. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most
anterior portion of snout) (Fig. 89) .... 74

c. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 61) ........... C. latipinnis

Ventral midline from shortly behind

heart region to near vent with

a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.

58 (32).

32) o C. commersoni
b. 7-20 melanophores (Fig. 17) ......... 61
¢. <6 melanophores (Figs. 19, 60, 89) .... 62

59 (25). Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.
3) e C. commersoni
b. <20 melanophores (Figs. 17, 19, 60) ... 61

60 (23,30). Ventral midline from shortly behind
heart region to near vent with

a. 7-20 melanophores (Fig. 17) ......... 61

b. <6 melanophores (Figs. 19, 60, 89) .... 62
61 (21,58,59,60). Number of principal dorsal fin

rays

a. 10 ... C. ardens

b, 1114 .. ... 63
62 (58,60). Number of principal dorsal fin rays

a. 10 ... C. ardens

b 11 . 63

e 12-14 L. 65

d 1516 ....... ... X. texanus

63 (60,61,62). Lateral surface of body above
horizontal myosepta (or lateral
midline), exclusive of melanophores
associated with horizontal myosepta,

air bladder, visceral cavity (peri-
toneum), or gut,
a. with 1-5 melanophores C. latipinnis
b. with >6 melanophores (Figs. 18, 60) ... 64

64 (63). Lateral surface of body below hori-
zoatal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,

a. unpigmented (Figs. 59) . ... .. C. latipinnis

b. with 21 melanophores (Figs. 18, 60) .. 138

Lateral surface of body above hori-
zontal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,

unpigmented (Fig. 88)
with 1-5 melanophores
¢. with 26 melanophores (Figs. 18, 60,
89)

65 (62).

oe

66 (65). Lateral surface of body below hori-
zontal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,

a. unpigmented (Fig. 88)

b. with 1-5 melanophores (Fig. 89)

¢. with =6 melanophores (Figs. 18, 60) ..

67 (3,5,16,36). Ventral midline from shortly
behind heart region to near vent
with

a. >21 melanophores in a continuous or
discontinuous line or narrow band (Fig.
32) C. commersoni
b. 7-20 melanophores (Fig. 17) . ... C. ardens
¢. <6 melanophores (Figs. 19,89) ....... 69

68 (23,34). Ventral midline from shortly behind
heart region to near vent with
a. 7-20 melanophores (Fig. 17) . ... C. ardens

b. =6 melanophores (Figs. 19,89) ....... 69
69 (67,68). Number of principal dorsal fin rays

a. 10-11 ... C. ardens

b 12214 . ... 70

¢ 1516 .. ... X. texanus
70 (69). Lateral surface of body above hori-

zontal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,
a. with <5 melanophores (Fig. 88) X, texanus
b. with 26 melanophores (Figs. 19,89) ... 71
71 (70). Lateral surface of body below
horizontal myosepta (or lateral
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midline), exclusive of melanphores
assciated with horizontal myosepta,
air bladder, visceral cavity (peri-
toneum), or gut,

unpigmented (Fig. 88)
with 1-5 melanophores (Fig. 89)
¢. with 26 melanophores (Fig. 19) . C. ardens

o e

72 (3,14,15,17). Ventral midline from shortly
behind heart region to near vent
with

a. =21 melanophores in a continuous or
discontinuous line or narrow band (Fig.

32) C. commersoni
b. <20 melanophores (Figs. 17, 18, 19)
C. ardens

73 (10,37). Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.
32) C. commersoni
b. <6 melanophores (Fig. 89) .... X. texanus

74 (41,57). Ventral midline from shortly behind
heart region to near vent with
a. 7-20 melanophores (Fig. 17) .. C. latipinnis
b. =<6 melanophores (Figs. 60, 89)

75 (74). Number of principal dorsal fin rays
a 11 . C. latipinnis
b 12-14 ... 76
c. 1516 ... ...l X. texanus
76 (75). Lateral surface of body above hori-
zontal myosepta (or lateral midline),
exclusive of melanophores assodated
with  horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,
a. unpigmented (Fig. 88) ....... X. texanus
b. with 1-5 melanophores . ............ 91

c. with 26 melanophores (Figs. 60, 89) ... 77
77 (76). Lateral surface of body below hori-
zontal myosepta (or lateral midline),
exclusive of melanophores associated
with  horizontal myosepta, air
bladder, visceral cavity (peri-
toncum), or gut,
a. with <5 melanophores (Fig. 88) ...... 91
b. with >6 melanophores (Fig. 60) C. latipinnis

Ventral midline from shortly behind
heart region to near vent with

a. 221 melanophores in a continuous or

discontinuous line or narrow band (Figs.

3275 8
b. 7-20 melanopbores (Fig. 17) . ........ 9
¢. =6 melanophores (Fig. 19) .. ... C. ardens
79 (78). Number of principal dorsal fin rays
a9 C. platyrhynchus
b 1012 .. 80
o 1314 oL C. ardens

80 (79). Lateral surface of body below hori-
zontal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,

a. unpigmented .......... C. platyrhynchus

b. with 1-5 melanophores (Fig. 45) . ... .. 94
81 (8,12). Ventral midline from shortly behind
heart region to near vent with
a. =21 melanophores in a continuous or
discontinuous line or narrow band (Figs.
32, 78) i e
b. 7-20 melanophores (Fig. 47) ......... 89
c. <6 melanophores ......... C. discobolus
82 (81). Number of principal dorsal fin rays
a9 89
b 10-12 ..o 83
c. 13 ... C. commersoni
83 (82). Lateral surface of body below hori-

zontal myosepta (or lateral midline),
exclusive of melanophores asso-
ciated with horizontal myosepta, air
bladder, visceral cavity (peri-
toneum), or gut,

a. with <5 melanophores (Fig. 45) ...... 87
b. with =6 melanophores (Figs. 32, 46,
T4 e 84
84 (83). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 32, 46,
2 N 97

b. 3 large, distinct spots, one between head
and dorsal fin, the second over the
pelvic fin, and the last on the caudal
peduncle ncar the base of the tail (Fig.
35) e C. commersoni

85 (6,8,18). Ventral midline from shortly behind
heart region to near vent with
a. >21 melanophores in a continuous or
discontinuous line or narrow band (Fig.
32) 86
b. 7-20 melanophores (Fig. 47)
................ C. platyrhynchus

86 (78,85). Number of principal dorsal fin rays

a9 C. platyrhynchus
b. 10-12 ... .. 87
e 13 . C. commersoni

87 (83,86). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 33, 75) .. 104
b. 3 large, distinct spots, one between head
and dorsal fin, the second over the
pelvic fin, and the last on the caudal
peduncle near the base of the tail (Fig.
3 C. commersoni

Veatral midline from shortly behind
heart region to near vent with

a. 27 melanophores (Figs. 46, 74)

b. <6 melanophores

88 (12).
C. discobolus
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89 (81,82,88). Lateral surface of body below
horizontal myosepta (or lateral mid-
line), exclusive of melanophores
associated with horizontal myosepta,
air bladder, visceral cavity (peri-
toneum), or gut,

a. with <5 melanophores (Fig. 45)
................. C. platyrhynchus

b. with =6 melanophores (Figs. 46, 74) .. 101
90 (66). Longitudinal eye diameter

a. 22-23% of head length .. .. .. C. latipinnis

b. 24-25% of head length . .. .......... 92

c. 26-27% of head length . . ... .. X. texanus

d. 28-32% of head length . ... ... ... .. 139

e. 33% of head length ... ... ... . C. ardens

91 (65,66,76,77). Longitudinal eye diameter
a. 22-23% of head length C. latipinnis

b. 24-25% of head length ... .......... 123

¢. 26-32% of head length . ... ... X. texanus
92 (90,91). Length of base of dorsal fin (origin

to insertion of dorsal fin)

a. 1415%SL............... C. latipinnis

b. 16-17% SL .. ... ... .. 93

c. 1821%SL................ X. texanus
93 (92). Dorsal fin length

a. 20%SL ... C. latipinnis

b. 21-:24% SL . . ... ... ... 107

€ 2529% SL...... ... . ...... X. texanus

Longitudinal eye diameter
a. 25-27% of head length . .. C. platyrhynchus

b. 28% of head length ... ............ 95

¢ 29-33% of head length .. ... ... C. ardens
95 (94). Length of base of dorsal fin (origin to

insertion of dorsal fin)

a. 11-13%SL ............ C. platyrhynchus

b. 14%SL ... ... ... .. 9%

c. 1516%SL................. C. ardens
96 (95). Dorsal fin length

a. 15-17%SL............ C. platyrhynchus

b. 1819%SL ... ... ... .. .. .. ... 108

¢ 2W%SL .......... ... .. ... C. ardens
97 (84). Longitudinal eye diameter

a. 22-24% of head length . . . .. C. discobolus

b. 25-27% of head leagth . ... ..... .. .. 98

¢. 28% of head length . ............. 105

d. 29-34% of head length . ... C. commersoni
98 (97). Length of base of dorsal fin (ongin to

insertion of dorsal fin)

a 11%SL ... . ... . . 103

b 12-14% SL . ...... .. ... ... ..... N

¢ 15%SL ... 100
99 (98). Dorsal fin length

a. 1516%SL ... .. ... ... . 123

b. 17-19% SL .. ................... 115

c W21%SL ... 129

d 2%SL ............... C. commersoni

100 (98). Dorsal fin length

a, 15-16% SL ............ C. commersoni
b. 17-21% SL ......... ... ... ... 129
¢ 2%SL .......... . ..., C. commersoni

101 (89). Longitudinal eye diameter
a. 22-24% of head length C. discobolus
b. 25-27% of head length 102
c. 28% of head length . .. .. C. platyrhynchus

102 (101). Length of base of dorsal fin (origin to
insertion of dorsal fin)

a. 11-14% SL

b. 159%SL ....... ... .....

103

a. 15-16%SL ........... C. platyrhynchus

b. 17-19% SL . ... ... .. ... . ..., 114

¢ 20-21%SL ............. C. discobolus
104 (87). Longitudinal eye diameter

a. 25-28% of head length . ... ... ... .. . 105

b. 29-34% of head length . ... C. commersoni
105 (97,104). Length of base of dorsal fin (origin

to insertion of dorsal fin)

a. 11%SL .............. C. platyrhynchus

b. 12-14% SL ... .. ... ... 106

¢ 5%SL ... .. ... .. C. commersoni
106 (105). Dorsal fin length

a. 15-19%SL ... ... .. .. ... ..., 123

b. 2022% SL ............ C. commersoni

107 (93). Caudal fin length (total length minus
standard length)

a. 17-19% SL ........ ... ... C. latipinnis
b. 20-26% SL .............. C. latipinnis

X. texanus
c. 27-28%SL ........ . ...... X. texanus

108 (96). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent or present but not in distinct
oblique rows of 3 or more melanophores
near or along ventral margin of either
preopercle (Figs. 19,75)
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig. 74y .. ........... C. platyrhynchus

109 (108). Pigment in anal fin
a. absent or present but very light with
only a few (<5) melanophores (Figs.

1975) 110
b. present but more prominent with many
(26) melanophores . .. ... ... .. C. ardens
110 (109). Number of myomeres to posterior
margin of vent
a 3233 ... ... ... C. platyrhynchus
b 337 111
¢ 38 C. ardens
111 (110). Total number of myomeres
a 4347 .. 112
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b. 48 e C. ardens
112 (111). Caudal fin length (total length minus
standard length)
a. 15-17%SL............ C. platyrhynchus
b. 1820% SL .......... . 113
c. 21-2%SL ... .. . . C. ardens

113 (112). Length from anterior margin of snout
to insertion of dorsal fin

a. 62-63%SL............ C. platyrhynchus
b. 6465%SL................. C. ardens

C. platyrhynchus
c. 6667%SL................. C. ardens

114 (103). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or prescat but not in a distinct
oblique row of 3 or more melanophores
near or along ventral margin of one or
both preopercles (Figs. 47,75) ...... 117

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig. 74) ............. C. platyrhynchus

115 (99). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but not in a distinct
oblique row of 3 or more melanophores
near or along ventral margin of one or
both preopercles (Figs. 32, 47,75) ... 116

b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles

(Figs.31,74) ................... 123
116 (115). Pigment on ventral surface of heart
region
a. absent (Fig. 47) ................. 117
b. present (Figs.32,46,74) .......... 120
117 (114,116). Pigment in pectoral fin
a. absent or present but very light with <10
melanophores (Fig. 47) ........... 118

b. present but more prominent with 211
melanophores (Fig. 75) .. C. platyrhynchus

118 (117). Number of myomeres to posterior
margin of vent

a. 3234 ... C. platyrhynchus
b. 3537 ... 119
e 3840 ... C. discobolus
119 (118). Total number of myomeres

a. 4346 . ... ... L. C. platyrhynchus
b. 48-49 ... ... .. ... ..., C. discobolus

C. platyrhynchus
4849 L C. discobolus

120 (116). Pigment in pectoral fin
a. absent or present but very light with <10

melanophores (Fig. 47) ........... 121
b. present but more prominent with 211
melanophores (Fig. 75) ........... 124

121 (120). Number of myomeres to posterior
margin of vent

a. 3233 ...l C. platyrhynchus
b. 3 125
€ 3537 .. 122
d 3840 ...l 133
122 (121). Total pumber of myomeres
a 4347 ... C. commersoni
C. platyrhynchus
b. 4748 . .......... ... ... C. commersoni
C. discobolus
C. platyrhynchus
c. 4748 ... ... C. commersoni
C. discobolus
123 (99,106,115). Pigment on ventral surface of
heart region
a. absent ............... C. platyrhynchus
b. present (Figs.32,74,75) .......... 124
124 (120,123). Number of myomeres to poster-
ior margin of vent
a 3233 ... L. C. platyrhynchus
b 3437 125
c. 3840 ......... ..., C. commersoni
125 (121,124). Total number of myomeres
a 4347 126
b. 4849 ......... .. ... ... C. commersoni

126 (125). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 75) .. ... ... ... 127
b. abundant both along and between rays
(Fig.33) .............. C. commersoni

127 (126). Pigment in anal fin
a. absent or present but very light with

only a few (<5) melanophores ... ... 128
b. present but more prominent with many
(26) melanophores . ... ... C. commersoni
128 (127). Caudal fin length (total length minus
standard length)
a. 15%SL.............. C. platyrhynchus
b. 1620%SL ............ C. commersoni
C. platyrhynchus
¢ 121-126% SL ........... C. commersoni

129 (99,100). Pigment over ventral to ventro-
lateral surfaces of gl covers
(opercula)
a. absent or present but not in a distinct
oblique row of 3 or more melanophores
near or along ventral margin of one or
both preopercles (Figs. 32, 46) ...... 130
b. present in a distinct oblique row of 3 or
more melanophores ncar or along ven-
tral margin of one or both preopercles

(Fig. 31) .............. C. commersoni
130 (129). Pigment on ventral surface of heart
region

80



a. absent (Fig. 47)
b. present (Figs. 32, 46)

131

131 (130). Pigment in pectoral fin
a. absent or present but very light with <10
melanophores (Fig. 47)
b. present but more prominent with =11
melanophores (Fig. 61) ... C. commersoni

132 (131). Number of myomeres to posterior
margin of vent

C. commersoni

133

133 (121,132). Total number of myomeres
a. 4346 ... L, C. commersoni
......................... 134
134 (133). Dorsal body pigmentation between

head and last myomere scattered

a. more or less evenly (with or without
emphasis on distinct lines of melano-
phores on or lateral and parallel to
dorsal midline) (Fig. 47) ...........
b. but in a blotchy pattern (with or without
emphasis on distinct lines of melano-
phores on or lateral and parallel to
dorsal midline) (Fig. 48, 49) . C. discobolus

135 (134). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 47)
b. abundant both along and between rays
(Fig.33) .............. C. commersoni

136 (135). Pigment in anal fin
a. absent or fin present but very light with
only a few (<5) melanophores (Fig.
A7)
b. present but more prominent with many
(26) melanophores (Fig. 61) C. commersoni

137 (136). Length from anterior margin of snout
to origin of pelvic fin

a. S4%SL ... ... ... C. commersoni
b. 555%SL............. C. commersoni
C. discobolus
c. 60-61%SL.............. C. discobolus
138 (64,66). Longitudinal eye diameter
a. 22-25% of head length ... ... C. latipinnis
b. 28-33% of head length . ... .. .. C. ardens

139 (71,90). Longitudinal eye diameter
a. 24-27% of head length . Xyrauchen texanus

b. 28-32% of head length .. ... ... .. .. 140
¢ 33%ofhead length ....... ... C. ardens
140 (139). Length of base of dorsal fin (origin to
insertion of dorsal fin)
a 1415%SL................. C. ardens
b. 16%SL ... 141
€ 17-21%SL ... ... ... ... X. texanus

141 (140). Dorsal fin length

a. 18-20% SL
b. 21-29% SL

Skeleta] Character Key for Metalarvae that

have been cleared and preferably stained
for bone or cartilage (Fig. 6).

1. Standard length group (Fig. 4)

a slomm .............. ... ... ... 2

b 17-18 mm ....... ... ... ... ....... 3

€ 192lmm .......... .. ... ..., 5

d 22mm ....... ... ... .. L. 9
2 (1). Number of vertebrae (including 4 for

Weberian complex)
L4243 Lo C. platyrhynchus
................. C. commersoni

C. platyrhynchus
................. C. commersoni
C. discobolus

C. platyrhynchus

X. texanus
..................... C. ardens
C. commersoni

C. discobolus

C. platyrhynchus

X. texanus
..................... C. ardens
C. commersoni

C. discobolus

C. platyrhynchus

C. discobolus
(rarely) C. platyrhynchus

o e
b

First (most anterior) interneural bone
(Fig. 8)
a. large and fan-shaped across top X. texanus
b. large and angular or anvil-shaped with
a prominent posterior-directed projec-
tionorbeak ...................... 4
c. small and blocky or angular with a small
to moderate posterior-directed projec-

tiomorbeak ....... ... .. ... ..., 11
4 (3). Number of vertebrae (including 4 for
Weberian complex)
a. 446 ... ... C. commersoni
b. 4748 ... ... .. C. ardens

C. commersoni

5 (1). Frontoparietal fontanelle (Fig. 7)

a. wide, <54% of fontanelle length .. ... .. 6
b. very wide, 55-64% of fontanclle length
(often somewhat oval in shape) ....... 8

c. very wide, 265% of fontanelle leagth
(often somewhat oval in shape) X. rexanus

6 (5). First (most anterior) interncural bone
(Fig. 8)
a. large and angular or anvil-shaped with
a prominent posterior-directed projec-
tionorbeak ............. ... ... .. 7
b. small and blocky or angular with a small
to moderate posterior-directed projec-
tiomorbeak ..................... 11
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7 (6).

a
b.

C.

