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ABSTRACT

This study examined the intergenerié relationships of
North American cyér;nid fishes within North America and
between certain North American and Eurasian genera. Scale
morphology, osteology, meristic énd anatoﬁical features were
sfudied. Twenty-eight characters were analysed and used to
detefmine Hennig's coefficients between North Amer%can taxa
as a measure qf phylogenetic relationship. Hiéherﬁvalﬁes of
Hennig's coefficieht,'which may vary from 0 to 1, indicated
closer relationship. An additional seven characters were
utilised in establishing relationships bet&éen North American
anéd seven Eurasian genera.

Maﬁy relationships between North émerican genera were
difficult to determine by Hennigian methods on the suite of
twentv-eight characters used and the analysis separated the
genera into five uniinked trees at the final clustering cvecle.
The relationships suggested by Hennig's coefficients
correlated fairly well with the simple matching coefficient of ‘
numerical taxonomy. Reservatiqns about the phylogenetic
utility of certain characters and their effect on the
construction of trees were discussed. However the close

relationship of the genera Lepidomeda, Meda and Plagopterus

' . S S
was confirmed although their relationships to other genera ¢ -
Y-

P

could not be determined. The synonymy of Parexoglossum .and ™"’

Exoglossum (see Jenkins and Lachnexr,1971 and/G%lbert and

N ..
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'Bailey, 1972) was confirned and the genus Phenacobius was' closely

an
.

,allied‘to them. Semotllus miargarlscus) margarlta was consrdered

.,

to be close to and congenerlc with other, Semotllus spec;es.

-

- . -

.d{vstrosus Jordan and Snvder 1899 "was svnonvmazed Wlth Algansea

Glrard 1856. Dionda and Hvbognathus may also be congenerlc.

Yurrrla, currentlv regarded as a subgenus of Hvb0251s, assorted
with several western genera such astslla and Orthodon and it was

_suggested that Yurlrla be relnstated as.a genus dlstlnct from

beogsis, A X
o ' . e L . ,

. The Eurasian‘genera studied were Phoxinug, Tribolodon and the

. . - o= = , .

. Abramidini genera'Abraﬁds, Alburnoides, ﬁlburnus, Blicca-and'jégga._
Phoxinus assorted wrth Chrosomus with whlch 1t shared a derlved ‘
character i breast- tuberculatlon and was 1dentlcal in most other
'characters. The synonvmv of Chrosomus w1th Phorznus proposed by -

ALY

Bdnarescu (1964) was conflrmed. Votemlgonus had its hlghest -

L

Hennlg s coeff1c1ent w1th the Abramldlnl, partlcularlv Alburnus

and Alburnoides.-- Notemlgonus was placed in the trlbe Abramldlnl

of the Leuc;scrnae as a dlstlnct genus dlstlngulshed from other
'-A--r c‘f-

genera by osteologlcal, tubercle and- merlstlc characters. The

relationship of Notemigonus-to othet -North American cyprinids-was .

considered to“be-remote;' The other_North.Aﬁericah>genera‘formed a
fairly'homogenégs grouo wdth two majorxsuh—groupings,~a western and
an eastern one. They were tentatively placed in the Leuciscinae.
The north-east Asian genus fribolodon has beéh,advanced as a

relative of the western.ﬁorthiAmerican genus Gila but they
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: . L. .
shared a low Hennig's coefficient and Tribolodon assorted

instead with other western American genera particularly

. Mvlopharodon, Acrocheilus, Mvlocheilus and Ptychocheilus.

-~

¢
i
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Cette Stude a examiné les relations intergénériéueé
pafmi'les Cyprinidé&s d'Amérique du Nord et aussi entre
certains Cyprinidés d'Amér;ques du Nord et d!Eurasie. La
morphologie des &cailles, l'ostéologie, les traits nuﬁé;iques
et anatomiques &t& Studiés. Comme mesure des'relétiOns
interg&nériques, vingt-huit caracteres ont été analysés et
utilis?s pour determiner les coefficients‘d'Hénnig entre‘
les taxa d'Amériques du~Nord. Les valeurs'les plus élevées
du coefficient 4'Hennig, qﬁi peﬁvent variér de 002 1, ont
indiqué une relation étroite.‘ De plus, sept autres caractdres
ont &t& utilisé&s dans l'établigsement des relationé entre
sept génres d'Eurasie et tous ceux d'Amériques du Nord.

A la suite de ces vingt-huit caractéres utilisés,
plusiéurs relations entre les genres d'AmSriques du Nord
ont &t8& déterminées difficilement par les m&thodes d'Hennig;
les genres d'Amérigues du Nord oﬁt &+t8& divisés en cing arbres
phylogén&tigques distincts, sans aucun bien, au dernier cvcle
de regroupement. Les relations proposé€es par les coefficients
d‘*Hennig s'accordent assez bien avec les coefficients
concordants simples de lé taxonomie numériguei Certaines
restrictions ont &t& discutfes guant & 1l'utilité
phylogénétique de certaiﬁs caractgres et leur effet sur la
construction des arbres phvlogé&nétigques. Quoi qu'il en soit

la relation &troite entre Lepidomeda, Meda et Plagopterus a
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&t8 confirmée, mais leurs relations avec les autres genres

n'ont pu &tre déterminges. La synonymie de Parexoglossum

et Exoglossum (voir Jenkins et Lachner, 1971 et Gilbert et

Eailey, 1972) a été confirm8e et le genre Phenacobius a &té

relié 3 ces derniers. Semotilus (Margariscus) margarita a

§t8 relié avec les autres espdces Semotilus et n'a pas &té
considsré comme un genre distinct. Xystrosus Jordan et
Snyder 1899 a &té considéré comme synonyme de Algansea

Girard 1856. Dionda et Hyvbognathus peuvent &tre aussi

congénérigues. .Yuriria, anciennement considéré comme
sous-genre d'Hybopsis, s'est assorti avec plusieurs genres
occidentaux comme Gila et Orthodon et il a &té suggsré §ue
Yuriria soit r&tabli comme genre distinct 8'Hybopsis.

Les genres d'Eurasie &tudi&s ont et& Phoxinus,

Tribolodon et les genres d'Abramidini Abramis, Alburncides,

Alburnus, Blicca et Vimba. Phoxinus s'est assorti avec

Chrosomus avec legquel il partagait un caractéig dérive

dans la tuberculation thoracique et était idené&que dans la
plupart des autres caractéres. La synonymie de Chrosomus
et Phoxinus tel que proposé& par Banarescu (1964} a étd

confirmée. Notemigonus a eu le plus haut coefficient

d'Hennig avec les Abramidini particuli&rement avec Alburnus

et Alburnoides.; Notemigonus a &té& placé parmi les Abramidini

comme genre distinct différiencé des autres genres par les
caracteres ostéologiques, numérigues et par les tubercles.

Ia relation de Notemigonus avec les autres genres de

Cyprinidés d'Amérigues du Nord a &t€ considérée comme reculée.

u
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Les autres genres d'Am&rigues ‘du Nord ont form& un groupe
homog&ne avec deux sous-groupes, 1'un 2 l'est et 1tautre 2
1'ouest. Ils ont &t&\placés i 1'essai parmi les Leuciscinae.

Il a &t& avancé que le genre Tribolodon d'Asie du Nord-Est-

est apparenté au genre Gila. 4'Am&rigue du Nord occidentale
mais ils ont eu commun un bas coefficient d° Hennmg. Plutdt
Tribolodon a eu des rapprocpements avec d{autreS-genres
d'Amé&rigue du Nord bcpi@entale pgfticuliérement avec

Mvlopharodon, Acrocheilus, Mylocheilus et Ptychocheilus.




INTRODUCTION

' Fishes belonging to the family Cyprinidae are found
in Africa, Eurasia and North Americ; and éompfise the.
largest freshwater family of fishes. Distinguising cha-
racters include possession of a Weberian apparatus, -pre-
sence of parietal, symplectic and subopercular bones and
low numbers of pharyngeal-teeth in 1 to 3 rows.

At the generic level three problems confront the
North American ichthyologist: IY determination of which
North American taxa aregyalid at the generic level since
many taxa have been treated as both genera and subgenera,
2) the relationships between North American genera, and 3)
the validity of proposed relationships between North American
and Eurasian genera. This thesis presents néw data and sum-

-

marises published data on scale structures, osteology, meris-

*

tic and anatomical characters and attempts to interpret and

[N

suggest intergeneric relationships on the basis of this in-
formation. The work is based principally on the North Ame-
rican cvprinids but also includes some data on Eurasian cy-

—

prinids particularly the genera Abramis, Alburnoides,

Alburnus, Blicca, Phoxinus, Tribolodon, and Vimba.

Organisation of the thesis

Taxa of Worth American cvprinids have been allocated

to various genera and sub-genera by different authors.

(

)
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A detailed_reviéw of these changes is.not given here but a
summgiy of them is contained in the annotated list of species
(Appendix 2). The choice of genera and sub-genera studied
for this Fheéis is discussed in the section on character ana-

lysis.

The thesis is divided into 4 sections, each with its own

introduction, dealing with scale structures of North American
and selected Eurasian genera, osteology of North American
génera,‘character analysis for North American genera and
Nearctic - Palaearctic relationshipg. The latter section
also includes osteclogical data. Agpendix 1 lists the mate-
rial examined and gives some indication of the section it was
used in. Appendik 2 is an annotated list of North American
cyprinid species. Appendix 3 gi%es a literature review of
the placement of genera in sub-families and Appendix 4 is a

note on the nomenclature of the genus Endemichthys. Appendix

5 gives listings of programs used in the character analysis.

%

to in this thesis with the author and year of publicati?ni\\\—/

PR

Appendix 6 lists the genera of North_American cvprinids referred
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INTRODUCTION

- ~

Scale characters are used with some success in keys
fo£ the identification of North Ameriqan cyprinids, e.9.
Moore, 1968; Scott and Crossmaﬁ, 1973 indicating a consis-
tency of variation in morphology between species and genera.
However the usé qf scales for systematic studies within this
family has been lérgely neglected despite the work of Chu
(1935) on Chinese cyprinids which demonstrated marked differ-~
ences bet;éégugéherﬁise similar éenera. A general survey of
North American cyprinid scale mofphology was carried out by
Cockerell (190%a, 1909b, 1909¢, 1910, 18lla, 181llb,

1914, 1915), Cockerell and Allison (1509), Cockerell and

Calloway (1909a, 1909b) and Cockerell and Moore (1910}.

These studies are of limited value because they were based

on only a few scales (Chu, 1935: 72-73) and thus little

allowance could be made for variations and abnormalities. |

The relative importance of other characters and the lisqits ) ‘
of genera have undergone considerable revision since Cockerell's
works and a reassessment of scale morphology in the light of

these new considerations is in order.

More recent works on cyprinid classification have found
number of scale radii to be a useful criterion:for character-
ising genera and sub-genera (éubbs and Black, 1947; Jenkins
and Lachner, 1971). The importance of scale characters has
" been acknowledged explicitly in papers by Hubbs and Miller

~
(1972) and Hubbs, Miller and Hubbs (1974) on Great Basin cypri-~

nids. ) A



This study surveys scale structures in 47 genera con-
taining 87 species aﬁd oveijO specimens of North American -
cyprinids and u;és this data to indicate generic relation-
ships within North American and between certain North American
and Eurasian genera. The close similarity of many North
American genera precludes the widespread use of scale data
in defermining relatiﬁnships and the characters examined will
be assessed with others in a later section.

MATERIALS AND METHODS

Materials

The sps;ijsns examined are listed in ippendix I. Wherever
possible adult’fish were used but in certain species only sub-

adult individuals were available.

-

Procedure

Preserved specimens were probed with a diésecting needle
to determine if the scales were caducous or embedded. Scale
counts were made on preserved fish except for the smal;er
scaled species which were stained with alizarin to facilitate
adcuracy. Scale diStgﬁbution, lateral line shape, imbrica-
tion and overlap couﬁé were determined on specimens'stained
in a 2% potassium hydéroxide solution with alizarin. Patches
of scales were removed from the areas shown in Figure 1
and examined on slides under a binocular microscope for general
shape, radii distribution, focus posit%?n, circuli development

.\\‘
A
3
//
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Figure 1. Diagram of a cyprinid fish to show areas (X) from

which scales were removed for detailed examination.



and mucous tube position on laterai line scéleé. Morpholo-
giéal descriptions and radii counts were based mainly on
non—fegenerating-scales taken ffom immediately above the
lateral line on the caudal peduncle (Chu, 1935). éhotographs
were taken of scales mounted on slides with euparol after a
brief wash in 95% ethanol. Further explanations of methods

- used in describing characters is given under "Definitions".

Definitions

Scale studies ("lepidology") have been favoured with a
plethora of terms and definitions. A glossary of terms used
throughout this study is given below to obviate confusion§
of meaning. (see also Figure 2). IR
a) Scéle Shape .

The general shape of scales varies, not oﬁly between spe-
cies but between different parts of the body of an individual
'speéimen. Scales may be approximately hexagonal, oval,
circular or triangular.

b) Field

A scale may be divided inté 4 distinct areas or fields:
the anterior (or basal) field, the dorsal and ventral
lateral fields and the posterior (or apical) field (Fig&re 2).-
The anterior £ield is emﬁédaed in the aermis and .the posterior
field is exposed where ;t overlaps the next posterior scale.
The lateral fields are overlapped. by adjacent scales. The

fields are easily discernible in hexagonal scales but subject-
ive {n circular or sub-circular scales. In the hexégOnal
scale the junction of the anterior -and lateral fields is

formed by an obvious antero-lateral angle. Postero-lateral



. -
Figure 2. Diagrams of scale structures based on A- Semotilus

coroporalis caudal peduncle scale § mm. in length,

and B- Eremichthys acros caudal peduncle scale 0.8

*mm. in length.
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angles may also be present but are often iéés markea than

-

antero-latera;‘angles. The~margins of the larerei:fieids

-are straight, ogrved or indented. These edges are parallel

or converging posteriorly. The margins of the posterlor

field are ‘smooth, gently curved and converge to a rounded
posterlor apex. This aplcal portlon af ‘the scalé 1s more
'produced than the basal portion. The-marglns-of the anterior
field converge to a rounded apex or thev form‘e.contlnﬁous
shallow convex curve. The posterior marglns are ;arlablv
ihdented, irregular, wavy or smooth. In the oyal'and olr—':"-
oﬁlar scales antero- and posterc-lateral ahgiés Ere poorly.

Geveloped or absent. The margins are usually sSmooth. *~ :-

c)  Radius _ D RS

-
-

The bony srructure of{thé scale is inxerrupred Bé.linear
grooves known as radii. All:ﬁorth American cypriniés have; ;(
radii on the posterior fleld " some heve-redii on the posterior
and lateral fields and others ‘have radii on all fields. A
Qrimary radius is one extending f£rom the scale edge- half way
or hore to the foous. Shorter radii extending froﬁ'the scale

Q

secondary radii. Radii exfending from the focus outward were =~

edge to a point less than-half-waj to the focus are termed

rare and were assigned to primary or secondary status by their
length. Primarv and secondarv.radii were counted separately.
Short radii lying in mid-?ield were included in counts of-

-

secondary radii and a branched primary or. secondary radius

was counted as one radiuss A maximum of 110 total radii was

s -

- v
found in N, American genera. )
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~d): Focus -

The focus is the orlglnal embzybnlc scale {Chu, 1935)

- Its posxtlon on the-developed scale is varlable and 1is

determlned by the relatlve growth of tﬁe anterlor and
posterlor flelds. The central posxtlon is found when the

anterior and posterior fields are equal 1na512e and.the :
anterlor posxtlon when the posterlor‘fleld ls the largez.

The posterlor or lateral p051tlon is not found 1n North

American cyprlnlds. L o

. e) Circulus

&Circuli, gﬁg bony rldges oh the scale surfa;e. These
structures are arranged around the focus and are 1nterrupted
by the radll. They are variably developed and spaced on the

scale fields although the varlatlon is contlnuous rather than
abrupt. Where ClICull pass from the lateral flelds to a
small anterior fleld the transition may- be effected bv an
antero-lateral lnélectlon. In scales with an anterlor focus
the posterlor c1rcull are usually fewer . and more widely
~

spaced than those on the lateral and anterior flelds. This
is due to more rapld growth of the posterlor field and to
loss of circuli in the.lateral fields.
£) Scale éounts

Several scale counts are.commonly used in_identification
of cvprinid fishes and are also useful in olaesification.
The lateral line count is the number of Pored: scales in

the lateral line along the flank or thé midlateral number

of scales along the flank when the latéral line pores are



-

s
absent. The count ends at the scale overlfing the posterior
edge of the hypural tail bones even though there are pored
scales poséerior to it. The first scale in the series is
the first anteriorﬁbst'poréd scale touching the pectoral
girdle. ‘Nomallowanée could be made for increase in counts
with size (Repa, 1974) but hopefully this was minimal.
Scales above the lateral line are counted from the anterior
base of'thendorsal\fin ventrally and posteriorly to the
lateral line but not including the lateral line scale.
Scales below fhe lateral line are counted in a similar man-
rier from the anterior base of the aﬂal fin dorsally and
anteriorly to the lateral line. These two counts follow
the natural scale rows ané include any small scales at the
fiﬁ bases including the midventral or mid-dorsal scale where
this protrudes lateral to the first fin ray. The predorsal
scale count extends.from the anterior ‘base of the dorsal fin
to the occiput. Scale rows were counted to one side of the
do;sal‘mid-line because mid-line predorsal scales may be
spall and irregularly arranged in some species. Some lite-
rature reports do not state whether predorsal scale rows oOr
predorsal séales along the mid-line were counted. Predorsal
counts with a wide :énge often include individuals or species
counted along the mid-line. The caudal peduncle scale count
includes all scales around the narrowest part of the caudal
' peduncle. These five counts were compiled from the avail-

able specimens and the literature. Absolute scale size

varies with age and the position of the scale on the body.

11
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Scale counts'arg/é/;;;e accurate measure of scale size. In
-~
addition counf% above and below the lateral line may be

compared to assess decurvature of the lateral line, e.g.

in Notemigonus crysoleucas with a strongly decurved lateral
line these counts are 8-11 and 2-4 respectively whereas in

Phenacobius —;;Eabilis with an almost straight lateral line,

Ay

they are 6-7 and S~6—respectivelv. It is realised that
decurvature may be more readily assessed by using the -lateral
line to pelvic fin base count but this was not as extensively
recorded in the literature as the one used. Two other scale
counts were emploved, the number of scales per vertebra and
the number of scales over- and under-lapping an arbitrarily
chosen flank scale. The latter count is described below
under imbrication. The number of scales per vertebra is a
measure of scale size and is derived from the lateral line
scale count and the total number of vertebrae (including 4
Weberian vertebrae and the hypural plate as one vertebra).
This relééionship, derived in part £rom the literature, must
necessarily be‘approxiﬁate since both scale and veftebral 1!
number are subject to clinal or subspecific variation, scales
do not exactly overlie vertebrae in a regular ratio and ranges
in counts are not strictly comparable. The count was deter-
mined by taking the mid-point value for the most extensive
range in count of both vertebrae and lateral line scales and
dividing mid-point number of scales by mid-point number of
vertebrae,

. A
Lateral line counts varied from 30-114, above the lateral



line from 4-33, below the lateral line from 2-21, predorsally

from 11-68 and around the caudal peduncle from 10-55. The

scale per vertebra count wvaried from 1.0-2.3.

g) Scale Attachment
. Scales may be firmly attached (embedded) or loosely
attached (caduéous). various intermediate conditions are
difficult to characterise. Strongly caducous scales are

¥ lost on capfure or handling; most scales could be
Characterised as moderately caducous since embedded scales
are comparativelv rare.
h) Imbrication
Scales mav or may not overlap and underlap each other

i.e. imbricate. Scales are characterised as strongly,
moderately, minimally or non-imbricate. This character
varies with the body region but is usually observed on mid-
flank scales below or slightly anterior to the level of the
dorsal fin. A partial measure of imbrication may be derived
from the number of flank scales over- and under-lapping an
arbitrarily chosen scale (The countlis termed an overlap
count for convenience although both over- and undef-lapping
scales are included). The count is carried out on tﬁe flat-
test part of the mid-£flank region. The count is influenced
both by imbrication and by scale shape, strongly imbricate
elongate scales having higher counts than weakly imbricate

sub-circular ones. The'count varied from 7 to 13.



14

RESULTS

Character Variability

ﬁAll of the morpholegical and numerical chﬁﬁacterS'
stﬁdied were subject to variations and these mﬁét be out-
lined before scale characters can be assessed for systematic
significance. Attempts were made to examine most or all of
the species within any genus‘and to include_ind;viduals of
both sexes, different age groups and different gecgraphical
areas. This ideal was not always attained particularly with
the more speciose genera and the rafer species. Where good
series were available, both of size and origin, due note
was taken of those -features susceptible to variation.

The variations were found to be: governed by several
factors: -
a) Life History

Scales grow with the fish and an accompanying increase
in number of radii (and circuli) is evident in many species
(See Orthodon description, for example). Thus; without
extensive samples, too much reliance cannot be placed on
radii counts other than to afford a general range for a
species which is a more objective character than "many” or
"few" radii.

Growth also affects the shape of the scale, and in con-

cert, the focus position. 1In N. crysoleucas the focus

shifts from an anterior position in voung fish to a

central position in larger fish. Most N. American cyprinids
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with an overlapping scale arrangement show greater'géowth
in the free expoéed posterior field com?ared to the
embedded anterior fiedd so that the adult focus is ante-
rior. In embedded scales where overlap is minimal growth
tends to be'equal‘in all fields.

Older individuals of the larger species often have more
irregular scales with ragged edges and scarred surfaces
than younger individuals.

Circuli may be alternately close and distinct forming
winter lines {or annuli) indicatinng.reduction in gr?wth
during the winter .and rapid summer growth. The spawni\rfg’
season may leave a ragged mark on the scale if feeding stops
and resorption ¢f the scale margins occurs.

b) Regeneration

Scales are lost because of mechanical injury and rege-

neration occurs. Regenerated scales are characterise
thout

scale loss results in an irregular, scarred scale\as men-

g

a large focus devoid of radii or circuli. Injury w

" tioned above. ’ \
©) Geograéhical Distribution

Hubbs and Black (1947) working on the species of Pime-
phales s.1. were able to show significant differences in
radii number between éopulation samples from di%ferent river

svstems. Some variation was also found -in Couesius plumbeus

(Table 1) but this was less marked. Geographical variation
mav be more prevalent in species (such as Pimephales spp.)

which have numerocus radii and a wide range in radii number.

LS

9
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Nevertheless this-factor should.be taken into account. It
is sggéested that a species or genus may be characterised
by a range in radii number where ,overlap is minimal or non-
existent with other species and generé.
d). Body Regions .
Some of the greatest variatib%>in scale morphology is
found between scales from different regions of the body of
an individual fish. It is, therefore, essential to compare

scales taken from the same region in gll\species. Chu (1935)

considered cauvdal peduncle, scales from immediat y above

lateral line to be least subject to unimportant variations.
This study follows Chu's lead to facilitate comparison with
his Chinese matérial although flank scales from below the j
dorsal £in are also comparatively uniform and have been use
in other, more limited- studies. |

The most regular scales are found alopg the sidés of
the body and onto the caudal peguncle. Scale shape becomes
more elongate posteriorly and a commensurate alteration.in i
field size and lateral line pore shape ensues. More drastic h

changes in size and shape occur near the bases of fins and

-~
on the belly and predorsally. Scales at fin bases are modified

to accoumodate the interruption in the body surface caused by the
fins. A pelvic axillary scale may be present to aid in stream-
lining water flow over the appreésed pelviec fin. Belly scales
Aare usually sub-circular or oval and much smaller than flank
scales. They may a2lsc be non-imbricate or lacking over parts

or all the belly anterior to the pelvic fins. Predorsal scales
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may be as regular as flank scales or they may be smaller,

irregular in shape and.arrangement, crowded or even absent.
: /

Both regularly and irregularly arrangeﬁ,ﬁcales may be found

- . ] - + -
in species of the same genus and thus Ehe condition is of .
\} -

little systematic value at the genus yevel although it is

B

useful in species separation. o

The overlap count and degree Sf/imbrication vary with
the body region being bestidé%eloped on the flank. Preﬁorsal
scales are often minimally imbricate while belly scales are
often non-imbricate.

Numbers of radii ana circuli increase with scale size
over the body surface and yet even adjacent scales may have
gquite strong differences in radii count. It is for this
reason that five caudal peduncle scales were chosen for
radii csuntsl;o reduce the chance.of choosing an aberrant
scale.

The distribution of radii on scale fields is reasonably ‘
constant over most of the bedy scales. Larger scales may >
have some posterior radii spilling into the lateral fields,

a condition not apparent in smaller scales, but more major
varilation was not found {cf. Chu, 1935: 71).

' Variation in focus position on scales from different
body regions can be attributed to differing growth axes when,
for example, non-imbricate embeddeé belly scales are contrast-
ed with imbricate,‘caducous £lank scales. Focus size may
vaEy bt this was difficult to determine because this region

was often fragmented in the detached scale.
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Scalé‘descriptioné

The following portion of the £esults describes scale
structures of each genus as represented by the available
species. Scale counts (Table 2 ) are based on the available
specimens aﬁd on literature reports. The latter are cited
in the section on character analvsis.

Tables 3 and 4 give estimates of lateral line decur-
vature and number of §cales per éertebra respectively.
Values obtained in.fhé latter table weré usualiy similar
for each species with;h a genus. Exceptions noted were
Gila (range '1.3-2.0, Teah 1.7), Erimystax. (range 1.0-1.4,

mean 1.2), Phenacobius (1.2-1.6, mean 1.4), Semotilus {1.0-1.4,

mean 1.2) and Notropis (0.9-1.2, mean 1.0).
Table 5 gives counts of primary, secondarv and total
radii with the number and size of .specimens used.
Comments’ are given on certain genera in ;Qis descriptive
section. Assessment of characters generated here is;;;:z; in

the section on character analysis. . |

GENUS ACROCHEILUS

Monotypic, A. alutaceus, 10 specimens, Figure 3.

Description

Scales over entire body, regularly arranged, small, may
be minimally or non-imbricate predorsally and on beliy in
smalle; fish, imbricate laterally, overlap set of 7, caducous.
Lateral line moderately decurved, complete and not regular,

changing scale row at intervals. Scales on caudal peduqs}g
{ - T

variable in shape with lateral edges parallel, curved ordin=



TABLE 2

Scale counts for cyprinid genera

Cenus Lateral Laceral Lacecal Predorsal popudal
Line Line
Acrochedlua ' ‘30-108 20-27 13-20 48-67 33=55
Agosia 70=-95 - 33=-20 1i-18 37=-53 41-47
Algansee 52=-95 10=-23 7=13 . 23=56 27=-55 (approx.}
Campostoma™ 41-64 6-9 6-8 , 15=26 20-22
Chrosomus 63-95 15-22 9-12 35-51 2241
CLinostomus 45-70 8-10 5=7 22=26 17-20
Coucslus 53-79 10-14 7-9 25=27 12=26
Dionda 31-45 5=7 3=-6 11-17 11=-20
Exemichthys 64-50 14-19 9-13 38-54 30-43
Exicymba 31-36 4~5 3-4 12-15 12
Exdmyslax 32-62 5=7 4-6 15=-22 " 14-16
Evarrc 74-55 13-17 10-14 38-54 -
Excglossum 50=59 6-10 5-8 27-34 17=-21
Exirandiua 31-43 4-7 &=-6 14-19 12-16
Gila 40-59 9-29 5-21 22-51 20-54
Hemiinemia 37=-43 6=7 5=-6 17=21 16=-18
Hesperoleacus 44=67 10-17 6=12 27-38 21-31
Hybognalhus 31-44 4-8 4~6 13-23 1l-18
Hybepsds 31-42 4=6 4-5 11-17 l0-1¢
Totichthys 33-33 - - 16-20 16-19
Lavdinia 53-67 12-18 6-11 27-43 23-28
Lepidemeda 77-105 18-23 13-18 7=52 38-49
Moerhkybopsds 37-50 §=9 4-3 18=-25 16-19
Margaradiscus 49-79 10-13 7=-11 35=-48 25-28
Mede ) ) SCALELESS
Moepe 68-80 17=-20 12-15 44-51 fapprox) 35-51
Mylochedilus 65-84 13-15 7-12 28-35 20-24
Mylophareden 70-80 18-21 12 40-55 32-36
Nocomdis 36-48 6-9 4-3 15=-21 14-21
Nolemigonua 39=-57 8-11 2-4 19-24 l4-16
Notrepis 30-60 5-11 2-11 11-45 © 10-20
Opsopocodus 36-41 5=6 3=-4 15=-24 12-14
Orcgonichthys 35-40 5=6 =5 16=17 12-14
Oathodon 83-114 26=-33 14-21 45-66 40-49
Parexeglossum 47-53 8=10 5=2 26-31 15-18
Phenccobius 41-69 6=7 5-6 l8=~-22 13-20
Pimephales 37-55 5-12 4-6 21-30 14-21
Plageplernus SCALELESS
PLatygebic 42-59 5-8 13-16 16-18
Pogonichthyas 57-66 11-14 7-11 22 28
63-95 13-29 8-20 I6-65 25-27
54-70 1l-14 10-12 37=-41 27-34
35-90 7-18 7=-15 26=-47 22=-40
Richefdignids  45-71 10-14 -5 27-50 18-21
Scmczilua\u 3eg-70 7=13 §-10 20-40 16=-26
Stypd . - HOT AYAILARLE }
Tiageaa 65-72 - - - a7-46
Xyssrosus 60=-70 12-18 8-11 22-31 31-37 (approx.)
Yarinda 42-55 8;10 3-6 16-20 18-20
N .

* ¥oore (1968) citea 62-76 lateral line scales for Campostoma ornatum

and Alvarez dal Vvillar

+

{1970) cites 35-40 for predSTIGl ocalco.
There axe J1=37 scales around the body in front of the dorszal fin.

20



Estimates of laterhl line decurvature from scale counts

TABLE 3

21

Scales above

Scales below A
Genus lateral line (A} lateral line (B) B
Acrochedlus 20=27 (23.5) . 13=20 (16.5) 1.42
Agosda 13-20 (16.5) 11-18 (14.5) 1.14
Alganacs 10-22 (16) 7-13 (10) 1.60
Campostoma * 6=9 (7.5) &8 (T 1.07
Chrosomus 15=-22 (18.5) 9=-12 (10.5) 1.76
C«C.Ln_o-af.cnu-a 8=10 [S) 5=7 (6] 1.50
Cou‘%iu& /) 10=-14 {12) 7=-5 (8} 1.50
Dien T 5=7 [6) 3-6 - (£.5) 1.33
Eremichthys 14-19 (16.5) 9=-13 (11} 1.50
Ericymba 4=5 (4.5) I-4  (3.5) 1.29
Enimysfax 5=7 (6} 4=6 (5) 1.20
Evaans 13-17 (15} 10-14 (12} . 1.25
Exog:ouuml 6=10 (B) 5~=8 (6.5) 1.23
Exzrcadius 4=7. (5.5) 4-6 (5) 1.10
Gita 9-29 (29) $-21 (13) 1.46
Hemitremia 6=7 (6.5} 5=6 (5.5) 1.18
Hesperoleucus 10-17 (13.5} 6=-12 {9} 1.50
Hybognathus 4~5 (6) 45 (5) 1.20
Hybopsds 4-6 (5) 4-5 (4.5) 1.11
Togichthys NOT COUNTABLE -
Llavinig 12-18 (15) 6=11 (8.5) 1.76
Lepidomeda , 18-23 (20.5) 13-18 (15.5) 1.32
Mocrhybopsis 4-9 (6.5} 4=-8 (6) 1.08
Horgardiscud 10-13 (11.5) 7=11 (%) 1.28
Keda SCALELESS -
Mocpa 17-20 (18.5) 12-15 {13.5) 1.37
Mylochedilfus 13-15" {14) . 7-12 (9.5) 1.47
Hylopharedon 18=-21 (19.53) 12 1) 1.63 -
Nocomis 6-9  (7.5) ' -3 (6) 1.2
Notemigonud 8-11 {9.5) 2=4 {3 3.17
NoLropis S 4-11 (7.5) 2-11 (6.5) 1.15
Opsopocodus 5-6 (5.3) 3-4 (3.5} 1.57
Cregonichihys 5=6 (5.5) 4=5 (4.5) 1.22
Orthodon 26-33 (29.5) 14-21 (17.5) l.68
Parexoglossum 8=-10 (9) 5=7 (6} 1.50
Phenacobius 6-7 (6.5} 5-6  (5.5) 1.18
Pimcphales 5=12 (8.5) 4=-6 (5] - 1.70
PLcgoplerus * SCALFLESS -
Platygobio 6=8 (7) 5 (5) .40
Pogonichthys 11-14 (12.5) 7=11 (9} 1.38
Piychochedllus 13=-29 (21} 8=-20 (14} 1.50
Relictus 1l1-14 (12.5)} 10-12 (1l1) 1.14
Riindichthys 7-18 (12.5) 7-15 (1) 1.14
Richardsonius 10-14 (12) 5-9 (7} 1.71. .
Semotllua 7-13 (10) 5-10 (7.5) 1.33
Stypodon NOT AVAILABLE . -
Tieroga NOT COUNTABLE : -
Xyalrosus 12-18 (15} 8=-11 ({5.5) l.58
Yurlric 8=-190 / 3-6 (4.5} 2.00

9)




TABLE 4

Number of lateral line scales expressed in terms of number of vertabrae

-—

Genus Number Lateral line Scales/
of vertebrae scales . Vertebrae

Acrochedlug : ' 44-48 80~108 2.0
Agoada 6=-39 70-35 2.2
Alganrsca . 33-42 52=95 2.0
Camposloma 40-42 - 41-76 1.4
Chrosomus 35-40 63-95 2.0
CLingsLomuy 35-42 48-70 1.8
Coucslus 39-44 53=-79 1.6
Pdlonda . T 33=39 31-45 1.0
Exemichthys 34-36 64~80 2.1
Exleymba 34-36 . 31-3& 1.0
Eximystax 36-43 32-62 ‘1.2
Evanrc NOT AVAILABLE -
Exoglossum 37=-40 50=-59 1.4
Exiraniusd 34=-39 31-43 1.0
Gila . 35-50 40-99 1.7
Hemitremia T 36-38 3743 1.1
Nesperoleucus 37-41 44-67 , 1.4
Nybograthus 35-39 31-44 1.0
Hybops is ) 35-41 31-42 1.0
loZichihys 34-35 . 33-38 l.0
Lavinic 40-44 53-67 1.4
Lepidemeda 41-44 77-105 2.1
Macrhybopsis 39-43 ’ 37-50 | 1.1
Hargaxriscus 37-%2 49-79 1.8
Heda - SCALELESS -
Hoapa . 36=37 68~80 2.0
Mylocheilus 42-48 65-84 1.7
Hylopharoden 46-47 1 70-80 1.6
Nocomis - 3744 36-48 1.0
Nolemigonus 36-39 39-57 1.2
Nolropia 32-44 30=-60 l1.0*
Cpscpocodus 36=39 36-41 1.0
Oncgonichihys 35-36 . 35-40 1.2
Oxthodon 42-45 83-114 2.3
Parexeglossum 39-40 " 47-53 . 1.3
Pheracobius 38~44 41-69 1.4
. Pimephales 35-39 - 37-55 1.2
Plagoplerus SCALELESS -
Platygebio 40-47 42-55 1.2
Pogonichihys 41-45 ' 57-66 1.4
Piychochedilus © 4o=47 63-95 1.8
Relietus 35=-39 50=-70 l.6
Rhinichthys 95-44 35-90 1.6
Richaadsonius 38-43 . £49-71 1.5
Semotilus - 39=-46 38-70 1.2
typodon NOT AVAILABLE . -
Tiaroge 36-40 65-72 1.8
. Xgstrosud 25-40 60-70 1.7
Yurdrnic . . 38-41 . 42-55 1.2

* Based on counts for individual species rather than total ranges :.':itod hero.

¢
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- . _YABLE 5 - .
Number ‘and aize of specimens and numbers of scale radii (five caudal _
. peduncle scales were used from each sp'ecimp)
Genus Number (m:i;?:.. ) 9:&:“1‘? Segggg.;:‘y_ ::gﬁ
- e N
Acnochedtus® 8 82-108 C4-9 o ‘0-24 . 6-19-
Agosla 15 44-67 17-33, 3-12 22-40
Leiansea® 7 36-58 ) 0-14. 10-26
Campostoma - 7 32-64 7-14 0-11" ' . s-25
Chrosomud 30 40-51 T 12-36 4=-28 20=60
CLinostomus 7 55-72 6-13 " oo-p g-16
Couesdus 42 56=69 '5-13 T1-13 - §-24 ‘
Dlonde 11 53-81 9-15 ° 2-18 13-32 LV
Eremichthys 20 34384 21-38 i3-33 $2-68 -
Exicymba 16 . 40-60 7-13 0-12 10-22
Enimgstax 15 ss-g9 . . 613 | 0-9 7-19
Evarra .KOT AVAILABLE
Exoglcssum 8 55-103 10-20 1-10 13-2%
Exirasdiud . 20 32-60 10-17, 4-14 15-30
Gita® 40 40-232 4-33 0-14 . ° _5-40
Hemizremia 5 35-41 9-13 2-7 2-19 -
Hesperoleucus® 14 52-97 9-28 " 0-24 12-3s
Hybogngthus 19 _46-52 7-14 0-14" © 'g-25
Hybopsdia 21 3761 | 6-12 1-1¢ - 8-21
Totichthys 5 26-35 14-13 7-14 21-32°, .
Lavinie 4 153-233 9-17 2-14- 12-30. 93
Lepidemeda® 5 52-85 .S-18 1-13 T-22 )1
Mecrhybepsis 10 31-59 3-9 1-12 §-18
Margariscus x4 . 85=105 7-15 1-19 10-36
deda N SCALELESS =~ ' T
Moapa 4 47-70 10-27 2-10 . '15-3% .
Hylochedilut 5. 189-219 12-18 3-8 .17-2%
Kylopharodan 3 93-121 7-17 3-12 ©13-23
Nocamis 22 '87-162 13-27 2-15 13-35 Y
Netemiganua 27 72-130 4-10 1-4 4-11
Netropis 85 . 36-135 4-34 0-37 5-71
Opsepocodus -6 34-37 “5-9 tleq g-12
Oregonichthys 8 41-44 7-12 0-3 . l0-16 _-
Onghodon <t 3 128-228 21-33 2-3 26-42
Parexoglessum 5 " 32-35 ‘6-10 0-3 8-12
Phenceobial "42-92 5-13 . 0-10 6-19
P-i.mcphf.’!.u 13 i 6-22 .- .*_  1l=20 7-41
Plagepierus SCALELESS " o
PLatygabdo 4 9-19 - - 1-15" 1029
" Pogenichihys .1 12-16 1-4 16-18
Piychochellus® 5 285-375 21-48. 16-65 40-110
Reflcitus 8 44-66 16-31 4-20 . 23-47
Rhdnichhys® 50 40-103 6-38 - 0-24 - 956
Richandsoniug s 45-6% 5-8 - 0-7 .. 7-15 -
Semotilus 27 - 81-236 . 14-30 - 1-33 16-58
Szypodon - _ - _NOT AVAILASLT L o- -
Tlarega 8 37-51 10-30 2-15 14-35
Xystrosus® ) 104-116 4-16 ., _o-8 423
Yurdnia 8. '38-52 Cs=1 -7 o-4 7-11
. -
v radii wh_en_p:ésent



dented curving posteriorly to a rounded poste:ior apex,
withoﬁt eﬁident postero-lateral corners: Antero-lateral
corneés are.usualiy evident and the anterior edge‘indents
immediately'oﬂ_each side of a pronounced enterior apex.

Fiank scales are sub-circular in shape. Focus anterior but
anterior field is well developed. Circuli thicker and more
-WLdelv ‘spaced posterlorlv becomlng finer and closer together
laterallv and anteriorly. Radll principally on the posterlor
and lateral fields but on some scales the anterlor fields have
small radll.~ Occa51onal radii lv1ng in mid- field. Aqterlor
radll may be .absent from small spec1mens.

Comments "' .

The pronounced anterlor apex 1is characterlstlc of certaln

,Glla spec;es. Cockerell (1909a) includes Acrochellus and

'Orthodon of N. America with the European Chondrostoma in

-a sub-family, the Chondrostominae. Chondrostoma has-scale

" characters of typical European Leuciscinae with 2 cen;faL 
focuez reéii'on aﬁteriq; and posterior fields, numerous, fine
fcohceneric circuli and much larger scales (52-66 in lateral
llne, Berg,’1949- Wheeler, 1969)

%

..~ - GENUS AGOSIA

Mdnotypié[ A. chrvsogaster (but see Milief, 1956), ;5 SPeci-'
mens, Pigure 3 . ‘ _ s

Description.

o SEales'over,entire:body but some individuals lack scales

. around pectoral, pelvic and anal fin bases and bare patches
.- L et . T .
.are often found ‘on-the bellv and close to the isthmus.

24
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Scales small, pafticu;arly on belly; minimally iﬁbrif
cate, overlap set of 7, embedded. lLateral line§20mplete;
..midflateral, wobbly,ﬁot completélﬁuto'end‘of scales in some
- fish. écalés'on caudal peduncle vary from a horizontal oval .
to é sub-hexagopal shape. Predoréal.and belly scales é;é\ .
sub-~circular and flank scaies are sub-;ifcular.to;vefticélly
oyai grading into the horizontally oval caudal pedﬁicle
séales. The fopué is-anﬁerior an§ may be well set-off or
close to the anterior edge. Cirpuli.areoat their -thickest
and widest pbsteriorly where they ma& be slightly broken up‘
and wavy. iéteially and basally:the circuli become thinnér
and more crowded. Radii are found on all the fields and
occasionally they may be branched, interrupted or extend from
the focus to mid-£field. '
" GENUS ALGANSEA
Several species currently under revision (see Appendix 2 ),
this description based gp‘é.rmonticola.and A. tincella, 7 spe-

h] .

LI

cimens, Figure 3.
"

Description - ' - g ‘

Scales regularly arranged but may be minimally imbricate 7
on the breast. | |

' There is considefable variation in lateral line counts
between species (R.R. Miller, pers. comm., 1975).

Scales moderate to very small in size, strongly imbri-
cate, 6verlap set of 7-5, weakly caducous. Caudal peduncle
scales an elongate rectangle or oval with evident pos-

— .

erior corners or a rounded, smooth, transition to a

L
rounded posterior apex. Anterlor corners evident or not



and anterior edge a gentle curve not produced as an_apex.

- Focus anterior with a very small anterior field. Circuli

,

widest spaced ané thickesé poéteriorly and may'form elongate
lozenges -between Laqii. Radii on posterior‘and latera; fielqs
- and usﬁally on anterior field'too but'may bé absent or faint
ih‘some é?ecimeﬁs of A. lacustris and §,=tincella:
Coﬁments

"R.R. Miller (pers. comm., 1975) suggests that Algansea

-

and Xystrosus are congeneric and derived from a Gila-like
ancestor. Scalé characters provide no qonclusive evidence

-0f this but neither do thev offer proof against such relation-
ships.

GENUS CAMPOSTOMA

<«

Two species, Caanomalum, 'and C. ornatum. Description

based on C. anomalum, 7 specimens, Figure 4.

-

.Description

~

§cales regularly arranged over'body énd moderaté in size,
imbricate exbept on belly where little or non;imbricate,_
overiap set of 11, not very ég\ gous. Lateral line complete,
little decurved almost straigh£ inhsome fish (decurvature
estimate from scale counts is 1.00). Scales on caudal peddpcle
sub-hexagonal with lohg parailel lateral edgg;’passing throug
poorly developed postero-lateral corners to a rounded'éosteff r
apei. !Ahtero-lateral corners are more evident and the '‘shal-
low anterior_gbale edge is wobbly, indented, and the anterior
apex may be present or absent. The focus is antérior, com-
preésing the anterior field.l Circuli are coarser and more

’

|
Y
)
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widely spaced on the posterior field compared to the lateral
and anterior fields. Aan inflection may be present at the
antero-lateral field juﬂptions; Many circuli are "lést"
at the edge of the lateral field. Radii are found on the
posterior field spreading laterally.

GENUS CHROSOMUS

Four species, C. eos, g. ervthrogaster, C. neogaeus

and C. oreas were examined, 30 specimens, Figures 4, 5 and 6.

Description ..~

wScaleS over whole body but in some specimens mav be
non—imbricatg_particulaily predor§ally and on the belly but
also on the flanks. - .

Séales small, non- or minimally impricate, overlap set
of 7, embedded but'slightly caducous. Lateral line pores
may be absent, ex?ending to level of dorsal £fin or complete.
Quite strongly decurved in latter case, may be interrupted,_
and riseg sharply below dorsal fin. Scales on caudal peduncle
genérally sub-circular, may be horizontally or vertically -
" oval and occasionally approaching a sub-hexagonal shape. ' ‘
The Belly behind the operculum bears rows of imbricate sca-
les, laiger and with a distinct mqrphology from the other non-
imbricate belly, scales. These sda%es may be squ%rish, rectan—- -
gular or more rounded with a Qell developed posterior field.
Thé posterior radii on these scales are long, wide and - often
parallel such that much of the posterior circuli is obscu;ed.
Focus position is variable  from central to sub-central antefior.

"Circuli are more developed and widely spaced posteriorly than
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. anteriorly and laterally even in some flank scales where
the anterior and posterior fields are of the same size.
Radil are numerous and found on all fields. -

" Comments

-

Development of radii on all fields is characteristic
of Chrosomus and of certain other N. American genera in

particular Agosia, Eremichthvs, Moapa, Relictus, Rhinichthvs

and Tiaroga and variably in Acrocheilus, Orthodon, some

Algansea and Gila species and in some Lepidomeda, Ptychocheilus

and Xystrosus specimens. Hubbs, Miller and Hubbs (1974)

-~ D
Ti‘%ﬁizfit that the development of anterior radii is cofrelated

T wi eep embedding of scales and is of limited value” in
determining relationships because of independent derivation

in several western genera. The similarity of Eurasian

Phoxihus and Moroco scales to Chrosomus scales in this
respect may also be due to convergence but the weight of
other evidence (see p. 337) suggests a relationship.
A brief summary of Phoxinus (including Moroco).scale
characters follows. Scalés are small, 62-118 in the léteral ‘

line or lateral series, embedded, 6verl§p set of 0 (P. cze-

kanowskii, g.'issykkulensis), 7 (2. phoxinus, P. lagowskii,

Moroco percnurus) or 7-13 (Moroco steindachneri jouyi, P. S

percnurus), decurvature values rangé\from 1.44-1.83 and
scales per vertebra range from 1.9-2.3. As shown by the
overlap values scales are non-imbricate over much of the
body_in some species, except on the mid-flank posteriorly

and the caudal peduncle. Scales are also minimally imbricate

N

~

: AN
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or non-imbricaée predorsally and on belly and around
paired £in bases. Belly and. paired :z:\33§e~scales may be
ébsent. Scale arrangement is irregular in many areas of |
the boedy. The lateral line is moderateiy decurved and may

be completé oé interrupted or absent. It may also stop and
recommence up to three scale rows higher on the flank. Scale
shape on the caudal peduncle:r varies from sub-hexagonal to
oval to su?—circular. Anterior flank scales.are'usually
close to circular in shape. Caudal peduncle scales have
weakly expressed corners, sometimes guite evident, and the
posterior rounded apex is more developed than the anterior
apex. The anterior edge may be produced a little and rounded
or be almost straight. -'The focus is §nb-c§ntral anﬁerior

or rarely central. Anteriér scales Hﬁve a focus centrally
placed or clese to it. Circuli are &épest and mos£ closely
spaced anteriorly and laterally and an antero-lateral inflect-
ioﬁ is not present. Radii are found on all fields, some

originating at.the focus and terminating in mid-field, or ‘

. ' S .
branching. Radii number 9-35 primary, 1-22 secondary/gnd I
N It

16-51 total and variation may be quite marked between scales ///

- . .
from the same specimen. (

GENUS CLINOSTOMUS

Two species, C. elongatus and C. funduloides. Description

based on C. funduloides, 7 specimens, Figure 6 .

Description

Scales regularly arranged over body and non- or mini-

mally imbricate on belly from pectorals anteriorly.
< .

%
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Scales of moderate size, imbricate, overlap set of 10,
caducous. Lateral line complete, slightly decurved. Scales
on caudal peduncle sub;hgxagonal with parallel or slightlg
rounéed sides, rounded postero—latepgl cofners and‘a rounded
apex. Antero-lateral corners weil;developed, anteriof edge
may be almos£ straight or slightly indénted on each side of
a rounded apex. Focus antérior, compressing anterior field.
‘Circuli thickest and most widely spaced posteriorlv, anteriorly
much compre;sed and with a strong antero-lateral inflection.
Radii on poéterior field, edging sliq&ﬁix\ig;é lateral
fields. | ' ‘

| GENUS COUESIUS S

. Monotypic, C. plumbeus, 42 specimens, Figure 6.

Description

Scales regularly arranged over whole body, moderate in
slze, strongly imbricate, overlap set of 7 but very close to
higher couqts, caducous. Dateral line moderately decurved,
complete. Scales sub-hexagonal or sub-oval with parallel
sides passing via rounded, almost absent postero-lateral ' ‘
corners to a rounded ;pex. The anterior margin is wavy or

indented and the’anterior apex is not well developed-bging

'rounded, notched or indiscernible. Predorsal scales are\

7
regularly arranged and are only minimally imbricate. Bﬁily

scales are minimally or non-imbricate. Focus astg;cr,
slightly compressing the“anterior field. Circuli are best
developed on the posterior field becoming thinner and closer

laterally agd anteriorly. There is an antero-lateral inflection.
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Radii restricted to the posterior field. Geographical
.variapioﬁ in radii numbers is minimal (Table 1)
Comments

Jenkins and Lachner (1971) give a range in tdtal radii
of 15-22, mean 18.5 for scales taken .from below the dorsal
fin. Cockerell and Aliigon (1909) have noted strongly angu-
late posterior circuli at the scale median in Couesius, |

Semotilus, Phenacobius and Nocomis but this was not seen

in the present studv except in a few scales of Semotilus.

Couesius and Margariscus are very similar in all scale

characters except predorsal scale count.

GENUS DIONDA

~

Five gpecies, D. diaboli, D. episcopa, D. erimvzonops,

D. nubila and D. rasconis. Description based on D. episcopa,

11 s?ecimens,'Figure 6.

Description

Scales arranged regularly but minimally imbricate on

belly and predorsally. Scales lacking from isthmus region

in some species™ - ‘
Scales large, imbricate, overlap set of 7-9, caducous.

;Lateral line little decurved or almost straight, usually

complete, may follow an irregular, wobbly path. _Séales on

caudal peduncle somewhat irregular in shape being sub-

££iangular because postero-lateral corners hardly'evidgnt.

Anterior sides parallel and antero-lateral corners well

developed. Anterior edge a shallow curve, waGy and indented.

All margins subject-to identations and ragged appearance.
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Focus anterior, anterior field large. Circu;i thickest and
most widely ﬁpacgd posteriorly with a slight or strong antero-
lateral inflection. . Radii on posterior field, edging laterally,
with a tendehcy to fan out widely from the focus. -

GENUS EREMICHTHYS

Monotypic, E. acros, 20 specimens, Figure 7.

Description

Scales over whéle body, crowded predorsally. Arrange-
ment irreghlar in places. -

Scales small, imbricate, overlap set of 7 but variable
because scale arrangement is often irregular, slightlv em-
bedded. Lateral line moderately decurved anteriorly, wobbly,
sometimes iﬁcompleté or interrupted or complete. Interruption
usualiy below dorsal fin énd lateral line may be displaced
upwardéd 1-3 scale rows. Scales on caudal peduncle sub-
circular, oval or squarish; on bellv and napé sub-circular
or oval, sometimes a rounded triangle oﬁ belly; on flank of
large fish squarish without a posterior point but with a . ‘
rounded anterior peoint and with rounded corners; on flank of
smaller fish sub-circular or ovél (size range 64-75 mm S.L.).
Focus anterior but not close to anterior edge. Focus not
fragmented or empty but a.meeting place of radii. Circuli °
not strongly devéloped, more crowded basally and laterzlly.
Posterior circuli somewhat irregqularly placed, not forming
perfect rings. Radii on all fields converging to a point

focus; radii often branched and fragmented.



GENUS ERICYMBA )
Monotypic, E. buccata, 16 specimeq;A\Figure 7.
Description ' \

\
Scales arranged regularly on bodv, ‘absent only from

anteriormost @art of belly.

Sceles large, moderately imbricate, overlap set of 7,
caducous. Laterél line slightly decurved and usually com-
plete but may be absent on a few.scales. Scales sub-hexagonal
with parallel or slightly rounded lateral edges and rounded
lateral corners. There is a rounded posterior ape# and a
less evigené rounded anterior apex which mav have indenta-
tions dorsally and ventrally. Focus anterior, compressing

anterior field. Circuli largest and most widely spaced

posteriorly. There is a mild lateral inflection where the

*\\\\S}rculi pass from the lateral to the anterior fields. Radii

are present on the posterior field only and converge broadly
onto the £focus.
GENUS ERIMYSTAX
:Six species, this descriptiop based on E. dissimilis and
x—éunctata, 15 specimens, Figure 7. "

Description

Scales regularly distributed except variably absent on
anterior part‘of'belly.

Scales large to moderate, variably imbricate, overlap set
of 7, 11 or 13, caducous. Laterél liﬁe straight or slightly
decurved. Scales on caudal peduncle sub-hexagonal with p?ralle

-

. 4
or slightly rounded sides passing through rounded postero-

33
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lateral corners to a rounded apex."Anﬁero-laterql corners
are well developed an& the.anterior edge bears a biunt.apex
with indentations dorsally and ventrally. This edge may.
approach a flat, vertical shape. Focué anterior, usually
compressing the anterior field. Circuli ﬁhickest and most
widély spaced posteriorly and with an antero-lateral inflect-
ion. Radii on the posterior field encroaching laterally.
Some radii with expanded spaces along their length.
Comments

- Jenkins and Lééhner (lQ?li give a rénge in total radii
of 5-26 with means varyving from 5.7 to 18.5 depending on the
species. Theyv took scales.from below the dprsal.fin on the
£lank.

GENUS EVARRA
Three speéies, poorly represented in museum collections,

none available for study. Woolman (1895), Jordan and Evermann
(1896), Meek (1902), Navarro (1855}, Alverez and Navarro (1957)

ané Alvarez del Villar (1%970) give scale characters of this

genus as follows: - '

-

Scales vexy small, over whole body, those on belly and
predorsal area minute, lateral line complete, straight except
anteriorly where decurved above the pectoral fins.

GENUS EXOGLOSSUM

Monotypic, E. maxillingua, 8 specimens, Figure 8.

LY

Description :

Scales regularly az:inged except predorsally in parts

and becoming non-imbricate on anterior part of belly.
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'Scales moderate in éize, imbricate; overlap'éet of 7
caducous. Lateral line complete, slightly décurvedg;Scéles
‘on caudaifpedunclg with short parallel sides passiné thréugh
rounded postero-lateral corners to a rounded produced apex.
Antero-lateral corners are sharper and lead to an anterior
edge with a variable shape but usually having a rounded apex

Weith an ihdentation on each side. ‘The focus is anterior,
'compressiné ﬁhe anterior field. .Circuli are thickest
aﬁé nost widely spaced posteriorly.and there is an antero-
lateral inflection. Radii are limited to the posﬁerior
field sometimes spreading extensively into the lateral
fields."
GENUS EXTRARIUS

Monotypic, E. aestivalis, 20 specimens, Figure 8.

Description

Scales regularly arranged but absent from pelvic fins,

-

ahte;iorly on belly and non-imbricate predorsally and on :

upper anterior f£flanks. - ‘
Scales large, moaerately imbricate, overlap set of 7,

caducous. Lateral line complete, almost perfectly straight..

-éaudal peduncle scales sub-triangular since postefo—lateral T

corners merge into curve of sides to a rounded posterior

apéx. Antero-lateral corners rounded and_antefior edge

varving from a shallow curve to a small, verv rounded apex

- -
<.

with small indentations dorsally -and ventrally. ¥Focus o

\

anterior coﬁpressipg anterior field. Circuli thickest and

most widely spaced posteriorly and sometimes with an antero-lateral

inflection. Radii on posterior field encroaching laterally.
S

~
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Comments’
Jenkins. and Lachner'(l97l) give a range in total radii

of 4-12, mean 6.9 for scales from below the dorsal fin.

These specimens were probably smaller than the dnes used

-

\\\for the present stdy since a range of 13-21 was found for
20 anterior flank 'scales from three specimeﬁs {53-57 mm é.L.)

examined here. This is, however, a geographically variable ;
. v
species. . ' _ AR

- -~ 1

P

. GENUS GIA .
/About 14 species, this description -based on G. alvdr-

densis, G. atraria, G. bicolor, G. orcutti, G. robusta,

40 séecimens,iFigures $ and 9.

Description

, Sééles may be regularly’distriga%ed 6§er the whole bodyv
or practically non-imbricate on the ‘belly and minimally‘:ﬁ
imbricate predorsally. The degree of‘imbr;cation in;these
regions is proéably~rela£ed to size, smaller f£ish béing
least iﬁb;icate. In some fish the‘belly and back may be
naked and in some Colorado River populations séales‘may bé
'virtually absent (Moore, 1968). Predorsal.scales may or
may not be crowded and irregular. -

Scales smél% to moderate.to.lé:ge in s;zg; in G. copei
giving a ﬁieathery"_appearancé.' Scales strongly imb%icafe,
- overlap set of 7 but close to 13 in many instances, embédded.
Lateral line complete or incomplete, moderately decuf&ed,
may break off and recommence a row higher, pore may be off-

»

: N )
centre on scales. Scales on caudal peduncle an élongate oval .



¢

3

-

or sub- hexagonal shape wrth sides parallel or rounded pas-—
sing through. rounded postero lateral corners to a rounded

apex. Antero lateral corners usuallv more abrupt pa551ng

tQ an anterlor edge whlch may’ be wavv and lndented or gentlv.

rounded or posse551ng a markedlv produted and rounded anterlor

. - )
apew. The focus is anterror and may be well set-off from

the anterlor scale edge or compressrng it. Clrcull are

thlckest and ‘most wrdelv spaced Posteriorly. There mayv

o

. be an antero-lateral 1nflectlon. In large G.fBicolor'some

posterlor circuli are broad,and forked Radll may be res- ¢

tricted to the posterlor fleld encroach laterallv or be

found on ail flelds. Radll dlstrlbutlon ls also lntra-

specifically variable. Hubbs -Mlller and Hubbs (1974)
characterise Gila &s -"basal radrl usually lackrng

Varlatlon in radii counts between specigs. lS qulte

marked and may reflect, in part,_varlatlons 1n.512e of adults

.0f different species:-

Primary Secondary

Radii .’ ~Radii
G. aivordensis 49-75 mm §.L., adults 13-33 2414
G. atraria 46=79 mm 5.L.,voung " 5-9 .1-6
G. bicolar 95-232 mm S.L., adults - 4-17 ° 3-14
G. orcutti ° 40~-55 mm S.L., sub-adult 6-12 j 0-6 -
G. robusta ' 52-103 mm SL.. young~ ‘ 4~%2-_ 0-11
. sub=-adult N - - :

<

'Total

Radii

19-40

5-22

nla,

Miller (1945a) cites a count of 33-51 radii for G. ditaeni

presumably flank scales from below the'dorsal fin. 'This is a

small species of Gila and- specimens were probably less than

e
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lOO-mm S.L.. Counts are also given by Cockerell and Allison
(1909) on several spec1es.
: Comments

Trlbolodon, a northeastern As&an .genus -of cyprinids

has been suggested to be a relatlve of ' Gila and the scale

characterS'of one species,f T. hakonensis,are.described here

for comparison.

‘Scales are small, 61-98 in the lateral line; strongly
imbricate., overlap,set of 13 and with 1.7 scales per veritebra.

[y

The lateral-line is comélete and moderatelv decurved (esti-

mate of decurvature 1.56). Scales on the caudal peduncle
are elongate with parallel or slightly curved 51des, rounded
postero-lateral’ corners and posteraor apet and rounded but

_more ev1dent antero—lateral corners. -The anterior edge has

-

& prenounced rounded apex. The focus is anterior with a well

developed anterior'field. Circuli are fine and numerocus in

large fish and thlckest and most w1delv spaced posterlorlv
"l--

An antero lateral lnflectlon is weak or absent because of

the large anterior f£ield which f£2%ilitates the curvature of . q'

circuli into it from the lateral fields. Radii are restrlcted
.to the posterior £field, encroachlng laterally, and number

' 12-20 primary radii, 5-16 secondary radii -and 17-36 total

.
SN -

radii.
'All.theSe-characters fall within the range of characters
shown by Gila species. -

+

GENUS HEMITREMIA . ~

Monotypic, H. flammea, 5 specimens, Figure 10.

-

N \
L N



Description

Scales regularlv arranged over body, large, moderatelv
lmbrlcate, overlap set of 7 but very.close to 13, caducous.
Lateral line moderately decurved terminating?ﬁeldg ortgnterior
to the dorsal fin. Scales on caudal peduncle with parallel
or rounded eides passing to .a rounded posterior apex via
rounded postero-lateral corners; Anterior edge irregular
or indented on either side of a small reunded apex. Focus
anterior compressing anterlor fleld. Circuli thickest and .
most widely spaced on posterior fleld and also a llttle
fragmented, compressed anteriorly and with an antero-lateralr
inflection..‘Radii restricted to the posteridr field, occa-

sionally tightly sinuous rather +than straight.

GENUS HESPEROLEUCUS

- - . ’
Four species have been recognised but these may be only - ,

subspecifically distinct (Moore, 1968)7. Here treated as mono-

typic, H. svemetricus, for convenience (specimens were H: sym=

metricus symmetricus (12) and H. symmetricus navarroensis (2},

Figure 10.