Number of vertebrae (including 4 for
Weberian complex)

4446 ... .. C. commersoni
4748 . C. ardens
C. commersoni

C. latipinnis

49-50 . .. C. latipinnis

First (most anterior) interncural bone
(Fig. 8)

large and fan-shaped across top X\ texanus

large and angular or anvil-shaped with a

prominent posterior-directed projection

orbeak ....... ... ... C. latipinnis
9 (1). Frontoparietal fontanelle (Fig. 7)
. narrow, <30% of fontanelle length .. .. 11
moderately wide, 31-40% of fontanelle
length . ... .. ... ... .. 10
wide, 41-47% of fontanelle length
.................... C. latipinnis
very wide, 248% of fontanclle length

d.

(often over 60% and somewhat oval in
shape) X. texanus

10 (9). First (most anterior) interneural bone

(Fig. 8)

a. large and angular or anvil-shaped with
a prominent posterior-directed projec-
tion or beak; anterior ends of mandibles
(from ventral view of head) well anter-
jor, at least mid-distance between pos-
terior and anterior ends of maxillae;
anterior-dorsal maxillary projections
small and rounded to reduced and
almost absent

b. smail and blocky or angular with a small
to moderate posterior-directed projec-
tion or beak; anterior ends of mandibles
(from ventral view of head) well poster-
ior, much closer to posterior than anter-
ior ends of maxllae; anterior-dorsal
maxillary projections prominent and
pointed

11 (3,6,9,10). Number of vertebrac (including 4

for Weberian complex)
a. 4244

C. latipinnis

C. platyrhynchus
C. discobolus

(rarely) C. platyrhynchus

Juveniles <40 mm SL -- no finfold remaining
(Figs. 20, 21; definition abbreviated for
species of concern; there may be rare
metalarval specimens in which all finfold
is lost but not ali pelvic fin rays or rudi-
mentary caudal fin rays are yet present).
Separate skeletal character key at end for
confirmation of identity or further diag-
nosis of specimens cleared (and preferably
stained) for bone.

1. Standard length (SL; Fig. 4)

a. 17-18mm ............. C. commersoni
b. 19mm .. ....... .. 2
€. 20Mm .. ... 3
d. 2lmm ........ i 5
€, 22MMmM . ... 10
f.23-25mm ... 23
g 228mm ... 40
h. 2031mm ............... ... ... 58
i323mm ... 71
joo3537mm ... 76
K. 3840mm ... 85
2 (1). Gut (Fig. 5) with

a. at least 90° bend or partial s-shaped loop

(gut phase 2y . ........... ... C. ardens
b. full loop (s-shape to near anterior end

of visceral cavity) but with neither kmb

of loop completely across over veatral

midline (gut phase 3) ............... 4

at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phased) .............. C. commersoni

3 (1). Gut (Fig. 5) with

4(23).
a.

a. full loop (s-shape to near anterior end
of visceral cavity) but with neither limb
of loop completely across over ventral
midline (gut phase 3) or gut with at
least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)

b. both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil devel-
opment (gut phase 5)

Month
i terminal (at or below bottom-of-eye
iovel) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 20, 34) . ..
b. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63)

5(1). Gut (Fig. 5) with
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a. full loop (s-shape to near anterior end
of visceral cavity) but with neither limb
of loop completely across over ventral
midline (gut phase 3)

b. at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)

¢. both limbs of loop across midline fully
to oppasite side (four segments of gut
crossing ncarly perpendicular to body

..... C. commersoni

104

......... C. commersoni



axis) or with more extensive coil
development (gut phase 5)

6 (5). Pigmentation on ventro-lateral surfaces of

a.
b.

7 (5,6).
a.

b.

peritoneum
absent, obstructed from view by muscle,
sparse, or patchy (Figs. 20, 34, 90)
uniformly dark (Fig. 76) .. C. platyrhynchus

Mouth

terminal (above bottom-of-eye level)
..................... X. texanus

low terminal (at or below bottom-of-eye

level) to slightly subterminal (mouth,

including upper lip, not the most anter-

jor portion of snout) (Figs. 20, 24, 90) ... 8

distinctly subterminal (mouth notably

posterior to most anterior portion of

snout) (Fig. 63) C. commersoni

8 (7). Scales

a.
b.

not apparent (Figs. 20,34,90) ......
present but lateral serics incomplete or

uncountable C. ardens

9 (5). Pigmentation on ventro-lateral surfaces of

a.

b.

10 (1).
a.

11 (10).
a.

b.

12 (11).
a.
b.
13 (10).
a.

b.

peritoncum
absent, obstructed from view by muscle,
sparse, or patchy (Fig. 34) . C. commersoni
uniformly dark (Figs. 48,76) . ... ... .. 21
Gut (Fig. 5) with
full loop (s-shape to near anterior end of
visceral cavity) but with neither limb of
loop completely across over ventral mid-
line (gut phase 3)

. at least one limb of loop fully across

ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)
both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil devel-
opment (gut phase 5)

Mouth

terminal (above bottom-of-eye level)
..................... X. texanus

low terminal (at or below bottom-of-eye

level) to slightly subterminal (mouth,

including upper lip, not the most anter-

ior portion of snout) (Figs. 20, 90) .... 12

Scales

not apparent (Figs. 20, 90)
present but lateral series incomplete or
uncountable C. ardens

Pigmentation on ventro-lateral surfaces
of peritoncum

absent, obstructed from view by muscle,

sparse, or patchy (Figs. 20, 34)

uniformly dark (Fig. 76) .. C. platyrhynchus

14 (13).

16 (15).
a.
b.

17 (10).
a.
b.

18 (17).

a.
b.

19 (18).
a.

b.

20 (19).

Pigmentation on veatral surface of
peritoneum
absent (Figs. 20, 34) 15
sparse or patchy (Fig. 63) .. C. commersoni

Mouth
terminal (above bottom-of-eye level)
.................... X. texanus
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 20,34) .... 16
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) ......... C. commersoni
Scales
not apparent (Figs. 20, 34, 90)
present but lateral series incomplete or
uncountable

Pigmentation on ventro-lateral surfaces
of peritoneum

absent, obstructed from view by muscle,

sparse, or patchy (Figs. 34, 90)

uniformly dark (Figs. 48, 76)

Pigmentation oo ventral surface of
peritoneum
absent (Figs. 34, 90) 19
sparse or patchy (Figs. 63) . C. commersoni

Mouth
terminal (above bottom-of-eye level)
.................... X. texanus
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 34, 90) . ...
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) C. commersoni

20

Scales

not apparent (Figs. 34, 90)
present but lateral series incomplete or
uncountable C. commersoni

21 (9,17). Pigmentation on ventral surface of

a.
b.

22 (21).
a.

83

peritoncum
sparse or patchy (Figs. 48, 76)
uniformly light or dark (Fig. 49)
C. discobolus

Mouth

terminal (above bottom-of-eye level) or

low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-

ior portion of snout) (Fig. 75)

C. platyrhynchus
distinctly subterminal (mouth notably
posterior (o most anterior portion of
snout) (Figs. 48, 76) C. discobolus



3 (1)

24 (23).
a. terminal (above bottom-of-eye level)

25 (24).

26 (23).

a.

b.

27 (26).

a.
b.

28 (27).

a.

b.

30 (28).

a.

Gut (Fig. 5) with
at least 90° bend or partial s-shaped loop
(gut phase 2) C. latipinnis

. full loop (s-shape to near anterior end

of visceral cavity) but with neither limb
of loop completely across over ventral
midline (gut phase 3)
at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)

. both limbs of loop across midline fully to

opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil
development (gut phase 5)

Mouth

..................... X. texanus
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 62,90) .... 25
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) C. latipinnis

Scales

not apparent (Figs. 62,90) ......... 115
present but lateral series incomplete or
uncountable ............... X. texanus

Pigmentation on ventro-lateral surfaces

of peritoncum
absent, obstructed from view by muscle,
sparse, or patchy (Figs. 20, 34, 62, 90) .. 27
uniformly dark (Fig. 76) . . C. platyrhynchus

Pigmentation on ventral surface of
peritoneum

absent (Figs. 20,34,62,90) ......... 28

sparse or patchy (Fig. 63) ........... 3

Mouth

terminal (above bottom-of-cye level)

..................... X. texanus

low terminal (at or below bottom-of-eye

level) to slightly subterminal (mouth,

including upper lip, not the most anter-

ior portion of snout) (Figs. 20, 34, 62,

90) .+ et 29

distinctly subterminal (mouth notably

posterior to most anterior portion of

snout) (Fig. 63) .................. 30
. Scales

not apparent (Figs. 20, 34,62, 90) . .. .. 97

present but lateral series incomplete or

uncountable ... ..... ... .. ... ... 99

present with lateral series complete aad

countable (Fig. 21) ........... C. ardens

Scales

not apparent (Figs. 20, 34, 62) .. .. .. 102

31 (27).

present but lateral series incomplete or
uncountable
present with lateral series complete and

countable (Fig. 21) C. ardens

Mouth

a. terminal (above bottom-of-eye level)

32 (31).

a.
b.

33 (31).

36 (39).

37 (34).

a.

b.

38 (37).

. uniformly dark (Figs. 48, 76)

.................... X. texanus
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 34, 62, 90)
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63)

.32

Scales
not apparent (Figs. 34, 62, 90)
present but lateral series incomplete or
uncountable

Scales

not apparent (Figs. 34, 62)
present but lateral series incomplete or
uncountable . ........... C. commersoni

. Pigmentation on ventro-lateral surfaces

of peritoneum
absent, obstructed from view by muscle,
sparse, or patchy (Figs. 34, 90)

. Mouth

terminal (above bottom-of-eye level)
.................... X. texanus
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 34, 90) ....
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) C. commersoni

36

Scales

not apparent (Figs. 34,90) ......... 108

present but lateral series incomplete or

uncountable . ................... 107
Pigmentation on ventral surface of

peritoneum
sparse or patchy (Figs. 48,76) ....... 38
uniformly light or dark (Fig. 49)
.................. C. discobolus

Mouth

a. terminal (above bottom-of-cye level) or

low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-

ior portion of snout) (Fig. 75)

C. platyrhynchus
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Figs. 48, 76)



39 (38). Scales
a. not apparent (Figs. 48, 76)
b. present but lateral series incomplete or
uncountable ........... C. platyrhynchus

Gut (Fig. 5) with
at least 90° bend or partial s-shaped loop
(gut phase 2) C. latipinnis
b. full loop (s-shape to near anterior end of
visceral cavity) but with neither limb of
loop completely across over ventral mid-
line (gut phase 3)
c. at least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)
d. both limbs of loop across midline fully to
opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil devel-
opment (gut phase 5)

40 (1).
a.

41 (40). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent, obstructed from view by muscle,
sparse, or patchy (Figs. 62, 90)
b. uniformly light .............
42 (40). Pigmentation on ventro-lateral surfaces
of peritoncum
a. absent, obstructed from view by muscle,
sparse, or patchy (Figs. 20,62, 90) .... 43
b. uniformly light . ............ X. texanus
Pigmentation on ventral surface of
peritoneum
a. absent (Figs. 20, 62, 90)
b. sparse or patchy (Fig. 63)

43 (42).

44 (43). Mouth
a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
jor portion of snout) (Figs. 20, 62, 90) .. 45
b. distinctly subterminal (mouth notably
posterior to most anterior portion of

snout) (Fig. 63) .................. 46
45 (44). Scales
a. not apparent (Figs. 62,90) ......... 115
b. present but lateral series incomplete or
uncountable . ... ................ 110
¢. present with lateral series complete and
countable (Fig. 21) ........... C. ardens
46 (44). Scales
a. not apparent (Fig. 62) ...... C. latipinnis
b. clearly present (Fig. 21) ..... .. C. ardens
47 (41,43). Mouth
a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 62,90) .... 48

b. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) ........... C. latipinnis

48 (47). Scales

a. not apparent (Figs. 62, 90)
b. present but lateral series incomplete or
uncountable X. texanus

49 (40). Pigmentation on ventro-lateral surfaces
of peritoneum

a. absent, obstructed from view by muscle,
sparse, or patchy; lips at corners of
mouth joined, not separated by distinct
notches (Figs. 20, 34, 90)

b. uniformly light; lips at corners of mouth
joined, not separated by distinct
notches X. texanus

¢. uniformly dark; lips at corners of mouth
separated by distinct notches (Figs. 48,
76)

50 (49). Pigmentation on ventral surface of
peritoneum

a. absent (Figs. 20, 34, 90)

b. sparse or patchy (Fig. 63)

51 (50). Mouth
a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 20, 34, 90) . 52
b. distinctly subterminal (mouth notably
posterior to most anterior portion of

snout) (Fig. 63) .................. 53
52 (51). Scales
a. not apparent (Fig. 90) ....... X. texanus
b. present but lateral series incomplete or
uncountable . ........ ... ... ... . 9
¢. present with lateral series complete and
countable (Fig. 21) . .......... C. ardens
53 (51). Scales
a. present but lateral series incomplete or
uncountable . ........ .. ... ... .. 104
b. present with lateral series complete and
countable (Fig. 21) ........... C. ardens

54 (50). Mouth

a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-

ior portion of snout) (Figs. 34, 90) .... 55
b. distinctly subterminal (mouth notably
erior to most anterior portion of

snout) (Fig. 63) ......... C. commersoni

55 (54). Scales
a. not apparent (Fig 90) X. texanus

b. present but lateral series incomplete or
uncountable

56 (49). Pigmentation on ventral surface of

peritoncum

85



a.
b.

57 (56).

59 (58).

a.

b.

60 (59).

a.
b.

61 (60).

a.

62 (61).

a.
b.

63 (58).

a.

64 (63).

a.

. not apparent (Fig. 48)
. present but lateral series incomplete or

sparse, patchy, or uniformly light (Fig.
76) C. platyrhynchus
uniformly dark (Fig. 49) 57

Scales
C. discobolus

uncountable

Gut (Fig. 5) with

. full loop (s-shape to near anterior end of

visceral cavity) but with neither limb of
loop completely across over ventral mid-
line (gut phase 3) C. latipinnis

. at least one limb of loop fully across

ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4)
both limbs of loop across midline fully to
opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil devel-
opment (gut phase 5)

Pigmentation on ventro-lateral surfaces
of peritoneum

absent, obstructed from view by muscle,

sparse, or patchy (Figs. 62, 91)

uniformly light

Pigmentation on ventral surface of
peritoneum

absent, sparse or patchy (Figs. 62, 91) .. 61
uniformly light .. ........... X. texanus
Mouth

low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-

ior portion of snout) (Figs. 62,91) .... 62

. distinctly subterminal (mouth notably

posterior to most anterior portion of
snout) (Fig. 63) ........... C. latipinnis
Scales

not apparent (Fig. 62) C. latipinnis
present but lateral series incomplete or
uncountable X. texanus

Pigmentation on ventro-lateral surfaces
of peritoneum

absent, obstructed from view by muscle,

sparse, or patchy; lips at corners of

mouth joined, not separated by distinct

notches (Figs. 21, 35,62, 91) ......... 64
. uniformly light; lips at corners of mouth
joined, not separated by distinct
sotches .......... ... ... .. X. texanus
uniformly dark; lips at corners of mouth
separated by distinct notches (Figs. 48,
TOY e 74
Pigmentation on veatral surface of
peritoneum
absent (Figs. 21, 34, 62,91) ......... 65

b.

C.

65 (64).

a.

67 (65).

sparse or patchy (Fig. 63) ........... 68
uniformly light .. ........... X. texanus
Mouth

low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most
anterior portion of snout) (Figs. 21, 34,

O0) i 66
distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) ............... ... 67

. Scales

not apparent (Fig. 62) C. latipinnis
present but lateral series incomplete or

uncountable .. .................. 107
present with lateral series complete and
countable (Figs. 21,35) ........... 103
Scales

a. not apparent (Fig. 62) ...... C. latipinnis

b.

C.

68 (64).

present but lateral series incomplete or
uncountable C. commersoni
present with lateral series complete and
countable (Figs. 21, 35)

Mouth

a. low terminal (at or below bottom-of-eye

69 (68).

70 (68).

a.

b.

level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 35, 62, 90)

. distinctly subterminal (mouth notably

posterior to most anterior portion of
snout) (Fig. 63) ..................
Scales

not apparent (Fig. 62) C. latipinnis

. present but lateral series incomplete or

uncountable
present with lateral series complete and
countable (Fig. 35) C. commersoni

Scales
not apparent (Fig. 62)
clearly present (Fig. 35) ...

C. latipinnis
C. commersoni

71 (1) Gut (Fig. 5) with

72 (71).

a.

86

full loop (s-shape to near anterior end
of visceral cavity) but with neither imb
of loop completely across over ventral
midline (gut phase 3) or gut with at
least one limb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase 4) C. latipinnis

. both limbs of loop across midline fully

to opposite side (four segments of gut

crossing nearly perpendicular to body

axis) or with more extensive coil devel-

opment (gut phase 5) .. ... ... .. ...

Pigmentation on ventro-lateral surfaces
of peritoneum

absent, obstructed from view by muscle,



sparse, or patchy; lips at corners of
mouth joined, not separated by dis-
tinct notches (Figs. 21, 35, 63,91) .. 73
b. uniformly light; lips at corners of mouth
joined, not separated by distinct
notches X. texanus
¢. uniformly dark; lips at corners of mouth
separated by distinct notches (Figs. 49,
m

........................... 74
73 (72). Pigmentation on ventral surface of
peritoneum
a. absent (Figs.21,91) .............. 80A
b. sparse or patchy (Fig. 63) .......... 83A

c. uniformly light or dark (Fig. 49) X. texanus

74 (63,72). Pigmentation on ventral surface of

peritoncum
a. sparse, patchy, or uniformly light (Fig.
T6) . C. platyrhynchus
b. uniformly dark (Fig. 49) ............ 75

75 (74). Scales
a. not apparent (Fig. 49) C. discobolus
b. present but lateral series incomplete or

uncountable . ... ... ... ... .. .... 117
c. present with lateral series complete and
countable . .. ... ... ... ... ... .. 116

Gut (Fig. 5) with

full loop (s-shape to near anterior end of
visceral cavity) but with neither limb of
loop completely across over ventral mid-
line (gut phase 3) or gut with at least
one limb of loop fully across veatral
midline but not yet with both limbs
across fully to opposite side (gut phase
4) e C. latipinnis
b. both limbs of loop across midline fully to
opposite side (four segments of gut
crossing nearly perpendicular to body
axis) or with more extensive coil devel-

76 (1).
a.

opment (gut phase 5) . ............. e
77 (76). Lips at corners of mouth
a. joined, not separated by distinct notches
(Figs. 21,35,63,91) .. ............. 78
b. separated by distinct notches (Figs. 49,
TN 9%

78 (77). Pigmentation on ventro-lateral surfaces
of peritonecum
a. absent, obstructed from view by muscle,

sparse, or patchy (Figs. 21, 35,63,91) .. 79

b. uniformly light ....... ... ... ..... . 82
c. uniformlydark ........ ... .. X. texanus
79 (78). Pigmentation on ventral surface of
peritoneum
a. absent (Figs. 21,91) ... ........... 80B
b. sparse or patchy (Fig. 63) ........ .. 838
c. uniformly light . ... ... ... ... .. . .. 84
d. uniformly dark ... ... .. . .. .. X. texanus

80A (73). Mouth

4. low terminal (at or below bottom-of-eye

level) to slightly subterminal (mouth,

including upper lip, not the most anter-

ior portion of snout) (Figs. 35, 91) ... 83A
b. distinctly subterminal (mouth notably

posterior to most anterior portion of

snout) (Fig. 63)

80B (79). Mouth
a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Figs. 35,91) .... 83B
b. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63) ..................
81A (80A). Scales
a. not apparent (Fig. 63) C. latipinnis
b. present but lateral series incomplete or
uncountable X. texanus
c. present with lateral series complete and
countable (Figs. 21, 35)

81B (80B). Scales
a. not apparent (Fig. 63) C. latipinnis
b. present but lateral series incomplete or

uncountable ................... 115
c. present with lateral series complete and
countable (Figs. 21,35) ............ 98

82 (78). Pigmentation on ventral surface of
peritoneum
a. absent, sparse or patchy (Figs. 35, 91) . 83B
b. uniformly light
c. uniformly dark (Fig. 49) ... ...
83A (73,80A,). Scales
a. not apparent (Fig. 63) C. latipinnis
b. present but lateral series incomplete or
uncountable X. texanus
c¢. present with lateral series complete and
countable (Fig. 35) ...............

83B (79,82). Scales
a. not apparent (Fig. 63) C. latipinnis
b. present but lateral series incomplete or

uncountable .. ... ... ... .. 00, 115
¢. present with lateral series complete and
countable (Fig. 35) . ........... ... 106
84 (79,82). Scales
a. present but lateral series incomplete or
uncountable ... ... ... .. ... X. texanus
b. present with lateral series complete and
countable (Fig. 35) . ........... ... 106
85 (1). Gut (Fig. 5) with
a. at least onc himb of loop fully across
ventral midline but not yet with both
limbs across fully to opposite side (gut
phase4) ........ ... . ..., C. latipinnis

b. both limbs of loop across midline fully
to opposite side (four segments of gut
crossing nearly perpendicular to body

87



axis) or with more extensive coil devel-

opment (gut phase 5) .............. 86
86 (85). Lips at corners of mouth
a. joined, not separated by distinct notches
(Figs.21,35,63,91) ............... 87
b. separated by distinct notches (Figs. 49,
786
87 (86). Pigmentation on ventro-lateral surfaces
of peritoneum
a. absent or obstructed from view by
muscle (Figs. 21,35, 91) ............ 88
b. sparse or patchy (Fig. 63) ........... 93
c. uniformly light or dark . .. ... C. latipinnis
88 (87). Pigmentation on ventral surface of
peritoneum
a. absent (Figs.21,35) ............... 89
b. sparse or patchy (Fig. 63) . ... C. latipinnis
c. uniformly light or dark ............. 92

Mouth
low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of snout) (Fig. 35) ........ 90
b. distinctly subterminal (mouth notably
posterior to most anterior portion of
snout) (Fig. 63)

89 (88).
a.

90 (89). Scales
a. abseant, incomplete, or uncountable (Fig.

63) L. C. latipinnis
b. present with lateral series complete and
countable (Fig. 35) ............... 112
91 (89). Scales
a. absent, incomplete, or uncountable (Fig.
63) L C. latipinnis
b. present with lateral series complete and
countable (Figs. 21,35) ........... 101
92 (88). Scales
a. absent, incomplete, or uncountable (Fig.
63) ... C. latipinnis
b. present with lateral series complete and
countable . ... ........... ... .. 114
93 (87). Pigmentation on ventral surface of
peritoneum
a. absent (Fig. 21) .................. 94
b. present (Fig. 63) .......... C. latipinnis
94 (93). Mouth
a. low terminal (at or below bottom-of-eye
level) to slightly subterminal (mouth,
including upper lip, not the most anter-
ior portion of smout) . ...... C. latipinnis
b. distinctly subterminal (mouth notably
posterior to most anterior portion of
spout) (Fig. 63) .................. 95
95 (94). Scales
a. absent, incomplete, or uncountable (Fig.
63) ... C. latipinnis

b. present with lateral scries complete and

countable (Fig. 21) ............... 109
96 (77,86). Scales
a. present but lateral series incomplete or
uncountable (Figs. 49, 77) ......... 117
b. present with lateral series complete and
countable . ......... ... ... .. ... 116
97 (29). Number of principal dorsal fin rays
a. 10 ... 137
b. 11 125
e 12-13 L. 118
d. 14 . 159
e 1516 ......... ... . ... X. texanus
98 (81A,81B). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)
a 5367 ... .. 104
b. 6879 ... 9
c. 8085 ... 107
d 8-95.... ... ... ... .. ... X. texanus
99 (29,52,98). Pigment outlining scales
a. absent or light (Figs. 20, 34, 91) ..... 100
b. bold (Figs.21,35) ............... 104
100 (8,16,99). Number of principal dorsal fin
rays
a. 10-11 ... 137
b 12213 ... 130
c. 14 170
d 1516 ...... .. oo X. texanus
101 (91). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)
a. 5379 .. 104
b. 80-85 ......... .. ... C. commersoni
c. 89-120 ... C. latipinnis
102 (30). Number of principal dorsal fin rays
a. 10 L. 137
b 11-13 .o 125
e 14 L 166
103 (66,67). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)
a 5379 .. 104
b. 8085 .......... ... ... C. commersoni

104 (4,16,30,53,98,99,101,103).  Number of
principal dorsal fin rays
a 10-13 ... .

105 (32). Number of principal dorsal fin rays
a 10 ... C. commersoni
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b. 11 e 149
c. 1213 .. e 142
d. 14 .. e 176
e. 1516 . ... o X. texanus

106 (83A,83B,84). Number of lateral rows of
scales beginning with first lateral
line scale (cquals lateral line scale
count if lateral line is complete and
observable to base of caudal fin)

a 5367 ... .. C. commersoni
b. 6885 .. ... 107
c. 8695 ... ... X. texanus

107 (32,36,55,66,69,98,106). Pigment outlining

es
a. absent or light (Fig.91) ........... 108
b. bold (Fig.35) ........... C. commersoni
108 (20,36,107). Number of principal dorsal fin
rays
a. 10-11 y ............... C. commersoni
b, 12-13 . ... e 153
c 1416 ... . X. texanus
109 (95). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)
a S4T9 .. C. ardens
b. 89-120 .......... .. ... C. latipinnis
110 (45). Pigment outlining scales
a. absent or light (Figs. 20,91) ........ 111
b. bold (Fig. 21) . .............. C. ardens
111 (12,110). Number of principal dorsal fin rays
a. 1011 ..o C. ardens
b. 12-14 ... ... 170
c. 1516 ........ ... X. texanus
112 (90). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)
a. 5385 ... L C. commersoni
b. 89120 ........ ... ... C. latipinnis

113 (33). Number of principal dorsal fin rays

- TR U C. commersoni
b, 11-13 ... ... 149
e 14 C. latipinnis
114 (92). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
abie to base of caudal fin)
a. 6888 ....... ... ... L. X. texanus
b. 895 ... .. ... 115
. 9120 ... C. latipinnis

115 (25,45,48 81B,83B,114). Number of principal
dorsal fin rays

a 11 C. latipinnis
b 12214 . ... . i76
€ 1516 ... .. X. texanus

116 (75,96). Number of lateral rows of scales
beginning with first lateral line scale
(equals lateral line scale count if
lateral line is complete and observ-
able to base of caudal fin)

a. 60-77 ...l C. platyrhynchus
b. 78108 . ... ... ... 117
c. 109-122 ... ... ... ... ... C. discobolus

117 (57,75,96,116). Pigment outlining scales
a. absent or light (Figs. 49,77) ........ 182
b. bold (Fig.21) ......... C. platyrhynchus

118 (97). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 63,
O1) o 119
b. 2 large, distinct spots, one between head
and dorsal fin and the other over the
pelvicfin . .............. ... C. ardens
c. 3 large, distinct spots, one between head
and dorsal fin, the second over the
pelvic fin, and the last on the caudal
peduncle near the base of the tail (Fig.
35 e C. commersoni

119 (118). Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.
My C. commersoni
b. 7-20 melanophores ............... 127
¢. <6 melanophores (Figs. 20, 62, 90) ... 120

120 (119). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs.62,90) .............. 121
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles

(Fig.31) .............. C. commersoni
c. present but not in distinct oblique rows
(Figs. 21,34) ................... 133

121 (120). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of melan-
ophores associated with horizontal
myosepta, air bladder, visceral cavity
(peritoneum), or gut,

a. scattered only partially down to the
horizontal myoseptum (lateral midline)
(Fig. 90) ................. X. texanus

b. scattered fully and evenly down to the
horizontal myoseptum with few if any
melanophores below the myoseptum
(Fig 62) ........ccoiivnenon... 146

¢. scattered evenly or in blotchy pattern
(continuous with dorsal and
dorso-lateral surface pattern) down to
horizontal myoseptum and at least
partially to bottom- of-eye level below
(Figs. 20,35,63,91) .............. 122
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Pigmentation on lateral to
ventro-lateral surfaces of bodybelow
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoncum), or gut,

a. absent including caudal peduncle (Figs.

) U 147
b. absent except on caudal peduncle (Figs.

20,21) Lo 123
¢. present anterior to caudal peduncle (Fig.

35) 135

122 (121).

123 (122). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membrane between

rays(Fig.35) ................... 208
b. abundant both along and between rays
(Figs. 63,91) . ... oo, 124

124 (123). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between

rays (Fig. 62) ................... 208
b. abundant both along and between rays
(Figs.63,91) ................... 187

125 (97,102). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 62) .. 126
b. 2 large, distinct spots, one between head
and dorsal fin and the other over the
pelvicfin ............... ... C. ardens
c. 3large, distinct spots, one between head
and dorsal fin, the second over the pelvic
fin, and the last on the caudal peduncle
near the base of the tail (Fig. 35)
.................. C. commersoni

126 (125). Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig,
)y C. commersoni
b. <20 melanophores (Figs. 20, 62) ... .. 127

127 (119,126). Pigment over ventral to
ventro-lateral surfaces of gill covers
(opercula)

a. absent (Figs. 20,62) .............. 128

b. present in a distinct oblique row of 3 or

more melanophores near or along

ventral margin of onme or both
preopercles (Fig. 31) ..... C. commersoni

c. present but not in distinct oblique rows
(Figs.21,34) ................... 140

128 (127). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of melan-
ophores associated with horizontal
myosepta, air bladder, visceral cavity
(peritoneum), or gut,

a. scattered fully and evenly down to the
horizontal myoseptum with few if any
mclanophores below the myoseptum
(Fig 62) <., 152

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to hori-
zontal myoseptum and at least partially
to bottom- of-eye level below (Figs. 20,

63) 129
129 (128). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent including caudal peduncle (Fig.
62) e 28
b. absent except on caudal peduncle (Figs.
20,21) o 208
c. present anterior to caudal peduncle (Fig.
35 247

130 (100). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 34,
) . 131
b. 2large, distinct spots, one between head
and dorsal fin and the other over the
pelvicn ... .. ... ... . ... C. ardens
¢. 3large, distinct spots, one between head
and dorsal fin, the second over the
pelvic fin, and the last on the caudal
peduncle near the base of the tail (Fig.
35) C. commersoni

131 (130). Ventral midline from shortly behind
heart region to near vent with

a. 221 melanophores in a continuous or

discontinuous line or narrow band (Fig.

M) C. commersoni
b. 7-20 melanophores ............... 139
¢. =6 melanophores (Figs. 20, 90) ... ... 132

132 (131). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent or present but not in distinct
oblique rows (Figs. 20,91) ......... 133

b. present in a distinct oblique row of 3 or

more melanophores near or along ven-

tral margin of one or both preopercles
(Fig.31) .............. C. commersoni

133 (120,132). Pigmentation on lateral surfaces
of body above bottom-of-eye level
and anterior to vent, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoncum), or gut,

a. scattered only partially down to the
horizontal myoseptum (lateral midline)
Fig90) ................. X. texanus

b. scattered fully and evenly down to the
horizontal myoseptum with few if any
melanophores below the myoseptum
(Fig 62) ...................... 157

¢. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral  surface pattern) down to
horizontal myoseptum and at least
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partially to bottom-of-eye level below
(Figs. 20,91) ........ .. .oonenn.
134 (133). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with bori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent including caudal peduncle (Fig.
91)
b. present at least on caudal peduncle
(Figs. 20, 21, 35)

157

................ 135
135 (122,134). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 35)
b. abundant both along and between rays
(Fig. 91)

136 (135) Pigment in dorsal fin
. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 21)
b. abundant both along and between rays
(Fig. 91)

137 (97,100,102,104). Mid-lateral surface of body

247

136

247

198

a. no largc, distinct spots (Figs. 21, 34) .

b. 2 large, distinct spots, one between head
and dorsal fin and the other over the
pelvic fin C. ardens

¢. 3 large, distinct spots, one between head
and dorsal fin, the second over the pelvic
fin, and the last on the caudal peduncle
near the base of the tail (Fig. 35)

C. commersoni

138 (137). Ventral midline from shortly behind
heart region to near vent with
a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.
M) C. commenom
b. <20 melanophores (Figs. 20, 21, 35) .

139 (131,138). Pigment over ventral to ventro-
lateral surfaces of gill covers
(opercula)

a. absent or present but not in distinct
oblique rows (Figs. 20, 34)

b. present in a distinct oblique row of 3 or

more melanophores near or along ven-

tral margin of one or both preopercles
(Fig. 31) C. commersoni

140 (127,139). Pigmentation on lateral surfaces
of body above bottom-of-eye level
and anterior to vent, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoncum), or gut,

a. scattered fully and evenly down to the
horizontal myoseptum with few if any

melanophores below the myoseptum
b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to hori-
zontal myoseptum and at least partially
to bottom-of-eye level below (Figs. 20,
21,35) o
141 (140). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoncum), or gut,
a. absent including caudal peduncle
b. present at least on caudal peduncle
(Figs. 20, 21, 35)

142 (105). Mid-lateral surface of body with

C. commersoni

141

C. commersoni

a. no large, distinct spots (Figs. 63, 91) .. 143

b. 3 large, distinet spots, one between head
and dorsal fin, the second over the
pelvic fin, and the last on the caudal
peduncle near the base of the tail (Fig.
35) e

143 (142). Ventral midline from shortly behind
heart region to near vent with

a. 221 melanophores in a continuous or

discontinuous line or narrow band (Fig.

34)

b. 7-20 melanophores

¢. =<6 melanophores (Figs. 35, 63, 91) ...

144 (143). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)

a. absent (Figs. 35, 63, 91)

b. present in a distinct oblique row of 3 or

more melanophores near or along ven-

tral margin of one or both preopercles

C. commersoni

C. commersoni

(Fig. 31) .............. C. commersoni
c. present but not in distinct oblique
TOWS oottt e i i aas 156

145 (144). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of melan-
ophores associated with horizontal
myosepta, air bladder, visceral cavity
(peritoneum), or gut,

a. scattered only partially down to the
horizontal myoseptum (lateral midline)
(Fig. 90)

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to hori-
zootal myoseptum and sometimes at
least partially to bottom-of-eye level
below (Figs. 35, 62, 91)

146 (121,145). Pigmentation on lateral to
ventro-lateral  surfaces of body
below bottom-of-cye level, exclusive

91

X. texanus



of melanophores associated with
horizontal myosepta, air bladder,
visceral cavity (peritoneum), of gut,
a. absent anterior to caudal peduncle (Figs.

62,91) ot 147
b. present anterior to caudal peduncle (Fig.
35) e 157
147 (122,146). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Figs. 35,62) . ... ...ttt 238
b. abundant both along and between rays
(Figs. 63,91) ..o ovvveinninnnenn. 148
148 (147). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig.62) ...t 238
b. abundant both along and between rays
(Figs. 63,91) ...........oooovnnn 188
149 (105,113). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 34, 63) .. 150

b. 3 large, distinct spots, onc between head
and dorsal fin, the second over the pelvic
fin, and the last on the caudal peduncle
near the base of the tail (Fig. 35)
.................. C. commersoni

150 (149). Ventral midline from shortly behind
heart region to near vent with
a. >21 melanophores in a continuous or
discontinuous line or narrow band (Fig.
) e C. commersoni
b. =20 melanophores (Figs. 35,63) .. ... 151
151 (143,150). Pigment over ventral to ventro-
lateral surfaces of gill covers
(opercula)
a. absent (Figs. 35, 63)
b. present, sometimes in a distinct oblique
row of 3 or more melanophores near or
along ventral margin of one or both
preopercles (Fig. 31) ..... C. commersoni

152 (128,151). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoncum), or gut,

a. absent anterior to caudal peduncle (Fig.
63)
b. prescat anterior to caudal peduncle (Fig.
35) C. commersoni

153 (108). Mid-lateral surface of body with

a. no large, distinct spots (Fig. 91)

b. 3 large, distinct spots, one between head
and dorsal fin, the second over the pelvic
fin, and the last on the caudal peduncle
near the base of the tail (Fig. 35)

.................. C. commersoni

154 (153). Ventral midline from shortly behind
heart region to near vent with
a. =7 melanophores in a continuous or
discontinuous line or narrow band (Fig.
................. C. commersoni
155

155 (154). Pigmeat over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent or present but not in distinct
oblique rows (Figs. 35, 91)
b. present in a distinct oblique row of 3 or
more melanophores near or along ven-
tral margin of one or both preopercles
(Fig.31) ........c.con C. commersoni

156 (144,155). Pigmentation on lateral surfaces
of body above bottom-of-eye level
and anterior to vent, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,

a. scattered only partially down to the
horizontal myoseptum (lateral midline)
(Fig. 90) X. texanus

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to hori-
zontal myoseptum and sometimes at
least partially to bottom-of-eye level
below (Figs. 35, 91)

157 (133,134,146,156). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membrane between

rays (Fig. 35) .......... C. commersoni
b. abundant both along and between rays
(Fig.91) ...t 158

158 (157). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 35) ........... C. commersoni
b. abundant both along and between rays

(Fig. 91)

159 (97). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 63,
L R 160
b. 2 large, distinct spots, one between head
and dorsal fin and the other over the
pelvic fin C. ardens

160 (159). Ventral midline from shortly behind
heart region to near vent with

a. 7-20 melanophores . ... ... ... 167
b. <6 melanophores (Figs. 21, 63, 91) ... 161
161 (160). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 63,91) .............. 162
b. present but not in distinct oblique rows
(Figs. 21) o oo e 172

162 (161). Pigmentation on lateral surfaces of
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body above bottom-of-eye level and
level and anterior to vent, exclusive
of melanophores associated with
horizontal myosepta, air bladder,
visceral cavity (peritoneum), or gut,
a. scattered only partially down to the
horizontal myoseptum (lateral midline;
Fig. 90) .........covennn. X. texanus
b. scattered fully and evealy down to the
horizontal myoseptum with few if any
melanophores below the myoseptum
(Fig. 62) ... 179
c. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-lateral
surface pattern) down to horizontal
myoseptum and at least partially to
bottom-of-eye level below (Figs. 63,
O1) oot 163
163 (162). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent including caudal peduncle (Figs.
62,91) ..o 180
b. absent except on caudal peduncle (Figs.
21,63) oo 164
¢c. present anterior to caudal peduncle (Fig.
38) 174

164 (163). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 20) ........ .. ... .. 255
b. abundant both along and between rays
(Figs. 21,63,91) ................ 165

165 (164). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Figs. 20,62) ................ 255
b. abundant both along and between rays
(Figs. 21, 63, 91)

166 (102). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 63) .. 167
b. 2 large, distinct spots, one between head
and dorsal fin and the other over the
pelvicfin ...... .. ... ... C. ardens

167 (160,166). Pigment over ventral to ventro-

lateral surfaces of gill covers
(opercula)
a. absent (Fig. 63) ................. 168
b. preseat but not in distinct oblique rows
(Fig 21) ... ... .. ... C. ardens

168 (167). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of melan-
ophores associated with horizontal
myoscpta, air bladder, visceral cavity
(peritoneum), or gut,

a. scattered fully and evenly down to the
horizontal myoseptum with few if any
melanophores below the myoseptum
(Fig. 62) ................ C. latipinnis

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to
horizontal myoseptum and at least
partially to bottom-of-eye level below
(Figs. 20,21,63) ................ 169

169 (168). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent including caudal peduncle (Fig.