Description ‘ ‘\

Scales regularly~arranged, moderate in size, imbr%ca;e,
overlap set of 13, caducous. Lateral line moderately to{
strongly decurved, complete. Scales oﬁrcaudal peduncle an

elongate, almost perfect hexagon with round postero- aﬁa\

kY
.

antero-lateral corners, the latter being sharpest. The * {

: /
- rd
anterior edge mav be slightly wavv or indented but forms a%

‘anteriqr rounded apex. Small specimens have ‘sub-circuwlar or

39
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% oval scales on .the caudal peduncle. Focus anterior, ogp—

pressing anterior field. Circﬁli are thickest and most®

wlde1y spaced posteriorly where they may fragment and become

p—
lozenge-~ llke. There is often .an antero-lateral inflection

@/

and in larger scales the anterior circuli may be hlmost
obscured by the focus. Radll are variably present on the
anterior fleld g\h always present posteriorly and laterally.

GENUS HYBOGNATHUS

Four species, H. hankinsoni, H. héyi,‘g. nuchalis and
. &
placitus. Descript}on based on all four species, 19 spe-

cimens, Figure 10,

ﬁescription

Scales regularlv distributed over bodv, large, moderatelv
imbricate, overla? set of 7-13° (higher values in larger flsh}
caducous. Lateral line slightly decurved complete. Scales
en caudal peduncle. sub-hetagonal with parallel or slightly
reunded sides, rounded postero-lateral corners and a rounded

posterior apex. The antero-lateral corners are sharp and

the Ehterlor edge usually comes to a blunt apex though this

is little Droduced ernd the anterior edge is almost vertical i

in some scales:

'h-anterlor, may be compressing anterior

-~

field or well set-off from anterior edge. Circuli are thick-
est and most widely spaced posteriorly and there is a'strong
antero-lateral inflection. Radii are found principally on

the posterior field but also encroach laterally in some indi-

’

viduals and species,
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GENUS HYBOPSIS

Seven species, this description based on H. amblops

_and H. labrosa, 21 specimens, Figure 10.

Description

Scales‘regularly dist&ibuted except belly betwéeh pector-
als may be naked, scaléd or partially scaled.

Scales large, moderately. imbricate, overlap'set of 7,
caducous. Lateral line almost straight or slightly'decurved,
complete. Scaleé on caudal peduncle sub-triangular with
short parallel or rounded sides passing to a rounded posterior
ape; without much evzdence of postero-lateral corners.

Antero lateral corners more ev1dent and the anterior edge is
indented on either side of a rounded agex. Occasionally this
edge may be irregular in outline. Focus anterior, compressing
the anterior field. Circuli are thickest and\most widely
spaced posteriorly and there is an antero-lateral infleétion.
Radii are found on the posterior field, encroaching laterally.
Comments i

Jenkins and Lachner (1971) give a rangé in total number
of radii in scales from below the dorsal fin of 5-25, mean
values varv1ng from 7.0 to 19.2 dependlng on the species. ¢

GENUS IOTICHETHYS

Monotypic, I. phlegethontis, 5 specimens, Figure 11.

Description

Scales regularly érranged over the whole body, guite
large, imbricate, caducous. Lateral line absent or

on up to 4 scales. Scales on caudal peduncle sub-
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circular but are deeper than broad. Their basal edge may

be gently rounded or almost sStraight. Predorsal and belly

scales may approach a tear-drop shape with a rounded posterior |

point. The focus is anterior but clearly distinct from the

anterior edge. Circular are few and widely spaced, slightly

wavy and occasionally fragmented. They are thickest posteriorly

and most compressed later;lly and anteriorly. -Radii are found:
on the posterior and lateral fields converging broadly onto
a large focus. Some scales have many secondary radii and
branched and fragmented radii.
| GENUS LAVINIA
Monotypic, L. exilicauda, 9 specimens, ?igure 11,

Description

Scales regularly arranged over bodv, small on bel;y.
Sca}es noderate ih size, imbricate, not very caducous,
overlap set of 7. TLateral line moderafely decurved, complete.
Scales on caudal @eduncle sub-hexagonal with parallel or
slightly rounded.sides. The anterc- and\postero- latéral
corners may be gquite sharp but the anterior apex is more
rounded and may bear indentations dorsélly and ventrally.

' Large fish tend to have irregular margins. Focus anterior
but wel% set-off from anterior margin of scale. Circuli are
thickest and most widely spacquon the posterior field ana
there is an antero-lateral inflection. Radii are found on
the posterior field encroaching laterally. For specimens

N S

53-60 mm S.L. primary radii numbered 5-9, secondary radii

0-6, total radii 7-11; for specimens 153-233 mm S.L. primary °

». M
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radii numbered 9-17, secondary radii_2-l4,nt9tal radii 12-30.

J

Only the latter samples are adult speciﬁéns.

GENUS LEPIDOMEDA | N

.
Four species, L. albivallis, L. altivelis, L. mollis—

pinis and L. vittata. This description based on L. vittata

and L. mollispinis, 21 specimens, Figure 11.

Description

Scales regularly arranged over body but mav not be imbri-
cate beneath paired fins and may be lacking around anus.

Scales sma{l, moderately imbricate, overlap set of
about.9, embeddgd. Lateral line slightly decurved, complete
or almdst complete, slightly wobbly i.e. not in a regular line
but switching vertically one qf two scales. Scales on caudal
peduncle a rounded subfhexagonal or shb—circuiar, with, in
‘some scales, an indented anterior edge on\qi;her side of.a
produced apex. Scale sides parallel or sligﬂply rounded and
posterior and anterior apices evident and rounded or in sub-

circular scales merging into curvature of scale edge. Focus

anterior, close to anterior edge of scale. Circuli are thick-

est and most widely spaced on posterior field where they may ‘

be irregular and sinuous between radii. Anteriorly and
laterally finer and more crowded with an antero-lateral
inflection. Radii on posterior and lateral fields with occa-
sional radii extending from focus to mid-field. In some scales
there are weak but definite anterior radii.

Comments

The produced anterior apex and traces of anterior radii
; =

—
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‘ {
are similar to Gila.z SSale characters add weight to the
opinion of Miller an 960) ﬁha; the Plagopterini
(Lepidomeda, Meda and Plagoptérus)\ are derived from a2 Gila -

like ancestor. /ﬂ\\\,/J . T

GENUS™XACRHYBOPSIS
e

Two species H. gelida and M. mee&i, 14 specimens,
Figure 12.

e

Description

Scales regularly arranged but absent around pectoral
fin bases and in some absent on belly from head to anus,
. S——
others with scales scattered from pelvic fins to anus.
Predorsal and anterior upper flank scales may be non-imbricate.
Scales large, minimally imbricate, overlap set of 7,
caducous. The fleshv keels on scales of M. gelida are not
related to any underlying bony scale structure. Lateral -

line completé, hardly decurved or mid-lateral. Caudal pé-
duncle scales witﬁ short sides'which often curve diréctly into
the rounded posterior apex. The anterior edge has a rounded
apex with indentations and there are evident antero-lateral
- corners. Thé bésic scale shape is oval or sub-triangular.
Focus anterior compressing the anterior field. Circuli are o ‘
thickest and most widely spaced posteriorlv and there is an .
antero-lateral inflection. Radii are restricted to poesterior
field.
comments

Jenkins and Lachner (1971)‘gave a range in total radii

of 7-20 and mean values Of 10.0 (meeki) and 13.7 (gelida)

for scales taken from below the.dorsal fin.
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GENUS MARGARISCUS

Monotypic, M. margarita, 14 specimens, Figure 12.

Description

Scales regularly arrangeghput hinimaily imbricate pre-
dorsally and minimally to non—iﬁbric#te on belly. 'Flank
scales may be irregularly arranged so accufate overlap counts
are difficult.

Scales moderate to small in size, imbricate, ovefiap
set of 9, 11 or 13, caducous. Lateral line slightly to
moderately decurved, may be irregular and wavy or even

-

doubled’ for a short distance. Caudal peduncle scales with _

parallel straight ox slightly réundeé\side§, postero-lateral

corners rounded but evident %gading to a gdunded posterior
i -
apex which is not greatly producéd. Antero-lateral corpefs‘
sharp-or very rounded, antéribr edge indented on each side
of a rounded apex. Focés anterior, compressing anterior
field. Circuli thickest and most widely spaced posteriorly
and with‘én antero-lateral inflection. Radii are present on
the'posterior field extending into the lateral fields.
Comments

Comparison of these scales with thosg of Semotilus

atromaculatus (76-92 mm S.L.) showed them to be very similar

except the latter we Ww¥rger and less rounded and certain
scales bore sharply angled circuli in the mid-line of the
posterior field. Larger scales from adult Semotilus spp.

are much more distinct from Margariscus but this is a conse-

quence of the dispa¥rity in size. ~
‘ ) {
/

' \vf
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Jenkins and Lachner (1971) cite a moderate number of
total radii (15-21) for scales from below the dorsal fin.

GENUS MEDA

Monotypic, M. fulgida, 15 spécimens.

Description
“Scalés" as minutg bony remnants are confined to the
lateral line and range in number from 46-75. The highe;
counts are of almost comp;ete lateral lines; lewéf“ﬁoqﬁés
lack "scales" posteriorly. The lateral lin ¥ bhe a( ost
complete or interruptedf It is slightiy decurved(belfwt <i

the dorsal fin and in this region may be very woﬂgg&

f/‘

GENUS MOAPA

MQnotypic, M. coriacea,‘ZOspecimens,,Figuré 12.
- i ~

Description

Scales are absent from parts of the belly anq predor-
sally. ©Little imbricate over much of the body exeept around
the lateral line. . |
Scales small, overlap set of 7, emgédded. Lateral line
complete, little decurved except anteriorlv and above anal ‘
fin where bends up to mid-line of caudal peduncle. Caudal
peduncle scales sub-circular or oval with anteéo—lateral
rounded corners evident on some scales. The anterior edge
may be a curve from these corners or in larger fish it may--

be indented. Focus anterior sometimes obscuring anterior

field. Circuli are obscured on the anterior field by the



focus in small fish and sometimes in large fish. When pre~
sent anterior circuli are few and*Srowded. Posterior and
lateral circull are egqually devéloéed. Radii are present

on all fields and may be branched o%-fragmented.

GENUS MYLOCHEILUS
Monotypic, M. caurinus, 4 specimens, Figﬁre 12.

Description

.

Scales regularly arranged over whole body, particularly

small on belly.

 Scales small, imbricate, overlap set of 7 varving to 9

or 11 in some specimens, caducous. Lateral line complete,
almost mid-lateral but slightly decurved anteriorly. Scales
on caudal péduncle sub-hexagonal with parallel sides or sides
slopiqg, i.e., converging,'slightly.posteriorly. Postero-
lateral éorners rounded and posterior apex‘quite evident
but.alsdarounded. Antero-létéral corners rounded but more
obvious than postero;lateral ones. " Anterior edge indented
onfeither gide of a rounded apex or wavy. Focus anterior
compressing anterior field which is nevertheless distinct.

Circuli widest and thickest posteriorly and with an antero-

lateral inflegrion. Radii are restricted to the posterior.
I T

k)
v

GENUS MYILOPHARODON

\

Moijtypic, M. conocephalus, 5 specimens, Figure 13.

Description

R by

Scales small, distributed over whole body, imbricafe,

bverlap set not determined, caducous.

- -

47-
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Lateral line complete, slightly decurved. Scales on
caudal peduncle elongate, sub~circular with a rounded

_ ) ) g,
posterior apex. Antero-lateral corners evident and anterior

edge indented on each side of apex.- Focus anterior but

anterior field distinct. Circuli are thickest and most

widely spaced posteriorly and some scales have an anterd-

lateral inflection. Radii are fouﬁd on the posferio

encroaching laterally. -Q\‘_\u////’—#\\\\ -
| . - GENUS NOCOMIS T~ /.

!
Seven species, this description baség on N.

biguttatus, N. effusus, N. leptocephalus, N. microQogon and

N. platyrhvnchus, 22 specimens, Figure 13.

Description L \\

Scales regularly arranged over bodyfffcéét breast which

~

. e
may be completely scaled to naked. LachEES and Jenkins (1971)
discuss breast squamation in detaié;\\?cc

asionally predorsal
) it

N

scales are slightly crowded.
Scales large, imbricate, overlap set 13 sometimes 11
latter count seen in younger.ffgh, cadupous; Lateral line
. ‘complete and slightly to moderately decu_rved.‘ Scales on . - ‘
Ea&kal pedgncleasub-hexagonarnﬁith parallel sides or with sides
;/“%;\\,cﬂfiigsféiightly posteriorly and mefging into rouﬁded postero-
lateral corners and rounded apex. Occasionally there is a
slight slope anteriorly, i.e. convergence, of sides.
Antero-lateral corners rounded but sharper than postero-
lateral corners. Anterior edge wavé-ér almost straight or

indented on either side of a rounded apex. Apex itself may



.
5

have a little notch. The focus is anterior and often ;oﬁ*
presses the‘agterior field. Circuli are widest spaced and
thickest posteriorly although this is hot as marked as in
species with fewer cirquli."There is an antero-lateral
inflection. Radii are found principally on the postérior
field but encroach laterallvy and in some specimeps'of N. bi-
guttatus almost extend to the anterior cornergeof the scale.
Comments

Jenk}ns and Lachner (1971) give highef’?otal radii
counts 23-54, for scales from below the doréal fin. These

authors did not give sizes of specimens they examined and

differences in counts here and in Yuriria and Extrarius may

be accounted for by size discrepancies and body position from

which scales were taken.

. GENUS NOTEMIGONUS

49

Monotypic, N. crysoleucas, 27 specimens, Figures 13, 14, -15.

Description

Scales regularly arranged over entiré body excepf on
belly where a narrow, naked, fleshy keel extends from the
pelvic fins posteriorly to the anus. The keel may be almos?
obscured Ey scales but not overlapped. -T\

Scales large, stronglv lmbrlcéEET\overlap set of 13,
baducogs. Lateral line strongly deeuxred complete. Scales
on caudal peduncle sub—hexagonal with straighe or slightlvl
rounded lateval edges, rounded postero-lateral corners and a

rounded or wavy but shallow rosterior apex. Antero—lateral

corners well developed, anterior edge variable from almost

=
-

N



suouyoods uerseny I9TTPWE 8Y] ING - FTPUI 107, P33UN0CI 010
43 01 pIDTIIFDX TIpeR pey svoutsads ue

¢

'I0U D10M FPTOTI ([T UO TIPERI YITH |

4 sudwyoads owoyy
tueuny 9yz pue oI9y pauywexs oaem sordues oMY,

‘PTI3TJ 1oTaoj3b0d

d uy soinhyy ¢

"

-1

——

//f: *SJUNOD DTEIE WOI DHINFVAINDOP mmWﬁnchmuaﬁ.mo_moumEﬂumc @de somOyjUIILC
2 . R : ’
' N ) A11ea03eT . uoﬁumu:m ’ (8'1)
1qeyaea ua3jo ‘zopasjue 27a3u80U0D 1eI3UD0-gne’ . paAInOop
s/vm.ﬁ N 11 .ucﬂuaumom .mnuwa. ) ‘ouyys ATaybyre juogoad Ara3vaopow
e . . . . . K . -
{11cws .- Arteaoiey JoyXojue - TARS
suawyoads) * s8] ® ‘IOoTIDjuUE S¥IjuLau0n . |, 1rA3U0-qnE . paiinoop
2°1 . 11 ‘royxaisod ‘gz-11 faury ATaybyts juagoad  Areajexspouw
] . . Attezozey _ 101a93ue - (€7¢)
: #a3 v ‘i1ojaojue DTI3UODUOD Tex3uad-(ns ’ paAlnoop
P § . \.h ‘10719380d .hw:na fout] ATaybits Juagoad A1bhpoans
. DYIFUBO0D whHuOﬁucu Lt .
-god 1o81v0D . ~ (v-z)
hﬂamumuma “o3 e’ fAraqracy aoctaajue . poainoop
z'1. ‘L rf20710380d ‘L1-8 ~Ue  guyy 1eIjuno-gng ~ juogoxd A1bloxys
\ ATteasqey : . (e 1)
///x #9231 v '1oyaajue OFaI3u9sU0D . ppAInDop
. 17 1T~6 aoyaoasod, ‘g1-6 ‘auty 1eIjuan juosoxd | Arojexapou’
(T1ews A11easger N AR )
susutoads) #2037 ® '107a83UPC 21A3UVIUCD . paainoap
1 64 ‘101109804 ‘Qp-91 ‘auty Teajued juosoxd Areaexzopouw
o . . (9 1)
‘ ch\ £1 Fotaajzsod ‘Qr-¥ 2TaA3U2IUCD poaxnnap
‘auty ieijuod Jusgoad ,maoumuccos
zrert
paaanoap
0]I3UIDUCD Arbuoaas
z°1 £1 Ioyzazsgod 'T1-p" ‘ouyy TeA3uss>  juesosad Axaa
' uor3l1sod {00y adeys
MMMMuHM> . mu:”ov Nwﬁuwwon ﬁmn. TIN2xYD © 8nooj {e13UoA outT
/8ateng ' deti9ag qunu prpey 3InpyY PaxeN  Teasieq

CRQUEA RQUIYA.L

vuyI00(q

vOOT1d

: snuInqre
SOUINTY

mﬂUQUUCﬂmﬂQ

fapyouanqiv
v
edes syweaqy
rweIq
yymeIqy
snaoTLeq
syueIqy

8¥oNo]08A10
snuobiwoajoy



'straigh to‘savv to marked indenﬁations witp an .apex. . o
Focusuéentral ‘or sllghtlv sub—central anterlor or poseerlor.
On small fish chus markedly sub—central anterlor. Clrcull
'f reguldr, flne, concentrle about focus,.almost equally devel-
oped oglalI fields but posﬁeﬁio: bnes slightly more’ evident,
much more evident-oﬁ smeller fish up to about 85 mm S.L.
‘Radil few restrlcted:to Destefior field primarv-radli 4-10., -
. b. anfrequentlv 1-4 s@Eondarv radll, total radll 4-11 (72- 130 mm

.S L. '— adult égﬁsﬁi:adult specimens). . | , ‘
_ " ‘ ' . : ’

COmments A ) R ST ' =

gy

Cockerell (1909b) described“juvenilé-séale characters

. and on thls basis conSLdered Notemlgonus unrelated'to Eura51an

-

Abramldlnl. Thls/sas later amended (Cockerell 1914) he'
/ -

. comblnatzon of & naked keel, stronglv decurved lateral llne,_

5

central focus, flne concentrlc c1rculL and few posterlor radii-

,_-_

make this species unique w1th1n North™ Amerlca. In these

- characters it most closelv resembles the Eura51an Abramldlnlk

(Dage 59-).- The Eurasdian® ltrlnae also share some of these

characters (see =N 59) but differ in several other lmportant

resoects (see P. 430) which exclude them from-a 90551ble rela-

K]

"

~, tionship with Notemlgonus. ] ' ’ . i -
T ..JG§\IUS NOTROPIS T '

o . . Polvtypiec, in exeess of 117 species, de crlggions here:
based on N. atherinoides, N. atrocaudalis, N. renatus, - .

-

N. blennius, N. cornutusa N. hudsonlus, N. lutren51s, N.

’“\\ Erocne, N wrosarplnus, N texanus, N umbratxlls, N. venus-_
- " - —_— £V N
© tus and. N. volucellus w;th anerous publlshed accounts, -

85 speclmenS, Flgu:é@ 16. '_ . = o LR
- H \ . . - . — . ; . "., € \,‘..
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~ .

)

'on:tpé nape, ‘predoysally crowded or reguiar, bréast nakéd

or scéled. ﬁean values of late;él line counEs'are diétri-
buted as follows: - 30-34 (108), 35-~39 (60%), 40—44_(23%), -

45-49 (3%), 59-54i(§%)-and 55-60'(1%); in the fange 30-44
(9%%) (base@jon'published accounts and personai observa;ioﬁs

for a total of 96 species). Predorsal scale counts include

many mid~X¥ine counts as well as scale row counts.
< .

E

Scales large,_imbricate, overlap set of 7, oftentvery

.chucoust Léteraiiline usually complete and slightly de-
curved but in some ;pecies incoﬁgzgfe and occasioﬁélly quite

.strongiy décurvgd. fScales on caudal peduncle are sub—hex;gohal

'b;‘sub—triangular, tﬁe latté shape being approached in scales .
whére the poétero-léterq;*ggrnerg aré pooriy deveioped. -The

- sides are parallel, éonvex‘or stping-gi'ghtly'to the anterior.-

A posterior ;ounded épex is evi3ent; Th aAteroflateral
QOrnérs are much sharpe; than the postero-lateral ones. The
anterior edge may be a shallow curfe, almost vertically'
straight, or it may be iil'ldented on each side of a rou.nded,‘ i
small apex.. Fscug anterior, variably well set—dff from

. anterior edée ©or compressing it. Circuli are most wiéely‘
Spaceé_aﬁd ;hicke;t posteriorly and an antero—lgteralmin—
flection ié érgsent.' The posterior field may be broken up K
and.irregular'in so@e_larger fish. Radii .are resg;icted to :
»Ehe poéferiof field / encroaching latergllf in spme.speciés.

RZdii numbers’ vary, some larger dpecies having many



/r\"

J
radii.and smaller speeies-relativelv few, e.g. in Notrogis
- ~

cornutus, (75-135 mm's L.}, prlmarv radii number 10- 34

secoq?gry radii® 2-37, total radll 16-71; in N. venustus (49-
B ’ -

- \;" B 4 .
61 mm S.L.), pfgaarv radii number 5-7, secondary radii 0-2,

. total radll 6- &q-ln N. umbratllls (36747 mm S.L.), primary
- ~

/

ﬂradll number 4-9 secondarv radii 0-8, total radii 5—15.

There are however specxflc and sub-generlc differences

(Cockerell and Callowav, 1909k; Jenkins and Lachner, 1971).

;Comments

Many eastern N. American genera share several scale

H

V - - 3 ' - . -
characters with NOtIOElS spec:.es.3 Other genera may be dis-

tingulshed on the*baszs of certalﬂ characters, e.g. scale

#’//ﬁadll egnn:s are hlgher in Nocomis than in HVbOESlS S. l and
/
ot

N pis (Jenkins and Lachner,1197l)

k GENUS OPSOPOEODUS

N Monotypic, 0. emiliae, & specimens, Figure 17.
Desgrip )

©tion
- s
'S;Eies regularly distributed extept crowded predorsally
and absent _amterior part of belly.

\ ‘scales large,'moderately imbricate, oyverlap set of 7,

caJucous. Lateral line complete usually but may bgfanter—-
'\

rupted or terminate above anal fin, slightly decurved. 'Scales

53

~

N

on caudal peduncle have rounded sides which curve to a rounded post-

erior apex. The antero-lateral corners®ire evident and there
is a shallow rounded anterior apex. Focus anterior., compres-
LA - ’

sing the anterior field. Circuli thickest and most widely

spaced posteriorly and an antero-lateral inflection is present.

Radii are -restricted to the posterior field.

’

/
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- GENUS QOREGONICHTHYS

Monotypic,<;. crameri, 8 specimens, Figure 17, Jir

*

Description \ \

~
: :
N

Scaieg-;egularly distributed on bodv except on belly

where ‘absent ant 1orlv and non lmbrlcate lmmedlatelv pos-—
&=

terior.
2 scales large,'moderately imbricate, overlap set of 7,

caducous. Lateral line complete, little decurved. Scales

?a

yon caudal peduncle *with short rounded sides sloping to a
3 P ,

rounded posteriox apex with the postero;lateral corners
hardly evident. The anterior scale edge is a gentle curve '

w1th a trace of an apex and dorsal and %entral lndentatlons-
| ‘ .
in some scales. ﬁiocus anterior compressing the anterior

' X -
field. Cieéuli thickest and most widei@ spa&ed posteriorly

~and with an anterollateral lnflectlon.K\?adll are restricted

to the posterior field. \\_/

Comments i . S

R

Jenkins and Lachxer (1971} gave a range in total radii

of 7-13, mean 10 8 fbr scales tak/ﬁ from below the dorsal

fin;

—

/' . ( GENUS QRTHODON /

-

N

l s .
(;enotypic, 0. microlepidotus, .18\ specimens, Figure 17.

1

Dese&iption ) j\" "
. Scale arranged somewhat irregularly over whole body,
smell, weakly imbrieate overlap set of 7,,embedde@)3 Leteral
line descending s;é;ply‘jrom head then sligbtly decurved on

-

g@d—line,'wobbly, occasionally interrupted, ending a few
. , . © . '



x
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- N w

{ scales before caudal fin. Caﬁéal peduncle scales usually

o

sub-hexagonal, with parallel sides and rounded corners, the
anterior and posterior apices varying from blunt to absent

because merged into curved scale edge. Focus anterior,

L]

anterior field evidef#t. Circuli are widely spaced p9§teriorly

£

and take thexform of elongate lozenges between the radii.
Anteriorly and laterally circuli are fine and crowded.

Radii are found on all -fields except in small f£ish where

they may be restricted to the posterior field. Some radii -
commence at the focus and extend to mid-field, others may

be in mid~fielid. Cockeréll (lgoégx seems to ha%e‘examined

a juvenile specimen since the spegiés was charagke isel as
having few apical radii. Smaller specimens 72-90 mm S.L.
have primaryv radii numbering 4-11, secondary radii 0-10,

and total radii 4-17.

GENUS PAREXOQOGLOSSUM

Monbtypic‘ P. laurae; 5 specimens. Hubbs (1931)

figdres an anterior flank scale. Seéﬁ;j@ure 18 also.

- Description = S S \

"

Scales regularly arranged over body except immediately ﬂ

behi.nd head predorsally where small and irregularly ‘arrangéd i

and on.bxéast'wherg_gbsent anteriorly and non-imbricate

posterioriyv' In larger specimens breast completely covered

(Hubbs, 1931). %
Scal%s meoderate in size, imbricate, overlap set of 2,

I
caducgus/’ Lateral line complete, only a little decurveg,

. ‘. 3 Y .
sometimes wavy. Scales on caudal peduncle with short,

- . -



parallel sides passing through evident posterior corners

to a rounded posterior apex. Anterior corners sharp and — .
‘ ~ T ‘ N - .
; .

-

anterior edge indented on each side of a rounded apex.

Edge may be wavy or a smooth curve. TFocus anterior close
to anterior edge. <Circuli largest igﬁ/ébst‘widely spaced

posteriorly and with an antero—latﬁ%al inflection. Radii

restricted to the posterior field. :
\.-//\ S~
GENUS PHENACOBIUS

Five species, this description based on P. mirabilis

and P. uranops, 8 specimens, Figure 18. '

Description

Séales distributed regularly over bodyv, except variably
naked -on belly anterior to pectoral. fin bases.and scmetimes
ndﬂ-imbricate posterioriy on belly.

“, Scales large to moderate, imbricate, overlap set of 7-13,
caducous. Lateral lige complete, almost perfectly horizon-
tal on flank and caudal peduncle. Scales oq‘caudal'peduncle
with parallel or rounded sides leading via well-marked -
poétero—lateral corners to a rounded posterior apex.
Antero-lateral corners moré sharp, anterior edge a shallow

curve, irregular or inéknted with an anterior apex. Focus ﬁ
N . £

anterior, distinct from or close to anterior edge. Circulis

M

¢
+

thickest and most widely spaced posteriorly amdiwith an J
W . . . .

* AN ) * )

antero-lateraNinflection. Radii are found on the posterior

field, sometimes croaching laterally. :

N Comments B ’ . \\

- " Jenkins and Lacﬁlé; (1971¥ cite a range of about 8-15 /

b

ﬁf{)/y total radii for scales taken from below the dorsal fin.



GENUS PIMEPHALES

¢ - Four species, P. notatus, P. promelas, P. tenellus and
“\\ P. vigilax, deséription based on P. notatus, P. promelas

and P. vigilax, 19 specimens, Figure 18.

Distribution

Scales over whole body, usually crowded predorsally,
belly naked from pectoral £in bases anteriorlyv.

Scales large, imbricate, overlap set of 7, caducous.

Lateral line little decurv complete or incomplete “vatiably -

wiﬁhin and between species. sc les on caudal peduncle with 4
a short horizental axis, ;ides rounded or pérallel but short

_ passing ;hrouggarqunded, pronounced or non-evident postero- !
lateral corners t0 a compressed rounded apex. The antero-
lateral corners may also be non-evideng“or sharp and ﬁﬁéqf‘
antefior”!dge is compressed without a marked apex and
often irregular. Anterior flank scales are a vertical

~ov¥al. Focus anterior, well set-off or compressing anterior

field. Circuli are thickest and most widely spaced posteriorly

and,theig is a slight to strong antero-lateral inflection.
. —_—

Radii are found on the posterior field, encroqsiing laterally,

Comments
P Hubbs and Black (1947) described geographical variation ‘
in total radii of scales from below the dorsal origin of P.
<>

vigilax and give ranges and means of counts ‘for six 10 mm

size’classes of the Pimephales species.

N

GENUS PLAGOPTERUS

f w )
' Monotypi¢, P. argentissimus, 10 specimens.

L
-
e —

'Q 4

q
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Description

True scales absent, rudimentary slivers of bone without

radii or circuli found along lateral line, in several irre-

_gulgr rows above lateral line extending on to the back

before the dorsal Ein,_few Qr none on flank beneath dorsal

-/
fin and up to three rows on the back at the caudal peduncle.
\ ’ * : '

Paﬁéhgg,also found occasionally below tee lateral line near
the opérculum and on the brkast beiéw tﬂe pectoral fin (4-9.

in number usually in two rows) le row of "scales" is

-l -

found on the ventral edges df the

udal peduncié between

the anal and cauvdal fins. Along/the lateral line bone rem- \'

-

nants number 16-65, above the teral line 8-10 and predorsally

15-24. .
"Scales" are strongly embedded and outside the lateral
'
line nonzimbricate. "SF%I;; shape varies. from vase-like to
oblong. ‘gie lateral line is mid-lateral and the scales
are contiguous near the operculux Secgranc non-imbricate

I
G-

posteriorly. "Scales®™ in the lazer-al ¢ may extend almost

to the tail or end abruptly anter: : zne Zersal f£in. The
lateral lime may be wobbly. - Lateral iL:e scales .consist of
a bony tube with dorsal and ventral Zldnces cecreasing in ' /
size posteriorly, ) |

-

GENUS PLATYGORIO

Monotypic, P. gracilis, 10 specimens, Figure 19.

‘Description

Scales regularly arranged over.whole bedy all to

-

moderate in size;.imbricate, overlap setz or 13 (11 in some

L
—
.



small specimens), caducbuﬁ. Lateral line_complete, sligh ly
to mode;ééely decurved. Scales on caudal peduncle sub-.
hexagonal with parallgl sides ané roﬁnded postero-lateral
corners leading to a rounded apex. Antero-iateral corners
sharp'with the'antefiof edge.wavy'or indeqted on each side
of a rounded apex. Focus anterior with a(lapgé/gggerior
field. Focal area large and lacking radii and circuli in
these specimqns. Circuli éré thickest and most wiéely
spaced posteriorly and there is an aqterﬁ—lateraI inflection.
éirculi are numerous-in thesé AR2rge specimens. Radii ére
festricted to the posterior fi?lgvput sometimes encroach
laterally. ' - -
Comments ) ‘. o

—

Jenkins 7and Lachner (1971) gave a range in total radii
_ N :

of 13-18, mean 14.8 for éééles from below the dorsal
. | .
fin. d _ s

- i \\ 4
" GEMUS POGONICHTHYS™

- -

Monotypic, g/ crolepidotus, 1 specimen, Figure 19.

Description

Scales over whole.bodv, those on belly irregglar in
shape and of varving sizes. : - b

Scales moéerate in size, imbricate, overlap set not
determined, caducous. Lateral line complete, slightly dej
curved anteriorlyv. -gcales on caudal. peduncle sub-triangular
with rounded sides and a rounded postérior apex. The antero-
lateral corners are sharp\énﬁ the anterior edgé is varioﬁsly
a shallow curve, wavy or indented on each side of a rounded
apex. Focus'anterior, but anterior field largé. Circuli

N
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+hickest and most widely spaced posteriorly and with an antero-
‘lateral inflection. Radii on posterior field encroééniqu,a
laterally. ‘Cockerell (1914) cites 35 apical radii.

. GENUS PTYCHOCEEILUS

Four species, this description based on P. oregonensis,

8 specimens, Figufe 19. ¢

Description

Scales regularly arranged but small prédorsally and \

‘ ... - -t

even smaller on the belly. \ e

Scales small, imbricate, overlap set 7 but may be 11 in

places, caducous. Lateral line complete, slightly to moder-
ately decurved. Scales oﬂ caudal peduncle sub~hexagonal

with parallel sides though edge .may be wavy, rounded corners

and egually developed apices. The aﬁterior éége'may be wavy
or irregular but is often a smooth or indented curve to a
rounded apex. Some scales have a produced anterior apex

like Gila. ' Focus anterior with a large anterior field.

Circuli are thickest and most widely spaced posteriorly and

l .
’

there is an antero-lateral infléction. Circﬁli are numerous
in these large specimens. Radii are present on all fields
but often sparse to absent on the anterior field. Tateral
radii may be few or numerous and both lateral and anterior
~radii may be broken, brancﬁing or lie in'mid-field.
GENUS RELICTUS
Monétypic, R. solitarius, 8 specimens, Figure 20.

hy . 4
Description

i

Scales somewhat irregularly arranged but distributed

v

-over whole body.
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Scales small, minimally imbricate, “ '
(exact arrangement hard to determine beéiﬁsadggﬂlrregular j

scale arrangement), embedded. Lateral line in errupted and {.

usually ending before the.lével of the dorsal fin. Pores:
number 3-29 (Hubbs, Miller and Hubbs, 1974). Scales on ~
caudal peduncle sub-circular to sub-hexagonal with sides

converging slightly to the;anterior. All corners rounded
r
and edges smooth except anterior edge may be wrinkled. Focus

“anterior, anterior field large. Circuli thickest and most
widelv spaced posteriorly and there are numerQus fine circuli

- on the anterior field. Radii are found on Qil fields but
. 7
are most abundant and crowded posteriorly. Branched radii,

9

radii 1lyi in mid-field and radii extenaing from focus to

mid-field

Jere common. .
GENUS RHINICHTHYS |
. b v
Five species namely Rhinichthyvs atratulus, R. cataractae,

R. evermanni, R. falcatus and‘R. osculus. Description based
on specimens of all these species, 50 specimens, Figure 20.

Description ,r//

Scales regularly arranged over body with the ‘exception

» .
of the predo:sﬁ*l— region in”some specimens where scales may ﬁ

>

be crowded and on the isthmus where they mav be absent.
-

/”/) Scales are also absent from the fleshy pectoral and pelvic

axillary processes.
. Scales mode;éte to small in size, strongly imbricate,

- overlap set_pfr7—13, caducous. Lateral line is usually

complete and little decurved but in R. osculus in particular «
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)

- it may be irregular in {ts path.éloqg the flank, ingerrupted
and terginating before the caudal peduncie. Scaleé‘on caudal
peduncle are an elonéate sub—héxagonal‘usua&ly with parallel -
sides, roundéd postero-lateral corners (maywbe merged into
a curve to the posterior apex such tgat the scale is'sub—

triangular), a rounded posterior apex\end evident antero-
. ~ ¥

-lateral corners. The anterior scale margin may be rounded,
wavy or form an apex. Focus anterior and close to anterior
edge obscuring girculi in some scales but clearly set off in =

T | -
others. Circuli are thickest and most-widely spaced posteriorly

but close to the focus they become fragmentg& or absent.

. 4
There may be an antero-lateral inflection. Radii are

- usuallv present on all fields though they may be absent )
%ateially and anteriorlv in some scales of'g. atratulus‘
and R. falcatus. Branching may be common. Wide range in
radii nu&bers between fish of similar size.

GENUS RICHARDSONIUS,

N

Two species, R. balteatus and-g. :Eregius, this des-
‘¥ N\, )

éription based on R. balteatus, 5 specimens, Figure 21,

e : .
Description : :

- I

Scabes_are distributed over the whole body in a regular

" fashion but slightly crowded predorsally and very small on

—  the belly. - B i

G - \ .Scales moderate in size, imbricate, overlap.set of 7
. S

- -

caducous. Lateral line moderately to strong%y decurved, T
. occasicnally interruptea, Scales on caudal peduncle sub-
circular or oval-with little eviden;;hgz\torners‘and a wavy,

-

rounded or indented anterior'edge. Focus anterior compressing

Bl

e | ' * ~

- - r



antei?or field a little. Circuli thickest and most widely

spaced posteriorly and with 4 slight antero lateral in-

flection in some scales. Radlygére found on ‘thénposterior
, i J

field, encroaching laterally.

] “

Comment\\a ~/= ) _ AN ~—

Thﬁ genuvs Clinostomus has been Synonymised w1th

Richardsonlus by Uyeno (1961). Scale characters are

comparable differing principally in scale counts above

the lateral line, the overlap sSet and scale shape. ~.

- \

GENUS: SEMOTILUS N
» NUS. SEMOTILUS

Two species, S. atromaqx{;tus and S. corporalis; 27

v

specimens, Fi i g

Description

ey . ,
Scales regulaer\arranged \cept on bellv where may

be absent 5Hférlorly, irregularly arrggged and minimally

IS

imbricate especially in ?;aﬁg. o
= '

Scales of large to moderate size, moderately to strongly

imbricate, overlap variable 7, 11 or 13, caduccus. Lateral
! . T t " N
liné complete, slightly to moderately decurved. Scales on

caudal peduncle sub-hexagonaf with parallel or slightly con-

vex sides, evident, roundgd postero-lateral corners and »
’ . . ' < N

rounded posterior apex. tero-lateral corners sharp.
. - > -~

Anterior edge variable in form, from a smooth shallow curve

3 ) c |

through ' a wavy irreéular edge to a rounded apéx with dorsal =’

‘and ventral indentations. Focus anterior with evident

= .
anterior »field. Circuli-~are finest and most closely gpa§§§
. . . . G
anteriorly and laterally. Posterior field circuli may

K]

\ ’ o -, . . . L
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“.develop hollow spaces or become irregular and Qavy betﬁeen\\
radii. In certain, but not all, scales posterior circalia

may pass through'a sharp to moderate angle'in the mid=Iine

- - ~
{see Cockerell and Allison, 1909} Radrl are restrlcted

pr1nc1pallv to the posterior fleld although thev may en—”

croach laterallv. " — .l

Comments

Jenkins and Lachner (1971) c1te about 25— 40 as ‘a range

in total radii for scales from below the dorsal fln. These‘

authors also consider scale morphologv of Semotilus and

Nocomis to be 51m11ar 'and this agrees w1th the present. data

GBNUS 'STYPODON .
- . - -J.
Monotypic, $. signifer, and probably extinct. ' No
. .. .' : . -. s
specimens were available for study. Garman. (1881) gives
. kI
. g B -t
the following scale characters. Scales moderately large,
eZsily detached, broadly, rounded .of the postéricr .margin,
. . - L5 1 : . . ;_'/N_
lateral line complete, below the middle of the side of the -

' \.tail, lateral line scales 35, \n transverse serie$ 6 + 1 + 2.

~ N -

o N GENUS TIAROGA T R
\” ‘ ‘_ ‘ ' ' . - .
N Monotypic, T. cob:‘gocis 8 specimens, Figure 21. ‘
. - e e .. -
Description ) s P I - ¥

Scales restricted anter’brlv to lateral llne and 1-3 rows

above and below it. Posterlorlv the number of rows 1ncreases

a ' -

so that the caudal oeduncle is almost comoleéé%L scaled.v
The belly 1s naked w*’ some scattered scales between the .-

oelvrc fins. The back ln front of the do“sal fln may bg\naked

-

or .there mav be s@me scales lmmedlatelv anterlor to the £in=

' . -.',-‘ ~ BTN

<
Va
¢



but nqt-onktheinape. The bases of the dorsal and anal fins

i

also lack scales. . .

- . PR V.

N Scales small, non—lmbrlcate except in and about lateral

line, empeoded, overlap count 7. Lateral ling complete and K
™

3
almost horizontalﬂ General Shape oval or c1rcular without .

-

ev1dent corners o aplces. Focus sub-central ant\rlor or .

rarelv almost central Circuli thlcker and more widely

*_spaced posterlorlv whlle thinner and more crowded anterlorlv.

-On scales with'.a central focus circuli are egually developed .

‘on all fields. Radii on all fields, equally developed, with
. v ‘\ "‘. . -
some branching'and\radii exteaging from focus to mid-field.

v Genus Xvstrosus
MonotYpic, X Eoooche, 4 speczmens, Figure 22

"Description’ .

Scales regularlv dlstrlbuted over whole body, small to
. moderate in saze, stronglv imbricate,’ ovérlap set of lB
‘Lateral iine cOmplete,‘moderately decurved and occasiOnally
wavy. Scales on caﬁdal:peduncle with sides slightly rounded
ahétslightly diveréing posteriorly. General shape a rounded,
elonéate rectangle \-\rit'l'} evident posterior apex and an anterior ‘
edge with a rounded apex, itreéular or a rounoed curve. Pos- |
terior corners may be rounded or guite evident while anterior
corners follow a general curve into the anterior edge. Focus
anterior: anterior field distinct but small. Circuli thickest
and most widely spaced posteriorly with a slight antero-
lateral inflection. Circuli in the mid-line of the posterior

. field are sharply angled in some scales, more rounded in others.

~
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Théré is some indiéétion that sharply angled circuli pre-

dominaté in scales with rad;i restricted to the posterior

and lateral fleldé: Radii may be réstricted to the posteriqr

and’ lateral flelds or they may be found on all fields. Even

adjacent scales show a marked difference in counts of radii.
Genus Yuriria

Monotypic, Y. alta, 8 specimens, Figure 22.

Description

Scales regularly arranged over body, smallest on anterior
belly.

Scales moderate in size, imbricate, overlap set of 7,
caducous. Lateral line complete, moderately decurved. Siées
of caudal peduncle scales parallel only anteriorly and may
be rounded. The sides pass to a rounded posterior apex without
obvious postero-lateral corners. Antero-lateral corners sharp,
anterior edge rounded or a rounded apex with dorsal and ventral
indentations. Focus anterior, well separated from anterior
edge. Circuli are thickest and most widely spaced posteriorly
where they are wavy and in some instances iFagmented. There
‘is an antero-lateral inflection. Radii are restricted to the i
posterior field, encroaching laterally.
Comments

Jenkins and Lachner (1971) gave a range in total radii
of 16-21, mean 17.7 based on scales taken from below the
dorsal fin. The discrepancy in counts is probably due to
differences in size of specimens and possibly body position

from which scales were taken.



Scale characters of cyprinid sub-families

This section attempts to summarise the scale characters
of 0ld World cvprinids in order to facilitate comparison
with New World cyprinids. It is based on the available

specimens listed in brief here and in more detail in Appen-

dix 1 and on the works of Cockerell (1910), Cockerell. (1l9lla),

: Cockéreil (1911b), Cockerell (l914), Cockerell (1815),
Cockerell and Moore (1910), Chu (1935), Haque (1955},

Galkin (1958), Robayashi (iQSS), Kobavasi and Hayasi!(1958),
Das (1962) and\gg;:ﬁ/and Low (1970). The genera examined

in these works are listed here; some are propably synonymous,

. . . .
and adlocation of some to sub-family is disputed (see Appen-

2

dix 3).

Sub-family Acheilognathinae
Specimens of Rhodeus and published descriptions of this

genus and of Acanthorhodeus, Acheilognathus, Paracheilo-

gnathus, Pseudoperilampus.

Scales small to moderate in size with 33-55 in a com-
plete or incompleté and slightly decurved lateral line.
Mod%rately imbricate, overlap set of 7,‘éaducous. Anterior
flaﬂk scales are a vertical oval but those on the caudal

peduncle are a short sub-hexagonal or sub-ovate shape. The

sides are parallel or slope posteriorly. There is a posterior

apex and a slight anterior apex. The focus is central or
sub-central anterior with a large anterior field (but central
on anterior scales). The posterior circuli may be finer than

those elsewhere or thevy may form "bubbles" or degenerate.

67
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Radii are restricted- to the posterior field and number about .

13-30. They are often degenerate or wavy. v ‘ .

“

Sub-family Barbinae

Specimens of Barbus and published descriptions of this

genus and of Catla, Capoeta, Cirrhinus, Cyvclocheilichthvs,

Garra, Labeo, Lissocheilus, Onvchostoma, Osteocheilus, Per-

cocypris, Procvpris, Pseudogyrinocheilus, Ptychidio, Puntius,

Semilabeo, Sinibarbus, Sinilabeo, Spinibarbus, Spinibarbichthys,

Tor and Varicorhinus.

Scales small to large with 17-103 in the latéral line
which is complete and moderately decurved. Variably imbricate,z
overlap set 7-13, caducous. Caudal peduncle scales sub-hexa-
gogél with parallel, slightly rounded or slightly coﬁverging
antericrly sides. stero~ and antero-lateral corners usually
well developed occasionally curving to the posterior apex.

The antero-lateral corners are most distinct and the anterior
edge is formed into a marked apex, or is wavy, irregular

or curved and nearly vertical. The focus is sub-central ‘
anterior but the anterior field is always very well developed.
In some species the focus is almost central. Circuli are
finest and moét closelv spaced anteriorly. Posteriorly they
méy degenerate and "bubbles” are commonly found between the
radii distally while basally close to the focus there are
fine reticulationg. Radii are usually present/?? all fields

and are often numerous up to more than 100 in some species,



: »
‘much less in others. Chu f{1535) included Barbinae in

Cyprininae (i.e. Cyprinus and Carassius). The latter have
few radii but are otherwise similar to Barbinae in scale
characters for certain species. WNote that Hagque (1955)

shows scales of Barbus (Puntius) species with regenerating

nuclei or focal areas similar to Cyprinus and Carassius.

Sub-family Cultrinae

69

Specimens of Pelecus cultratus and published descriptions

of this genus and of Anabarilius, Chanodichthys, Chela, Culter,

Cultriculus, Ervihroculter, Hemiculter, Hemiculturella, Mega-

lobrama, Metzia, Parabramis, Parapelecus, Pseudolaubuca,

Rohanus, and Toxabramis.

Scales small to large in size, caducous, numbering about

32-105 in the slightly or greatly decurved and sometimes
wavy lateral line. A naked keel extends, at its maximum,
from the anus to the throat, in some only from the pelvic

fin bases to the anus. Scales on caudal peduncle are ovate

. )

or sub-hexagonal with parallel or rounded sides passing '

e

through rounded posterco-lateral corners to a posterior apex.
n - - a

; .

The antezo-la;eral corners are usually guite evident and the
anterior edge forms a shallow apex or may be raunded. The
.focus is usually sub-central anterior but it is occasionally
central. The posterior' circull may be aegeggrate, partﬁally
modified into tubercular prominenéés, reticulations and

granulations or regular. Regular circuli are often acutely

angled in the mid-line of the posterior field. Radii are



restricted to the posterior field, rarely there may be a few

incomplete anterior radii. Radii number 4-21.

Sub-family Cyprininae

Specimens of Carassius and Cyprinus and published des-
) criptiogs‘of these genera.

Scales large numberipg apout 28-41 in the almost straight,
complete lateral line. Scales are caducous and imbricate
with an overlap set of 10-13. Caudal peduncle scales are
sub-hexagonal.butlthis may vary. Sides parallel, ;lightly
curved, or indented. Posterior apex not always developed,

edge then being curved. The anterior edge.is.wavy or irre-’

Y ~_

gular and variably indented. Focus sub-centrall anterior or
-
posterior, or central. A regenerated focalsarea is charac--

4

. ; . .
terised by a network of lines.. Circuli are most widely spaced

posteriorly but are fine, .numerous and concentric overall.
 J

The posterior circuli can form bubbles or bead-like swel-

4

lings. Radii are found on-all fields but tend to be sparser

A
-

laterally. Tofal radid number'apout'8-20 in Carassius spp..

more in' Cypriinus carpio. o i

R A -
Sub-family Janioninae ;
!
!

Specimens of Brachvdanio, Danio anq\:asbora and published

descriptioﬁs of these and Aphvocvpris, Atxilinea, Barilius,
* N , .
~ A
Ochetobils, Opsariichthyvs, Phoxinus, Squaliobarbus,JTanlchthvs,

/

and Zacco.

Scales larée to small, numbering about 27-102 in a complete



or incomplete lateral line. One genus lacks scales (Swamba).
" scales are caducous or embedded, overlap set 7-13. Caudal
pedunéle scales shape varies from sub—hexégonal to.oval.
Focus sub-central anterior varying from close to.anterior
edge to close to scale centre. Circuli are thickest and
most widely spaced posteriorly where they may be regular or
degenerate or form granular, bubble-like struéturés with

fine reticulations close fo thé focus. Radii numérous on
all fields, or an all fields but poorly developed laterally,
or abssat anteriorly. Radii numbers may be few e.g. up to

16 on all fields,Aor numerous e.g. up to 40 on posterior

field only. ' .
Sub-family Gobioninae ) k:
Specimens of Gobio and Pseudorasbora and published des~

criptions of this genus and of Abbotina, Belligobio, Biwia,

chilogobio, Coreius, Coreoleuciscus, Gnathopogon, Hemibarbus,

Paracanthobrama, Paraleucogobio, Pseudogobioc, Pungtungia,

Rhinogobio, Sarcochéilichthys, Saurogobio and Sinigobio.

Scales large to moderate in size numbering about 33-58 i
in a complete, little decurved lateral line. Scéles are
caducous, overlap count is 7-13 and belly scales are often
absent. Caudal peduncle scales are sub-hexagonal with paral-
lel or sliéhtly curved sides and a rounded elongate pdgterior
aﬁex, or sunb-trigngular nérrowing posteriorlyv. The anterior a
edge may be wavy or irregular. Focus sub-central anterior,

often markedly. Circuli are finest laterally and anteriorly

with an antero-lateral inflection. Posteriorly circuli dege-



. ¥ .
nerate or are modified into tubercular or bubble-like

structures. Radii are restricted to the posterior field

and number about'S-BQC s

Subffamily Hypophthalmichthyinae

Published descriptions -of Aristichthvs aqﬁ'Hypophthal=

michthvs.

.

Scales veryv small, embedded, 96-120 in moderately de- . .
curved lateral line. A naked keel extends from the throat

to the anus. Caudal peduncle scales are -sub-circular to sub-

n

hexagonal, deepest posteriorly, corners poorly developed.

Focus central or slightly sub-central posterior. Circuli. s
concéntric, more widelv spaced posteriofly. Radii on

. posterior field wvarving frpm 0 {(anterior flank scales) to

a maximum of about 10 (on caudal peduncle scales).

' -
Sub-family Leuciscinae s

Specimens of Abramis, Alburnoides, Alburnus, Aspius,

Blicca, Chondrostoma, Leuciscus, Rutilus, Scardinius, Tribo-

lodon and Vimba and p%?lished descriptions of these and

Ctencopharvngodon, Capoetobrama, Chalcalburnus, Danioides,

==
Hemigrammocypris, Ischikauia, Leucaspius, Luciosoma, Nichol- i

Oreoleuciscus, Elopichthys, Luciobrama, Mylo-

sicypris ,

pharvngodon, Pseudaspius and Tinca.

“Scales large to very small numbering 55-155 in complete
or, rarelv, incomplete lateral line. Some species (Abramidini)
with a naked keel from pelvic fins to anus. Scales usually

caducous, overlap set of 7-15. Caudal peduncle scale shape



. 73
is usually sub-hexagonal, oval or occasionally sub-triangular.
Focus sub-central anteriér or central, rartly sub-central
posteripr: The regenerating focal area in some species
_forms a network of lines as in Cvprininae (e.g. Leuciscus

-

idus, L. borvsthenicus, L. cephalus, Rutilus rutilus and

‘probablv‘others). Circuli in the posterior field may be -

fine and concentric, or thlcker and more widely spaced than

in other fields or’ degenerate and fofmlng bubbles. Usually

-

circuli are fine and conceﬁtric in all fields. Posterior -
radii are almost invariably present, anterior radii are -

present or absent and lateral radii usually absent but some-
-~

times present. .Total radii number up to about 40 but may

be‘few; ' Lo

Sub-familvy Schizothoracinae 2

~

Published descriptions of Chuanchia, Diptvchus, Gvmno-

cvpris, Gvmnodiptvchus, Herzensteinia, 'Paztatylognathus,

-,

Platvpharodon, Ptvchobarbus, Schizopvge, Sthizopygopsis, and

Schizothorax. o

L

Scales small except in regionfofuanus, anal £fin base

and lateral line where relatively enlarged. 1In some genera

(Schizopvgopsis, Gvmnocypris and vahOdintvchus) scales

have been lost except along the lateral llne, behlnd the
operculum, around the anus and anal £in, and sometlmes
around the ventral fins. The circuli.and radii are not
evident or absent on these scales. 5cales\mihimelly imbri-
cate in almost straight lateral line and numberiné‘?B-llS.

caudal peduncle scales rounded or ovate. Focus sub-central
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- - .

anterior. Circuli thickest and most widely spaced posteriorly

where mayv be irreguléf;l ﬁédii‘pn ali:ﬁield; numbering about
. - I T O
20-50. L De L.

- -

Sub-family Xenocyvprininae _ g !

Published descriptions of Distoechodon, Plagiognathops,

Pseudobrama, and Xenocvpris.

. . . Scales sﬁéll to moderate,-numbering 40-84 inlglmoét_mid—'3
latefai\line.‘ There is a post-pelvic fin kéel;f_éaudal
_:geéunble scales are gﬁb-hexagéhal OF‘ovate Wiﬁhlﬁarallel }-'9
or rounded sides leading to a‘posterior.apex. “Antero-
lateral cormers more evident than”postéﬁo—lateral‘corners1
which may_mgrge\inﬁb sides and posterior apex. Anterior
edge forming an apex or irfegular:and wavy. Focus sub-central
anterior or almost central. Circuii are concentric aﬁ@
widest spaéed posteriorly whegé they may degenerage ofibe
modified into tubercular promihenceé. Radii restricted to

posterior field, numbering up to about 20.



DISCUSSION

All cyprinid-.sub-families are not readily separable

by scale characters alone, at least as presently recognised.

[ .
= *

Certain sub-~families posseSs‘ugique scale characters, e.q.
Schizothoracinae and Hypophﬁhai%ichthyinae, which distiﬂ—
guish them from other sub-families and exclude them from |
commeon ancestry with the N. American cyprinids. Other sub-
families may be excluded on the basis of other characters
(see Appengix 3 for more detailed discussion). The N.
American cyprinids cannot be placed in an_Eurasian sub-
"family solely on the basis‘of apomorphic scale characters,

"with the exception of Notemigonus. Similarities in scale

characters were noted between Chrosomus and Phoxinus and
between Gila and Triboleodon. This reflects a common an-
cestryv for Chrosomus andtPhoxinus when considered with other
characters but the relationship of Gila and Tribolodon is
cbscured by differences in other characters ({(see p.357).
Manv of the scale characters examined in N. American
cfprinids were verv similar and indicate the close relation-

ship of these genera. Certain characters have been assessed

and are used in the character analysis.
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Figure 3. Caudal peduncle scales of Acrocheilus alutaceus,

96 mm. S. L., scale length 1.4 mm; Agosia

chrvysogaster*, 67 mm. S. L., scale length 0.8 mm;

Algansea monticola,- 40 mm. S. L., scale length

1.1 mm; Algansea tincella, 54 mm. 5. L., scale

length 1.3 mm.

+ . All scales are orientated with the anterior apex at the

bottom except those with an * after the species name where
the anterior apex is at the left. Scales are listed upper
-left, upver right, lower left, lower right. Scale length is

measured from the tip of the anterior apex to the tip of the

posterior apex.
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Caudal péduhcle ééales'of Campostoma anomalum,

64 }mn S. L., scaleslength 1.0 mm; ChrOEOmus

éryﬁhrogasteri 58 mm. S. L., scale length 0.7

mm; Chrosomus neogaeus,* 81 mm. S. L., scale

length 0.9 mun; Chrosomus oreas, 55 mm. S. L.,

scale length 0.9 mm.

‘.

O

77 %




T

-
-,




Figure 5.

78

Caudal peduncle scales of Phoxinus czekanowskii,

.
56 mm. S. L,, scale length 0.8 mm; Phoxinus C

issvkkulensis*, 49 mm. S. L., scale length 0.3 mm;

Phoxinus lagowskii, 110 mm. S. L., scgle length 1.8

s .
mm: Phoxinus percnurus, 53 mm. S. L., scale length

l.O_mm.

¢
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Figure 6. Caudal peduncle scales of Phoxinus phoxinus,

64 mm. S. L., scale length 1.0 mm; Clinostomus

funduloides, 72 mm. S. L., scale length 1.8 mm;

Couesius plumbeus, 51 mm. S. L., scale length ;ﬁ

1.4 mm; Dionda episcopa, 66 mm. S. L., scale

length 2.7 mm.
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Figure 7.
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Caudal peduncle scales of Eremichthys acros, 52

rm. S. L., scale length 0.9 mm; Ericymba buccata*,

49 mm. S. L., scale length 2.0 mm; Hybopsis

(Erimvstax) d¥Fssimilis, 89 mm. S. L., scale length

2.8 mm; Hybopsis (Erimystax) x-punctata, 55 mm. S.

L., scale length 1.9 mm.
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Figure §.

8l

caudal peduncle scales of Exoglossum maxillingua,

103 mm. S. L., scale length 3.5 mm; Hybopsis §i

(Extrarius) aestivalis, 47 mm. S. L., scale length S

2% mm; Gila alvordensis, 53 mm. S. L., scale 1

length 0.9 mm; Gila atraria, 67 mm. S. L., scale i

length 2.1 mm.
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Figure 9.
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A

Caudal peduncle scales of Gila orcutti, 55 rm. S.

L., séale length 1.7 mm; Gila robusta, 103 mm. S.

L., scale length l.6mm; Tribolodon hakonensis, 220

mm. S. L., scéle length 7.7 mm; Tribolodon

hakonensis, 170 mm. S. L., scale length 3.8 mm.
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Pigure 10. Caudal peduncle scales of Hemitremia flammea, .

40 m. S. L., scale length 1.4 mm; Hesperoleucus

symmetricus, 97 mm. S.' L., scale length 3.0 mm;

Hvybognathus placitus, 79 mm S. L., scale length

. . Pl
3.1 mm; Hvbopsis (Hybopsis) amblops, 55 mm. S§. L.,

scale leggth 2.6 mm.
N

Y
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.Figure 11 caudal peduncle scales of Iotichthgg_phlegethontis,

26 mm. S. L., scale length 0.9 mm; Lavinia
exilicauda} 75 mm. S. L., scale length 1.8 mm;

Laviniaé%xilicauda,_;33 mm. S. L., scale lengtﬁ

5;4 mm; Lepidomeda vittata, 81 mm. S. L., sca%s

*7 . length 1.6 mm.

-
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Figure 12.

8%

—

Caudal peduncle scales of Hvbopsis (Macrhybopsis)

gelida, 35 mm. S. L., scale length 1.1 mm;

Semofilus (Margariscus) margarita, 87 mm. S. L.,

scale length 1.6 mm; Moapa coriacea, 45 mm. S. L.,

scale length 0.5 mm; Mylocheilus caurinus, 146 mm.
@
S. L., scale length 2.4 mm.







Figure 13. Caudal peduncle scales -of Mvlopharodon conocephalus,

111 mm. S. L., scale length 2.4 mm; Nocomis asper,

97 mm. S. L., scale length 3.0 mm; Nocomis
micropogon, 88 mm. S. L., scale length 3.5 mm;

1—
Notemigonus crysoleucas, 109 mm. $. L., scale

length 4.4 mm.

T Anterior apex at upper left corner






87

Figure 14. Caudal peduncle scales of Abramis ballerus, 201 mm.

S. L., scale length 3.9 mm;
S. L., scale length 7.1 mm;
S." L., scale iength 1.6 mm;

S. L., scale length 2.4 mm.

-

T Anterior apex at upper left corner

Abramis brama, 220 mm.

Abramis brama*, 56 mm.

abramis

+
sara,

52 mm.






Figure 15.
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caudal peduncle scales of Alburnoides bipunctatus,

S&j&m. S. L., scale length 3.1 mm; Alburnus
alburnus, 114 mm. $. L., scale length 2.9 mm;

Blicca bjoerkna*, 64 mm. S. L., scale length 3.1 mm;

Vimba vimba, 97 mm. S. L., scale length 3.1 mm.
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Figure 16.
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caudal peduncle scales of Notropi;\bifrenatus,

33 mm. S. L., scale length 1.3 mm; Notropis

lutrensis, 44 mm. S. L., scale/Tength 1.6 mm;

Notropis proserpinus, 42 mm. $. L., scale length

1.4 mm; Notropis umbratilis*, 43 mm. S. L., scale

-
=

length 1.2 mm.
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Figure 17. Caudal peduncle scales of Opsopoecdus emiliae*,

37 mm. S. L., scale length 1.1 mm; Hvbopsis

{Oregonichthys) crameri*, 41 mm., S. L., scale

length 1.4 mm; Orthodon microlepidotus, 228 mm.

.

S. L., scale length 3.0 mm; Orthodon microlepidotus,

88 mm. S. L., scale length 1.0 mm.
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Figure. lS.

Caudal‘peduncle scales of Parexoglossum laurae,

33 mm. S. L., scale length 1.1 mm; Phenacobius,

uranops, 87 mm. S. L., scale length 2.7 mm;

Pimephales promelas*, 61 mm. S. L., scale length

1.6 mm; Pimephales vigilaxt, 52 mm. S. L., scale

length 1.8 mm.
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Figure 19.
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Caudal peduncle scales of Platygobio gracilis,

78 mm. S. L., scale length 2.6 mm; Platvgobio
gracilis, 165 mm. S. L., scale length §.0 mm;

Pogonichthys macrolepidotus*, 105 mm. S. L.,

scale length 2.4 mm; Ptyvchochellus oregonensis,

305 mm. S. L., scale length 4.9 mm.