62) C. latipinnis
b. absent except on caudal peduncle (Figs.

21,63) oo 255
¢. present anterior to caudal peduncle (Fig.

35) C. ardens

170 (100,111). Mid-lateral surface of body with
a. no large, distinct spots (Figs. 21, 91) .. 171

b. 2 large, distinct spots, one between head

and dorsal fin and the other over the
pelvicfin .................. C. ardens

171 (170). Ventral midline from shortly behind
heart region to near vent with
a. 7-20 melanophores ........... C. ardens
b. =<6 melanophores (Figs. 20, 21, 90, 91) 172

172 (161,171). Pigmentation on lateral surfaces
of body above bottom-of-eye level
and anterior to vent, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. scattered partially or fully and evenly
down to the horizontal myoseptum with
few if any melanophores below the myo-
septum (Fig. 62) ........... X. texanus
b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to
horizontal myoseptum and at least
partially to bottom-of-eye level below
(Figs. 20, 21, 91)
173 (172). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent including caudal peduncle (Fig.
91) X. texanus
b. present, at least on caudal peduncle
(Figs. 20,21) ... ... .. 174

174 (163,173). Pigment in caudal fin
a. along fin rays with very few, if any,
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melanophores on membrane between

rays (Fig. 20) ............... C. ardens
b. abundant both along and between rays
(Figs. 21,91) ................... 175

175 (174). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Fig. 20) C. ardens
b. abundant both along and between rays
(Figs. 21, 91)

176 (105,115). Ventral midline from shortly
behind heart region to necar vent
with

a. 7-20 melanophores
b. =<6 melanophores (Figs. 63, 91)

C. latipinnis
...... 177
177 (176). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 63, 91)
b. present but not in distinct oblique rows
X. texanus

178 (177). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of melan-
ophores associated with horizontal
myosepta, air bladder, visceral cavity
(peritoneum), or gut,

a. scattered only partially down to the
horizontal myoseptum (lateral midline)
(Fig. 90) X. texanus

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-lateral
surface pattern) down to horizontal
myoseptum and sometimes at least
partially to bottom- of-eye level below
(Figs. 63, 91)

.................. 179
179 (162,178). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,
a. absent anterior to caudal peduncle (Figs.
62, 62, 91)
b. present anterior to caudal peduncle
X. texanus

180 (163,179). Pigment in caudal fin
a. along fin rays with very few, if any,
melanophores on membranc between
FAYS o ot e C. latipinnis
b. abundant both along and between rays
(Figs. 63,90,91) . ...............
181 (180). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores oo membrane between
rays (Fig. 62) C. latipinnis
b. abundant both along and between rays
(Figs. 63, 90, 91)

182 (39,117). Ventral midline from sbortly be-
hind heart region to near vent with

a. 221 melanophores in a continuous or
discontinuous line or narrow band (Fig.

T5) C. platyrhynchus
b. <20 melanophores (Figs. 48, 49, 76,

183 (182). Pigment over ventral to ventro-lateral
surfaces of gill covers (opercula)
a. absent (Figs. 48, 49, 76)
b. present but not in distinct oblique rows
(Fig. 77) C. platyrhynchus

184 (183). Pigmentation on lateral surfaces of
body above bottom-of-eye level and
anterior to vent, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,

a. scattered fully and evenly down to the
horizontal myoseptum with few if any
melanophores below the myoseptum

................ C. platyrhynchus

b. scattered evenly or in blotchy pattern
(continuous with dorsal and dorso-
lateral surface pattern) down to
horizontal myoseptum and at least
partially to bottom-of-eye level below
(Figs. 48, 49, 76, 77)

185 (184). Pigmentation on lateral to ventro-
lateral surfaces of body below
bottom-of-eye level, exclusive of
melanophores associated with hori-
zontal myosepta, air bladder, vis-
ceral cavity (peritoneum), or gut,

a. absent anterior to caudal peduncle (Figs.

48,49,76) ... 186
b. present anterior to caudal peduncle (Fig.
T C. platyrhynchus
186 (185). Pigment in dorsal fin
a. along fin rays with very few, if any,
melanophores on membrane between
rays (Figs. 48,77y ............... 256

b. abundant both along and between rays
C. platyrhynchus

187 (124). Longitudinal cye diameter

a. 19-20% of head length .. . ... C. latipinnis
b. 21% of head length .............. 211
c. 2-2%6%ofheadlength ............ 189
d. 27-28% of head length ... ... ... ... 199
e. 29-30% of head length ... .. ... . .. 221
f. 31-32% of head length ... .. ... C. ardens
188 (148). Longitudinal eye diameter
a. 19-20% of head length . .. . .. C. latipinnis
b. 21% of head length .. ......... ... 211
¢ R2-26%of head length . ... ... ... .. 189
d. 27-28% of bead length . ... ... .. .. 230
¢. 29-30% of head length . ... ... X. texanus
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189 (187,188). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a 13%SL ............... C. commersoni
b. 1415%SL........ .. ... ... ... 240
¢. 16%SL ... ... 190
d 17-18% SL .. .......... i 212
e. 19-20% SL ................ X. texanus
190 (189). Dorsal fin length
a. 182%SL............. C. commersoni
b. 23-24% SL . ....... ... ... .. ..., 191
c. 25-26% SL..................... 213
d 27-29% SL .. .............. X. texanus

191 (190). Caudal fin length (total length minus
standard length)

a 1920%SL............. C. commersoni
b. 21-22% SL . .......... . . 242
¢ 23-24% SL ... ... ... 192
d 25%SL ... .., 214
e. 26c:28% SL................ X. texanus
192 (191). Depth at origin of dorsal fin
a. 17%SL ... .. ., 242
b. 182% SL . ... 193
c. 2327%SL................ X. texanus

193 (192). Length from anterior margin of snout
to insertion of dorsal fin

a. 61-64% SL . ...... ... ... ... .. ... 243
b. 6566% SL . .................... 194
c. 67-68%SL..................... 235
d 69-70% SL ................ X. texanus

194 (193). Length from anterior margin of snout
to origin of dorsal fin

a. 46-47%SL . ... .. 217
b. 48-49% SL..................... 195
¢ S1-52% SL..................... 236
d 53%SL ............... C. commersoni

195 (194). Length from anterior margin of snout
to origin of pelvic fin

a 52-53%SL......... .. ... .. 245
b. 5457% SL ........ ... .. .. .. 196
€ 5860%SL.......... ... ... .. ... 236

196 (195). Length from anterior margin of snout
to posterior margin of the veat

a. T2-714% SL . ... 246
b. 75-76% SL . ........... . ... ... .. 197
c. T7-718% SL ... ... 237
d 79-80%SL................ X. texanus

197 (196). Length from anterior margin of snout
to origin of pectoral fin

a 24%SL ... ... C. commersoni
C. latipinnis

b. 25-28% SL ............. C. cormmersoni
C. latipinnis

X. texanus

¢ 29%SL ............ ... C. commersoni
X. texanus

d 30-31%SL................ X. texanus

198 (136). Longitudinal eye diameter

a. 21% of head length ... ... ... X. texanus
b. 22-26% of head length ... ...... ... 230
¢ 21-28% of head length ............ 199
d. 29-30% of head length ............ 221
e. 31-32% of head length .. ... ... C. ardens

199 (187,198). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 13%SL ............... C. commersoni
b. 1415%SL .............. .. .... 249
c. 16%SL ... ... ... ... . .... 200
d. 17%SL ......... ... . .. ... 222
e. 1820%SL ............... X. texanus
200 (199). Dorsal fin length
a. 1820%SL ............ C. commersoni
b. 21-2%SL .................... 250
¢ 23-24%SL .................... 201
d 25-26%SL .................... 223
e 27-29%SL ............... X. texanus

201 (200). Caudal fin length (total length minus
standard length)

a. 192%SL ............ C. commersoni
b. 2324%SL .................... 202
€ 2528%SL ......... .. 224
202 (201). Depth at origin of dorsal fin
a. 16%SL ................... C. ardens
b. 17%SL ...... ... ... ... .. 252
¢ 1822%SL ... ... ... .. ... 203
d 23-27%SL ............... X. texanus

203 (202). Length from anterior margin of snout
to insertion of dorsal fin

a. 61-63% SL ............ C. commersoni
b. 64%SL ....... ... ... .. 253
c. 6566%SL .................... 204
d 67-68%SL .................... 235
e. 69-70%SL ............... X. texanus

204 (203). Length from anterior margin of snout
to origin of dorsal fin

a. 4647%SL ............... X. texanus
b. 48-51% SL .................... 205
€ 52%SL ... 236
d S3%SL ............... C. commersoni

205 (204). Length from anterior margin of snout
to origin of pelvic fin

a. 52-53%SL ............ C. commersoni
b. $4-58%SL ................... . 206
c. 59-60%SL. ............ .. ..... 236

206 (205). Length from anterior margin of snout
to posterior margin of vent

a. T22714%SL ... 254
b. 75-76% SL ... ... ... . .. .. .. 207
¢ TI-I8%BSL ......... .. ... ...... 237
d. M-80%SL ............... X. texanus

207 (206). Length from anterior margin of saout
to origin of pectoral fin
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a. 24%SL ... ... L C. commersoni
b. 2528%SL........... ... C. ardens
C. commersoni
X. texanus
c. 29%SL ........ ... ..., C. commersoni
X. texanus
d 30-31%SL................ X. texanus
208 (123,124,129). Longitudinal eye diameter
a. 19-21% of head length ... ... C. latipinnis
b. 22-26% of head length ... ...... ... 239
c. 27-28% ofheadlength ... ......... 248
d. 29-32% of head length ... ... .. C. ardens
209 (165). Longitudinal eye diameter
a. 19-20% of head length . ... .. C. latipinnis
b. 21-26% of head length ... ...... ... 211
c. 27-30% of headlength ... ...... ... 21
d. 31-32% of head length .. ... ... C. ardens
210 (181). Longitudinal eye diameter
a. 19-20% of head length ... ... C. latipinnis
b. 21-26% of bead length ... ....... .. 211
¢. 27-30% of head length ... . ... X. texanus

211 (187,188,209,210). Length of base of dorsal
fin (origin to insertion of dorsal fin)

a, 1415%SL............... C. latipinnis

b. 16-18% SL . .................... 212

c. 1920%SL................ X. texanus
212 (189,211). Dorsal fin length

a. 23-26%SL........ ... . . .. ... 213

b. 27-299% SL .. .............. X. texanus

213 (190,212). Caudal fin length (total length
minus standard length)

a. 21-22%SL ... .. ... .. C. latipinnis

b. 23-25% SL ........ ............ 214

¢ 26-28%SL................ X. texanus
214 (191,213). Depth at origin of dorsal fin

a. 17%SL ................. C. latipinnis

b 18-2%SL................. . ... 215

¢ 23-27%SL................ X. texanus

215 (214). Length from anterior margin of snout
to insertion of dorsal fin

a. 61-64%SL............... C. latipinnis
b. 6566%SL..................... 216
c. 67-70%SL................ X. texanus

216 (215). Length from anterior margin of snout
to origin of dorsal fin
a. 46-49% SL ... ... L. 217
b. 50-52% SL .............. .. X. texanus

217 (194,216). Length from anterior margin of
snout to origin of pelvic fin

a. 5253%SL ... ........... C. latipinnis
b. 5457%SL ....... .. ... ... . ..., . 218
c. 5860% SL............. ... X. texanus

218 (217). Length from anterior margin of snout
to origin of pectoral fin

b. 25-28%SL ......... ... ... 219
c 2031%SL ............... X. texanus
219 (218). Length from anterior margin of snout
to posterior margin of vent
a. 72-74%SL .............. C. latipinnis
b. 75-76% SL .............. C. latipinnis
X. texanus
c. TI-80%SL ............... X. texanus
220 (175). Longitudinal cye diameter
a. 21-26% of head length .. ... .. X. texanus
b. 27-30% of head length . .. ......... 21
¢ 31-32% of head length . ....... C. ardens

221 (187,198,209,220). Length of base of dorsal
fin (origin to insertion of dorsal fin)
a. 1415%SL ................ C. ardens
b. 16-17% SL .................... 22
c 1820%SL ............... X. texanus
222 (199,221). Dorsal fin length
a. 19-22%SL ................ C. ardens
b. 23-26% SL .................... 223
¢ 27-29%SL ... ... X. texanus
223 (200,222). Depth at origin of dorsal fin
a. 16-17%SL ................ C. ardens
b. 182%SL .................... 224
¢ BAT1%SL ... X. texanus
224 (201,223). Length from anterior margin of
snout to insertion of dorsal fin
a. 64%SL ............ .. ..., C. ardens
b. 65-66% SL .................... 225
¢ 67-70%SL ............... X. texanus
225 (224). Length from anterior margin of snout
to origin of dorsal fin
a. 4647%SL ............... X. texanus
b. 4852%SL .................... 226
226 (225). Length from anterior margin of snout
to posterior margin of vent
a. 7374%SL ................ C. ardens
b. 7576% SL .................... 227
c. 77-80%SL ............... X. texanus
227 (226). Length from anterior margin of snout
to origin of pelvic fin
a 5458%SL .................... 228
b. 59-60%SL ............... X. texanus
228 (227). Length from anterior margin of snout
to origin of pectoral fin
a 25-288%SL ................ C. ardens
X. texanus
b. 29-31%SL ............. .. X. texanus
229 (158). Longitudinal eye diameter
a. 21% of head length .. ... .. .. X. texanus

96



b. 22-28% of head length .. ....... ... 230
¢. 29-30% of head length . ... ... X. texanus
230 (188,198,229). Length of base of dorsal fin
(origin to insertion of dorsal fin)
a. 13-15% SL............. C. commersoni
b. 16%SL .......... ... ... ....... 231
c. 17°209% SL................ X. texanus
231 (230). Dorsal fin length
a. 1822%SL............. C. commersoni
b. 23-24% SL ......... ... ... 232
c. 2529%SL................ X. texanus
232 (231). Caudal fin length (total length minus
standard length)
a 19-22%SL............. C. commersoni
b. 23-24% SL ..................... 233
€ 25-2%SL................ X. texanus
233 (232). Depth at origin of dorsal fin
a. 17%SL ............... C. commersoni
b, 1822%SL......... ... ... ..... 234
€ 2B3-27%SL................ X. texanus
234 (233). Length from anterior margin of snout
to insertion of dorsal fin
a 61-64%SL............. C. commersoni
b. 65-68% SL..................... 235
¢ 69-710%SL ................ X. texanus
235 (193,203,234). Length from anterior margin
of snout to origin of dorsal fin
a. 46-47%SL ................ X. texanus
b. 48-52% SL ..................... 236
¢ 53%SL ............... C. commersoni

236 (194,195,204,205,235). Length from anterior
margin of snout to posterior margi
gin po: g

of vent
a. 72-714% SL ............. C. commersoni
b. 75S-18%SL ..................... 237
c. 79-80%SL................ X. texanus

237 (196,206,236). Length from anterior margin of
snout to origin of pectoral fin

a. 24%SL ... .. ... C. commersoni
b, 2529%SL............. C. commersoni

X. texanus
¢ 30-31%SL................ X. texanus

238 (129,147,148,152). Longitudinal eye diameter

a. 19-21% of head length ... ... C. latipinnis
b. 22-26% of head length . ... ... .. ... 239
¢. 27-28% of head length . ... C. commersoni

239 (208,238). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. B3%SL ........... .. .. C. commersoni

b. 14-16%SL ............. ... .. ... 240

c 17-18%SL........ ... .. .. C. latipinnis
240 (189,239). Dorsal fin length

a 182R%SL........... .. C. commersoni

b. 23-24% SL
¢ 25-26% SL

.................... 241
C. latipinnis

241 (240). Caudal fin length (total length minus
standard leagth)

a. 19-20% SL ............ C. commersoni
b. 21-24% SL ............ ... ... .. 242
¢ B%SL ........ ... ... C. latipinnis

242 (191,192,241). Length from anterior margin
of snout to insertion of dorsal fin

a. 61-66% SL

b. 67-68% SL

.................... 243
............ C. commersoni

243 (193,242). Length from anterior margin of
snout to origin of dorsal fin

a. 4647%SL ...... ... ... .. C. latipinnis
b. 4849% SL . ........ ... ... ...... 244
¢ 50-53%SL ............ C. commersoni

244 (243). Length from anterior margin of snout
to origin of pelvic fin

a. 52-57% SL

b. 58-59% SL

.................... 245
............ C. commersoni
245 (195,244). Length from anterior margin of
snout to posterior margin of vent
a. 72-76% SL
b. 77-78% SL

.................... 246
C. commersoni

246 (196,245). Length from anterior margin of
snout to origin of pectoral fin

a. 24-28%SL ............ C. commersoni
C. latipinnis
b. 29%SL ............... C. commersoni
247 (129,135,136,141). Longitudinal eye diameter
a. 22-26% of head length . ... C. commersoni
b. 27-28% of head length .. ....... ... 248

¢. 29-32% of head length

248 (208,247). Length of base of dorsal fin
(origin to insertion of dorsal fin)

a. 3%SL ............... C. commersoni
b. 1416%SL . ......... ... ....... 249
c. 17%SL ................... C. ardens

a. 18 SL ............... C. commersoni
b. 19-24% SL .................... 250
c. 2526%SL ................ C. ardens

250 (200,249). Caudal fin length (total length
minus standard length)

a. 19-2%SL ............ C. commersoni

b. B-2U%SL ... 251

e 258%SL ................ C. ardens
251 (250). Depth at origin of dorsal fin

a 16%SL.................. . C. ardens

b 17-2%SL ... ... 252

252 (202,251). Length from anterior margin of
snout to insertion of dorsal fin
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a 61-63%SL............. C. commersoni
b. 6466% SL . ....... ... 253
c. 67-68% SL............. C. commersoni

253 (203,252). Length from anterior margin of
snout to origin of dorsal fin

a. 48-51%SL....... ... ... ...

b. 5253%SL ............. C. commersoni

254 (206,253). Length from anterior margin of
snout to origin of pectoral fin
a. 2428%SL ... ... C. ardens
C. commersoni
b. 29% SL ....... ... . ... C. commersoni

255 (164,165,169). Longitudinal eye diameter

a. 19-26% of head length ... ... C. latipinnis

b. 27-32% of head length ........ C. ardens
256 (186). Longitudinal eye diameter

a. 21-25% of head length . ... ........ 257

b. 26-28% of head length

257 (256). Length of base of dorsal fin (origin to
insertion of dorsal fin)

a. 11-14%SL.......... ... ... ... 258

b. 15-16% SL .............. C. discobolus
258 (257). Dorsal fin length

a. 18%SL .............. platyrhynchus

b. 19-21% SL . ....... ... .. ... .. 259

c. 22-23%SL.............. C. discobolus

259 (258). Caudal fin length (total length minus
standard length)

a. 9%SL .............. C. platyrhynchus
b. 20-23% SL ... ... ...l 260
c. 24%SL ... ... .. C. discobolus

260 (259). Depth at origin of dorsal fin

a. 16-17% SL ........... ... C. discobolus
b. 1821% SL ... ... ... ... ... 261
261 (260). Length from anterior margin of snout
to insertion of dorsal fin
a. 60-61%SL............ C. platyrhynchus
b. 6264% SL . .. .. ... 262
c. 6566%SL.............. C. discobolus
262 (261). Length from anterior margin of snout
to origin of dorsal fin
a. 47-52% SL . ... ... oo, 263
b. 53-54%SL.............. C. discobolus
263 (262). Length from anterior margin of snout
to posterior margin of vent
a. T2-MB%SL.............. C. discobolus
b. 7476% SL .. ............ C. discobolus
C. platyrhynchus
¢« TIK8%SL............ C. platyrhynchus

Skeletal Character Key for Juveniles <40 mm
SL that have been cleared and preferably

stained for bone (Fig. 6).