Figure 20.
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Caudal peduncle scales of Relictus solitarius,

41 mm. S. L., scale length 1.3 mm; Rhinichthys

evermanni, 65 mm. S. L., scale length 1.4 mm;

Rhinichthvs falcatus, 64 mm. S. L., scale length

1.3 mm; Rhinichthvs osculus, 52 mm. S. L., scale

length 1.2 mm.
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Figure 21. Caudal peduncle scales of Richardsonius balteatus*,

62 mm. S. L., scale length 1.2 mm; Semotilus

atromaculatus, 121 mm. S. L., scale length 3.3 mm;

Semotilus corporalis, 232 mm. S. L., scale length

8.8 mm; Tiaroga cobitis*, 67 mm. S. L., scale

length 0.6 mm. >

-

-






Figure 22.
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Caudal peduncle scales of Xystrosus popoche, 110

mm. S. L., scale length 2.6 mm; Xvstrosus popoche,

110 mm. S. L., scale length 2.9 mm; Hybopsis '

(Yuriria) alta, 44 mm. S. L., scale length 1.3 mﬁ.

e
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Osteological Studies
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~  INTRODUCTION

?omparative osteology has been used for maﬁy vears in
tracing systematic relationships in the higher categories
of fishes. Uveno (1961) and Buhan (1970) have used com-
parative osteology at the generic and species level in

attempts to clarify relationships of certain North American

genera of cvprinids, principally Gila, Ptvchocheilus,

Richardsonius, Clinostomus and Semotilus s.l.

The present study surveys certain osteological features
of the majority of North American cyprinid genera and also’
some genera from Eurasia. It does not purport to be a aom—
plete osteology of the N.lAmerican cvprinids and some of
the more inaccessible bone elements were not examined in
detail.

The first part of this section of the thesis is a
detailed study of the osteology of the golden shiner, Note-

migonus crysoleucas (Mitchill) , a monotypic genus: for which

a variety of specimens was available. It forms a basis for
the comparative studies on the other N. American genera

which comprise the second'part. Osteclogical comparisons
between certain N. American and Furasian genera are summarized

in +he section on Palaearctic-Nearctic relationships in

3}

Cvoprinidae.

o]
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MATERIALS AND METHODS

Bone preparations

All stained osteological preparations were made on

preserved specimens. The technigue used was modified

> Ld
after Hollister (1934). Each specimen was immersed ini-

tiallv in distilled water to remove as much of its preser-
vative as possible. The sex and standard length were
determined and the contents of the body cavity removed
through a slit in the abdominal wall. The specimen Qas R
then placed in a 2% solution of potassium hvdroxide. A féw
drops of alizarin in ethanol were added when the flesh began‘
to clear. Changes of potassium hvdroxide and addition of
more alizarin were carried out when deemed necessary. The
specimen was cleared in a 50% ethénol -~ 50% glycerol mixture
and stored in this mixture until dissected. Preparation
time varied from a few days to several weeks depending on
specimen size.

Certain data, such as those on vertebral numbers, were
determined from X-ray plates. The time, voltage and amper- |
age was varied with the size of the specimen according to a i
table in the Ichthvology Unit of the National Museum of i
Canada, Ottawa. Xodak Type M X-ray film was used 1in a

Softex EMB X-ray machine.
Dissection technigue

Each stained specimen was dissected in the following

manner for reasons of convenience. The position, arrangement
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and shépe of the interneural and intermuscularlbones were
noted before the axial musculature was peeled off. The
caudal skeleton, verteb&al column and median fins were
examined in situ. The pectoral and pelvic girdles were
dissected out and examined sepérately. The relationship

of the various sensory h;;E/;anals to other head structures
was noted before the left and right bones of the oromandi-
‘bular region, the opercular series, the guborbital series,
the symplectic and the hyomandibular were detached as a unit
for study. The hvoid region, except the hyomandibular, sym-
plectic and opercular series, was removed with the bones of
the branchial region. All the bones listed above were dis-
articulated if necessarv for more detailed examination.

fhe prevomer, pafasphenoid and etlmoid complex were observed
in place Qn the cranium and after disaﬁticulation. Qtoliths
were removed from the cranium by detaching the basioccipital
and exoccipital. The Weberian apparatus was studied when
the Webéfian vertebrae were still attached to the skull and
after removal and separation of these vertebrae from the

skull and posterior vertebrae.
Bone terminology

The terminology and detailed descriptions closely follow
those used by Harrington (1955) and Buhan (1970) .but differ
in several respecté from that adopted by Uvenoc (1961). The
synonymy below provides the usage in the present work where

it differs from Uveno's.

:\”;J ’
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'-., 'Uyéno * _ . ' Present stuay ,
"ﬁrPStyIé'. e * Fused first and second urodermals
_First‘ﬁfpﬁ:aI v ‘ Héeﬁ#i spine ;' | .
. Sévéral_hngray etc. Sixth hypurai“eté. :
C ﬂActﬁnOststéf peétoral £in . Pectoral”radials S

Ptervgiophores-of pelvic fin  Pelvic radials

Harrington (1955) discusses the relationships of the

complex herein termed the supratemporal-intertemporal.

’

Figures

The figures were drawn with the aid of’ a camera lucida

-

attached to a Wild M5 microscope and are based on adult spe--

\\:imens judged to be typical of the species. The bones in
' Fhe figures are labelled with abbreviations. The full names
ére given in the figure captions. Certain bones are drabn

after disarticulation.

-

> Material examined

A detailed list of the specimens examined 1is given in

-
o

7 the Appendix. Wherever possible specimens of both sexes
, :

In this way an attempt
. -/

~_ to sex, age or location. Nevert eless statements on ostecl-

‘made to eliminate variation due

ogy aré limited in certain cases E; the availability of
specimens as may be seen bv examin::}bn of the specimen
list. Forty-seven generé, 88 species and 448 specimens
were studied. A brief listing of these alizarin specimens

with number examined in parentheses follows: -

and all age groups were chosen from the range of the species.

38
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- North American cyprinids

Cem—

LIRS

" Acrocheilus alutaceus (5)

Agosia chxysdgastér (10)

Algansea monticola (4)

Algansea tincella (4)

Campostoma anomalum (4)

~

-

Chrosomus eos (20)

_ Chrosomus ervthrogaster (8) . .

Chrosomus neogaeus (14)

. Chrosoimnus oreas (4)

Clinostomus funduloides (2)

Couesius plumbeus'(lz

Dionda episcopa (8)

t Eremiéhthys.écros(iO)

Ericymba buccata (8)

‘Hybopsis (Erimvstax) dissimilis (8)

Hvbopsis (Erimystax) x-punctata (2)

‘Exoglossum maxillingua (4)

Hvbopsis ~(Extrarius) aestivalis (9}

Gila alvoreéensis (2)

-:Gila‘atraria (2)

Gila bicoleor (4)

Gila orcutti (2)

" Gila robubta (2)

Hemitremia flammea (2)

Hesperdleucus symmetricus (14)

Hvbognathus hankinsoni (5)

-
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Hybognathus havi (1)

Hybognathus nuchalis (7)

Y

Hybognathué placitus . (4)

' Hybopsis (Hvbopsis) amblops (11).

Iotichthys phlegetﬁontis (5)

Lavinia exilicauda (9)

Lepidomeda.mollispinis (5)

Lepidomeda vittata 14)

Hybopsis (Macrhybopsis) gelida (3)

Hvbopsis (Macrhybopsié) meeki (43

Semotilus (Margariscus) margarita (5)

Meda fulgida (5)

Moapa coriacea (10)

Mvlocheilus caurinus (4)

gylépharodon conocephalus (5)

.Nocomis effusus (3) =

Nocomis ésper (2)

Nocomis biguttatus (1)

\-.
%

-

\y

Nocomis leptocephalus (3)

Nocomis micropogon (3)

. Nocomis platvrhvnchus {2)

Notemigonus cryvsoleucas (15)

Notropis atherinocides (6)

Notropis atrocaudalis (2)

Notropis bifrenatus (2)

Notropis blennius (2} . -

L]

Notropis cornutus (2)
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Notropis hudsonius (2)

. Ndtropis labrosus (3}

Notropis lutrensis (2)

Notropis procne (2}

Notropis proserpinus (2}

Notropis. texanus (2)

Notropis umbratilis (3)

Notropis venustus ({2}

Notropis volucellus (4)

Opsopoeodus emilide  (2)

Hvbopsis (Oregonichthys) crameri (4)

Oorthodon micreclepidotus (8)

Parexcglossum laurae (4)

Phenacobius mirabilis (4)
.

Phenacobius uranops (4)

Pimephales notatus (2)

Pimephales promelas (2} -

Pimephales vigilax (4)

Plagopterus argentissimus (%)

platvgobio gracilis (4)

Pogonichthy§_macrolgpidotus (1)

Ptychocheilus'oregonensis (2)

Relictus solitarius (4)

Rhinichthys atratulus (10)

Rhinichthys cataractae (11)

Rhinichthvs evermanni (4)
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Rhinichthyvs falcatus (5} -

\

Rhinichthys lariversi (= osculus ?) (9)

\
Rhinichtfhvs osculus (6)

i
Richardséonius balteatus (2)

Vi
Semo{iius atromaculatus (4)

Semotilus corporalis (5)

Tiaroga cobitis (13)

Xystrosus popoche (5)

Hvbopsis (Yuriria) alta (4)

-
-~

Eurasian cvprinids

Abramis 5allerus (5)

Abramis brama (7)

Abramis sapa (3)

Alburnoides bipunctatus (10)

Alburnus alburnus (10)

Bliceca bjoerkna (3)

Tribolodon hakonensis {(4)

vVimba vimba (5) ' : q‘iii

RESULTS

Detailed osteology cof Notemigonus crysoleucas (Mitchill).
. 0

The skeleton is divided into several areas for convenience.
These“are the cranial skeleton, vertebral column skeleton,
median £in skeleton and the paired fin skeleton. The

‘pectorgl fin skeleton is intimately associated with the

cranial skeleton.

hY

1



CRANIAL SKELETON

The cranial skeleton is subdivided into seven regions
after Harrington (1955) with minor modifications.-’ The
regions are the olfactory, orbital, otic, basicranial, -
oromandibular, hveoid and branchial.

The neurocranium provides a supporﬁing and protective
framework for the olfactorv, optic, otic aﬂd part of the
acoustico~lateralis organs and encases the brain. The
splanchnocranium is suépended from the neurocranium and

includes bones of the hvoid, branchial and oromandibular

regions associated with feeding and respiration..
OLFACTORY REGION ' »
Supraethmoid (Figures 24,26 and 27).

The supraethmoid is a median, dermal bone fused to the
ethmoid, Harriﬁgton (1955) considers that it mav have been
paired but pairing is not evident in this species. The
dorsal surface is concave in the mid-line. 1In do;sal view
the bone has diverging anterior wings on either side of
a median ethmoid notch. Posteriorly, gently diverging wings
are sutureé@ to the frontals which overly thém. A median
spike is directed posteriorly ventral to the frontals in

some specimens. The width is about egual to the .length.
Ethmoid (Figures 26 and 27).

The ethmoid is a median, endochondral bone lving in the
sagittal plane. It is composed of two vertical plates which

merge anteriorly and antero-ventrally to form a posteriorly

105
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opening cup. In posterior view therefore the lateral walls
‘3o not meet. The two plates articulate posteriorly with
the lateral ethmoids and dorsa%ly'their joint roof is fused
with the supraethmoid. A large, ventral, horizontal plate,
conflueht with the cartilaginous planum ethmoidale, overlies
the prevomer. It is expanded andteriorly into rounded pro-
cesses which follow the notch of the prevomer and forms the
upper parts of the feceptacles for the preethmoids. The
kinethmoid has ligamentous connections with the median
notch formed by the antefior processes. Part of the posteri
< edge of the ethmoid forms the border of the olfactory forame
with the lateral ethmoid. The ve;tical and horizontal
plates are perforated.

!/
Lateral ethmoids (Figures 24, 25, 26 and 27).

)

The lateral ethmoids are paired endocﬁqural benes
laterally fused to the prefrontals. The mesial part of
each lateral ethmoid consists of a plate which articulates
with its opposing partner and forms the anterior floor of
the brain cavityv. Posteriorly this plate articulates with
and underlies the mesial'half of the upper plate of the
orbitosphenoid. fThe plate of the lateral ethmoid curves
anteriorlv and then laterally into a vertical plate and .

'
thence to a thin sheet of bone lying approximately perpendi-
cular to the major axis of the head.‘ Part of this sheet
is the prefrontal.. This sheet‘effectively separates the

orbital and nasal cavities. The mesial poxrtions of the

sheet articulate anteriorly with the ethmoid and dorsally
<
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with the frontal and sﬁpraethmoid. The more lateral portions
articulate postero-dorsally with the supraorbital and frontal.

The border of the anterior fontanelle is -formed by this sheet

of the lateral ethmoid. Antero-ventrally the sheet expands
into a large ventral base which articﬁlates with the prevo-
mer, the ethmoid and the endopterygoid. The pérasphenoid is
associated with the ventral surface of this structure and a
postero-dorsal projection of the autopalatine f£its into a
notch on its anterior surface. The anterior mvedeome, a
slight central‘depresgion for the origin of the obligue eve
muscles, is located on the posterior surface of the lateral
ethmoid. The olfactorv foramen is bounded by the lateral

g
ethmoid and the ethmoid. The lateral ethmoids are not

extensively perforated. An orbito-nasal foramen passes
dorsolaterally from the orbit to the nasal cavity opening |

lateral to the olfactory foramen.
Preethmoids (Figures 24, 26 and 27).

The preethmoids are paired, oval, endochondral bones
fused with spoon shaped receptacles on the dorsal surface
of the anterior process of the prevomer. The fused preeth-
moids and the preveomler are covered dorsally, laterally and
anteriorly by cartilagé which is continuous with that of
the planum ethmoidale. A lateral preethmoid as distinct
from a mesial preethmoid is rarely found (Buhan, 1970).

Tt is not fused to the mesial preethmoid. The pfeethmoids

are minutely perforated.
¢

9
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Kinethmoid

The k;neéhmoid is a medig£ dermal bone lying anterior
to the ethmoié and posterior to the upper jaw. It is comma-
shaped in lgteral view with the thickest part ventral ané.
facing anteriorly. It connects the upper jaw to the skull‘
via ligamentous attachments from its dorsal end to-the ethmoid
and from 1ts véntral end to the premaxillaries. The dorsal

end of the kinethmoid is forked and lateral ridges are appar-

ent particulaxly at the ventral end. The bone is perforated.
Nasals (Figures 23 and 24).

The nasals are paired dermal bones which are the most
anterior portions of the supraorbital sensory canals. They
are tubular and may have small ventral plates particularly
at the anterior end. They lie in the skin lateral to the
posterior wings of the supraethmoid, dorsal to the nares
and partly covering tHe frontals. They usually have three

pores.

-

Prefrontals

The prefrontals are paired dermal bones fused at right i

angles to the lateral ethmoids. They lie anterior to the
supraorbitals and form the boundaries of the orbits lying

immediately anterior to the sclerotic bones.
Prevomer (Figures 24, 25 and 26).

The prevomer is a thin median dermal bone lyving ventral
to the olfactorv region. It is triangular in shape and

longer than wide. The antero-lateral corners project and

“
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form cup-shaped depressions. The preethmoids lie in these

>

depressions and ére fused to the prevomer. A notch between
the depressions follows that of the ethmoid and its median
lip curls posteriorly. Well developed lateral wings arti-
culate with the lateral ethmoids. The pointed‘posterior
end underlies the anterior end of the parasphenoid.k Dorsally
the prevomer articulates with the ethmoid and posteriorly
bears a ridge which fits into a depression on the ventral

surface of the ethmoid.
ORBITAL REGION
Lachrvmals (Figures 23 and 30).

The lachrvmals are paired dermal bones lving lateral to
the maxillae. They are the fiist bones of the suborbital
series. The shape of each lachrymal is variable but often
approaches a hexagon. Postericrly along the.shbrtest side
of the bone it is connected to the jugal or second surbor-
bital by ligaments. The ventral side follows the line of
the maxilla to which it has ligamentous conneétions. A
short, free, postero—ventral side connects the ventral and
jugal sides. The posterior edge 1s eonnected by a ligament
to the lateral ethmoid with which it is closely associated.
Dorsally the lachr&mal borders the naris. Anterioriy it
overlies the maxilla ané is associated with a process of
the autopalatine. A decurved sensoryv canal passes from the
jugal across the lachrvmal to terminate neax the anterior

edge of the latter. There are wsually four or five pores
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in this canal. The lachrymal itself is perforated.
Second to sixth suborbitals (Figures 23 and 30).

The suborbitals are paired dermal bones followingnthe
ventral and posterior margins of the orbit. They provide
a suppert for the suborbital sensory canal. .The canal is-
covered with bone and the suborpftals form thin sheets on
either side of the canal bones. The ventral sheet is the
larger of the two. The second suborbital may also be termed
the jugal and the sixth suborbital the dermosphenotic. The
second suborbital articulates anteriorly with .the lachrymal
and posterigrly with the third suborbital. The sensory
canal usually has three or four pores. The third suborbital
is the longest of the series and$curves around the postero-
ventral margin of the orb&t. There are usually five pores
in its sensory canal. The fourth and fifth suborbitals may
be fused and the line of fusion is not apparent. Four Ox \
five pores are carried by its senscory canal. The dermo-
sphenotic articulates ventrally with fused suborbitals four
and five while dorsally it curves caudally. The sensory

canal, with two pores, continues onto the supratemporal-

intertemporal. The dermosphenotic is the smallest of the .i

suborbital bones and narrows dorsa-ly to the width of the
sensory canal bone. It is not fused to the supratemporal-

intertemporal and may not be ossified in voung specimens.
Supraorbitals (Figures 23, 24, 25 and 26).

The supraorbitals are paired dermal bones lving above
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+he orbit, lateral to the frontal and partially overlying it.
The lateral edge is straight and the mgsidl edge is ‘curved
+o follow the edge of the frontal. Anteriorly each supra-
orbital articulates with the lateral ethmoid. It may be

singly perforated.
Scleral bones (Figure 23).

The scleral bones are two paired dermal ossifications
lving within the anterior and posterior sclera of the eve.
The lateral edge of each bone 1is truncated and the bones are

concave on their orbital sides.
Orbitosphenoid (Figures 25 and 26).

The orbitosphenoid is a median endochondral bone form-
ing part of the fleoor and side walls of the braincase.
Laterally it formé'a major part of the mesial border of .
the orbit. It is hexagonal in shape with two concave mesial
faces descending to a thin, central, interorbiﬁgl septum.
The large septum articulates with a small raised ridge on
the parasphenoid. Anteriorly the orbito;:henoid sutures
broadly, and with some overlap, to the lateral ethmoids.
Posteriorly it sutures with the pterospheﬁoid. Dorsally 1t i
joins both frontals. A notch in the centre-of the postero-
ventral edge forms part of the margin of the'optic foramina.
The optic foraminaare posteriorly confiuent with the hypo-
phvseal foramen. The bone is not extensively perforated and
the septum does not continue anteriad between the lateral’
ethmoids and the parasphenoid. The lateral wall of the

orbitosphencid is not strongly ridged.
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Pterosphenoids (Figures 25 and 26)!

< The pterosphenoids are paire§ endochondral bones with
-an irregular hexagonal shape. Agleriorly they are sutured
with the oﬁbitosphenoid and do not meet in the mid—liné.‘
vVentrally it borders the optic foramen while dorsally it
is sutured to andé overlain bv the frontals. The pterosphe-
noids are conﬁected by a cartilaginous -epiphysial bar which
runs over the brain and separates thé anterior and posteriof
chondrocranial fontanelles. Posteriorly each pterosphenoic
articulates with the prootic ventrally and the autosphenotic
dorsélly. The former articulation contains the foramen for
the trigeminal nerve. There is a postero-ventrally directed
spike over the trigeminal foramen. The internal structure
of the pterosphenoid is characterised bv arching tubules
(Buhan, 1970) similar to those of the preopercula.” They
are bést developed along the‘anterigr and dorsal margins.

The lateral walls are weakly ridged.
Frontals (Figures 23, 24, 25 and 26).

The frontals are pai;ed, dermal bones roofing the major i
part of the skull. Their ﬁutual suture forms a wavylline

down the middle of the skull. Their greatest width is formed
by lateral wings lving free over the orbits where length in
width is 1 in 2. A zig-zag anterior margin overlaps the
supraethmoiés. The laterally éxpanded antericr edge over-
laps a major part of the lateral ethﬁoids before turning

posteriorly to form a notch in which the supraorbital lies.
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‘Each frontal ‘sutures posteriorly with the parietal and latexally
with the autosphengtic and the supratemporal-interpempo:al. .
The parietal suture invplveé mutual overlap, the degree of
which is variable. Two parallel ridges on each ventrolateral.
\sids\provide articulations for. the dorsal éa%es of the orbi- .
tosphenoid and the pterosphenoid. The epiphysial bar lies
between parallel ridges also. Each frontal bears the major
extent of the supraorbital sehsory canal lving over the line .
;of articulation'with the orbitosphencid ahd pterosphenoid.
There may be éix or seven pores along the canal. The canal;;
passes onto the parietal. Several small foramina penetrate"
the frontals particularly postero-dorsally. A small laterdl
eﬁpansion_or shelf is found posterior to the latera% wings
lyiné,ovef the eve and bounding a léteral temporal ;gssafon

the autosphenoti

QTIC REGIO

.

‘The otic region is éomposed of a-complex of dermal and-
endochondral bﬁnes.f 1t lies posterior to the optic region
and encloses the inner ears and the posterior part'of the -
brain. It also provides a base for suspension of the

elements of the lower jaw, hyoid and branchial regions.

[

Supraoccipital (Figures 23 and 26) .

- S

The supraoccipital 1s composed of both dermal and endo--

-

chondral bone. It is a median bone lving at the poste;io:

end of the cranium. It consists of an endochondral plate
v \

~
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ang/a dermal, vertlcal supraoccipital crest fused to the

G s

mid=line. The anterior edge is complexlv sutured to the

parietals which partly overlap and .are, themselves partly

: ‘overlapped by the supraoccipital. Two processes diverge

-~

: antero laterallv from the supraoccrbltal under the parietals.

<

. . ’_:\
. - .
) - - - . .

The laterabnedges artrculate Wlth ‘the eDlOthS and, below

a ventral ‘le\ure, wrth the exoccrnltals. The supraocc;-

Dlta1 crest oro;ects Dosterlorlv over the hind end of the

“.cxanium.’ The posterior edge is serrated and the dorsal

edgejis laterally expanded to form wings. The overell ehape“

‘is trienguier. : s\\\
‘ ) 2

—Parietals (Figures 23 and 24) .

The Darletals are naired dermal bones of the posterior

o:\nlum ‘roof. Each parletal ig an- lrregular, cuacrllateral -

viéfﬁﬁv"bone,completelv suturlng with it's nerghbour in .

the mid-lirne. rhe rrght parietal markedlv overlaos the . .

left parietal anter1orlv' The degree of overlao decreases

J _—

caudal and in. the posterlor quarter of the suture this

L]

overlap is reversed. _here is considerable’ 1ndlvn.dual .
variation;in suture details and complexity. Anteriorly o
each parletal is sutured wrth a rrontal._ The degree and - i S L
extent of overlao of elther bone by the other“:.s varlab]: ‘

-

Doster:.orlv the parletals overlie the SUD*aOCClDlual and

EDlOth boues,and laterally “the autoeterotlc. The dorsal

surface oF the posterior end of each Darletal is fused to

.

-the supratemporal sensory cagal. The eogterror ends of the

]
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supraorbital sensory canal bonee}extend onto, and are
fused with, the parietals._Eacﬁ\giiel has two pores on

the parietal.” The parietals have many small foramina.

Medial extrascapulars (Figutes 23, 24 and 26).

15

The medial extrascapulars are paired, dermal bones

which form the supratemporal sensory canal. They may be

-

. continuous acrosss the parietal-parietal suture or inter-

e

runted at thls no;nt. Thev are fused to the dorso-posterior
end of the narletals and continue laterally in front of the
dorsal port}on of the posttemporal to join the infra-
orbital canal. On the veptral portion of the posttemporal
they form the iateral extiescapulér canal. After leaving
the parietal the bone lies free_%n the skin. There are

usually three pores in each medial extrascapular.
Autosphenotics (Figures 2 25 and 26).

The autosphenotics are paired endochondral bones lving

latero-ventral to the posig rlor end of the frontals. Each

“autosphenotic is composed of a basal %ate and a laterally

directed process. Dorsally th% plate is overlain anteriorly
bv the frontal and posteriorly by the supratemporal-inter-

temporal. The anterior edge is sutured to the frontal and

'the posterior to the autopterotic. yentrally the autosphe-

' notlc forms 2 suture wzth the D*OOth. The lateral process

.

also forms a suture with the Dosterlor edge’ of the lateral
w1ng of the frontal. Mes;allv it borders the orblt. Mesial

to the’ process, the autosnhenotlc is “sutureé to the otero-

115
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v

sphenoid. The dorso-mesial edge of the;autosphénotic lying
under the frontal contributes td the anterior border of'£he
posterior fontanelle. Posteriorly the dorso-mesial edge
continues into the c;rtllaglnous tectum svnotlcum under -the
supratemporal—lntertemooral and parietal. The head'of the .‘9
hvomandlbular artx\?lates with two facets. The anterior
facet is formed fro£\the ventral edge of the autosnhenotlc

anéd parts of the prootic and pterosphenoid. The pPsterior
facet is the larger and\is composed partly of ¢ lateral
edgé of -the autosnhenotﬁb and the dorsal edge’of the prootic
but the autonterotlc prov1des the major-céntrlbutlon. _ The
anterlor sem1c1rcular‘panal Dasses posterior to the lateral
process of the autosphenotic and a short section of the hori-
zontal semicircular canal is also present iﬁ the autosphenotic.
The plate and process of the autoséhenotic are not extensively

perforated.

p—

Autopterotics (Fi%pres 23 and gS).

The autopterotics are paired endochondral bones lying

postefior to the autosphenotics. Each autopterotic is a

-

strut arching over and forming the dorso-lateral borders i

of the sub—temporél fossa.. The strut encloses t?e hqrizon—
- =,
tal semicircular canal and mesially it borders the tectum \
. ° . 4
svnoticum. Dorsally the strut 1s fused to tffe supratemporal-

intertemporal but a small post-temporal fossa runs betweﬁn‘

)

them and communicates with the sub-temporal fossa via a - \\

subular foramen in the autopterotic. Anteriorly the strui/’
. / -

expands to articulate with the autosphenotic and the prootic.
E : _ 3 >
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A porgion of the an;eqo-lateral corner provides part of

+he facet for the posterior head of the hyomandibular.

‘PosteriorX¥y the sitrut gxpands'fo articulatg,with the exocci-

pital and mesially with the prootic. Poiﬁéro=laterally a
spatulate process artic%lates with fﬁe pOsttemporal.

The origin of this process is dubious, it may be part 6f_
the supratgmporal or tééxaqtopterot;c. The process 1is
basallyv perforated. hThe'o;isthotic lies postero-mesad to

the process.
. s &
Prootics (Figures 25 and 26).
’.

The prootics are paired endochondral bones, approximately

square in shape, lying in the antero-ventral section of the

r

otic'region. The bulla acustica utricularis forms a swel-
ling on the ventro-late?al surface of each prootic. It lies

anterior to the sub-temporal fossa and encloses the lapillus.

"

‘ . . - . -
Anteriforly each prootic sutures with the pterosphenoid arouna
the trigeminal foramen. The foramen for the fadial nerve lies

between that of the trigeminal nerve and the bulla acustita
i - .
utricularis. Between these two feramina a small antero-

ventral ridge articulates” with.the wing of the parasphenocid

N
and forms the anterior ézﬁggof the foramen for the carotid

e

o . .
artery. Further details of the nervous and arterial relations
in this region are given by Mahy (1875a). Dorso-laterally

the prootic articulates anteriorly with the autosphenotic

=
and posteriorly with the autopterotic. The dqrso-lateral

edge contributes to both fﬁiets for the hyvomandibular.-
- el
Ventrally the prootics suture in the mid-line and this basal

~

&

-
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portion forms the floor of the braincase. Anterioriy the
ventral éarts of the prootics form the posterior border

of the. optic foramen. Lateral to the'mid-line suture, the
proctic develops wings which curﬁe mesially around the hypo-
phvseal foramen. The wings do not meet in the ventral mid-
line but are sealed over by the posterior part of the para-
sphenoid. The hypophyseal foramen is confluent with the
optic foramen anteriorly. The posterior edge of the prootic
articulates dorsally w}fh the exoccipital and ventrally with
the basioccipital. S&veral struts are apparent on the
prootic at these articulations. Posterior.to the bulge

of the bulla acustica utricularis the prootic inflects and
curves dorso-mesially to form the anterior, and part of

+he mesial, walls of the sub—témporal fossa. The dorso-

posterior internal edée articulates with the tectum syno-
!

ticum. The mesial surface of this part of the prootic forms
the postero-lateral surface of the cranial cavity. In addition
to the foramina mentioned there are small perforations of

the prootic near 1its articulation with the parasphenoid. |

Tecta synotica ‘

Each tectum synoticuﬁ is a thin sheet of cartilage ‘
.iying dorsal to the prootic and exoccipital bones between
the autopterotic, autosphenotic, epiotic and supraoccipital
bones. Posteriorlv it roofs the sub-temporal fossa and
antériorly part of the cranial cavity. The anterior edge
borders the posterior fontanelle and forms part of the

anterior semicircular canal.
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Epiotics (Figures 23, 24 and 26). ‘

R ]
N .

The epiotics are paired, endochondral bones situated
at the postero-lateral corners of the cranium. They cover
the sub-temporal fossa and anteriorly border the tecta

synotica. Laterally each epiotic articulates with the

-

autopterotic and postero-ventrally with the exoccipital.
Mesially it articulateé with the supraoccipital. Antero-
mesially it-is overlain by the parietal and antero-
laterally it is complexly sutured with the supratemporal-
intertemporal. The suture is overlain by the supratempcral
canal bone but there is no fusion. A laterally directed
epiotic process is connected to the posttemporal by liga-
ments. It i1s not well‘developea and its anterior edge b
follows the posterior edge of the parietal. The posterior
semicircular canal crosses the postero-mesial corner of

the epilotic.
Opisthotics (Figures 23, 24 and 25).

lOpisthctics are paired endocﬁondral{bones lving between
the exoccipitals and the spatulate processes of the autdp-
terotics. Each opisthotic is a thin irregularly shaped
- bone. The antero-&nesial section of the bone is thinnest and ﬁ

lies mesial -to the autopterotic. A posterior spike is usu-

ally evident.

.
-

Exoccipitals (Figures 23, 24, 25 and 26).

The exoccipitals are paired endochondra%\bones of tHe

posterior end of the cranium. Each exoccipital consists of
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a plate of bone whose ventral and posterior edges are sutured
to the basioccipital. The plate forms part of the wall of
the bulla acustica lagenaris and also contributes to the

sub-temporal fossa wall. Anteriorly this plate is sutured

to the prootic and dorsally to the tectum svnoticum. The

posterior portion of the plate curves laterally as a thin sheet
of bone with a centrally developed strut. The strut arti-
culates anteriorly with the autopterotic and dorsally with

the epiotic. It encloses part of the horizontal semi-

circular canal. Posterior to the strut a ring of bone en-
closes the lateral occcipital foramen. The base of the ring
lies abave the bulla acustica lagenaris and its anterior

portion lies .in the lateral plate of the exoccipital. The
BNy

ring curves dorso-mesially from the plate and then posteriorly

paralleling the opposite ring before curving ventrally to

the bulla. The dorsal part of the ring is a thin sheet of
, ‘

bone and is wider than other sections. The dorsal and

posterior external edges of the ring are square cut. The
ring sutures with the supraoccipital dorsally. Laterally
the rings enclose the foramen magnum. Cartilage closes this

foramen dorsally. Mesad to each bulla the exoccipitals send
T

— .
thin sheets of bone which suture in the mid-line forming

L]

the floor of “the foramen magnum and the roof of the cavum
. S R
sinus impar. The cranial cavity is thus separated from

that containing the sacculus and lagena and the basioccipital
is excluded from the foramen magnum. ' Anterior to the lateral

plate in the ventral portion of the exoccipital there are

two foramina. The most anterior one I

or the glossopharyngeal

-

.
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nerve and the posterior foramen is for the vagus. The vagal

forarmen is the larger of the two. L -

Supratemporal-intertemporal complexes (Fijures 23, 24 and 26).

The supratemporal-intertemporal is a pajred complex
of fused dermal beones lving dorso-laterallw }n the otic
region (Harrington, 19535). Mesially each cémplex is fused
to the autopterotic. Antericorly the complex overlies a
portion of the autosphenotic and posteriorly it h;; an
intricate interdigitating suturg with the epilotic process.
In some specimens, the autospheﬁotic intervenes between the
frontal a#nd the supratemporal-intertemporal on the dorso-
lateral skull surface. The dorsal edge sutures with the
parietal and the ventral edge fuses indistinguishably with
the autopterotic. Ventro-laterally the infraorbital sensory

canal runs alcng the lateral surface cof the complex. There

are usually 4 pores and the complex is minutely perforated.

Bullae and semicircular canals (Figures 23; 25 and 26).

-

The bullae and semicircular canals of the inner ear are

bounded by bones of the otic region.

The bulla acustica utricularis 1s a large ventro—l:ateral i
protrusion of each prootic. The lapillus is contained in B!
the utriculus. The bulla acustica lagénaris is smaller than
the bulla acustica utricularis and on each side of the cra;
nium is a ventro-lateral protrusion of the basioccipital
and eXoccipital bones at their lateral suture. The sacculus

and lagena lie within it containing the sagitta and asteriscus

respectively.
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There are three semicircular canals on each side of

. the head. Their courses can be traced in the otic region

bones where they form rounded ridges. The anterior and
posterior canals are orientated in the vertical plane and
the horizontal canal in the horizontal glane. Thé anterior
canal is visible in the prootic lateral to the bulla acus-
tica utricularis and-extends dorsolaterally through the
avtosphenotic, dorsally along the anterior edge of the tectum
svnoticum and supraoccipital and then curves ventromesad.

The posterior canal iies in the exoccipital lateral to the
lateral forameﬁ and ébntinues‘antero—mesially through the
epiotic and suprao&éipital. After approaching the anterior
canal in the supraoccipital 1t curves meso-ventrallv. The
horizontal canal lies behind the anterlor canal in the auto—-
séhenotic, passes through the lateral edge of the autoptero-
tic bounding the Subtemporal fossa and continues igto the

exoccipital.
Otoliths (Figure 28).

The otoliths are three paired structures of the inner
ear. They‘appeaf as white structures seen through the red,
alizarin-stained bones of the otic region. They are un- ‘
stained because theyv are primarily calcium carbonate and
lack the calcium phosphate for which alizarin is specific.
Asteriscus.
Each asteriscus lies in the recessus sacculi with the

sagitta. The asteriscus 1s orientated vertically and. lies
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lateral to the sacculus. It is disc-shaped with a crenel-
lated edge. The laterallside is smooth and convex but the
mesial side has a central depression bounded by a.ridge.
The depression opens anteriorly and the ridges end abruptly
at the anterior edge. -

‘ Lapillus
_Bach lapillus lies in the recessus utriculi which is
bounded by the bulla acustica utricularis. The lapillus
is sligﬁtly smaller but thicker than the asteriscus and hés
a smoother margin. It lies approximately in the horizontal
plane and is longer than broéd. The anterior half of each
lapillus is thickest and the anterior edge 1s rounded.’
Postgribriy it narrows to a thin piate and the postericr-
edge is sharply rounded. The antero-dorsal surface is
grooved.
Sagitta
Each sagitta is a thin elongate structure lving mesial
and mostly anterior to the asteriscus. Its anterior end
projects over the postero-mesial surface of the prootic.
- The sagitta consists of a central strut with€¥fggile
expansioné in the sagittal and horizontal planes. These
wings are reduced posteriorly.
The post-temporals and supracleithra couléd be included

in the otic region but are dealt with under the description

of the pectoral girdle.
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BASICRANIAL REGION

The basicranial region is composed of two bones,
the parasphenoid which supports and connects the skull
elements and the basioccipital which connects the skull

to the vertebral column.

-

Basioccipital (Figures 23,24, 25 and 26).

The basioccipital is a single median endochondral

bone at the postero-ventral end of the cranium. It encloses
the postgrior myvodome with the prootics. The anterior and
dorsal edges are sutured with the prootic and exoccipital
bones respectively. From these edges the basioccipital
curves ventro-mesad. Tﬁo ventral ridges on either side

of the mid-line interrupt the curving plates. Poskefiorly
the ridges ﬁerge with the masticatory process and.anteriorly
they decrease %s size to merge with, the anterior proces-
ses of the basioccipital underlying the p;rasphenoid.

The two ridges form the anterior borders of the aortic

canal which penetrates the masticatory process imme-

diately below the proatlas. Posteriorly, above the

~ masticatory process, the basioccipital terminates in

a centrum shaped disc, the\Froatlas, with which the

i -
first vertebra articulate%j Dorsal +o the proatlas and
extending anteriorly, the basioccipital forms the floor R

and side walls of the cavum sinus imparis and dorso-la Tally

is sutured to the exoccipital. The side “'walls and f‘oor of

i
' qu/r

Q

\



125

\“a\\\the recessus sacculi are also formed by thé basioccipital.
TN .
T&ese are located on each side of the cavum sinus imparis
with which they share a common wall. The lateral -surfaces
of the basioccipital form'part of the walls of tﬁe bulla
“acustica lagenaris. ’
The masticatory process or basioccipital plate is é
large, multi-berforated'depression against which the pha-
x\;yngeal teeth grind. It is posteriorly expanded into a
median, perforated pharyngeal process fﬁr the origin of
the pharvngeal afch retractors. The masticatory process
surrounds the aortic canal. The posterior end of the pro-

cess is rounded. Anteriorly a small process projects under

+he aortic canal in some specimens.

Parasphenoid (Figures 25 and 26). b

.

The parasphenoid is a cross—sﬁaped, median dermal bone
located ventral to the cranium. The anterior arm is the
longest and its ventrally concdve anterior end lies above
the prevomer between the lateral ethmoids. The concavity

-

of the anterior arm is lost posteriorly approximately at \i
the orbitosphenoid-pterosphenoid suture. A weakly developed

ridge on the parasphénoid articﬁlétes with a mid-ventrél

ridge of the orbitosphenoid. The anterior arm slopes
antero-dorsally to the olfactory region from the posterior

end éf the optic region. The lateral wings of the para-

sphenoid are located near the posterior end of -the bone and

are sutured laterally with the prootics fo;ming part of the

—
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; and maxillaries.
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border .of the carotid foramen. The parasphenoid ,is angu-

" late at this point and forms a slight keel. Between the

wings on the ddr;al surface a thin central procéss projects
dorsad from a small centfal ridge.. The ridge and process
divide‘the poéterior_myodome into two chaXqels which are
laterally bounded by thé upcurved edges of the paraséhenoid‘s

posterior arm and wings. The ridge is connected to the

bl

prootic. The posterior arm of the parasphencid is a dor-

sally concave sheet underlving the basioccipital and

prootics tc form the floor of the posterior m§odoﬁe. The
posterior tip is forked. The pharyngobranéhials are attached
ventrally to the posterior arm of ﬁhe parasphenoid. Tﬁé'
paraéphenoid is often difficult to separate from the @
prootics gt the lateral wings indicating some degree of

fusion.

OROMANDIBULAR REGION

»

Upper jaw

~ -

The upper jaw as in all Cyprinidae is toothless and

oy

is composed of two pairs of dermal bones, the premaxillaries i

.
A

Premaxillaries (Figure 29).
' ‘ ) s
The premaxillaries alone border the gape and in this

genus are protrusible. They are L-shaped bones paralleling
+he maxillaries along their major axis. The minor axis

curves mesiallv to parallel the minor axis of the opposite .-

Fol

—
H
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~

side rising postero-dorsally. Mesially/ligaments connect

the minor axes of both sides and join them to the kinethmoid;

-
r

The premaxillary articulates with the maxillary beth anteriorly
. . . ¥

‘

and posteriorly. The narrow pééterior end of the\major

axis fitévinto a‘groové on thé lower surface of the maxil--
léry formed by a mesial maxillary plate. There i§ a liga-
mentous cqnnection at this point. The anterior articﬁlatiop )
is found at the junctién of the two axes of the premaxillary.
Lateral and mesial processes of thg maxillarv”bone accomﬁo1 -

E -

date the premaxillary.

*~

Maxillaries (?igure 29f: ' ;-

: . .
The maxillaries are large curved bones lying dorso-

mesial to the premaxillaries. The anterior articulatiqd

with the premaxillaries on each side is by a groove formed

¥

by a lateral plate-and_a mesial process.’ The process 1is”

: longer than the plate. The posterior articulation is in a-
groove formed by a mesial plate. The antero-dorsal end

of each maxillarv has a blunt head covered by.the.small
suémaxiilary cartilage, which articulates with the preeth-

moid anteriorly and the autc;palatine posteriorly. & large, ‘ i
rounded ascending \proce rises.half-way down Ehe main

body of the maxilla and a strong occlusion pushes it against.
'the lateral ethmoid. The posterfBr-end of sthe maxillé is
qgnnected by ligaments to the bremaxillary and to the ascend-.

ing process'of the dentarv. A small lateral and ventral

iidge-is present to brace the lachrvmal which is attached
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. Coroncmeckelians (Figure 29) -
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W &‘ ! - ’ .
by a 1gament to a peoint one third of the length of the

maxll’arv fTom the anterior end. The ridge is a?é%rentlv ;

an extension of the lateral pLate and ends abruptly as.a-

notch -at the point of l;gament attachment.

.

Lower jaw

The unossified Meckel's cartilages form the bases for

the lower jaw around which -dermal and endochondral Bones -

™

ares organised. Each cartllage is g cvllnd}“&al mesial
‘ &
rod of cartilage. Ossifications of the anteriar end form
the articulér, mentqmeckelian and part of .the :gtroarticular-

) : ‘ _ - L. _
bones.  The corodomeckelian is a postero~mesial ossification
‘ . o . . . /) . . L

of Meckel's cartilage. ) - ’ L - . !

Mentomeckelians (?igureﬂzs)_ : ‘ L — \

»

-
[

Each mentomeckelian is fused to the mesial surface of

the:dentery and is an anterior ossification-6f Meckel's
» \ K- N o
cartilage. Its form is cylindrical, tapering anteriorly. .
4 - . . . N :

-

*
—

. R 4 . .
Each coronomeckelian is a complexly-~shaped posterior,

ossification of Meckel's cartilage lving mesial to-the
iy ; . L . f .-
angular. ‘It consists of a vertical olate which ventrallv

forms a cu*led plate partla iR overlv1ng Meckel's cartllage

qorso-meszaWIV ”he vertlca' clate lles in a denressxqgs

~of the mes*al angﬁlag surFace antero -dorsad to-the a_tlculaf.

. Dentaries (Figureﬁ 23 and 29)f o : L o

\ The dentaries -dte paired dermal. bones, thé'lar&@ét of

o




~canal is fused to the dentary and passes, usuallyéiit

the lower jaw. They do not bear\teeth. :Anteriorly they

-Join at a symphysis,ﬂ'urving mesijfad from their laterally
-

placed and parallel arm TheMBorsal ‘edge of the dentary

sleﬁes laterally,'the venkral mesially. ‘A notch is“toqnd
on the .ventro-mesial :surface ?psteriot to_the symphysie.
The.dorsal edge is algo.notched anterior to the ascending
proeees: A 51ngle foramen, for the truncus mandlbularls
of nerve VIiI, of varlable pos;tlcn, oerforates the thln
dorsal half of-the_dentary beteeen the symphysms ‘and ;.
‘posterior dorsal ascending process. The bluﬂt aseending
process is attached o the maxillary by a ligament. In
thls genus lt curves oosterlorlv and it*s anterlor edge
slopes po;terlorly. The central portlon of the dentary

is the thickest_and_it's mesial surface is qued anteriorly

te the mentomecke;iaﬁ Eehind which there is a-groove con-
taining Meckel's cartllage. '&he ventral éortion of.the_
dentary is a olate taoerlng to a thln)mesLal edae from
the central DO*thn._ It is connected bv .a llgament to
the retroartlcular and is looselv assocxatea w1th the
angula:. Laterally the'OSSlfled preoperculomandibular

= . %
P o

Ve

-
L™
aa
=

m

-

. :
‘ossification on the -angular, to. the preopercular

~"~.There may Be four or five pores on/ the mandibular part

cf the canal. - BN N
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Articulars ” L K//ﬁ\\\
. ) _ o ) -l _

The artlculars are paired nosterlor 0551f1catlons -

of Meckel s ‘cartilage completely enclosed bv the dermal



L

angular bone: Their form is tubular and they lie along

-

the axis of Meckel's cartilage. -

~ ‘ -
, -

Qgpioarpiculars (Figure 29). {
; =R

. i 4

/\
Each retroartlcular is placed ntrallv at the, posterlor

end of the angular/gaééad of the dentarv. The central part
of these bones is endochondral and part of Meckel's carti-

lage but this is covered by dermal bone. 1In lateral view

the bone is oval in shape and it is closely associated with

the angular.
Angulars (Figure' 29). ‘
" \ '
. - E .
Wrpaired dermal angular bones encase the articulars

b

and are the most posterior lower jaw bonés. A posterior

'facet articulates with the knob of the/cuadrate. The
~ 7

" ventral 1ip of the facet is produced posteriorlv. A notch

on the ventral surface accommodates the retroarticular.

»

Anteriorly the angular is mesial to a posterior projection

of the dentarvy and lateral to Meckel's cartilage. A thin

rounded or pointed processg rises dorsally behind the as-

cending process of the dentary. ’ The process' height varies
& .

with specimen size and is highest and most pointed/ig/férge

(fish. THe most anterior extension of the angular, a thin
/’trough—like plate, almost reaches the meanmeck ian.

The coronomeckelian fits into a depression\Pﬁbthe mesial

surface of the angular antero-dorsal to the articular.
) : /

It is a tri-lobed structure with two posterior wings and

a larger wing‘directed anteriorlv. The two posterior wings

.

130 .
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are.of similar size and shape. The angular may bear part
of the preoperculomandibular canal bone.

Autopalatineg (Figure 29). R

The autopalatines are paired, endochondral bones which

-
N
S

aid in the articulaticn c¢f the uppér jaw and the clfactory '
region. They are the most antérior bones of the primary
upper jaw? -Each autopalatine is rod-like an% the anterior

end is expanded into three small, plate-like processes.

?

Two Qf these processes ate directed mesially forming a shal-

! -

L
low cup around the lateral surface of the preethmoid. The

third process articulates with a depression in téi}\axlllarv.
ar

Laterallv this process is expanded into a trl
\

head which abuts the lthrvmal. The Dostero—dorsal surface

of the autonalatlne bears a blunt projection whlcthlts into

shaped‘\

a depressxon of the ventro-lateral edge of the lateral eth-

. moid. The posterior end of the autopa ine articulates
with the endoptervgoid and, by means of cartilage, with
. L]
ey
the ectopterygoid and the guadrate. A small dorsal depres-

sion and process has a ligamentous connec¢tion with the endop-
. /

tervgoid. There is a cartilaginous cap over the hind end

Y
of th%/autopatatine with which this connecting cartilage is
N
continuous. There are several perforations in the auto-

palatines.

-

.Lndoptervgo ds (Figure 29y,

The endoptervgoids gre paired dermal bones forming &~
méjor §orti6n of the floor oﬂ<§he orbit. They are laterally
concave and their outline is sub-quadrilateral. ' Anteriorly

S . = ' #
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small/lateral and mesial expansions %éfm a cup-like arti;ula:
tion for the autopalatine. The dorsal corner is pointed and
located dorsal to the posterior end of the autopaiatine |
where it is attached by a ligament to the dorsal process.

The posterior margin of the éendoptervgoid is laterally over-—
v ) - » - . ”/
lain by the anteriors/margin of the metaptervgoid. This

P

Pverlap extends onto the posterior one third of the ventral
. edge of the endopterygoid. Anteriorly the ventral edge is

x/ overlain laterally by the guadrate. The lower third of the

e
antgrior edge is covered laterally by the posterior edge of

the ectopterygoid. There is a small gap,Wthe quadrate-
S . ]

méﬁapterngLd fenestra, where there s qg/overlap of the

ventral edge of the endoptervgoid. A small lateral ridge -

extends ventrally from the socket for the autopalatine. It

curves posteriorly a short distance above the ventral edggR
terminating at the posterior margin of ‘the endoptervgoid. >

Ventral to this ridge the bone inclines mesially. The ;
. . ) . . *&«ff/
ridge provides an edge for articulation of the ectoptervgoid,
gquadrate and metaptervgoid. Mesially below the socket, there
~ 24
is a thin walled pocket which is variably perforated. The
TN ‘

- ~

" endoptervgdid is perforated posterior to the socket for the
_autopalatine and irregularly over the major surface of the

-

,bone. . o
Ectoptervgoids (Figure 28}.

The ectoptLrygoids are paired dermal bones lyving antero-
/

lateral to the‘éndopterygoid. Their outline is that of an
! _ N .
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elongate oval with the mest pointed end directed antero-
dorsally. The ectopterygoid articulates posteriorly with
the endopteryvgoid and the quadrate. It lies lateral to

L] - i
the endopterygofd butfmesial to the guadrate. It mav adhere
closely to the guadrate or fit into a small depression.” A

single small perforation is found in the centre of the
{

bone of some £ish.’

Quadrates (Figure 29). ’//ﬁ\\\ ~

The quadrates are paired endochondral bones consisting
of a sub-quadrangular plate bearing a long posteriorly- .
directed procéss on its ventral surface. The posterior ¢
end of the process terminates bluntly where~fhedarsal
ramus of the preopercular begins, to ascend. The symplectic
\ : £its intd a depression on the dorso-mesial surface of this
process obscuring a posteriqr notch between thé plate and
the process. }A mesial ridge along the middle of the pro-
cess forms an articulation iine for the preopercular which
. extends as far as the mid-line of the gquadrate plaée. The
anterior end of the symplectic terminates slightly postero-
dorsally to the end of the preopercular. The dorsal edge
and upper half of the antericr eége of the quadrate are
lateral to the aendoptervgoid aﬁd‘ectopterygoid respectivelyv.

=~

occurs approximately half way “down

The process for axticulation of the ectoptérvgoid has been
© %

.

referred to above arnt
>

the anterior edge of tMe gquadrate. 3Below this point the

it expands into a major saddle-

- . . \ 3 .
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\

shaped process which articulates\wi he articulaﬁ. The
posteriof edge gf the plate is %pe anterior border of
£he éuadrate—metapterygoid fenestra which is bounded ven-
trally by the symplectic. Several small foramina perforate
the platé of the quadra%e which is pitted irregularly. g
foramen is found on the_ventral surface of the anterior end
of the process. The -ectoptervgoid mayv be fused closely with-
~the guadrate' and the articulation described may not be pre-
- sen{f The quad;age is smaller than the-endopterygdid and

LI

" larger than the ectopterygoid.

Metapterygoids' (Figure 29).

The metapterygg&ﬁs are paired endochondral bones cha-

-

racterised by a concave anterior edge lying lateral to the
k]

posterior and part of the ventral‘edges of tﬁé‘endopterygoi&?iﬁa“

-
This anterior margin is irregular. The antero-ventral edge

curves convexly to the symplectic and has the characteristic //,/’\\
darkened appearance of an articulating edge. Howeveér part
" 0of the metapterygoid does not articulate with a similar oppo- |
sing edge.of Ehe guadrate and a weak quadrate—metapteryggif
v  fenestra is present. There may be some cartilage :&\t:.ts ‘
space. Ventrally the metaptervgoid articulates with the
f“Bymplect%c and the manner of this articulation is dealt with
iater.fcéégieriorly the metapteryvgoid.narrows to about one
half i%'s anterior depth. The dorsal cornmer bears a strut
which extefhds diagonally towards the mid-point of the bone.
The ve;tral corner bears a small arficulation por,t. This
& P

]

¢
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o'

'po%nt may be supported by a small strut but.if it is present

\ it is very short and does not meet the dorsal strut. The
{ dorgal strut articulates with the hyomandibular while the

s

ventral articulation lies at the junction of the svmplectic,
1]

hvomandibular and interhyal.

b
HYOID REGIOL .

The hvoid region is composed of both dermal and endo-
chondral bones. The dermal bones all belong to the opercular

series,‘ﬁhich éupport the gill covers. The endochondral

bones contribute primarily to the methvostyvlic jaw suspension.

Opercula (Figures 23 and 30).

. -

The opercula are’ sub-guadrilateral bones overlving the
gills. The posterior edge of each operculum is £free over
the.posttemporqg‘fnd cleithrﬁquthe ventral edge overlies
and is attached by a membrane to the suboperculum. The dorsal
edge 1is stgaight or scalloped. The antero-dorsal corner

is elongated into an anterior process dorsal to the pfeoper—

f/culum and lateral to the head of the hyomandibular. The

’ o
convex anterior &dge is overlain by the preoperculum ex- i
cepting the anterio:hprocess. Posterior to the= proce‘ss ; - /
portion of the preoperculomandibular canal runs dorsally.
The opencuium haé its major articulation mesiallf with a
posterior head of the hyomandibular. This arficulation is

supported bv a very short diagonal mesial strut, which extends

onto the anterior process, and by a longer thickening of the
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- N,

to the socket of the hyomandibular articulation

a foramen

" which branches.ventrally and dorsally. ‘The:ventral branch .

-

becomes a ventrally directed tube within the anterior thick-
ened strut. - There age‘several lateral openings of this be
which ends mid-way between the hyomandibular artiLQ;a{;:iu
and the ventral edge of the operculum. The éorgal branch
passes under the arti;ulationlto Open on the mesial face of‘
the opercula and, via several tubular foramina, onto the

lateralssurface of the upper\part of the operculum.
s "~

Preogerzula (Figures 23 and.30). .ﬂz\b)

v

The preopercula overlap the anterior edge of the opercu~

la and,.veq;rally much of the interopercula to which they’
. 4 ,
are connected by a hembrane. The preoperculomandibular

: \ .

canal of each side is fused to the lateral surface of each

t
preoperculum. The bone is approximateiy'ffght-angled with

anterior and dorsal rami, the latter being the longer of the
two. The dorsal ramus reaches +o the level of .the hyoman-
dibular-opércular articulation. There is a membranous
attachment to the hvomandibular along the posterior sidévgf
the lateral ridge. The anterior ramus lies ven£ral to the
longitudinal shaft of the metapterygoid an@ lateral +to, the
iﬁteroperculum. The sensory canal extends the whole length
of the preoperculum and 1is Eused to it tﬁrqughout. There
are about twelve pores but perforations are very irregular.

Arching tubules are present within the bone anterior to the

. ' . P
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sensory éanal,(Buhan, 1970). These are best developed in

‘Fhe angle of the bone. . \Lﬂ“\;1’~

2
[

< Subopercula (Figures 23 and 30).

The subopercula are §artially overlain by the véntral
‘edge of the opercula and the posterior edge of the inter-
opercula. There is no ridge marking the extengiof overlap
of the opércula. There are membranous connections with the
opercula ané interopercula of the same side. The dorsal ‘\

- N

edge of each suboperculum is concave, the ventral edge
'cénvek and from a sguare anterior face the bone tapers to

a rounded?posterior point. The antero-dorsal corner pro-

trudes slightlv as a rounded projection.

1]

Interopercula (Figures 23 and 30).

The interopercula are lateral to the hvpohvals, cera-
tohvals ané epihyal. The anterior ramus of the preoperculum
ig lateral to much of the dorso-lateral surface of each inter-
operculum and the extent of this overlap is marked by a -
slight ldteral ridge. The posterior end of the inter-
operculum is lateral to the suboperculum. Ligaments connect i
the anterior end of the interoperculum to the angular and_
the retroarticular. Anteriorly the interoperculum terminates
in- a2 peint. The dorsal e%ge is convex and the ventral con-
cave. The postero-veﬁtrai corner is rounded and curves up
to a shafp, dorsal.point. The dorsal arm'is congiderably

shorter., than the anterior arm. The interoperculum is longer

than the suboperculum.
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Branchiostegals (Figures 23 and 31) .

~ : \\\agj“J !
The branchiostegals are three pairs of thin, _ii L i
hev

shaped bones covering the véntr 1 branchial cavity.

are mesially concave and laterally convex. The anterior
two branchiostegals articulate with the ceratohyal, the |
most posterior branchiostegal with the-ceratohyal and the
epihyal.' The first branchiostegal is the most lateral.
The third or anteriormost branchicstegal bears a slender,
dorsaliy directed shaft which articulates Gith the cera-

- tohval. The first and secornd branchiostegals have a similar

shape; the third is more slender. They become progressively
. o "
longer posteriorly. f

The follofing are all endochondral bones of the hyoid

region: -

-

Hyomasiibulars igures 23 and 31)., S
_ ~

ach hyomandibular-is a sub-triangular bone which nar- ~
rows ventrally. There is a lateral, dorso-ventral strut.
; . ,
; :
The articular head for :}g opercular is approximately one . ‘

third of the way down the posterior edge of the hyomandi-

bular. _The‘hyomandibulgr branch_of the facial nerve passes

through a mesial fbramen at the level of the opercular arti-

?Eiglion. An elongated, oval exit for this nerve 1s found

A

iaterally. I+ is located near to the veritral end of the

hvomandibular and the nerve passes through a canal running

along the mailn strut.r/Two other lateral exits are found

!
]

“y

-t
below and above the articular head. The ramus opercularis

B
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- superficialis leawes the hyomafidibular via the foramen at ~
- . ‘_-. . -
the base of tq§.opercular condyle and enters ariother fora-

139

men on the anterior edge of the operculum. Ventrally the
hvomandlbular articulates via a ligament with the;;vmplectlc
and interhyal. Anteriorly it articulates w}th the two
posterior heads pf the metaptervgoid. Ther orsal end of
the hvomandlbular bears an anterigr and posterlor condvle ’ AN
separated by the downthrusting anterior semicircular’ canal
The anterior head is the smallilest. These heads articulate -
with the otic region of the skull at the hyomanaibular facet.
The facet is com@osed 0of sections of the autosphen?tic,
prootic and autopterotic bones. The hyomandfbular bears
the origins of various muscles. The dilaﬁer operculi -
muscle has its origin on the upper third of the lateral
face of'the bone dorsal to a weak laterdl ridge. The

v levator operculi originates ;n the postericr depression
abofe the articulation wiFh the operculum.- Below ﬁhis

articulation is the mandibularis part of the adductor mandi-

bulae origin. The_levatb% arcus palatini occupies much of

the lower anta\rior two thirds of the bone (Uveno and Miller, i
. e . . ¥
1965). - | . : A,

Svmplectics (Figure 29). ‘

——

g - - . .
the\guadrates. Their ventral edge is convex and each sym- .

. The svmplectics lie mesial to the posterior process of

plectic as a wholevis gently arched. The anterioquortion

lies in a notch of the quadrate. The posterior end artis

~
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culates v:LQa J.\gament with the hvomandlbular and mes:.allv
w1£h the lnterhyal. It's dorso-posterior edge may clo- o
se%? adhere to the metaptervgoid. Iﬁﬁediately posterior
to ‘the quadrate-metaptervgbld fenestra a small peg projects

dorsally ints\qvﬁdﬁket on the metapperygoid.\\The metapteryr

~
.goid may havgha peg posterior to that of the symplectic ’
“ W
which fits into a socket on the dorsal edge of the sym-,
plectic but ‘arrangement of pegs and sockets and even their
presence is variable. -
: ) -
Interhvals (Figurg‘gl)_ .
The interhvals are small, oid bones found in close
) ' ﬂ . -
lateral proximity to Sostero-dorsal notch of each epi- R

Iy

. T

hval. Ligaments connect each inter%xig ventro-mgsially to

the hvomandibular ang the %ymp}ectic. o
\// ‘s:
~Epihvals (Figure 31). . s

s The epihvals are sub—triangular in outline with the
*ibase of the triangle aﬁteri&r. The apex of eagh epihval is

postero-dorsal ané bears-a large notch near which'lies the b ¢
ﬂbterhv;lq Antero—meSLallv the epihval articulates™yith

the ceratohval but only dorsally such that a postero~yentral

notch is formed. : The first branchiostegal lies lateral <o

-~

the notch.' A ligament connects the epihval o £he retro-
. . v ' . , F,
articular. - S . .

./""

Ceratohvals (Pygu*e 31)
f‘- .
The ceratohvals are 1onger bones than the eolhvals to E?;

L

\/' 3
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which -thev have a brdad postero-lateral articulation. The. " °

o

middle_section of each ceraeohyal.is narrow expanding o .
antero-mesially into two heads which articulate with the
upper and lower hypohfals and enclosing a lagge foraﬁen.
\The branchios?egals areiculaﬁe with the ceratchyal and e?i—

‘hyal as previously described. —_
»

¢ Upper hypohvals (Figure 31).

The upper hyvpohvals are curved, tubular bones .arti-
dulating laterally with the dorsal head of the cefatohyale
and-ventrélly with the lower- hypohyals. There 1is a liga-

‘fj§:;%’53nnect1ng each upper hvpohval to the posterior end of
the bas;hval and the anterior end of the first bas;branchlal.‘

The upper hypohyals are. noticeably perforated.

L

~ Lower hypohyals (Figure 31). al

The lower hvpohvals are also tubular bones but are

T T

larger than the upper hypohyals. _The dorsal portioh‘of“each

hypéhyal articulates with the ddrsa% head of yhe upper hypo-

&

P

-

’ hya\l\ and the ventral portio@h the ceratohval. Liga- ’ i
/ ’ . -

L ( o

L -

-

mentous connections éxtend teathe basihval, urbhval and the
lower hvoohval of the opposite szde of tbe head The lower‘“ -

hvnohvals are perforated but no;fas eween51velv as the upoer .
f
-~

hypohvals. - . s ' e~

L R

; Basihyal (Figure 32L; _
e L
The h951hval is a ﬁhi@ elongate unoal*ed bone supporting

the tongue. ghterlorly it lies free-in the oral cavmty.' Pos- ‘

} N ‘\\3 o l o = . '

-y



-
- r

- | .. - 4 P 142 _.q.