1. Standard length group (Fig. 4)
a. <21 mm

First (most anterior) interneural bone
(Fig. 8)
a. large and angular or anvil-shaped with
a prominent posterior-directed
projection or beak; anterior ends of
mandibles (from ventral view of head)
well anterior, at least mid-distance
between posterior and anterior ends of
maxillae; anterior-dorsal  maxillary
projections small and rounded to
reduced and almost absent
b. small and blocky, sometimes with a
small posterior- directed projection or
beak; anterior ends of mandibles (from
ventral view of head) well posterior,
much closer to posterior than anterior
ends of maxillae; anterior-dorsal
maxitlary projections prominent and
pointed
3 (2). Number of vertebrae (including 4 for
Weberian complex)
a. 46 ... C. commersoni
C. ardens
C. commersoni

4 (1). Frontoparietal fontanelle (Fig. 7)

a. narrow, <30% of fontanelle length . ... 11
b. moderately wide, 31-40% of fontanelle

length . ........ ... .. L 6

¢. wide, 41-47% of fontanelle length . .. . .. 8
d. very wide, 248% of fontanelle length
(often over 60% and somewhat oval in

shape) ... .. .

................... X. texanus

5 (1). Frontoparietal fontanelle (Fig. 7)
a. very narrow, =x24% of fontanelle

length ... ... .. ... ... ...l

................ C. platyrhynchus

b. narrow, 24-28% of fontanelle length ... 11
¢. moderately wide, 29-40% of fontanelle

length . ... . ... .......... ... ... 6

d. wide, 41-47% of fontanelle length . ... .. 7
¢. very wide, 248% of fontanelle length

(usually somewhat oval in shape) X. lexanus

6 (4,5). First (most anterior) interncural bone
(Fig. 8)
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7 (5).

ow

. large and angular or anvil-shaped with a

prominent posterior-directed projection
or beak; anterior ends of mandibles
(from ventral view of head) well anter-
ior, at least mid-distance between
posterior and anterior ends of maxillac;
anterior-dorsal maxillary projections
small and rounded to reduced and
almost absent . ............ ... . ..., 8

. small and blocky, sometimes with a

small posterior-directed projection or
beak; anterior ends of mandibles (from
ventral view of head) well posterior,
much closer to posterior than anterior
ends of maxilae; anterior-dorsal
maxillary projections prominent and
pointed

First (most anterior) interneural bone
(Fig. 8)

large and fan-shaped across top X. texanus

large and angular or anvil-shaped with a

prominent posterior-directed projection

orbeak ..... ... .. o il 8
8 (4,6,7). Number of vertebrae (including 4 for
Weberian complex)
446 .. ... C. commersoni
4748 .. C. ardens

C. commersoni
C. latipinnis
C. latipinnis

9 (1). Frontoparietal fontanelle (Fig. 7)

a.

b.
c.

d.
€.

10 (9).

very narrow <24% of fontanelle length . . .
................. C. platyrhynchus

narrow, 25-28% of fontanelle length ... 10
moderately wide, 29-35% of fontanelle
leagth ... .. . ... 12
wide, 36-45% of fontanelle length . . . .. 14
very wide, >45% of fontanclle length
(often over 60% and somewhat oval in
shape) ... L X. texanus

First (most anterior) interneural bone
(Fig. 8)

large and angular or anvil-shaped with a

prominent posterior-directed projection

or beak; anterior ends of mandibles

(from ventral view of head) well anter-

ior, at least mid-distance between

posterior and anterior ends of maxillae;
anterior-dorsal maxillary projections
small and rounded to reduced and
almost absent .......... C. commersoni
small and blocky, sometimes with a
small posterior-directed projection or
beak; anterior ends of mandibles (from
ventral view of head) well posterior,
much closer to posterior than anterior

ends of maxillae; anterior-dorsal
maxillary projections prominent and
pointed .......... ... ... . .., 11
11 (2,4,5,6,10). Number of vertebrae (including
4 for Weberian complex)
a 4244 ...l C. platyrhynchus
b. 4550 ............. .. ... C. discobolus

C. platyrhynchus

12 (9). First (most anterior) interneural bone

13 (12).

14 (9).
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a.

a.
b.

C.

o

(Fig. 8)
large and angular or anvil-shaped with
a prominent posterior-directed projec-
tion or beak; anterior ends of mandibles
(from ventral view of head) well anter-
jor, at least mid-distance between
posterior and anterior ends of maxillae;
anterior-dorsal maxillary projections
small and rounded to reduced and
almost absent

. small and blocky, sometimes with a

small posterior-directed projection or
beak; anterior ends of mandibles (from
ventral view of head) well posterior,
much closer to posterior than anterior
ends of maxllae; anterior-dorsal
maxillary projections prominent and
pointed ................ C. discobolus
Number of vertebrae (including 4 for
Weberian complex)
446 ... C. commersoni
4748 .. ... C. commersoni
C. latipinnis
C. latipinnis

First (most anterior) interneural bone
(Fig. 8)