Ee;%prly it narrows to where it lies dorsal to“the hypohyalsf

- -
-

Ligaments connect this bone to the dorso-mesial surfaces of

the upper hypohvals and to the anterior .end of the first

. . - .' > . it W~ * . ) . -
basibranchial. . . -

Urohyval (Figure 33). * , .
N : . .
TheﬁuroHYaL_is an unpaired mediéﬁ bone'}§ing at ;pé
base 6£‘thethead below-the-basih;anchiéls. It conéiéts of
a broad,{fla£‘plate with a dorsally directed median plate.
The mediangpiate extends dorso-posteriorly to t@e:gése plate
and has Sméil iateral wings at its tip. The urohyvalsmay ﬁe
pérfofated where the two plates converge. Anﬁéfiorly thé
bone narrows both laterally-and—dorsélly before forming two
heads separatéd bv a deep vertical cleft. Ligaments from
these heads connect the urohyéls'to‘the upper hvpchvals.
Posteriorly the spernohyoideué muscles are inserted.but theré

is no marked expansion of the bone. There is a shallow cavity

on the ventral surface of the urohyal.

BRANCHIAL REGION . : i

The bones which constitute the branchial regioﬁ support
the gills, aortic arches and, as a modified fifth branchial
arch, the pharvngeal teeth. ‘The branchial arches also sup-
port the gill rakers, there being two rows on the first
~ four arches and one on the'fif;ﬁ. Each raker is ossified

only in its distal portions. In shapedg;;\%ill raker is a

slender process arising perpendicular to a small base.
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Pharvngobranchials (Figure 32).

?hg_pharynéobranchials are two pgirs of thin, endo—'l
chendral bones lyipg in the mid-line between the epi-
branchials at the roof df'the branchial cavity. They
suspended the gill grcheé from the cranium. The first
" pair lie ventral tbafhe second and are smaller. Each pha<
:ryhéobrqpchiél is ;‘half-ﬁooﬂ shapegd beme with the rounded
t'edge piaced laterally. Thelﬁrtiéulat'ons of the pharvngo-
'-brancbials with tﬁe'epiﬁrapchials.are described Selow.
The.pharyngop;;ncﬁials are loosely attached tg the ventral
sufface of tﬁg pazasphenoi& posterior to the late£é£ wings.
zihe second.pﬁafyngoﬁranchial is posteriorly attached.to a

. pharvngobranchial cartilage. ) ' o’
Epib;aﬂchials,fF;gure 32).

The epibranchials are four pairs of endochondral bones
articulating mesially with the ceratobranchials. From this
articulation the§ curve antero-mesially té overlie the cera-
tobranchials. The first epibranchial is articulated with
the first pharyngobranchial, the second with pharvngobran-
chials one and, two ;nd the third with pharyngobranchial two.
The fourth epibranchial has a cartilaginous connection wiﬁh
the second pharvngobranchial. The second and thixd epi-
branchials are curved piﬁfes of bone forming a dorso-lateral
trough. The curvature of the first epibranchial is such
that a ventro-mesial trough 1is formed. The fourth epibran-

chial is a thinner strut of bone without curved plates forming
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" a trough. The epibranchials are similar fo.the cerato-
branchials.near their articulation bit are mesially modi-
fied. Near the mesial eﬁd.of the first and sécond epi-
branchials the posterior edge'abruptly inflects to continue
mesially as a narrow process'foé articulation with the
pharyngobréﬁchial. The process of the second epibranchial
is distally expanded intdo a piate. The third epibranchial
is similar to the seéond but the posterior. corner of the
inflection is better develcped as a small process. The
fourth epibranchia} is mesially similar to the third but
has a well developed anterior inflection process. The lateral
portions of the bone do not form a rectangular plate but a
thin strut bearing a perforated posteriér plate. The plate
merges with the expanded end articulating with thé cerato-

branchial. Cartilagirnous fifth epibranchials are present in

Notemigonus crysoleucas, posterior to the fourth epibranchial.

Ceratobranchials (Figure 32).

The ceratobranchials are four pairs of endochondral
bones, the %argest bones of the branchial region. Their
shape.is that of an elongate recténgle, with a concave ventral

surface. Laterally they articulate with the epibranchials
and mesiaily the  first three pairs articulate with the hypo-
Qranchials while the "last articulates with a median basi-
branchial ca;tilage.' The ceratobranchials are perforated.
The £ifth ceratobranchials are modified and bear the pharyngeal

teeth.
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Pharyngeal arch and teeth (Figure 33)..

The fifth pharyngeal arch is derived from a modified

~ ~

pair of ceratobranchials (Chu, 1935). They are‘larger

e

-

teeth. The teeth have a distinct origin from ectoderm and
mesoderm in\contrast to the pugély‘mesodermal'arch {Chu,
1935). Each arch consists of two rami, one directed anterior-
lvy, the other curving mesially to the dorsally placed basioc-
cipital process. The aﬁterior arms come to lie close toge-
ther at their tip§ and' are connected by ligaments to the
basibranqhia% cartilége. Each arm is mesially notched near
the tip and the posterior end of the basibranchial cartilage

terminates in the articulation thus formed. The junction of

the two arms is developed as a ventyo-lateral keel. The keel

'is perforated by large foramina which pass through onto the

mesial surface of the base of the teeth. The number of fora-
mina varies and mav differ on the right and left arches.

There is a single row of five teeth on each arch in Notemigonus

crvsoleucas. The tips of the teeth are hooked caudo-dorsally ‘--*
' >

and the cauvdo-dorsal edge is serrated.

Hypobranchials (Figure 32).

The hvpobranchials are paireé endochondrai bones lying-
lateral to the posterior ends of the basibranchials. They
articulate with the first'three ceratobranchials. The first
two pairs of hypobranchials are small irreguiar masses of o

bone but the third has a distinct comma shape. The base of
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- - * '
the comma is situated lateral to the thirxd basibranchial

and the thin .tail curls crantoventrallv. The distal portion
of the tail inflects caudad. From the inflection a liga-
ment connects the_third hypobranchial with the second hypo-
branchial and the second basibranchial. The second hypo-.
branchial may bear a small ventral process to which the
ligament attaches. Each member of the third hypobranchial

pair is connected distally with its neighbour by a ligament.
Basibranchials (Figure 32}.

The basibranchials are median, endochondral bones
having the form of short cylinders. They lie on the floor
of the pharvnx. There are three basibranchials, the most

1

anterior one articulating with the posterior end of the basi-
hval. Bagibranchials two ahd three articulate in line
posterior to basibranchial one. The articulation between

the "first and second basibran;hials is formed by expanded

heads. Thes first basibranchial is the smallest and it bears

a ventral process. Its posterior face is roughly triangular

in outline and the postero-lateral edges are more massive i

than the antero-lateral edges. Each basibranchial may/ﬁg\\-
£ - !

laterallv perforated. Cartilage extends;posterio}&EVfrOm

+he last basibranchial to thé ventromesial end of the fifth

ceratobranchial.
Other cY¥anial structures

Various cranial structures have been mentioned in pas-—

sing above. These are discussed in more detail here but
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_reference should also be made to previous mentions.

Fontaneiles

The anterior fontanelle is anterior cranial cavity
bounded by the lateral ethmoids, orbitosphenoids and part
of the pterosphenoids. Dorséily these bones are unosstfie@
and are continuous with the epiphyseal bar which forhs;the
anterior }imit of the posteriot fontanelle. The bar is
slender and arched bBSteriorly:* The pbosterior fontanelle

6 bounded by the pterosphenoids, autosphenotics} tecta

syn\tica and the supraoccipital.
v W
Fossae

‘A small lateral temporal fossa is located behind the

orbit under the posteriormost orbital. serkes bones. The
. .

subtemporal fossa is a large depression on the ventro-

lateral surface of the otic region. If is bounded by the

- ~

autopterotic, epiotic, exoccipital, prootic and tectum syno-

-
‘.

ticum. This fossa serves for the origin of the branchial
muscles. The post- temporal fossa is.small and located
posterodorsally at the rear of the skull. Dorselly the

fossa is covered by thezposttemnoral epiotic process, and
the supratemporal—lntertemporal. The epiotic and autopterotic

hones form the f£loor.
Myodomes

The anterior myodome on each side is found meso-

posteriorly on the lateral ethmoids and serves for the origin
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of eve muscleg. The posterior myodome isia larger struc-
£ure under the parasphenoid and extending back inta the
basioccipital. The prootics and basioccipital roof this
median myodome and ventrally it is bordered by the para-
sphenoid and basioccipitall It also serves for the origin

of eve muscles.

.- VERTEBRAL COLUMN
ok
. The vertebral column may be divided into several regions.

These are the Weberian, abdominal, transiticnal and caudal

4

regions as defined below. All the centra are amphicecelus.

Weberian region (Figure 34) .

The first four abdominal vertebrae are modified for trans-
mission of sound from the gas bladder to the inner ear.
.
This modification involves shortening of the vertebrae and -
the derivation of Weberian ossicles from the vertebrae. The
four paired ossicles described below are the claustrum, sca-=

phium, intercalarium and tripus. The Weberian apparatus is

the major characteristic of the order Cypriniformesx

ggﬁrst vertebra or atlas

The atlas is basically a shortened cylinder of bone, the
centrum, which is biconcave. Anteriorly it articulates with
the proatlas region of the basioccipital and posteriorly with
the second vertebEgi centrum. The posterior edge curves
gently ventro-craniad making the wventral half of the centrum

narrower than the dorsal half. A slight ventral lip projects
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posteriorly. Laterally the centfum‘bears a short proéess
directg@ ventro-laterally. Abpve-the process a depression
opening cauéo-dorsally receives the heéd Sf the scaphium.
Ventrally the centrum bears a depression larger_ than the

lateral ohe. Dorsally the ceﬁt;um is rounded.

Second vertebra

The second vertebra is longitudinally shorter than the
first. Its anterior edge a}ticulates with the atlas and
is appropriately curved Eo fit. The posterior articulation
with the third vertebra is vertical.or sloping anteriorly

and a little ventrally. The antero-lateral surface bears a

long process which arises from a broad derso~ventral base

~and curves dorso-caudad. Near its base the lateral process

-~

., curves over pért of the ﬁosterio;_end of atlas. The post-

erior dorso-lateral corner of the centrum bears'a depression
into which the ventral head of the intercalarium articulates.
At the base of each lateral process there is a large depres-
sions and between the processes on the ventral surfaceﬁa
smaller depression. Two small cavities may also be found
postero-laterally to the ventral depression: The base of.
the process is perforated.

The néura% spine overlies the atrium sinus impar. It
is a thin sheet of beone in the horizontal plane with
laterally curving edges. The anterior edge has a median

notch into which the posterior end of the exoccipital arti-

culates and is connected by ligaments. The anterior edge is

1459
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level with the anterior edge of the atlas. The posterior

edge articulates with the neural complex or spines of the

third vertebra. The claustra articulate wiﬁh the antero-

ventral edges of the second neural spine. The dorsal ™
/ . . .

process of each scaphium lies between the articulation of

the second neural spine and the third neural arch.

Third vertebra

The third centrum is larger than the preceding two.
It articulates énteriorl§ wiff the second vertebra and
posteriorly with the %ourth. The anterior and posterior
articulations are approximately vertical. Laterally a dee§
groove runs diagonally to the postero-ventral corner. This
groove forms a receptacle for the tripus. The ventral sur-
face is composed of a ridge with several perforations on
each side of the mid-line. The number and shap?.of these
pérﬁofations varies bht_there is usually a major posterior
oval foramen. There‘is no laéeral process. Tﬁé lateral
sﬁrface anierior to 'the diagonal depressi-on maf be pegforated. i
‘The base of the neural arch is fused to the dorsal and upper
lateral edges of the centrum and is saddle-shaped. A suture
line is clearly visible. The lateral edges of the arch arise
some distance behind the anterior edge of the saddle and
continue to the posterior edge. They consist of thin sheets
of bone which project to a blunt point in the middie of their
anterior édge. A process, sometimes with a forked tip, pro-

jects cauwdo-ventrally below the lateral edge of the arch bone.



The process may be absent. Tﬁe tip has ligaméntbus connect-
ions to an anterior process of the pleural rib.of the Zeure
vertebra. The posté:io:‘border of the arch is notched.
Above the notch the arch articulates with the arch of the
fourth vertebra. Dorsally the arch is Sused to or élosely
associated with the neural complex or spine. Cranio-
ventrally the dorsal process of the intercalarium rests on
the lateral edge of the neural arch. Cranio-cdorsally the
dorsal process of the scaphium lies between the arch

ané the neural spine of the second vertebra. The second
neural spine articulates with the third neural arch
cavéo-ventrally. The sides of the arch are perforated.

LS
The neural complex or spine of the third vertebra. is

ventrally sutured to éﬁe neural arch. The anterior edge
lies free except for a ventral section articulating
with the neural spine of the second vertebra. The
postero-ventral edge articulates with the spine of the

{

fourth vertebra. The spine has a complex shape. From the

w;de, saddle-shaped base the splne anteriorly and dorsally

divides into lateral sheets which meet broadly at the antericr

:

edge of the spine. Dorsally these sheets are not closed
over and a hollow results. The margins and general shape
of this hollow are variable in form. The anterior rounded
edge of the spine slopes anteriorly and overhangs the first
and seconé vertebrae, terminating in a point. Below this

point and the rounded edge of the joined lateral sheets, two

o

e
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other thin sheets may enclose a depression similar to that
on the dorsal edge. They are boupded ventrally by the

articulation with the neural spine of the-second vertebra.
This structure is not strongly devgloped in some specimens.

The neural complex is variably. perforated.
Fourth vertebra

The centrum of the fourth vertebra articulates anteriorly
with the centrum of the third vertebra and posteriorly with
the centrum of the first abdominal or fifth vertebra. It
is shorter than the third vertebra and the ventral portion .
is slightly‘wider than Fﬁé dorsa}. Latero-ventrally and
latero-dorsally the bSE§ of the centrum is obscured by the
articulation depressions for the parapophyses and the neural
arch respectively. Ve?trally the parapophyses almost com-
pletely ohscure thevcentrum. Arising from a solid base the
parapophysis of eagh side forks into a stout; lateral,
pleural rib curving gently craniad and a mesial os suspen-
sorium. The junction of these two bones has a horizantal
mesially -projecting platé of boée.whiéh is ligameﬁtously
connected to that of the other side. This plate 1is much
perfofated with minute holes. A ridge is developed on the
anterior edge of the. parapophvsis. . Laterally it merges
with the rib, mesially it continues as a process overlying
the thirg vertebra ahd conﬁecteﬁ by ligaments to the neural
arch of that vertebra. The os suspensorium lies against the

gas-bladder. Ventrally each os suspensorium is closely

associated with its neighbour but dorsally they enclose a



foramen. A large fbramen lies between the bases of the
parapophvses and is bounded ventrally by the os suspensorium
The parapophysis is perforated in the base beforé.the fork.
The neural arch and spine is less complex than ﬁhat
of the preceeding vertebrae. It artiqulates anﬁeriorly'
with the ventral portions of the neural spine of the third
vertebra along the posterior edge of the latter. It also
articulates narrowly with the neural arch of the third
vertebra. Ventral to the anterior projection which effects
this articulation is a large foramen, bounded by the neural
arches and centra of vertebrae three and four. The neural
-spine of the fourth vertebra extends dorsally from the
anterior edge of the arch. It may rise to a level higher
than that of the preceding spine. If consists of a strut
of bone with a small, median, posterior plate. Posterior
to the base of the spine the ﬁeural arch is open dorsally.
Its dorso-posterior edge bears one or two small prejections
(neural postzvgapophyses). The posterior edge of the.arch
falls vertically to the base. This edge is interrupted by
a small gap which anteriorly expands into a foramen in the
lateral wall of the arch. 'The gap may be closed. The base

of the arch also has a large foramen.
Weberian ossicles (Figures 34 and 35).

' The Weberian ossicles are a seriés of paired bones con-

necting the inner eér to the gés—bladder. TQﬁ% are derived

-

from elements of the Weberian vertebrae and are termed the

claustrum, scaphium, intercalarium and tripus from anterior

153
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to postefior. The claustrum is derived from the neural
spine of the first vertebra and the scaphium is derived
froﬁ the neural arcﬁ. The intercalarium has its origin
:rom the second neural arch and the tripus is derived‘from
the third parapophvsis.

Claustra

-

Each claustrum lies. dorsal to the first centrum and
contributes to the wall of the atrium sinus impar. The
claustrum consists of two parts, a dorso-posterior median
plate and an antero-ventral cup. The dorso-posterior edge
of the plate articulates with the second neural spine while
the cup articulates mesially with the dorsal‘and posterior
edges of the cup bf the scaphium. Antero-dorsally the plate
terminates in a point and postero-ventrally in a blunt pro-

cess. The dorsal and posterior walls of the cup form a ridge.
Scaphia

Each écaphium lies lateral and partially ventral to the
claustrum and dorso-lateral to the first centrum. It is -
composed of an anterior cup and a dorso-posterioriy directed o
spine. A slight mesial depression in the lateral surface ‘
of the cup divides the cup into dorso—-posterior and antero-
ventral halves. The cups of the scaphia form part of the o
walls of the atrium sinus impar. The spine lies betwéen
+he first neural spine and the second neural Sarch. A blunt
.grqjeétioh is directed postero-ventrally from the base of |

the +wo cups. An interossicular ligament connects the pro-

jection with,the intercalarium.
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Intercalaria

L\
\
, . | »
" The intercalarium lies between the scaphium-and the 1
tripus te which it is cbnnected by interossicular ligaments. \1
The scaphium and tripgs are connected to the lateral ramus
of the intercalar;um, the largest of three rami which com-
. priSe thie bone. The lateral ramus may be forked ae the
tip. The point of attachment for the ligament‘fromlehe tripus
is expanded. A short ventral arm of the intercalarium ter-
minates in an articulating head which fits into a socket on
the lateral edge of the second centrum. The dorsal arm 1is
smaller and ends in & p01nt artlculatlng with the ventral
edge of the neural arch of the thlrd vertebra. The overall.

shape oﬁ.the.intercalarlum varies from a "Y" to almost a

triangle.
Tripes

The tripes are the largest Weberian ossicles. Anteriorly
o

each tripus is attached by‘a ligéhent to the intercalar%um. (
Posteriorly it is connected to the gas-bladder by the trans-
formator process. Each- tripus lies lateral to the Weberian
vertebrae. The bone is composed of a triangular plate which “
is mesially concave. The anterior corner terminates broadly |
and the posterior corner terminates in a thin elongate trans-
formator process. The process lies between the fourth pleural
rib and the os suspensorium, curvxng me51allv to the swim~
bladder. Dorsally the body of the trlous is twisted so

that the dorsal edge lies in the transverse plane. The
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edge slopes laterally downwards and dorsally articulates

with a small plate of the parapophvsis of the fourth ver-
tebra. Anterior to this articulation the tripus follows
the curvature of the third centrum so that dorsally it is
laterally concave. fThe junction of the complexlv folded
dorsal portion and the simple ventral pla:e is composed

of several struts.
Abdominal region (Figureg 36 and 37).

The abdominal vertebrae are generalised vertebrae lying
between the Weberian anéd transitional vertebrae. They bear

pleural ribs and lack haemal spines.
Centra _ /

The centraaa;e longer and more regular than those of
the Weberian region. Each centrum bears a neural arch with
- :
§;ired neural prezygapophvses and a neural spine on its
antero-dorsal surface. Posterior to this complex there
are a pair of neural postzyvgapophyses. The antero-lateral

surfaces bear paired pparapophyvses with which the pleural

ribs articulate. .
Neural arches and spines

The neural arch of each vertebra is ldcated on the
antero-dorsal surface of the centrum and slopes dorso-
posteriorlv. Anteriorlv the arch walls are expanded into
I , b 2T Y .

small - -cranio-dorsally directed prezygapophyses. Posteriorly

the walls form the caudo-dorsally directed neural spine.
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The spine is thus formed from fusion of the lateral walls

of the arch. The anterior and posterior edges of the spine

are .grooved near the arch but distally they disappear and

the rounded spine terminates in a blunt or pointéd tip. The

epineural bones are laterally connected by ligaments’ES\Qhe

neural spines. The interneural bones lie between the tips

of those-heuralLSPines anterior to the dorsal £fin.
Neural prezvgapophyvses and postzygapophyses

The prezvgapophyses and postzygapophyses are small
paired processes arising from the cranio-dorsal and caudo-
dorsal corners of the base of the neural arch and the centrum
respectively. Each prezvgapophysis closely articulates with

the postzvgapophvsis of the preceding vertebra.
Spinal foramina

. The paired spinal foramina are located posterior to the
neural arch in a thin plate of bone arising from the centrum. The
foramina of anterior centra are unroofed dorsally and only the
most posterior vertebrae have true enclosed, foramina. The
foramen provides an exit for the ventral root of the spinal

nerve and the intersegmental artery.
Parapophvses and pleural ribs

Each lateral surface of a centrum bears a firmly fused

parapophvsis. Parapophyses are found in all abdominal ver-

‘ tebrae but become smaller towards the transitional vertebrae.

A pleural rib articulates with each parapophysis and curves

\



158

postero-ventrally. They are widest near their base in

the transvérse plane and narrow to sharp or blunt points
distally. The distal end of the anterior ribs curves
mesiallf almost meéting its opposing neighbour. Posteriorly
the ribs become shorter and less massive at the b;se. The
last ribs are only partially ossified and are associated

with the haemal arches of the transitional vertebrae.
Haemal postzvgapophyses

Haemal postzygapophyses are small caudo-ventral spines
of the centra. They onlyv become apparent on the last abdo-

minal vertebrae and the transitional vertebrae.

Number of abdominal vertebrae

-

A distinction is drawn between abdominal and caudal
vertebrae after Jenkins-énd Lachner (1971). If a haemal
spine is distinctly longer (by about 25% or more) than an
adjacent anterior haemal element, the vertebra on which such
a spine occurs is counted as the first caudal vertebra.

Haemal spines bearing weak ribs are arbitrarily counted

as abdominal vertebrae. The number of abdominal vertebrae i

varies from 20-21, this count including the four Weberian

vertebrae.
Transitional region (Figure 37).

Transitional vertebrae are located between the abdominal
and caudal vertebrae. Thev vary in number but there are

usually two or three in N. crysoleucas. They lack fully

developed pleural ribs and haemal spines thus distinguishing

-
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themselves from abdominal and cauvdal vertebrae respectively.
The transitional centra are basically similar to thdse
of the abdominal vertebrae but the . lack of parapophyses re—‘
veals a horizontal lateral bar. Traces of this baf may be
seen in thé last few abdominal centra which have reduced
parapovhyses. A neural arch, prezvgapophyses, postzygapo¥
phvses and a neural spine are present as in abdominal verte-
brae. The spinal foramina are open or closed. The cranio-
ventral corners bear the caudo-ventrally directed sides of
the haemal arch. The arch is open and there is a connect-
ing bar in the posteriormoét vertebra. There is no haemal
spine. Haemal postzvgapophyses are present on the caudo-

ventral corners of the centra.
Caudal region (Figures 37 and 38).

The caudal vertebrae are found posterior to the tran-
sitional Fgg}on and are uniguely characterised by closed
haemal arches bearing spines. The modified poster?or cgudal
vertebrae supporting the caudal fin are described in the
section dealing with caudal fin bones. i

The centra are similar to those of the transitional
vertebrae except those supporting the tail £in which a%e
shortened. The horizontal lateral bar rgferred to above
is well developed. Dorsally a neural arch, spine, prezyga-
pophvses and postzygapophyses are present similar to those
of the abdominal vertebrae. The spines often terminate
more sharplv than those in abdeminal vertebrae. The spines

become shorter posteriorly and their angle of inclination
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to the vertebral column decreases. The spinél foramina
are usually enclosed but an occasional foramen may be

dorsally open.
Haemal arches and spines

Haemal arches are located cranio-ventrally on the centra.
Their anterior corners bear paired prezvgapophvses. The
arch walls of each side merge to form a median spine directed
caudo-ventraily. The spine may terminate in a point or
bluntly and it is grooved on its anterior and posterior
faces. The spines lie at an angle to the verteﬁral column

in the same manner as the neural spines.

Haemal .prezvgapophvses and postzygapophyses

The prezvgapophyses and postzygapophyses are small,
paired, ventral processes of the haémal arcﬁés and the
centra respectively. The prezygapophyses'are absent from
rhe anterior 3-5 caudal vertebrae. The postzygapophvses
are best developed in the mid-caudal vertebrae %nd are

absent from 0-3 of the last vertebrae.
Haemal foramina

Haemal foramina are located between the haemal arches
and the postzygapSBhyses, similar to spinal foramina.
They carry blood vessels from the caudal artery and vein.

Onlv the most posterior ones are closed.
Numbers of caudal vertebrae

The number of caudal vertebrae (including the fused ural
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and first preural centra as one vertebra) varies from

+17-19.
Caudal vertebrae modifications

The second, third and fourth preural caudal vertebrae
may bear modified neural and haemal spines and arches.
‘The fourth preural neural and haemal spines are longer

" than those of more anterior vertebrae.
Neural arches and spines

Median ?lates are freguent on the neural spines where
the neural arches fuse into the spine. On the fourth preural
'veiﬁebra the‘plate is usually small and posterior. It may
be absefit. On the second and third preural vertebrae these
plates tend ﬁb be best developed anteriorly and to be
larger than the plate of the ;ourth preural vertebra.

Their shape is variable. The third preural centrum of
one specimen bore iwo neural arches and sﬁines. The distal
end of tQSLneural spine may be split into anterior and

posterior halves. The "plain" or non—splitting condition

of Buhan (1970) preaOminates however.

Yches and spines

> The second and third preural haemal spines are more
4 :

£laftened than anterior spines and caudal fin rays arti-
culate with their distal ends. Median processes are

variably developed on the anterior and posterior faces of

the spines. The processes tend to be longer ané less pro-
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nounced than those of the neural spines. Haemal prezvga-
pophyses and postzygapophyses are variable in this region.

Bath may be absent or individually well developed.
0“

‘Total numbers of ver;ebrae

A range in total vertebral number, including the four

Webex ertebrae and the fused ural and first preural

centra as one rtebra, of 36-=39 is recorded for this study,

confirming literbture reports.
Interneural bone

The interneurals are a series of median'ﬁones‘iying
between the neural spines anterior to the dorsal £f£in. There
are usually nine or ten irregular shaped interneurals ex-
tending from the Weberian vertebrae to the dorsal fin and
following the curvature of the body. The first interneural

.
iving above the Weberian vertebrae is the largest of the
series and mav be derived by fusion of several interneurals.
Iits shape is variable and irregular but it is longer than
deep and may approach.a rectangle.in shape. ~ In some speci-
mens it is perforated. Its anterior end mayv occupy-the
dorsal hollow of the neural complex of the third vertebra. ‘
The remaining interneurals are deeper than they are broad
and are regularly placed between the neural spines of the.
anterior vertebrae. They are inclined dorso-posteriorly.
Their shape varies from an irregular rectangle to a thin

sliver of bone. The series becomes smaller posteriorly.

Their number is not correlated with the size of the fish,
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although the interneurals of smaller fish are less developed

-

than those of larger fish.
Intermuscular bones

The intermusculér bones are a series of small, -splint-
like bones f;und in the mvocommata and best developed in
adult fish. Thev project laterally from the neural (epi-
neurals) and haemal (epip%eurals) arches and spines to which

they have ligamentous connections.
Epipleurals .

The epipleurals lie in the ventral or hypaxial muscle
of the urosome and extend from the level of the anterior
edge of the anal fin onto the caudal peduncle. Anteriorly
thev are orientated postero-ventrally but on the caudal
peduncle they come to lie parallel with £he vertebral ceolumn.
Ve;trally each epipleural has a mesial fork and above the
anal £in certain bones may be forked or expanded at their
dorsal tip. The epipleurals of the caudal peduncle bear

several branches at their posterior tips.
Epineurals

The epineurals lie in the dorsal or epaxial muscle and i
extend from the region of the Weberian vertebrae to the
caudal peduncle. They are orientated dorso-posteriorly
but come to lie pérallel with the epipleurals at the caudal
peduncle. There is a2 ventral mesial fork and the dorsal

tips may be forked or expanded under the dorsal £in. The
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epineurals of the caudal peduncle bear several branches at

their posterior tips.

MEDIAN FINS

There are three median £fins lying in the sagittal
plane, the dorsal, the anal and the caudal. The caudal
fin is situated at the posterior end of the body, the
dorsal fin in the mid-line of the back and the anal fin
in the mid-line of the tail region. Only the bones of
these fins and the fin ray articulations are described.
Details of the structure of the fin ravs are not included.
Both the deorsal and anal fins have a similar structure
based on the ptervgiophores, a serially repeated complex
of small bones along the base of the fin. The complex is
composed of distal, intermediate and proximal ptervgio-
phores. The latter are elongate and lie between the neural
(dorsal fin) oxr haemal (anal fin) spines.

Dorsal fin bones (Figure 39).

Proximal ptervgiophores

The proximal ptervgiophores are directed anterc-ventrally.
The most anterior ones are the largest and their size de-
creases posteriorlyv. Each ptervgiophore has a cylindrical
head inclined postero-dorsally which articulates distally
with an intermediate ptervgiophore. The first three or four
proximal and intermediate ptervgiophores are fused however.
Ventrally each proximal pteryvgiophore consists of a thin,

median plate of bone widest immmediately below the head and
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tapering to a narrow square end between the neural spines.
The géneral tendency is for the anterior edge to taper
gradually and the posterior edge to inflect sharply about
halfway down the length of the pterygiophore. The edges
may be smooth or slightly crenellated. At right angles

to the median plates transverse plates run from ﬁhe head

of each proxiﬁal ptervgiophores to the end. The transverse
plate are not as expanded below the head as the median
plates and they tend to narrow uniformly towards the end.
There is a slight posterior curve evident in somé trans-
verse plates. The firét proximal ptervgiophore differs in
shape from others in the series. The anterior e@ge of the
median plate is expanded anteriorly as an antero-ventrally
directed process. The dorsal edge of this process is thick-
engd and laterally expanded. The last proximal ptervgio-
phores (ggrminal complex of Buhan, 1970) lacks the lateral
plate and is extended caudally to take on a triangular shape.

Its dorsal half is thickened and hollow with ventrally di-

rected openings. Proximal pterygiophores may be perforated.

Y
Intermediate ptervgiophores _-

The intermediate ptervgiophores are small, dorso-

ventrally flattened cvlindrical bones articulating proximally
with the proximal ptervgiophore and distally with the distal
pterygiophore. The anteriormost three or four intermediate
ptervgiophores are fused to their proximal pterygilophores.

Posteriorly the series decreases in size. Each inter-
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mediate pterygiophore bears small lateral and ventral plates

and is centrally perforated.