large and fan-shaped across top X texanus

large and angular or anvil-shaped with

a prominent posterior-directed projec-

tionorbeak .......... ... ... C. ardens



Species Account -- Catostomus ardens

Flaming Gorge
~~~~~ Res

WYOMING

Fig. 12. Catostornus ardens adult (from Miller 1952).

Adult Diagnosis: Back without conspicuous predorsal

keel. Caudal peduncle deep, about 8-10% of body
length. Mouth inferior but well forward. Lips rela- .
tively small with papillac, without notches at outer
corners; lower lip with deep medial cleft, lobes usually
adjacent and not reaching a perpendicular from nostrils.
No prominent cartilaginous ridge on anterior margin of
lower jaw. Nodules of gill rakers slightly to unbran-
ched. Scales relatively large. Dorsal fin membranes
well pigmented. Fontanelle wide. Total length usually
25-35 cm, up to 65 cm. (Also, Table 8.)

Reproduction: Non-guarding, open-substrate lithophil.
Spring, usually late May to mid June, 218°C. Tributary
streams, inlets, or rocky shoals near shore of lakes;
sometimes over sand or gravel in water <60 cm deep.
Observed in spawning aggregations of 400-500. Water-
hardened eggs 2.9-3.2 mm diameter, demersal, initially
adhesive.

Young: Hatch in 8-9 days at 17°C. Swim-up 78 days  Fyg, 13, Regional distribution of Catostomus ardens.
after hatching. Young mostly in spawning streams or

near shore in shallow water. Observed to graze on
filamentous algae or algae on fixed objects.

CALIFORANIA

Table 8. Selected juvenile and adult meristics for Catostomus ardens. P = principal rays; R = rudimentary rays;
D = dorsal; V = ventral. Scales are lateral series or line when compiete. Four added to vertebral count for
Weberian complex. Gill rakers for exterior row of first arch, specimens >70 mm SL. Mean or modal values
underlined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Literature Character Original Literature
Dorsal Fin Rays - P:  (10)11-12-13(14) 11-13 Dorsal Fin Rays - R: 2-5
Anal Fin Rays - P: 7-8 7 Anal Fin Rays - R: 24
Caudal Fin Rays - P:  (17)18 Caudal Fin Rays - RD:  (8)9-10-11
Pectoral Fin Rays: (14)15-17 Caudal Fin Rays - RV:  (6)7-8-9
Pelvic Fin Rays: 10 Lateral Scales: (57-)62-68 54-60-70(-79)
Vertebrae: 4748 Gill Rakers: 28-31-34

Table 9. Size at apparent onset of selected developmental events for Catostomus ardens, as observed under low
power magnification. P = principal rays; R = rudimentary rays; Scales are lateral series. Rare or questionable
extremes in parentheses.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mmSL mmTL mmSL mmTL
Hatched: (7)8-11 {(7)8-11 Dorsal - P: 1315 14-16 14-16 17-19
Eyes Pigmented: 9-10 or * 9-10 or * Anal - P: 14-15 16-18 15-17 1719
Yolk Assimilated: 12-13 12-14 Caudal - P 12-13 12-14 13-14 14-15
Finfold Absorbed: 19 23 Caudal - R: 14-15 15-17 19-20 23
Pectoral Fin Buds: (Tyor* (Tyor* Pectoral: 14-15 16-18 15-18 17-22
Pelvic Fin Buds: 1315 14-16 Pelvic: 14-17 17-19 18-19 (19-)22
* before hatching Scales: 21-23 26-28 24-28 29-35

References: Andreasen and Barnes 1975, Baxter and Simon 1970, Jordan and Gilbert 1881, Jordan and Evermann
1896, La Rivers 1962, Lee et al. 1980, McConnecll et al. 1957, Miller 1952, Miller and Smith 1981, Minckley 1973,
Modde (T. C., pers. commun.), Sigler and Miller 1963, Sigler and Sigler 1987, Simon 1946, Simpson and Wallace
1978, Tyus et al. 1982,
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Table 10. Size at developmental interval (left) and gut phase (right) transitions for Catostomus ardens. See Fig.
5 for phases of gut folding. Rare or questionable extremes in parentheses.

Transition to mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: 12-13 12-14 2 - 90° bend: 14-17 17-19
Postflexion Mesolarva: 13-14 14-15 3 - Full loop: 18-19 (19-)22-24
Metalarva: 15-17 17-19(20) 4 - Partial crossover: 20-22 26-27
Juvenile: 19-20 23 S - Full cross over: 27-28 34-35

Table 11. Summary of morphometrics and myomere counts by developmental phase for Catostomus ardens. See
Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes excluded.

Flexion Postflexion
Protolarvae (N=10) Mesolarvae (N=5) Mesolarvae (N=12) Metalarvae (N=12) Juveniles (N=12)
x+xSD  Range x+SD  Range ¥+SD  Range x+SD  Range x¥xSD  Range
SL,mm: 11 1 9 13 13 1 12 14 15 1 13 17 17 1 15 19 25 4 19 3
TL, mm: 11 1 9 14 13 1 1215 16 2 1419 21 2 17 23 32 6 24 45

Lengths %SL:

AS to AE 2 0 2 3 2 1 1 4 4 1 3 5 6 1 4 8 7 1 6 8
PE 8 1 79 8 1 7 10 11 1 10 12 4 1 12 16 15 1 14 16
OP1 5 1 1217 17 2 15 19 20 1 19 23 26 1 23 27 26 1 25 28
OP2 52 1° 50 53 56 1 53 57 56 1 55 58
PY 5 2 7271 70 22 69 M2
OPAF 41 19 22 67 25 1 22 26 28 2 25 3 41 7 30 51
ODF 33 2 29 3 35 2 31 3 39 1 37 41 4 3 42 47
oD 49 1° 47 50 50 1 49 52 49 1 48 51
D 62 19 60 63 65 1 & 67 65 1 6 66
PV 78 1 76 80 % 1 157 ™ 1 76 80 77 1 7 78 75 1 73 7
OA P A B 77 1 76 78 7% 1 74 78
1A 8 ° 84 84 84 1 84 86 83 1 82 85
AFC 109 1 107110 112 1° 111114 116 1 114118
PC 103 1 102104 105 1 104106 112 3 109117 120 2 118122 125 1 123128

Y 57 5 49 &4 16 22 0 43

P1 5 3 1 8 10 1 8 11 111 9 13 ¥ 2 1217 20 2 15 22

P2 2 3 0 6 11 1 8 12 4 1 12 16

D 15 19 14 16 19 1 18 20 24 2 21 2

A 7 ¢ 717 10 1 9 12 15 2 12 18

Depths %SL:

at BPE 9 1 7 10 10 1 9 12 131 11 15 16 1 15 18 18 0 17 18
OP1 10 1 9 13 10 1 9 12 4 1 1217 18 1 16 20 20 1 18 21
oD 1 1 10 12 9 1 8 9 12 2 9 15 17 1 16 20 20 1 16 22
BPV 5 1 4 6 S 0 5 6 7 1 6 9 10 1 9 12 12 1 10 14
AMPM 3 0 2 3 3 0 3 4 S 1 4 6 7 0 6 8 8 0 7 8

Max. Yolk 7 2 3 11 6 1 0 2

Widths %SL:

at BPE 8 1 6 10 9 1 9 10 12 1 1013 15 1 14 16 16 1 15 16
or1 o 1 4 8 7 1 6 9 10 1 9 11 13 1 1115 16 1 14 17
oD 7 1 5 9 S 0 S 6 7 1 S 10 12 1 9 13 15 1 12 17
BPV 3 0 3 4 3 0 3 4 S 1 4 6 6 1 s 7 8 1 6 10
AMPM 2 0 2 2 2 0 2 2 3 0 2 3 3 0 3 4 4 0 3 5

Max. Yolk 8 3 5 14 1 1 0 2

Myomeres:

o PY IS 1 M % 33010 32033
OPAF 15 11 4 32 6 6 7 6 1 5 7 12 4 6 17
opP2 01”1922 211 20 22 2 0¢ 21 2
ODF 12 1 10 13 12 0 11 12 13 12 14 15 2 13 16
oD 18 1° 1719 17 t 1618 17 1Y 16 18
PV 37 1 3 38 % 1 36 37 37 1 35 38 36 1 M4 37 33 19 35 3%

Total 46 1 45 47 6 1 45 4 46 1 45 48 45 1 43 47 46 19 45 47

N = 25N = 10N = 11; N = 5, °N
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Flg. 14. Catostomus ardens protolarva, recently hatched, 10.5 mm SL, 10.8 mm TL. Cultured in 1987 with stock
from Bear Lake, Utah.
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Fig. 15. Catostomus ardens protolarva, 11.4 mm SL, 11.9 mm TL Cultured in 1987 with stock from Bear Lake,
Utah.
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Fig. 16. Cafostomus ardens flexion mesolarva, recently transformed, 12.2 mm SL, 12.8 mm TL. Cultured in
1987 with stock from Bear Lake, Utah.
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Flg. 17. Catostomus ardens postflexion mesolarva, 14.2 mm St, 15.7 mm TL. Cultured in 1987 with stock from
Bear Lake, Utah.
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Fig. 18. Catostomus ardens metalarva, recently transformed, 15.9 mm SL, 18.7 mm TL. Cultured in 1987 with
stock from Bear Lake, Utah.

Fig. 19. Catostomus ardens metalarva, 17.8 mm SL, 21.5 mm TL. Cultured in 1987 with stock from Bear Lake,
Utah.
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Fig. 20. Catostomus ardens juvenile, recently transformed, 21.8 mm SL, 26.9 mm TL. Cuitured in 1987 with
stock from Bear Lake, Utah.

Fig. 21. Catostomus ardens juvenile, 28.2 mm SL, 35.6 mm TL. Cultured in 1887 with stock from Bear Lake,
Utah.
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Flg. 22. Selected skeletal features of Catostomus
ardens, juvenile, 21.4 mm SL, 26.2 mm TL. Top -
postcleithrum.  Middle - anterior-dorsal maxillary
projections. Bottom -- mandible position.
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Flg. 23. Selected skeletal features of Catostomus
ardens, juvenile, 38.5 mm SL, 45.4 mm TL. Top —
postcleithrum.  Middle - anterior-dorsal maxillary
projections. Bottom — mandible position.



Fig. 24. Interneurals of Catostomus ardens. Top -
postflexion mesoclarva, 16.8 mm SL, 19.2 mm TL.
Middie — juvenile, 21.4 mm SL, 26.2 mm TL. Bottom
- juvenile, 39.5 mm SL, 45.4 mm TL.
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Fig. 25.

Frontoparietal fontanelle of Catostomus

ardens. Top - juvenile, 21.4 mm SL, 26.2 mm TL.

Bottom - juvenile, 39.5 mm SL, 45.4 mm TL.

Table 12. Dimensions of frontoparietal fontanelle for
Catostomus ardens larvae >16 mm SL, early (YOY)
juveniles, and yearling.

Max. Max. Width
Specimens width length as % of
mm SL n (mm) (mm) length
17-19 2 10-1.2 20-22 45-60
20-21 1 0.9 20 43
22-25 2 0.9-0.9 2324 38-39
26-34 3 1.0-1.0 2.3-24 42443
35-36 1 1.2 28 43
76-81 0




Species Account -- Catostomus commersoni

Fig. 26. Catostomus commersoni (from Miller 1952).

Adult Diagnosis:  Back without conspicuous predorsal
keel. Caudal peduncle depth about 65-8.6% TL.
Mouth inferior; no hard, prominent, cartilaginous ridges
along inside of jaws. Lips relatively small, papillose,
without notches at corners; lower lip wider than long
with a deep median cleft, usually without rows of papil-
lac spanning the two lobes. Dorsal fin not large and
not falcate, Scales large. Gill rakers relatively few,
somewhat knobbed. Peritoneum pale or lightly speck-
ted. TL usually 30-50 cm, up to 64 cm. (Also, Table 13.)

Reproduction: Non-guarding, open-substrate lithophil.
April or May to August, 7-19°C, usually >10°C; mostly
June to mid-July in the Upper Colorado River Basin.
Frequently in large aggregations migrate to streams or
lake shores to spawn in shallow water, usually <0.3 m,

CAUIFORNIA T ! ! "\

and moderate currents, mostly 30-49 ¢m/sec, over sand MExico 1 B
or gravel; often over riffles in streams. Water-hardened
eggs 2.6-3.3 mm diameter, demersal, initially adhesive.

Fig. 27. Regional distribution of Catostomus com-

Young: Hatch in 5-11 days at 18-10°C, remain in gravel mersoni

1-2 weeks, drift as late protolarvac and mesolarvae,
usually at night, and subsequently occupy low velocity
shoreline areas, often over sand and gravel or in aquatic
vegetation.

Table 13. Selcected juvenile and adult meristics for Catostomus commersoni. P = principal rays; R = rudimentary
rays; [) = dorsal; V = ventral. Scales are lateral series or line when complete. Four added to vertebral count for
Weberian compiex. Gill rakers for exterior row of first arch, specimens >70 mm SL. Mean or modal values under-
lined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Literature Character Original Literature
Dorsal Fin Rays - P: 10-11-12(13)  (9)10-13(-15) Dorsal Fin Rays - R: 2-3-4(5)
Anal Fin Rays - P: (5-)7(8) (6)7-8 Anal Fin Rays - R: 2-3
Caudal Fin Rays - P: 18 18 Caudal Fin Rays - RD: 10-11-13
Pectoral Fin Rays: 13-15-16(17)  13-19 Caudal Fin Rays - RV: 8-10
Pelvic Fin Rays: 8-10 9-11 Lateral Scales: 56-59-68-72  53-56-70-76(-85)
Vertebrae: 454648 4448 Gill Rakers: 20-27

Table 14. Size at apparent onset of selected developmental events for Catostomus commersoni, as observed under
jow power magnification. P = principal rays; R = rudimentary rays. Scales are lateral series. Rare or questionable
extremes in parentheses.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mm SL mm TL  mm SL mm TL
Hatched: (7)8-10 8-10 Dorsal - P: 1213 14 14-16 16-17
Fyes Pigmented: (M8 or * Bor* Anal - P: 1416 16-17 15-117)  18-19(20)
Yolk Assimilated: 10-12(-14) (10)11-1X-15) Caudal - P 10-12 10-13  (12)13-15  (13)14-16
Finfold Absorbed: (17-)19-20 (21-)23-24 Caudal - R 13-15  14-16 (1718 21)22-23
Pectoral Fin Buds: (78 or * 8 or * Pectoral: 14-16 16-17 16(-20) 19¢-24)
Pehiic Fin Buds: 13-15 (14315-16 Pelvic: 15-16  18-19 16-18 19-22

* before hatching Scales: 22(23) 27 29-31 36-37

References:  Auver 1982, Baxter and Simon 1970, Beckman 1952, Carlander 1969, Carlson ¢t al. 1979, Ellis 1914,
l'uiman 1979, Fuiman and Trojnar 1980, Geen et al. 1966, Hubbs ct al. 1343, Jones et al. 1978, Jordan and Evermann
1896, Lippson and Moran 1974, Miller 1952, Minckley 1973, Prewitt 1977, Reighard 1920, Scott and Crossman 1973,
Smith 1985, Stewart 1927, Twomey ct al. 1984, Woodling 1985,
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Table 15. Size at developmental interval (left) and gut phase (right) transitions for Catostornus commersoni. See

Fig. 5 for phases of gut folding. Rare or questionable extremes in parentheses.

Transition to mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: 10-12 10-13 2 - 90° bend: 14-15(16) (16)17(18)
Postflexion Mesolarva: a)13-15 (13)14-16 3 - Full toop: (16)17-18 (19)20-21(22
Metalarva: 15-16(17) 18-19(20) 4 - Partial crossover: 19-20(21) (22)23-24(-26)
Juvenite: (17-)19-20 (21-)23-24 S - Full cross over: (20)21-25 (24)25-30(31)

Table 16. Summary of morphometrics and myomere counts by developmental phase for Catostomus commersoni.
See Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes
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excluded.
Flexion Postflexion
Protolarvae (N=11) Mesolarvae (N=16) Mesolarvae (N=9) Metalarvae (N=18} Juveniles (N=25)
¥+SD  Range ¥+SD  Range ¥+SD  Range x+SD  Range ¥xSD  Range
SL,mm: 10 1 8 12 12 2 1015 4 1 12 16 17 1 15 20 25 6 19 39
TL,mm: 10 1 9 12 13 2 10 16 16 2 14 19 21 2 18 24 30 7 23 48

Lengths %SL:

AStoAE 2 0 2 3 21 2 3 4 1 2 6 6 1 4 8 8 1 610
PE 8 1 8 9 8 1 710 1M1 1 9 14 4 1 1215 15 1 13 16
OP1 16 1 1319 18 1 1620 2 2 1925 26 2 2030 28 1 2429
or2 53 1° 5254 56 2 545 57T 2 5259
PY 70 12 47 80 63 10* 50 75
OPAF 31 15 273 25 1 2327 30 2 2533 48 10 32 68

. ODF 37 2 34 42 38 2 35 43 44 3 38 48
oD 50 1° 49 51 51 1 48 53 51 1 48 53
ID 63 19 61 64 65 2 61 67 65 1 61 68
PV 8 2 76 82 79 1 76 81 80 1 78 81 71 15® 76 1 12T
OA 8 19 79 80 81 7679 7 1 1B
1A 8 19 8 8 8 1 83 8 8 1 79 8
AFC 110 2 108113 113 2 110119 115 1 {13117
PC 14 1 101106 106 1 104109 114 4 109120 121 2 116126 122 1 119124

Y 51 13 26 63 18 21 ¢ 50

P1 7 4 212 11 10 12 2 1 11 14 15 2 12 19 17 1 15 20

P2 22 0 6 9 3 416 12 1 10 15

D 17 19 16 17 19 2 15 22 20 1 18 4

A 70 7 7 1 2 7 14 13 2 10 16

Depths %SL:

at BPE 9 1 711 19 1 9 11 131 11 15 16 1 1419 17 1 16 19
OP1 1mn 1 912 1M1 10 13 16 2 14 18 18 1 1620 20 1 18 22
oD 0 2 813 9 1 8 10 2 2 916 16 2 13 20 9 1 17 22
BPV 51 3 6 5 0 5 6 71 6 9 9 1 71 11 10 14
AMPM 3 1 2 3 4 0 3 4 51 4 7 71 5 8 8 1 7 9

Max. Yolk 6 3 1 11 11 0 3

Widths 96SL:

at BPE 9 2 711 0 1 9 12 13 1 11 15 15 1 13 17 6 1 14 18
OP1 6 15 7 71 6 8 10 1 8 12 13 1 11 14 16 2 13 20
oD 6 1 5 9 5 0 5 6 71 5 9 v 2 8 14 13 2 10 16
BPV 4 0 3 4 4 0 3 4 51 4 6 6 1 4 8 8 1 7 10
AMPM 2 0 2 2 20 2 2 30 2 3 301 2 4 4 0 4 5

Max. Yolk 6 3 1 10 1 2 0 4

Myomeres:

to PY 33 7 18 R 28 6 21 35
OPAF 9 7 4 30 6 1 5 8 6 1 5 8 6 6 7 28
op2 21 18 19 2 2001 2023 21 10 20 2
ODF 131 12 14 4 1 12 17 15 22 1217 4 2 11 17
oD 19 1® 17 % 17 1° 16 19 17 11 16 18
pV ¥ 2 35 40 37 2 3 40 3B 1 36 40 3 1 % 37 03 1 3%

Total 47 1 44 48 46 1 43 48 46 1 45 49 45 1 447 45 11 43 47

N =8 ON=7N=8°N=3N=17%N=20
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Fig. 28. Catostomus commersoni protolarva, recently hatched, 7.8 mm SL, 8.0 mm TL (from Stewart 1926).

Fig. 29. Catostomus commersoni protolarva, 10.5 mm St, 10.7 mm TL (from Fuiman 1979).
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Flg. 30. Catostomus commersoni flexion mesolarva, recently transformed, 12.8 mm SL, 13.4 mm TL. Collected
in 1977 from the Yampa River, Colorado.
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Fig. 31. Catostomus commersoni postflexion mesolarva, 16.3 mm SL, 18.2 mm TL {from Fuiman 1979).
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Fig. 32. Catostomus commersoni metalarva, recently transformed, 17.8 mm SL, 20.4 mm TL (from Buynak
and Mohr 1978).

Fig. 33. Catostomus commersoni metalava, 19.8 mm St, 23.8 mm TL {from Buynak and Mohr 1978).
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Flg. 35. Catostomus commersoni juvenile, 30.8 mm SL, 37.9 mm TL. Collected In 1977 from the Yampa River,
Colorado.
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Fig. 36. Selected skeletal features of Catostomus Fig. 37. Selected skeletal features of Catostomus
commersoni, juvenile, 20.4 mm SL, 25.0 mm TL. Top comimersoni, juvenile, 426 mm SL, 525 mm TL
- postcleithrum. Middle — anterior-dorsal maxillary Top - posteleithrum. Middle — anterior-dorsal maxil-
projections. Bottom - mandible position. lary projections. Bottom -- mandible pasition.
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Fig. 38. Interneurals of Catostornus commersoni.
Top -- postflexion mesolarva, 14.7 mm SL, 17.0 mm
TL. Middle — juvenile, 20.4 mm SL, 250 mm TL
Bottom - juvenile, 42.6 mm SL, 52.5 mm TL.
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Fig. 39. Frontoparietal fontanelle of Catostomus
commersoni. Top - juvenile, 28.0 mm SL, 34.8 mm
TL. Bottom - juvenile, 39.8 mm SL, 49.0 mm TL.

Table 17. Dimensions of frontoparietal fontanelle for
Catostornus  commersoni larvae >16 mm SL, early
(YOY) juveniles, and yearling.

Max. Max. Width
Specimens width length as % of
mm Sl n (mm) (mm) length
17-19 2 0.8-1.0 2022 4045
20-21 2 0.608 1.9-21 32-38
22-25 1 0.8 20 10
26-34 2 0.8-0.8 2.3-26 31-35
3546 I 0.9 3.0 30
76-81 1 0.8 3.1 26




Species Account - Catostomus discobolus
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Fig. 40. Catostomus discobolus adult (Miller 1952).

Adult Diagnosis:  No conspicuous predorsal keel.
Caudal peduncle slender to deep, 3.2-10% SL, often
correlated with habitat. Mouth inferior and well back.
Hard, truncate, cartilaginous ridges along inside of jaws,
especially prominent on lower jaw. Lips large with
notches at outer corners, papillose except on outer face
of upper lip; lower lip with shallow cleft, lobes broadly
connected by 3 or more rows of papillae usually concen-
tric with the anterior margin of the lip. Fontanelle
typically closed. Pelvic axillary process absent or a
simple fold. Interradial membranes of caudal fin well

pigmented. Peritoneum black to dusky. TL usually 25- R .~ f
35 cm, up to 40 cm. (Also, Table 18.) e )
Reproduction: Non-guarding, open-substrate lithophil. { \'\,\ ;
May to September, usually June and July, at 15-18°C 5;&‘;2::,‘ B
(possibly also in fall and/or winter in Little Colorado e Mexicg ;7T N
! N

River based on collection of larvae). Water-hardened
eggs 3.3-3.5 mm diameter, demersal, initially adhesive.

Young: Later stage protolarvac and mesolarvae drift, Fig. 41. Regional distribution of Catostomus disco-
predominately at night. Young typically occupy slow, bolus.

shallow waters, often <0.5 m, near shore and in back-

waters; sometimes trapped in cut-off pools or channels.

Often associated with juveniles of other species.

Table 18. Selected juvenile and adult meristics for Catostomus discobolus. P = principal rays; R = rudimentary
rays; D = dorsal; V = ventral. Scales are lateral series or line when complete. Four added to vertebral count for
Weberian complex. Gill rakers for exterior row of first arch, specimens >70 mm SL. Mean or modal values under-
lined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Literature Character Original Literature
Dorsal Fin Rays - 1 (9)10-11(12)  9-10-11-12 Dorsal Fin Rays - R:~ 2-3
Anal Fin Rays - P: 7 7(8) Anal Fin Rays - R: 2(3)
Caudal Fin Rays - P: (17)18 Caudal Fin Rays - RD: (10)11-12
Pectoral Fin Rays: 14-15-16 Caudal Fin Rays - RV: 9-106(11)
Pelvic Fin Rays: 8-9-10 (7)8-9-10(11) Lateral Scales: (78-)86-115(-122)
Vertebrae: 4749 45-47-49-50 Gill Rakers: 28-3544

Table 19. Size at apparent onset of selected developmental events for Catostomus discobolus, as observed under
low power magnification. P = principal rays; R = rudimentary rays. Scalcs arc lateral series. Rare or questionable
extremes in parentheses.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mmSL mmTL mmSL mmTL
Hatched: (8)9-10(11) (8)9-11 Dorsal - P: (11-)13 (12-)14 (14)15 (16)17-18
Eyes Pigmented: 9-10or* | N0 or * Anal - P 14-15  16-17 (16)17 (19)20
Yolk Assimilated: (10-)12-13(4 (11)12-14 Caudal - P: 10-12 11-12(13) (11)12-13 (12)1314
Finfold Absorbed: 21-22(23) 26-27(28) Caudal - R 14 15 19-20 23-25
Pectoral Fin Buds: (8) or * (8)or* Pectoral: 14-15  16-17 16-18(19) 18-21(23)
Pelvic Fin Buds: 14 (15)16 Petvic: 16 18-19 19-20 23-25

* before hatching Scales: 28-34 (33)3542 30-39 36-18

References: Andreasen and Barnes 1975, Baxter and Simon 1970, Beckman 1952, Behnke et al. 1982, Carlson et al.
1979, Cope 1872, Holden 1973, Hubbs and Hubbs 1947, Hubbs et al. 1943, Jordan and Evermann 1896, Lec et al.
1980, McAda 1977, Miller 1952, Minckley 1973, Prewitt 1977, Sigler and Miller 1963, Smith 1966, Tyus et al. 1982,
Vanicek 1967, Woodling 1985,
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Table 20. Size at developmental interval (left) and gut phase (right) transitions for Catostomus discobolus. See

Fig. 5 for phases of gut folding. Rare or questionable extremes in parentheses.

Transition to mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: 10-12 11-12(13) 2 - 90° bend: 14(15) 15-16(17)
Postflexion Mesolarva: (aniz-13 (12)13-14 3 - Full loop: 15(16) 17-18
Metalarva: (16)17 (19)20 4 - Partial crossover: (16)17 18-20
Juvenile: 21-22(23) 26-27(28) 5 - Full cross over:  (16)17-19(-21)  (18)19-23(-25)

Table 21. Summary of morphometrics and myomere counts by developmental phase for Catostomus discobolus.
Sce Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes

excluded.

Flexion Postflexion

Protolarvac (N=6) Mesolarvae (N=7) Mesolarvae (N=16) Metalarvae (N=22) Juveniles (N=16)

=

+SD  Range ¥+SD  Range X¥+SD  Range ¥+SD  Range ¥+SD  Range

SL,mm: 11 1 10 12 121 1013 15 2 117 19 2 172 28 6 21 40
TL,mm: 11 1 10 12 13 1 11 14 16 2 122 23 2 2028 3 8 26 50

Lengths %SL:

AStcAE 2 0 2 2 31 2 4 51 3 6 7 1 5 8 8 1 6 9
PE 70 6 7 9 1 810 11 t 913 131 1215 4 1 12 16
OP1 14 1 1315 8 1 1719 22 2 1925 25 1 2427 25 1 2327
oP2 55 1 5357 58 2 5561 58 1 56 60
PY 81 7779 68 12° S0 74
OPAF 40 14 29 62 26 5 2237 32 4 2640 5410 4270
ODF 34 6 2743 39 3 36 43 46 2° 43 49
oD Ss1 19 49 53 52 1 49 54 51 1 47 54
1D 62 1° 61 64 64 1 63 66 64 1 62 66
PV 80 0 79 81 7 2 MM® M1 68 161 15TM 151 12T
OA 7 1! 68 771 7MW T 1 737
1A 83 1! 828 8 1 8 8 8 1 81 &4
AFC 110 18 107112 114 1 112118 115 1 113116
PC 14 1 103104 106 1 105107 113 3 109116 121 2 116124 123 1 120124

Y 63 3 61 67 262 0 53

P1 51 3 6 0 1 91 12 1 11 13 15 1 1319 18 1 15 20

P2 2 2 0 5 9 2 511 13 1 11 15

D 5 22 117 19 1 17 21 2001 19 23

A 7 1" 6 8 11 2 8 13 14 1 12 16

Depths %SL:

at BPE 8 1 6 9 11 1 911 13 2 1115 15 1 1416 16 1 14 17
OP1 0 1 913 2 1 1113 15 2 1217 19 1 16 21 9 1 18 21
oD 4 2 12 17 101 912 11 3 817 17 2 14 20 19 1 16 21
BPV 51 4 6 6 0 5 6 71 5 8 0 1 911 11 1 10 14
AMPM 2 0 2 3 30 3 4 51 4 6 70 6 7 70 7 9

Max. Yolk 10 2 7 12 33 0 7

Widths %SL:

at BPE 8 1 6 9 10 0 1011 12 1 10 14 15 1 14 16 15 1 14 16
OP1 6 1 4 7 8 6 7 9 10 2 813 4 1 1317 16 1 15 18
oD 10 1 8 12 6 0 S5 6 7 2 610 122 915 15 1 12 17
BPV 31 3 5 4 0 3 S 51 4 6 6 1 5 7 8 1 6 9
AMPM 2 0 1 2 2 0 2 2 2 0 1 3 30 2 3 301 2 4

Max. Yolk 12 2 10 15 4 4 0 8

Myomeres:

to PY 8 1 3739 M T 2337
OPAF 16 7 10 27 7 4 515 8 1 612 20 7 11 33
or2 n o1t 2’ 241 2026 2 1° 2 A
ODF 13 3 8 18 15 1 14 18 18 2 15 20
oD 19 2 17 2 9 1 172 18 05 18 19
PV % 1 39 40 39 1 374 ¥ 1 B 3® 37 1 35 B 3% I 35 38

Total 8 1 47 48 48 1 47 9 48 0 48 49 47 1 47 48 48 1° 47 8

N = 4PN = 10;°N = 9 IN = 14;°N = 8§ 'N = 7, BN = 15; 'N = 13.
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Fig. 42. Catostomus discobolus protolarva, recently hatched, 10.5 mm SL, 11.1 mm TL. Cultured in 1978 with
stock from the White River, Colorado.
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Fig. 43. Catostomus discoboius protolarva, 12.0 mm SL, 12.5 mm TL. Cultured in 1978 with stock from the
White River, Colorado.
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Flg. 44. Catostomus discobolus flexion mesolarva, recently transformed, 13.2 mm SL, 14.1 mm TL. Collected
in 1978 from the White River, Colorado.

" g - att, o L
AL ..“.. R '.--', wte ,.-" o n‘-. ......}‘.‘,
"eTe * . . t
a.ca.noo-!- St spwseas l..»—

.8
.'- »~ ‘,.o,-.._,b.t CD‘.-.

Fig. 45. Catostomus discobolus postilexion mesolarva, 14.3 mm SL, 16.4 mm TL. Collected in 1976 from the
White River, Colorado.
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Fig. 46. Catostomus discobolus metalarva, recently transformed, 15.4 mm SL_, 18.2 mm TL. Collected in 1976
from the White River, Colorado.

Flg. 47. Catostomus discobolus metalarva, 18.1 mm SL, 21.8 mm TL. Collected in 1976 from the White River,
Colorado.
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Flg. 48. Catostomus discobolus juvenile, recently transformed, 22.7 mm SL, 27.3 mm TL. Collected in 1976
from the White River, Colorado.

Fig. 49. Catostomus discobolus juvenile, 31.8 mm SL, 38.0 mm TL. Collected in 1976 from the White River,
Colorado.
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Fig. 50. Selected skeletal features of Catostomus
discobolus, metalarva, 21.8 mm SL, 255 mm TL
Top - postcleithrum. Middle - anterior-dorsal
maxillary projections. Bottom - mandible position.
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Fig. 51. Selected skeletal features of Catostomus
discobolus, juvenile, 43.0 mm SL, 525 mm TL
Top — postcleithrum. Middle — anterior-dorsal maxil-
lary projections. Bottom - mandibie position.



Flg. 52. Interneurals of Catostomus discobolus. Top
-- postflexion mesolarva, 15.3 mm SL, 17.0 mm TL.
Middle -- metalarva, 21.8 mm SL, 255 mm TL
Bottom -- juvenile, 43.0 mm SL, 52.5 mm TL.

Fig. 53.

Frontoparietal fontanelle of Catostomus

discobolus. Top - juvenile, 27.1 mm SL, 32.5 mm
TL. Bottom -- juvenile, 32.4 mm SL, 38.5 mm TL.

Table 22. Dimensions of frontoparietal fontanelle for
Catostomus discobolus larvae >16 mm SL, early (YOY)
juveniles, and yearting.

Max. Max. Width
Specimens width length as % of
mm SL n (mm) (mm) length
17-19 4 0.6-0.9 14-18 41-50
20-21 2 05-09 1.7-1.7 29-35
22-25 3 0.5-0.8 1.3-28 29-38
26-34 2 0.6-0.7 20-22 27-35
1546 1 0.7 27 26
76-81 1 0.7 37 19




Species Account -- Catostomus latipinnis

Fig. 54. Catostomus latipinnis adult (Miller 1952). ;

Adult Diagnosis: Back without conspicuous predorsal ;
keel. Caudal peduncle slender, typically 6% SL. i
Mouth inferior, moderate in size; no hard, prominent, S e\ -
cartilaginous ridges along inside of jaws. Lips large,
fleshy, profusely papillose, without notches at corners;
lower lip with a deep median cleft allowing one or no . Ymohare
rows of papillae to span the two lobes; lobes extend
beyond vertical from nostrils, often to eyes. Dorsal fin Rt
large and falcate. Scales small. Fontanelle present. TL g
usually 30-40 cm, up to 60 cm. (Also, Table 23.) §

Reproduction: Non-guarding, open-substrate lithophil. L !
April to August, mostly May to early July, 6 to at least . i
13°C. Usually over gravel-cobble bars or riffles, or Tl
coarse gravel under <1.2 m of water. May or may not / .
migrate to spawning grounds. Water-hardened eggs 3.8- cutr o “
3.9 mm diameter, demersal, initially adhesive. chuironms

ARIZONA !

T
! NEW MEXICcO
i
!
i
f

Young: Larvae, predominately mesolarvae, drift, mostly
at night. Young typically occupy slow to quiet and
shallow waters along shore and in backwaters or pools; Fig. 55. Regional distribution of Catostomus lati-

often in the marginal areas of swift-flowing streams; not pinnis.
common in sluggish, very warm areas.

Table 23. Selected juvenile and adult meristics for Catostomus latipinnis. P = principal rays; R = rudimentary
rays; D = dorsal; V = ventral. Scales are lateral series or line when complete. Four added to vertebral count for
Weberian complex. Gill rakers for exterior row of first arch, specimens >70 mm SL. Mean or modal values
underlined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Literature Character Original Literature

Dorsal Fin Rays - P: (11)12:13(14) (10)11-12-13-14(15)  Dorsal Fin Rays - R 34
Anal Fin Rays - P: 7 7(8) Anal Fin Rays - R: (1)2-3

Caudal Fin Rays - P: 18 Caudal Fin Rays - RD: 10-11-14

Pectoral Fin Rays:  15-16-17 18 Caudal Fin Rays - RV: 9-10-11

Pelvic Fin Rays: (910011 9-10-11 Lateral Scales: 89-98-105-116(-120)
Vertebrae: 47-50 Gill Rakers: 25-27-31-32(-35)

Table 24. Size at apparent onset of selected developmental events for Catostomus latipinnis, as observed under low
power magnification. P = principal rays; R = rudimentary rays. Scales are lateral series. Rare or questionable
extremes in parentheses.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mmSL mmTL mmSL mmTL
Hatched: {8-)10-11 (8-)10-11 Dorsal - P: 15 16 17-18 20-22
Eyes Pigmented: (916 or * 916 or * Anal - P: 17 18-19 19-20Q21) 23-24
Yolk Assimitated: 15 16-17 Caudal - P: 13 13(14) 15 16
Finfold Absorbed: 23-24(25) 28-29(31) Caudal - R= (16)17 18(19y 23 28-29
Pectoral Fin Buds: PNor* 9)or* Pectoral: 17 18-19 19-22 22-27
Pelvic Fin Buds: (15)16(17) 17-18 Pelvic: 17-18 19-20 pa] (28)29
* before hatching Scales: (36)37-39 (44)45-49 3942 48-51

References: Baird and Girard 1854, Behnke et al. 1982, Beckman 1952, Carlson et al. 1979, Holden 1973, Hubbs and
Hubbs 1947, Hubbs and Miller 1953, Hubbs et al. 1943, Jordan and Evermann 1896, Joseph et al. 1977, La Rivers
1962, Lee et al. 1980, McAda 1977, Miller 1952, Minckley 1973, Prewitt 1977, Sigler and Miller 1963, Tyus ct al. 1982,
Woodling 1985.
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Table 25. Size at developmental interval (left) and gut phase (right) transitions for Catostomus latipinnis. See
Fig. 5 for phases of gut folding. Rare or questionable extremes in parentheses.

Transition to mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: 13 13(14) 2 - %0° bend: (17)18(-20) (20)21(-24)
Postflexion Mesolarva: 15 16 3 - Full loop: (19-)21-25(-27)  (23-)26-30(-33)
Metalarva: 19-20(21) 23-24 4 - Partial crossover: (22)23-32(-37)  (27)28-39(46)
Juvenile: 23-24(25) 28-29(-31) S - Full cross over:  (29-)35-42 (36-M40-51

Table 26. Summary of morphometrics and myomere counts by developmental phase for Catostomus laipinnis. See
Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes excluded.

Flexion Postflexion
Protolarvae (N=9) Mesolarvae (N=10) Mesolarvae (N=20) Metalarvae (N=15) Juveniles (N=19)
x¥+SD  Range ¥+SD  Range ¥+SD  Range x+*SD  Range XxSD  Range

SL,mm: 11 1 10 13 4 1 1315 18 1 15 20 22 1 202 32 6 23 43
TL,om: 12 1 11 13 14 1 14 16 200 2 16 24 27 28 24 3 40 7 29 53

Lengths %SL:

AStWAE 2 0 2 3 31 3 4 6 1 3 7 71 6 8 8 1 710
PE 71 6 9 9 1 B810 121 9 14 131 12 14 14 1 1315
OP1 4 1 12 16 18 1 16 19 23 2 1927 26 1 2428 25 1 24 28
opP2 53 1* 50 54 55 1 5257 55 1 52 57
PY 78 2 75 81 69 9 48 75 50 P® 50 s0
OPAF 54 19 32 77 26 3 22 32 34 S5 27 44 55 11 34 67
ODF 35 2 3338 38 2 3540 44 3 36 48 45 0 45 45
oD S0 1 49 51 49 1 47 51 48 1 46 49
D 64 1° 62 67 6 1 6267 65 1 61 66
PV % 1 77 81 77 1 75 78 T8 1 768 75 2 74 7 "1 T
OA 7 1" 768 751 MB 151 2T
1A 8 18 83 8 8 1 81 8 8 1 80 8
AFC 110 1 168112 113 1 111114 114 1V 112116
PC 103 1 102105 105 1 104107 115 4 109123 122 2" 117125 123 1 121125

Y 61 5 54 67 46 9 23 54 0 2 0 7

P1 6 2 3 9 1m 1 912 12 1 1015 16 1 14 18 18 1 16 19

P2 4 2 0 7 12 913 4 1 1115

D 18 2 15 21 22 1 2024 24 1 2326

A 1 5 9 2 2 9 14 4 1 12 16

Depths %6SL:

at BPE 8 1 7 9 10 1 911 131 11 16 16 1 15 17 6 1 15 17
OP1 9 1 8 10 1m 1 1012 16 2 13 18 19 1 16 21 19 1 17 22
oD 14 1 1315 M1 913 14 ¥ 1019 19 2 16 22 19 1 17 22
BPV 5 1 4 6 6 0 5 6 8 1 6 10 1mn 1 912 11 1 10 13
AMPM 3 1 2 3 30 3 4 6 1 4 7 7 0 6 8 70 7 8

Max. Yolk 12 3 9 16 5 2 2 8 0 0 0 1

Widths %SL:

at BPE 8 1 6 9 101 912 13 1 1015 16 1 14 17 15 1 15 17
OP1 71 6 9 71 6 8 11 1 813 4 1 13 16 6 1 14 17
oD 0 1 711 6 1 5 8 8§ 2 6 12 12 1 1015 13 2 111
BPV 30 3 4 4 1 4 6 6 1 4 8 71 6 8 8 1 6 9
AMPM 2 0 1 2 2 0 1 2 30 2 3 4 0 3 4 4 0 3 5

Max. Yolk 13 3 9 18 6 3 1 9 0 0 0 1

Myomeres:

to PY B 1 37 39 M 5 2238 21 % 21 2
OPAF 23 11 10 37 7 2 510 9 ¥ 615 22 8 9 32
op2 20 1* 1923 2 1 2124 2 12
ODF 12 2 1015 131 1215 15 1% 12 17 15 1 14 15
oD 18 1* 17 21 18 1° 16 19 18 18 17 19
PV 39 1 38 40 39 1 38 40 39 1 3740 37 1° 3% B 37 1 3% W

Total 48 1 47 49 48 1 47 49 48 1 47 49 47 1° 46 48 48 1 47 48

N =17"N=1N=19N=1N=14N=15WN=7"N=13;N=2IN=18*N =9
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Flg. §6. Catostomus latipinnis protolarva, recently hatched, 10.3 mm SL, 10.6 mm TL. Cultured in 1978 with

stock from the Yampa River, Colorado.

- —

rig. 57. Catostomus latipinnis protolarva, 12.4 mm S, 12.9 mm TL Cultured in 1978 with stock from the

Yampa River, Colorado.
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Flg 58. Catostomus latipinnis flexion mesolarva, recently transformed, 13.0 mm SL, 14.0 mm TL. Cultured

in 1978 with stock from the Yampa River, Colorado.
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Fig. 59. Catostomus latipinnis postflexion mesolarva, 16.8 mm SL, 18.9 mm TL. Collected in 1976 from the

White River, Colorado.
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Flg. 60. Catostomus latipinnis metalarva, recently transformed, 20.5 mm SL, 24.5 mm TL. Collected in 1976
from the White River, Colorado.
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Flg. 61. Catostomus latipinnis metatarva, 22.7 mm SL, 27.5 mm TL. Collected in 1976 from the White River,
Colorado.
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Flg. 62. Catostomus latipinnis juvenile, recently transformed, 26.6 mm St, 32.0 mm TL. Collected in 1976
from the White River, Colorado.

Flg. 63. Catostormus latipinnis juvenile, 31.6 mm SL, 38.0 mm TL. Collected in 1976 from the White River,
Colorado.
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Fig. 64. Selected skeletal features of Catostomus Flg. 65. Selected skeletal features of Catostomus

latipinnis, metalarva, 24.6 mm SL, 280 mm TL latipinnis, juvenile, 421 mm SL, 520 mm TL
Top - postcleithrum. Middle - anterior-dorsal maxil- Top - postcleithrum. Middle —~ antecior-dorsal maxil-
lary projections. Bottom -- mandible position. lary projections. Bottom -- mandible position.
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Fig. 66. Interneurals of Catostornus latipinnis. Top--
postilexion mesolarva, 14.7 mm SL, 17.0 mm TL.
Middle -~ metalarva, 246 mm SL, 2.0 mm TL.
Bottomn - juvenile, 42.1 mm SL, 52.0 mm TL
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Fig. 67.

Frontoparietal fontanelle of Catostomus

latipinnis. Top - metalarva, 24.6 mm SL, 28.0 mm
TL. Bottom -- juvenile, 33.1 mm SL, 41.0 mm TL.

Table 27. Dimensions of frontoparietal fontanelle for
Catostomus latipinnis larvae > 16 mm SL, early (YOY)
juveniles, and yearling.

Max. Max. Width
Specimens width length as % of
mm SL n (mm) {mm) length
17-19 3 08-1.2 1.2-2.0 50-67
20-21 3 0.6-0.7 1.8-2.0 33-35
2225 3 0.8-0.8 1.8-2.1 3844
26-34 2 0.7-0.8 2223 30-36
35-46 1 0.7 2.3 30
76-81 1 1.0 10 25




Species Account -- Catostomus platyrhynchus
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Flg. 68. Catostomus platyrhynchus adult (Miller 1952).

Adult Diagnosis: Back without conspicuous predorsal
keel. Caudal peduncle deep, 8-10% SL. Mouth inferior ‘
and well back. Lips large with notches at outer corners, % T
papillose except on outer face of upper lip and antero- ~ (
lateral corners of lower lip; lower lip with shallow cleft,
lobes broadly connected by 3-5 rows of papillae in a
convex arch. Prominent, truncate cartilaginous ridge on
anterior margin of lower jaw. Fontanelle narrow, rarely
closed. Pelvic axillary process well developed. Inter-
radial membranes of caudal fin with little or no pig-
ment. Peritoneum black to dusky. TL up to 25 em.
(Also, Table 28.)

Reproduction: Non-guarding, open-substrate lithophil.
Short period during May to mid-August, 11-19°C. Resi-
dent or tributary streams over gravel riffles, often adja-
cent to pools of swift mountain streams. Water-
hardened eggs 2.3-2.7 mm diameter, demersal, initially
adhesive.

Young: Hatch in 7-8 days at about 18°C. Young in Fig. 69. Regional distribution of Catostomus platy-
streams, occasionally drift into lakes; often found in rhynchus.

cover in shallow water of moderate current. Larger

young often associated with aquatic plants in quict

backwaters, pools, eddies and intermittent side channels.

Specimens <30 mm TL feed largely on invertebrates.

GULF OF . el "
CALIFORNIA

Table 28. Sclected juvenile and adult meristics for Catostomus platyrhynchus. P = principal rays; R = rudimentary
rays; D = dorsal; V = ventral. Four added to vertebral count for Weberian complex. Scales are lateral series or
line when complete. Gill rakers for exterior row of first arch, specimens >70 mm SL. Mean or modal values
underlined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Literature Character Original Literature
Dorsal Fin Rays - P: 9-10-11 (8)9-10-12(13) Dorsal Fin Rays - R: (1)2-4
Anal Fin Rays - P; 6)7 7 Anal Fin Rays - R: 2-3
Caudal Fin Rays - P: (17n18 Caudal Fin Rays - RD: (9-)11-12
Pectoral Fin Rays: 14-15-16 15 Caudal Fin Rays - RV: (7)8-9(11)
Pelvic Fin Rays: 9-10 8-9-10 Lateral Scales: 76-86 (60-)75-97(-108)
Vertebrae: 46-48(50) 42-44-47(48) Gill Rakers: 23-37

Table 29. Size at apparent onset of selected developmental events for Catostomus platyrhynchus, as observed under
low power magnification. P = principal rays; R = rudimentary rays. Scales are lateral series. Rare or questionable
extremes in parenthescs.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mmSL mmTL mmSL mmTL
Hatched: (7)8 (M8 Dorsal - P: 13 14 14-17 16-19
Eyes Pigmented: 8 8 Anal - P: 14-15 16-17 16-17 18-19
Yolik Assimilated: (10)11 (10)11-12 Caudal - P: 11 11-12 13-14 15
Finfold Absorbed: 21-22 25-27 Caudal - R: 14 15-16 20-21 24-25
Pectoral Fin Buds: (Tyor* (Tyor * Pectoral: 13-15 15-17 18-20 22.23
Pelvic Fin Buds: 13 14-15 Pelvic: 16 18 18-20 22-23
* before hatching Scales: 2324 28-30 32-38 3845

References: Baxter and Simon 1970, Beckman 1952, Behnke ct al. 1982, Cope 1872, Hauser 1969, Hubbs et al. 1943,
Jordan and Evermann 1896, Lee et al. 1980, Moyle 1976, Rutter 1903, Scott and Crossman 1973, Sigler and Miller
1963, Sigler and Sigler 1987, Simpson and Wallace 1978, Smith 1966, Tyus ct al. 1982, Woodling 1985, Wydoski and
Whitney 1979.
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Table 30. Size at developmental interval (left) and gut phase (right) transitions for Catostomus platyrkynchus. See

Fig. S for phases of gut folding. Rare or questionable extremes in parentheses.

Transition to mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: 11 11-12 2 - 90° bend: 14-17 16-19
Postflexion Mesolarva: 13-14 15 3 - Full loop: 16-17 18-21
Metalarva: 16-17 18-19 4 - Partial crossover: 18-20 22-24
Juvenile: 21-22 25-27 5 - Full cross over: 21-23 25-28

Table 31. Summary of morphometrics and myomere counts by developmental phase for Catostormus platyrhynchus.
Sec Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes

excluded.
Flexion Postflexion
Protolarvac (N=12) Mesolarvae (N=9) Mesolarvae (N=11) Metalarvae (N=9) Juveniles (N=8)
¥+SD  Range ¥+SD  Range ¥+SD  Range ¥£SD  Range ¥+SD  Range
SL,mm: 10 1 8 11 12 1 11 14 5 1 1317 19 2 16 22 282 6 21 38
TL,mm: 10 1 8 12 13 1 1115 % 1 1519 22 3 1827 3 7 25 45

Lengths %SL:

ASIoAE 2 0 1 3 301 2 4 51 4 6 71 6 8 8 1 7 9
PE 9 1 8 10 9 1 8 11 12 1 10 13 131 12 14 4 1 1315
OP1 17 1 16 18 19 1 17 21 23 2 20 26 25 1 23 2 25 1 24 26
OoP2 sS4 1 525 56 2 5358 57 2 55 60
PY 73 5% 62 8  S1 1 50 52
OPAF 32 14 25 73 28 2 26 31 35 4 30 44 50 12 35 68
ODF 40 3 36 46 41 2 38 43 44 2° 41 47 49 49 49
oD 50 1 4952 51 1 5053 50 1 48 52
D 62 1° 61 64 63 1 62 65 63 1 60 64
PV 78 2 75 81 77 1 1578 9 1 TT8& 77T 1 7578 7’5 1 74 T8
OA % 14 TTP 7 1 76 MW 7% 1 4 T8
1A 83 f 838 84 1 8 8 % 1 83 8
AFC 111 1 109114 113 2 110115 115 1 114117
PC 104 1 101106 107 1 105109 113 2 110118 118 2 115120 121 1 119123

Y 47 17 0 67 36 0 14

P1 9 3 211 1M 1 1013 12 1 11 14 14 1 12 16 18 1 15 19

P2 4 2 1 8 g8 1 6 11 12 1 10 13

D 13 1° 11 15 17 1 1519 20 1 18 21

A 8 1° 7 8 10 2 813 4 1 1215

Depths %6SL:

at BPE 11 9 12 12 1 11 13 15 1 14 16 16 0 15 16 16 1 15 17
OP1 1 1 10 12 14 1 1215 17 15 18 18 1 1620 20 1 17 21
oD 12 1° 10 14 1 1° 10 12 13 18 12 16 17 1 15 19 20 1 18 21
BPV 6 1 3 7 70 6 7 8 79 0 1 9 12 131 11 14
AMPM 3 1 2 4 4 0 4 5 6 1 5 6 71 6 8 9 0 8 9

Max. Yolk 5 4 0 13 01 0 1

Widths %SL:

at BPE 10 1 811 11 10 13 M 1 1316 15 1 14 16 16 1 15 17
OP1 7 2 612 9 1 8 10 12 1 1113 4 1 1316 17 1 14 18
oD g 2 6 11 6 1° 5 7 8 18 710 12 1 10 14 15 1 13 17
BPV 4 0 3 4 4 0 4 4 51 45§ 71 6 9 9 1 8 10
AMPM 2 0 2 3 2 0 2 3 30 3 4 4 1 3 4 4 0 4 5

Max. Yolk 6 5 0 14 0 1 0 2

Myomeres:

o PY 33 3* 26 35 23 1 223
OPAF 10 7 5 29 71 6 9 9 2 713 18 7 9 28
oP2 2001 19 R 201 2022 2 ¢ 21t 2
ODF 4 1 12 16 4 1 1316 15 1 13 17 15 ! 1518
oD 9 1 17 19 8 1 16 19 18 14 17 18
PV % 1 35 37 % 1 35 37 % 1 M 37 3 1 32 3% M 019 M35

Total 45 1 44 46 46 1 44 47 45 1 43 46 45 1 43 45 45 19 44 45

N =IL"N=5N=2Ne6N=9%N=1N=10
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Fig. 70. Catostomus platyrhynchus protolarva, recently hatched, 8.1 mm SL, 8.2 mm TL (from Snyder 1983a).
Cultured in 1981 with stock from Willow Creek, northwest of Steamboat Springs, Colorado.

@. “\@\

Qﬁ‘ -co'@---—- .

s -

o i ---lhﬁ-_ - 3@ b ST B

3

/‘{LF—' . e . ks S P

r **wmwm;;w}’
e ) P

Fig. 71. Catostomus platyrhynchus protolarva, 8.5 mm SL, 9.8 mm TL (from Snyder 1983a). Cultured in 1981
with stock from Willow Creek, northwest of Steamboat Springs, Colorado.
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Fig. 72. Catostomus platyrhynchus flexion mesolarva, recently transformed, 12.1 mm SL, 12.8 mm TL (from
Snyder 1983a). Cultured in 1981 with stock from Willow Creek, northwest of Steamboat Springs, Colorado.
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Fig. 73. Catostomus platyrhynchus postflexion mesolarva, 13.7 mm SL, 15.6 mm TL. Collected in 1981 from
Willow Creek, northwest of Steamboat Springs, Colorade.

135



Flg. 74. Catostomus platyrhynchus metalarva, recently transformed, 16.3 mm S, 19.6 mm TL. Collected in
1981 from Wiliow Creek, northwest of Steamboat Springs, Colorado.

Flg. 75. Catostomus platyrhynchus metalarva, 19.6 mm SL, 22.5 mm TL. Collected in 1981 from Willow Cresk,
northwest of Stearnboat Springs, Colorado.
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Fig. 76. Catostormus platyrhynchus juvenile, recently transformed, 20.6 mm SL, 25.2 mm TL. Collected in 1985
from Spanish Fork River, Utah Lake, Utah.

B ol o *'} .

Fig. 77. Catostomus platyrhynchus juvenils, 31.5 mm SL, 38.0 mm TL. Collected in 1983 from Provo River,
Utah Lake, Utah.

137



Flg. 78. Selected skeletal features of Catostomus
platyrhynchus, juvenile, 21.2 mm SL, 24.0 mm TL.
Top - postcleithrum. Middle - anterior-dorsal maxif-
lary projections. Bottom - mandible position.
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Fig. 79. Selected skeletal features of Catostornus
platyrhynchus, juvenile, 45 mm SL, 53 mm TL. Top
~ postcleithrum. Middle -- anterior-dorsal maxillary
projections. Bottom - mandible position.



Flg. 81. Frontoparietal fontanelle of Catostomus
platyrhynchus. Top - juvenile, 21.2 mm St, 24.0 mm
TL. Bottom - juvenile, 45.0 mm SL, 53.0 mm TL.

Table 32. Dimensions of frontoparietal fontanelle for
Catostomus platyriynchus larvae >16 mm SL, carly
(YOY) juveniles, and yearling.

Max. Max. Width
Specimens width length as % of
mm SL n {(mm) (mm) length
17-19 0
20-21 2 0.6-0.8 2.2-22 27-36
Fig. 80. Interneurals of Catostomus platyrhynchus. 32'2‘5 1 0.7 3‘2 32
Top - postflexion mesolarva, 14.8 mm SL, 17.0 mm 26-34 é O“SJ ;‘51 57 e 5
TL. Middle - juvenile, 21.2 mm SL, 240 mm TL. 2% 0405 o= 15-20
76-81 1 0 0 closed

Bottorn - juvenile, 45.0 mm S, 53.0 mm TL.
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Species Account -- Xyrauchen texanus

Fig. 82. Xyrauchen texanus, adult {from Behnke and
Benson 1983).

Adult Diagnosis: Conspicuous predorsal keel. Caudal
peduncle deep. Mouth inferior, moderate in size. Lips
moderately to weakly papiliose, without notches at cor-
ners. Lower lip with median cleft that completely
separates the two [obes. Fontanelle well developed.
Peritoneum black. TL usually 40-60 cm, up to 90 cm.
(Also, Table 33.)

Reproduction: Non-guarding, open-substrate lithophil,
possible redd creation. May and early June at 6-19°C
in the Upper Colorado River Basin; Nov. to May, most-
ly Jan. to Mar. at 10-21°C in lower basin; usually with
rising water levels. Spawn over gravel-cobble bars or
riffles in rivers at <1 m/s, or near tributaries, in
backwaters or along shore and coves of reservoirs over
silt, sand, gravel, and rocks; under <6 m, usually <1 m,
of water. Water-hardened eggs 2.5-2.8 mm diameter,
demersal, and initially adhesive. Hatching unsuccessful
or limited at <10°C, best around 20°C.

Young: At 18-20°C, hatch in 6-7, swim up in 12-13, and
swim down in 27 days; at 15°C, 11, 17-21, and 38 days
respectively. Remain in substrate until ready to mi-
grate. Attracted by light at night. Larvae about 25 mm
TL travel in large schools in warm shallows along shore.
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Fig. 83. Regional distribution of Xyrauchen texanus.

Table 33. Selected juvenile and adult meristics for Xyrauchen texanus. P = principal rays; R = rudimentary rays;

D = dorsal; V = ventral.

Scales are lateral series or line when complete.

Four added to vertebral count for

Weberian complex. Gill rakers for exterior row of first arch, specimens >100 mm SL. Mean or modal values

underlined if known and noteworthy; rare or questionable extremes in parentheses.

Character Original Litcrature Character Original Literature
Dorsal Fin Rays - P: (12)13-14-15-16  (12)13-14-15-16  Dorsal Fin Rays - R: 3-4(5)
Anal Fin Rays - P (6)7 7 Anal Fin Rays - R (1)2-3
Caudal Fin Rays - P: 18 18 Caudal Fin Rays - RD: 10-11-12-13
Pectoral Fin Rays: 15-16-17-18 16 Caudal Fin Rays - RV: 7-8-9-10
Pelvic Fin Rays: (910-11 10 Lateral Scales: 68-76-78-87(-95)
Vertebrae: 45-46-47 Gill Rakers: 44-50

Table 34. Size at apparent onset of selected developmental events for Xyrauchen texanus, as observed under low
power magnification. P = principal rays; R = rudimentary rays. Scales are lateral series. Rare or questionable

extremes in parentheses.

Event or Onset or Formation Fin Rays First Formed Last Formed
Structure mm SL mm TL or Scales mm SL mm TL mm SL  mm TL
Hatched: 7.9 7-10 Domal - P304 £1S  IS(-1T)  17(:20)
Fyes Pigmented: (NH8(Y) or * (89 or * Anal - P 7115 #7 15-17 18-20
Yolk Assimilated: (9)10-11 (10)11-12 Caudal - P (10)11(12)?0)11-12 (1n12-13  (13)14
Finfold Absorbed: (21)22-23(24) 27-30 Caudal - R: 14 15-16  19-20(-24) 3-24-30)
Pectoral Fin Buds: Tor* Tor* Pectoral: 3415 o7 16-18 20-22
Pelvic Fin Buds: 14 15 Pelvic:  713-15-17 >4 1820 16-17 20-21

* before hatching Scales: 24-28 3035 33-36(37) 4245

References:  Abbott 1860, Baxter and Simon 1970, Beckman 1952, Behnke et al. 1982, Bouzek et al. 1984, Douglas
1952, Ellis 1914, Hubbs and Miller 1953, Jordan and Evermann 1896, La Rivers 1962, Lee ct al. 1980, McAda 1977,
Miller et al. 1982, Minckley 1973, Moyle 1976, Sigler and Miller 1963, Toney 1974, Tyus et al. 1982 and 1987, Wick

et al. 1982, Woodling 1985,
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Table 35. Size at developmiiental interval (left) and gut phase (right) transitions for Xyrauchen texanus. See Fig.
5 for phases of gut folding," Rare or questionable extremes in parentheses.

Transition to . mm SL mm TL Transition to mm SL mm TL
Flexion Mesolarva: ((10 11(12) *911-12 2 - %0° bend: (DHISC17)  (16)17(-20)
Postflexion Mesolarva: * 1\12-13 (13)14 3 - Full loop: 17 20

Metalarva: 15-17 18-20 4 - Partial crossover:  18-25(26) 22-30(-32)
Juvenile: (21)22-23(24) 27-30 5 - Full cross over:  (22-)26-28(-31) (27-)32-35(-38)

Table 36. Summary of morphometrics and myomere counts by developmental phase for Xyrauchen texanus. See
Fig. 4 for abbreviations and methods of measurement and counting. Protolarvae with unpigmented eyes excluded.

Flexion Postflexion
Protolarvae (N=25) Mesolarvae (N=13) Mesolarvae (N=25) Metalarvae (N=30) Juveniles (N=33)

¥+SD  Range ¥+SD  Range X¥+SD  Range ¥+SD  Range ¥+SD  Range

SL,mm: 10 1 8 11 12 1 11 13 4 1 12 17 19 2 15 24 28 4 2 37
TL,mm: 10 1 9 12 12 1 11 14 6 2 13 20 23 03 1830 36 6 27 47

Lengths %SL.:

AStoAE 2 0 1 3 21 2 3 51 3 7 7 1 4 9 8 1 6 9
PE 8§ 0 7 8 9 1 710 11 2 9 14 4 1 1217 15 1 13 16
OP1 6 1 14 17 18 1 1620 22 2 2027 27 1 2530 28 2 25 31
or2 52 1° 50 54 S6 2 51 58 57 2 54 60
PY 7% 4 66 B2 5 % 15075
OPAF 30 12 22 66 27 2 2430 31 3 273 42 9 3 &

ODF 4 2 30 39 37 3 33 4 42 3 36 45 45 2% 43 47

oD 49 19 47 51 49 1 47 51 9 1 46 52
115) 66 1° 65 67 67 1 6569 67 1L 65 70
PV ™ 2 76 81 79 1 78 8 8 1 78 84 77 2 75 81 77 1 75 80
OA 81 1Y 79 82 771 7679 T8 1 75 8
1A 86 o' 8 8 8 1 83 8 84 1 82 8
AFC 110 2 107114 114 1 111117 115 1 113118
PC 105 1 103106 106 1 104108 113 4 108119 123 2 120128 125 1 123128

Y 44 23 0 68 414 0 50

P1 7 3 311 10 1 911 1 1 9 13 15 1 12 18 17 1 15 19

P2 3 3 0 7 12 2 8 14 15 1 12 16

D 19 1° 18 21 24 2 20029 27 1 2329

A 7 12 5 9 12 1 915 15 1 12 16

Depths %SL:

at BPE 9 1 810 I 1 913 13 2 11 16 6 1 15 18 18 1 16 20
OP1 i1 912 13 1 10 14 16 2 13 20 20 1 1823 2 1 20 23
oD 100 2 713 9 1 6 11 4 3 920 19 2 1623 23 2 18 27
BPV 51 4 6 6 0 5 6 71 5 9 1m 1 8 14 13 1 11 14
AMPM 3 0 2 4 4 1 3 5 6 1 4 7 8 1 7 9 8§ 0 7 9

Max. Yok 5 3 0 9 0 1 0 2

Widths 96SL:

at BPE 9 1 71 11 10 12 2 1 11 14 15 1 14 17 16 1 15 18
OP1 6 1 5 8 8§ 1 6 9 2 8 14 15 2 1217 18 1 15 20
oD 6 2 4 9 50 5 6 8 2 511 1 2 815 6 2 12 20
BPV 30 2 4 30 3 4 51 3 6 6 1 4 9 8 1 6 9
AMPM 2 0 1 3 2 0 2 2 30 2 4 30 2 4 4 0 3 4

Max. Yolk 35 3 0 9 0 1 0 5

Myomeres:

to PY 37 2 30 8 37 % 31 37
OPAF 10 6 S 31 7 0 6 8 71 6 9 10 5 6 30
oP2 20 1 19 2 20 18 19 2
ODF 12 1 10 16 13 1 12 16 4 1 1217 14 18 12 15
ob 18 19 16 20 16 1 15 18
PV 9 1 37 4t 3 1 3739 3% 1 3840 37 1 3% 39

Total 48 1 46 49 47 1 46 49 7 1 46 49 46 1' 44 48

IN=2;"N s N=18N=17N=7'N=5WN=6N=29Ns=27
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Flg. 84. Xyrauchen texanus protolarva, recently hatched, 9.2 mm SL, 9.4 mm TL. Cultured in 1980 from stock
in Colorado River gravel pits near Clifton, Colorado.
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Fig. 85. Xyrauchen texanus protolarva, 10.5 mm SL, 10.9 mm TL. Cultured in 1380 from stock in Colorado
River gravel pits near Clifton, Colorado.
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Fig. 86. Xyrauchen texanus flexion mesolarva, recently transformed, 12.5mm SL, 12.9 mm TL. Cultured in 1980
from stock in Colorado River gravel pits near Clifton, Colorado.
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Flg. 87. Xyrauchen texanus postflexion mesolarva, 14.4 mm SL, 16.0 mm TL. Cultured in 1380 from stock in
Colorado River gravel pits near Clifton, Colorado.
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Fig. 88. Xyrauchen texanus metalarva, recently transformed, 16.2 mm SL, 19.4 mm TL. Cultured in 1980 from
stock in Colorado River gravel pits near Clifton, Colorado.
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Fig. 89. Xyrauchen texanus metalarva, 18.8 mm SL, 22.8 mm TL. Cultured in 1980 from stock in Colorado
River gravel pits near Clifton, Colorado.
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Fig. 90. Xyrauchen texanus juvenile, recently transformed, 21.6 mm SL, 27.0 mm TL. Cultured in 1980 from
stock in Colorado River gravel pits near Clifton, Colorado.

Fig. 91. Xyrauchen texanus juvenile, 30.2 mm SL, 37.4 mm TL. Cultured in 1980 from stock in Colorado River
gravel pits near Clifton, Colorado.
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Fig. 92. Selected skeletal features of Xyrauchen Fig. 93. Selected skeletal features of Xyrauchen

texanus, metalarva, 20.0 mm SL, 238 mm TL. texanus, juvenile, 405 mm S, 51.0 mm TL
Top - postcleithrum. Middle -- anterior-dorsal maxil- Top -~ postcleithrum. Middle - anterior-dorsal maxil-
lary projections. Bottom - mandible position. lary projections. Bottom -- mandible position.
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Top-
postilexion mesolarva, 143 mm SL, 177.0 mm TL
Middle - metalarva, 20.0 mm St. 238 mm TL
Bottom - juvenile, 40.5 mm S, 51.0 mm TL.

Fig. 94. Interneurals of Xyrauchen texanus.
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Fig. 95. Frontoparietal fontanelle of Xyrauchen
toxanus. Top - metalarva, 21.5 mm SL, 27.4 mm TL.
Bottom — juvenile, 26.1 mm SL, 32.0 mm TL.

Table 37. Dimensions of frontoparictal fontanelle for
Xyrauchen texanus larvae >16 mm SL., early (YOY)
juveniles, and yearling.

Max. Max. Width
Specimens width length as % of
mm SL n {mm) (mm) length
17-19 3 1.0-1.2 1.7-1.9 59-63
20-21 5 1.0-1.3 18-2.1 52-68
22-25 2 1.0-1.3 1.9-2.1 53-62
26-34 2 0.9-1.3 2.1-23 43-57
35-46 3 L1117 23-34 48-50
76-81 1 23 5.1 45
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