Distal ptervgiophores -

Each distal ptervgiophore articulates distally with

_¢-a fin ray and proximally with an intermediate ptervgiophore

or fused intermediate an@‘proximal ptervgiophores. Each
distal pterygiophore is ﬁédially divided into rounded rec-
tangular shaped halves articulating mesially with each other.
Each half tapers to a blunt posterior point. The ventral
surface bears a llow groove for the articulation of a
projection from the fin ray half. The antero-ventral sur-
face bulges ventrally in £front of this articulation to form
a head for articulation with thelintermediate ptervgiophore.
The thinner posterior section’ of each distal ptervgiophore
overlies the head of the next proximal pterygiophore. The
dorsal surface bears a laterally directed process which is
attached via a ligament to the mesial surface of the fin ray
half. The most anterior distal pteryvgiophores are compres-

sed antero-posteriorly. The smallest distal ptervgiophore

is found at the base of the last two fin rays. ‘“"“'
Rav articulations

Fach complex of pterygiophores supports one £in ray wiéﬁ
two exceptions. The first complex supports two small rays
and the first unbranched ray and the ultimate complex supports
two ravs. The fin ray articulates with the distal ptery-

giophore by means of mesial processes, one from each fin ray
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half. These processes are directed into ventral grooves

of the distal ptervgiophores. An antero-dorsal process on
the fin ray creates a groove between it and the mesial pro-
cess and the lateral edge of the distal ptervgiophore arti-
culates with this groove. The mesial surface of each fin
ray half bears ligaments connecting it to the distal pte-
rvgiophore below‘it»apd with the distal ptervgiophore of
the next posterior fin ray. Each major fin ray bears a
posteriorly directed process which obscureé the distal
ptervgiophore in lateral view. The anterior edge of each
fin rav half is notched and the lateral process of the distal
pterygiophére articulates with it. The neotch becomes more

evident on the posterior fin ray halves. The modal number

of dorsal fin ravs and of ptervgiophores is eight.
Anal £in bones (Figures 40 and 42).

Proximal pterygiophores

~——

The proximal pterygiéphores of the anal fin are struc-
turally very similar to those of the dorsal fin and de-—
crease in size posteriorly. The first four proximal pte-
rvgiophores are fused to their intermediate ptervgiophores
and +he other proximal pterygiophores in the series arti-
culate distally with their intermediate ptervgiophores.

Each proximal ptervgiophore is orientated antero-dorsally
and their lateral plates may curve anteriorly or posteriorly.
The first proximal ptervgiophore has an expanded median

plate, ventrally thickened, but this is not as pronounced as

O
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in the first proiimal ptervgiophore of the dorsal fin.

The pénultimate proximal pterygiophore has an expanded
posterior median plate. The last proximal Qterygiophore

is similar to that of the dorsal fin beirg triangular'in
shape and lacking a lateral plafe. It is also'perforated
and has several dorsally directed openiﬁés into a hollow
ventral half. The heads of the proximal pterygiophofés may

be perforated.
Intermediate pteryvgiophores

The‘intermediate ptervgiophores are structurally very
similar to those of the dorsal fin. They are small cvlin-
drical bones with lateral and dorsal plates. They may be
minutely perforated. The sqries decreases in size posteriorly.
The first foﬁr are fused distally to their proximal ptery-
giophores and the remainder articulate proximally with their
proximal pterygiophores and distally with their distal ptery-

giophores.
Distal pterygiophores

Structurally and in their articulations the distal ptery-
giophores of the anal fin are the same as those of the dorsal

fin.
Ray articulations

The first complex bears two small rayvs. The penultimate
ptervgiophore complex articulates with the last two rays,
which, as in the dorsal fin, are closely approximated at
their bases. The modal number of fin rays is variable and

the range is 8-19 ravs (Scott and Crossman, 1973).
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Caudal fin bones (Figure 41).

Preural centra

Tbe first- preural Eentrum is fused with the ural centra
and is dealt with in a separate section below. Preural-
centra two, three and four are found anterior to the caudal
fin skgleﬁon and are similar to other caudal‘vertebgée but

bear expanded haemal and neural spines. The antero-posterior

axis of these preural centra tends to be shorter also.
First preural and ural centra

“The origin of the..last centrum is compound arising from
the fusion of the firsf preural centrum and the ural centra

{Buhan, 1970). The compound centrum is shorter than those

anterior to it and is the shape of a posteriorly directed
cone. Anteriorly the compound centrum articulates with the
vertebral ceolumn. Poster&—ventrally the last haemal arch
and splne arise from a clearlv defined fu510n line which"
partlallv encloses the area of fusion of the first hypural
to the centrum. Posterior to these points of. fusion the
haemal sSpine and the first hypural'élosely parallel each

other after a small initial space, the parhvpural foramen

N

(foramen parhvpural , Monod, 1968}). The hypural foramen lies dor-

sal +to this foramen at the base of the first and second
hypurals. There may be some degree of fusion between the
two bonés posterior to the space but usually they can be
separaﬁed. Both bones narrow anteriorly before expanding *

to fuse witﬁ’the centrum. The last haemal spine bears'e short
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lateral process, the hypurapop§ysis (Nursall, 1965). The
‘haeﬁal spine and the Hypurals-ére in the form of wide flat
vertical plates which terminate abruptly. The second hyvpu-
‘ral lies dorsal to the first hypural and is fused with the
centrum,‘while the third hypural articulates with the cen-
trum. The fused urodermals one and two are fused to the
dorso-posterior edge of the centrum. Dorsally the-centrum -
bears a reduced neural afch_and spine which is irregular

. : <
in shape. The arch is laterally perforated.

Hvpurals

Normally there are six hypurals in cyprinids but N.

crvsoleucas may lack the sixth hyvpural. BHypurals appear

to be méﬁified haemal spines. They are numbered ventro-

dorsally. Their posterior margin is truncated and contri-

butes to the posterior convex curve of the tail skeleton.

The first hypural and its articulation with the compound

centrum and its partial fusidén with the last haemal spine

have been described above. Dorsally the first hypural abuts

the second hypural. The third hypural is separated from

the lower hypurals by a space or hypural diastema which divi- .
dives the tail into two lobes. The third hyvpural .articulates ‘
with the centrum in a depression such that it is partially

overlapped by the bases of the second hyPural and the fused

first and second urodermals. The fourth, f£ifth and sixth

hvpurals are shorter than the ventral hypurals and are

loosely articulated with the fused first and second uroder-

mals. The fourth to sixth hvpurals are broadest post8riorly
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an@ are rounded and lving free anteriorly. These hypurals
may be perforated. The sixth hypural may be present,

absent or reduced to a speck. Further discussion about
e

this bone is given on p. 238.
Urodermals >

TWO derﬁal urodermal bones a?e present but the most
anterior and largest one is derived from fusion of the first
and second urodermals (Buhan, 1973). The fused first and
second- urodermals form a slim elongate bone directed dorso-
posteriorly. It articulates with the dorso-posterior corner
of the centrum. Above this articulation a narrow neck splits
into right and left plates which terminate in points level
with the posterior ends of the other tail elements. The

third urodermal is absent in N. crvsoleucas. In other cypri-

nlds it lies in the reglon between the dorsalmost hvpural
and +he fused first and second urogermal, partially overlaé—

ping both these bones. It has the form of a drawn out S'.
Epural

~The epural is a single slender bone lying between the
last fully develbped neural spine of the caudal vertebrae
and the fused first and second urodermal. Its antero-ventral
end is gently rounded and may be closely associated with
the neural spines of the compound centrum. Postero-dorsally
it is truncated and lies close to the tips of the fused

first and second urcdermals.

<
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Ray articulations

The upper lobe of the tail skeleton has ten major caudal
fin-rays (9 branched) articulating with-it, the lower lobe
nine (8 branched). More detailed distinction of articula-
tions is complicated because certain rays overlap several
bones. The following articulations are those commonly en-
countered but each ray may articulate slightly dorsal or
ventral of the posi?ion indicated. The first and most
dorsal major fin ray overlies the fused first and second urc-
dermals and the sixth (when present) and £ifth hypurals.

The second rav articulates with the fifth hypural and its
base may just reach the fused first and second urodermals.
The third and fourth ravs overlie both the fifth énd fourth
hvpurals. Rays five and six overlie the fourth hypural
only. The seventh ray is located at the junction of the
?ourtb.andthird hvpurals while rays eight and nine overlie
the third hypural only. The tenth ray may be associated
with the space between the third .and second hypurals but
usually lies nearer to the third hypural. Rays eleven and
rwelve overlie the second hypural; ray thirteen is associated
with both the second and first hypurals. Ray fourteen arti-
culates solely with the first hvpural. Rays £f£ifteen and
sixteen overlie the first hypural and the last haemal spine.
Rays seventeen and eigbteen articulate with the haemal spine
and the last major ray overlies both the last haemal spine

and the penultimate haemal spine.

'\A
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. Several minor rays lie dorsal and ventral to the major
rays described above.. Dorsally a single ray is associaﬁed'
with the fused first and second uroder@als. Two smaller
rays dorsal to this ray articulate with the fused first

and second urodermal and the epural. Four other fays are
.Qariably associated with the epural and the last two
ideveloped neural spines. Ventrally two rays articulate
-with the-penultimaie haemal spine and four more anterior
spines, becom;ng progressively smaller ventrally, arti-
culate around the tip of the neural spine preceding the

penultimate one. ) .
PAIRED FINS

The pectoral and pelvic or ventral £fins are supported
by éectoral and pelvic girdles. The pectoral and pelvic
girdles are separate complexes of.paired dermal and endo-
chondral bones, as in other lower teleosts. The bones of
these girdles and their articulation with the £fin rays are

described below. The fin rays are not described. i
PECTORAL GIRDLE

The pectoral girdle forms the basis for support of the
pectoral fins. Each half of the pectoral girdle proper is
dorsally connected to the cranium by dermal suspensory
bones, which alsoc act to buffer the effect of head movements
on the lateral line system where it passes from the head to

the body. The girdle forms part of the border of the bran-
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chial chamber and abuts the pharyngeal arch. N\
. . /

Suspensory Bones (Figure 42);‘ (

Posttemporals

Each posttemporal has a narrow antero-dorsal end over-
lving the epiotic and an expanded postero~-ventral end
overlving the supratemporal-intertempéral, ptérotic ané
the dorsal guarter of the supracleithrum. The lateral
extrascapular sensory canal bone is fused to the lateral
surface of the posttemporal. It is continuous antero-
dorsally with the supratemporal and infraorbital canals

and postero-ventrally with the canal on the supracleithrum.
Supracleithra

Each supracleithrum connects the posttemporal with the
cleithrum of the pectoral girdle proper. The wide dorsal
end is connected bv a ligament mesially to the posttemporal
and the narrower, ventral end is similarly connected lateral
to the cleithrum. The postero-dorsal corner of the oper-
cular overlaps the supracleithrum. A small sensory canal g
bone is fused to the lateral surface just below the point ‘
of overlap by the posttemporal and its canal. Ventrally and
posteriorly the canal is connected with théiiateral line.

t
!

Pectora)l Girdle Bones (Figure 43} - i
The pectoral girdle propexr is composed of £f£ive major
bones on each side. The largest of these is the cleithrum

which is composed of two rami at right angles giving the girdle
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its characteristic shape. The other major girdle bones

articﬁlate with the cleithrum.
Cleithra

The cleithra are paired, dermal bones, the anterior
'surface of which form the posterior walls of the gill ca-
vities separating them from the abdominal cavity. The
dorsal ramus of the cleithrum narrows to a point mesial
and posteriad to the supracleithrum. The supracleithrum
overlaps the cleithrum at an angle over the upper half of
the dorsal ramus. The anterior ramus is directed antero-
ventrally at an aﬁgie.of slightly more than 90° to the
dorsal ramus. The caudo-ventral angle of the cleithrum is
produced posteriorly. Both cleithra are connected with each :
other and with the urchyal by ligaments. The dorsal ramus
is a flat plate of bone bearing a lateral ridge on its
anterior surface. The ridge merges with the dorsal ramus
near its tip and runs down along the lateral edge of the
anterior ramus. It has a posterior curl. The supracleithrum
is connected to the dorsal ramus ridge by ligaments. A
mesial ridge runs the length of the dorsal ramus and expands

anteriorly as a small rounded projection beyond the anterior ﬁ -

edge of the lateral ridge. A third ridge branches off the

mesial ridge midway £from the tip of the dorsal ramus and runs
along the mesial su;féce of the anterior ramus in a sagittal
plane as the dorsal edge. The coracoid articulates with
ventro-mesial plates from the mesial ridge of the anterior

ramus, anteriorly and posteriorly around 2 large oval space.



The mesocoracoid articulates with the cleithrum at the base
of the mesial ridge. . .

w

Postcleithra

The postcleiﬁhra are paired, dermal bones of variable
size and shape which ventrally provide the origin for the

sternohvoideus muscle (Buhan, 1870). 1In N. crysoleucas

thevy are gquite small, often gently curved, slivers of bone
articulating mesially with the caudo-ventral corner of the

cleithrum.

Coracoids

.

The coracoids are paired, endochondral bones iying
mesial to, and articulating with, the anterior rami of the
cleithra. Each coracoid forms the anterior and ventro-
.mesial borders of a large foramen between it and the clei-
thrum. The anterior articulation with the cleithrum is
narrower than the posterior one and both mesially overlap
the cleithrum. The articulations are irregular: Posteriorly
the coracoid articulates with the scapula and partly with the
second and third radials. A mesial ridge bears the major
part of the articulating surﬁace for the mesocoracoid. The

coracoid is perforated cranio-ventrally to this articulation.
Mesocoracoids

The mesocoracoids are paired, endochondral bones which
articulate mesially in the lateral plane with the mesial
ridge of the dorsal ramus of the cleithrum ané with the

dorsal edge of the scapula. A thin central portion expands

176
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ventrally to articulate broadly qith the coracoid and
posteriorly to‘aiticul#te narrowly with a ridge on the
scapula. The central portion may be straight or show an

'S'—-curve.
. Scapulae

The .scapulae are paired, endochondral bones situated
mesial to the cleithra and lateral to the mesocorécoids.
Each scapula has the outline of a triangle with curved sides.
There is a large central foramen. The dorsal edge arti-
culates with the lower surface‘of the mesial ridge of the
" anterior ramus at the junction of the two rami of the
cleithrum. Antero-dorsally a small portion articulates
with the laterally expanded head of the mesocoraceoid. A
ventrally directed side articulates with the coracoid and
bears a mesial and dorsally directed projection which arti-
culates with the mesocoracoid. The posterior edge bears the
glénoid fossa into which the first pectoral ray artlculates.
The first two radials articulate with the scapula ventral to

the glenoid fossa. The second radial also articulates partly

with the coracoid. i

rectoral Radials

T"he radials are four, paired, endochondéral bones at the
posterior margin of the pectoral girdle connecting the fin
ravs to the girdle. The first radial is located ventto—
mesial to the glenoid fossa. It is the shortest and thickest

bone of the series. It articulates anteriorly with the sca-
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pula and a lateral projectién overlaps this bone. Posteriorly
2t may have one or two heads articulating with the fih raQ;:
The ﬁirst radial bears a notch on its dorsal edge which accom-
modates a projection from the first fin rav. fhe radial arti-
culates ventro-mesially with thé second radial.

The second radial partially overlaps the first. Its
anterior end is notched and projections péss lateral and
mesial to the joint between the coracoid and scapula. The
second radial lies mesial to fhe third radial.

The third radial articulates with the coracoid anteriorxly.,
the second radial laterally and the fourth radiai mesially.
Both the second and third radials consist of a plate which
narrows posteriorly to a head which articulates with the
£in rays.

The fourth radial is connected to’ the coracoid by a liga-
ment and lies mesial to the third radial. Anteriorly it 1is
pointed and posteriorly it bears an articulating head.

The radials may be perforated, particularly the second
radial. Small accessory ossifications (Buhan, 1970) may be
associated with the first radial. They are bounded laterally
bv the fin rays which are prox}mally split to articulate on

/
+he mesial and lateral surfapés of the radial.
Ray articulations

Articulations are difficult to determine because of the
angle at which rays cxosSsS the radials. Consequently arti-

culations were arbitrarily designated as the first radial
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by a ray as seen from the mesial surface. The firé£ pectoral
ray articulates anteriorly with the glenoid fossa on the
scapula and ventro-mesially with a depression on the first
radial. The first radial articulates with three rays in-
cluding the first ray and the second radial articulates

with two ravs. The third and fourth radials articulate

with the remaining rays which curl ventrally around the

posterior end of the fourth radial.
PELVIC GIRDLE (Figure 41).

The pelvic girdle lies in the ventral body wall divorced
from other parts of the skeleton. It supports the paired

pelvic or ventral f£ins.

Basiptervgia N

The basiptervgia are paired endochondral bones forming
the major structural elements of the girdle. They arti-
culate mesially with each other by means of ligaments and
are connected posteriorly to the radials. 3ach basipterygium
is composed‘of a thin central plate bearing projections.
Anteriorly two projections diverge gradually from the
lateral and mesial corners of the basiptervgium. The mesial
projections converge but do not meet. They are loosely con-
nected by ligaments. The projections are thin curve@,plates
of bonre lving in the sagittal plane. The lateral prbjection
is concave on its lateral surface and £he mesial projection

is convex on its lateral surface. The lateral projection
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_ﬁerges posteriorly with the basipterygium while the mesial
?rojectioﬁ is more pronounced and merges posteriorly with

a mesial process on its dorsal edge. The ventral edgeuenda~'
posteriorly in a\central raised process agéinst which the
lateral-most fin ray abuts. The mesial prbcess is cbhnected
to its opposite neighbour by a ligament. Ventral to this |

process a projeciton, the posterior medial pProcess, curves /

caudad. The thickened posterior ends of the basipterygium/ﬂ\*

are perforated.
Radials

The radials are paired endochondral bones articulating
anteriorly with the posterior end of the basiptervgium and
posteriorly with the pelvic fin ravs. The first two radials
are irregular in shape but bear a depression on their anterior
surface wﬁere thev articulate with the basiptervgium. They
are divisible into dorsal and ventral sgctions.- The third
radial is the largest and is L-shaped. The bone follows the
curvature of the projection of the mesial process and termi-
.nates in a point just posterior to the end of théfprojection.
The base of the third radial is thickened and bears a notch

on its anterior surface which articulates with the postero-

mesial end of the basipterygium.
Ray articulations

The first rav of each side articulates directlv with the

basiptervgiug. The ray is split into dorsal and ventral pro-

/‘ .
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ximal halves which fit on either side of the basipterygiﬁm
lateral to the first radial.f The ventral half bends gently
mesaé and is slightly expanded. It.abuts the raised process
at ihe postérior endlof the mesial projection. The dorsal
half bends sharply at 90° or more,énd bears a ventral knob
at its angle which articglates-with the basiptervgium.
External to the first ray is the pelvic splint which runs
from the basiptervgium posteriorly for one thi;d cf the
length of the first ray. The anterior end of the splint
curves mesially into the abdomen.

The articulations of the remaining rays are difficult
to determine because of the different degrees of bending of
the dorsal and ventyal halves. Also.the bending causes
each ray to cross several bones and te overlap each cother
such that the first ray is the only-one to be seen in its
entirety at the base. Only the ventral ray articulations
are described where they firét cross a radial. The mesal-
most 5 rays are associated with the third radial while the
most lateral ravs, 4 in number, are variably associated with
the first and seconé radials. Usually there are 2-3 rays ‘
with each radial, the outermost ray being more closely

associated with the postero-lateral corner of the basipte-

rvgium. There is a modal number of 9 rays in each pelvic fin.



.
ot

Figure 23.
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Lateral view of head and posterior view of cranium
(posttemporals removed from Latter). Scales: 1 cm.

and 0.5 cm. respectively.

AC: aortic canal, BAL: bulla acustica lagenaris, BO: -
basioccipitgi, BPP: basioccipitailpharyngeal process,
BRy_3° branchiosteg?%sl_s, CL: cleithrum, CS: cawvum ~
sinus iﬁparis, D:deﬁ£3£y, EO: epiotic, EXO: exoccipital,
F: frontal, FM: foramen magnum, H: hyomandbulax, I0:
infraorbital canal, IOP: interope;culum, L: lachrymal,
LF: lateral occipital foramen, N:nasal, 0:opisthotic,
OP: operculum, P: pariefal, PCL: ﬁostcleithrum, PM:
preoperculomandibular canal, POP: preoperculum, PRO:
proatlé;;,PSC: posterior semicircular canal, PT:
posttemporal, PTF: posttemporal fossa, PTQO: auto-
pterotic, Q: guadrate, SB: scleral bone, SCL: supra-
cleithrum, $¢: éuprateﬁporal-intertemporal, $0: supra-

. A
orbital canal, S0C: supraoccipital, $0P: suboperculum,

Sp: supraorbital, ST: supratemporal canal.
e

v
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Figure 24, Dorsal view of the cranium (posttemporals removed}.
Scale: 0.5 cm.
AS: autosphenotic, BO: bastoccipital, BPP: basi-
occipital pharvngeal process, EO: epiotic, EPB:
epiphysial bar, EXO: exoccipital, F: £frontal, FM:
foramen magnum, LE: lateral ethmoid, LF: lateral
occipital foramen, N: nasal, O: opisthotic, P:
parietal, PEC: preethmoid cornua, PV: prevomer, SE:
supraethmoid, SI: supratemporal-intertemporal, SO:
supraorbital canal, SOC: supraoccipital, SP: supra-
orbital, ST: supratemporal canal, STF: subtemporal

fossa.
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Véntral view:of cranium (posttemporals removed).
Scale: 0.5 cm.

AS: autosphenotic, BAL: bulla acustica lagenaris,
BAU: bulla acustica utricularis, BO: basioccipital,
BP: basioccipital or masticatorv plate, BPP: basi-
occipital pharyngeal process, Ca: carotid artery
foramen, EXO: exoccipital, F: frontal, HSC:
horizontal semicircular canal, HYF: facet for
hvomandibular head, LE: lateral ethmoid, O:
opisthotic, OF: optic foramen, 0S: orbitosphenoid,

PO: ﬁrootic, PS: parasphenoid, PTS: pterosphenoid,
PTO: autopterotic, PV: prevomer, SP: supraorbital,
STF: subtempbral fossa, 111: oculomotor nerve foramen,
1V: trochlear nerve foramen, V: trigeminal nerve
foramen, V1: abducens nerve foramen, v1l: facial nerve
foramen, VL1ll: acoustic nerve foramen, 1X: glosso-

pharvngeal nerve foramen, X: vagus nerve foramen.
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Figure 26. Lateral view of cranium (posttemporals removed).
Scale: 0.5 cm.
AS: autosphenctic, ASC: anterior semicircular canal,
BAL: bulla acustica lagenaris, BAU: bulla acustica
utricplaris, BO: basioccipital, BPP: basioccipital
pharyngeal process, CA: carotid artery foramen, E:
ethmoid, EO: epiotic, EXO: exoccipital, F: frontal,
HYF: facet for hyvomandibular head, EE: lateral
ethmoid, LF: lateral occipital foramen, OF: optic
foramen, 0OS: orbitospheﬁbid, P: éarietal, PE: pre-
ethmoid, PEC: preethmoid cornua, PM: preoperculo-
mandibular canal, PO: prootic, PS: parasphenoid,
PTS: pterosphenoid, PV: prevomer, SE: supraethmoid,
SI: supratemporal-intertemporal, SO: supraorbital
canal, SOC: supraoccipital, SP: supraorbital, ST:
su%ratemporal canal, 1l: oifactory nerve foramen, V1:

abducens nerve foramen, V11: facial nerve foramen.
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Figure 27. Lateral (A), ventral (B) and posterior (C) views of
the ethmoid complex. Lateral ethmoids removed except
in B. Scale: 1 mm.
E: ethmoid, LE: lateral ethmoid, PE: preethmoid (mesial

only in this specimen), BEC: preethmoid cornua, PV:

prevomer, SE: supraethmoid.
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Figure 28. A- Ventro-lateral view of left lapillus, B- lateral
view of right sagitta, partially fragmented, and C-

mesial view of left asteriscts. Scale: 1 mm.

1
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Figure 29.
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Lateral views of left maxillary and‘premaxillary
bones: mesial view of left lower jaw; lateral view

of remainder of oromandibular region plus symplectic.
Scale: OfS cm.

A: angular, AP: autopalatine, CM:coronomeckelian, D:
dentary, ECPT: ectopterygoid, ENPT: endopterygoid,

M: mentomeckelian, MP: metaptervgoid, MX: maxillary, )

PMX: premaxillary, Q: guadrate, RA: retroarticular,

SY: symplectic.
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Lateral view of opercular and suborbital series of
bomes. Scale: 0.5 cm.

DS: dermosphenotic, IO0P: interoperculum, L: lachrvmal,
QP: operculum, POP: precperculum, 502_5: Suborbitalsz_s,

SQP: suboperculum,
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Figure 31.. A- Dosal and B- ventro-mesial views of upper and

lower hypohvals and anterior end of the ceratchval;
C{ c- Lateral view.of gyomandibula:; D- Lateral view of

branchiostega}s‘éﬂg associated bones of the hvoid
region. Scale: G.S cm.

BR; 4 brénchiostegalsl_3, CH: ceratohval, EH: epihval,
H: hyomandibular, IH: interhyval, LﬁY: lower hvpohval,

UHY: upper hypohyal. ~
L
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&

Dorsal view of the branchial region including

| basihyval but excludid% pharvngeal arches and

cartilaginous fifth epibranchial. Right epibranchials

and pharvngobranchials laid to the right. Scale: 0.5

cm.

BB, 4t basibranchials, ‘ BH: basihval, CB,_,=

-
-2

ceratobranchials, ,, BB,y _,: epibranchials, ,, HB;_g:

-4

hypobranchlalsl_3, PBI—Z: pharyngobranchlalsl_z.
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Lateral (&) "and dorsal (B) views of the urchyval:;

L[]

Ventral (A) and dorsal (B) views of right pharyngéal

arch. Scale: 0.5 cm.
e

PH: pharyngeal arch, UH: urochyal.
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Figure 34. Lateral view of Wéberian vertebrae and ossicles.
Scale: 0.5 cm.

BO: bas%occipital, Cl and C7: first and seventh
centra, CT: claustrum, I: in;ercalarium, IN: inter-
neural, NA: neural arch, NC: neural complex, NEZ:
neural prezvgapophvsis, NPZ: neural postzygapophysis,

NS: neural spine, 05S: Os suspensorium, PA: para-

pophysis, PRB: pleural rib, §: scaphium, T: tripus.

N -
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Figure 35. Lateral () and mesial (B) views of the Weberian
ossicles (intercalarium in lateral view only).

Scale: 0.5 cm.

CT: claustrum, I: intercalarium, S: scaphium, T:

A

tripus.
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Lateral and posterior views of abdominal vertebrae
(ribs not shoﬁn to full ventrai extent). Scale:
0.5 cm.

Cig_1s° fourteenth and fifteenth centra, NA: neural
arch, NEZ: neural prezvgapophvsis, NPZ: neural

postzvgapophysis, NS: neural spine, PRB: pleural rib.
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Lateral view of transiticnal and adjacent vertebrae

(ribs not shown to full ventral extent). Scale:

0.5 cm.

r b23: twentyv-third centrum, HA: haemal arch, HS:

haemal spine, NA: neural arch, NS: neural spine,

PRB: pleural rib, TV: ‘transitional vertebrae.

.
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Lateral and posterior views of caudal ve&;ebrae.

1

Scale 0.5 cm.

Cas

and Cjgq: twenty-eighth and twentyv-ninth centra,

HA: haemal arch, HEZ: haemal prezygapophysis, HOZ:

4

haemal postzygapophvsis, HS: haemal spine, NA:

-

arch; NEZ: neural'pre;ygapophysis, NPZ: neural
postzvgapephysis, N$: neural spine, SF: spinal

\

- \)

’

neural

foramen.



NEZ

HEZ
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Figure 39. Lateral view of dorsal fin skeleton (fin rays not
shown to full extent). Scale:"035com.
DP: distal ptervgiophore, FR: fin ray, IP: inter-

mediate‘pterygioﬁ&ore, PP: proximal ptervgiophore,
P

TC: terminal complex.






Figure 40.

Lateral view of anal fin skeleton (fin rays not
shown to full ventral extent). Scale: 0.5 cm.
DP: distal ptervgiophore, FR: fin ray, IP: intel-

mediate ptervgiophore, PP: proximal ptervgiophore,

TC: terminal complex.
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Figure 41.
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Lateral view of caudal fin skeleton (fin ravs
removed) ; dorsal view of léft‘half of pelvic

girdle (fin rays removed). Scale: 0.5 cm.

BPT: basiptervgium, EP: epural, HS: haemal spine,
HY; and EY.: first and sixth hypurals, NS: neural
spine, PC4: fourth preural centrum, PUC: fused

first preural centrum and first and seconé ural
centra, UD: fused first and sec nd urodermals, K;"_

VRl-B: pelvic radlalsl_B.

7
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Figure 42. A- Anterior view of the first proximal anal pterygio-
phore; B, C and D- lateral views of three right
supracleithra (note variation in lateral tube

development). C has the posttemporal attached (PT)
- v

Scale: 0.5 cm.

-



PT

jateral
tube

lateral
tube




Figure 43.

s
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Mesial view of left pectqral girdle (fin rays
removed} ,pectoral radials displaced postero-
ventfally). Scale: 0.5 cm.

CC: coracoid, CL: cleithrum, GF: glenéid fossa,
MC: mesocoracoid, PCL: postcleithrum, PR4: -

fourth pectoral radial, SC: scapula.
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. ‘ Ve .
Comparative osteology of North American cyprinid genera
. Analysis. of the osteological  descriptions of the
genera showed that articﬁlations,‘E?lative‘positions and- -

general shape of the bones were similar to those des-

cribed for Notemigonus crvsoleucas and so are not reiterated

here. Many potential characters were found to be‘ihtra—_
or inter—spegifiéally variable and their utility at the T

generic level was theréfore limited, particularly where

-

only a gew specimens or specles of a genus were avallable -

for study. They mayv be. useful when a%alVSLng smaller ‘groups

of genena where it is more‘feasible to examine large apd N
' ~/

varied series of specimens. The analvsis was further com- .

plicated by the size range of specimens studied. I¥ was

]

difficult to compare voung fish of one genus to-older fish
of another genus because of size-related variations. .

. Therefore characters, whose variation was intra- or ' -

.

inter-specific or possibly size dependent, are referred.

to here bv an examplar genus or genera. Other, botentially

! : ' . . _

more useful characters, are listed by state in all avail- q
‘ :

able genera. |\ -
For brevit¥ characters are listed by genus alone with- -
out specific name unless intrageneric variation is belng

discussed. Data accuracy 1is limited by snec%?en avallabllltv

(see abbreviated 1lis

—-

ing of alizarin prep raticons) e.g.

\ -
"pionda™ reférs. strict¥v to D. episcopa but "Rhinichthys"

iTicludes all recognised species.



-
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For the fgenera Gila, Ptvchocheilus, Clikwbstomus,

\n

Rlchardsonlusq\Semotllus and Marggrlscus the reader ﬁg

referred to Uyeno (1961) and Buhan (1970}. Specimens of

these genera were only re-examined to confirm data of use

-
- \

in the character analvsis. The genera Evarra.and Stvpodon

were not available for osteclogical examination.

T

e " CRANIAL SKELETON

I

- t
OLFACTORY REGION

Supraethmoid tFigure 44). ) . . \
£ . T . ]
The supraethmo;d may be longer bhap-wxde, length" and
P :
width may be aoproxlma;elv eqial, Tor w1athkmay exceed T

ER

length. Intraspecific va;&ation in this character is-
-

that these proportions are size cependent. The dovsal
. . Qv

surface is concave in the anterior mid-line excgpt in

Orthodon and . less strongly in Xvstrosus where it is convex.

Postéziorly the supraethmoid\agticu ates jaggedly with the

frontal and usuallv two postero-lateral wings are develope

o
f:
These wings are pcorly cevelopec or absent.in ®.g. Hemi-. !

hLY

. . K] " - et -
tremia, Macrhvbopsis, Moapa, Opscpoecdus, and Phenacobius

v

probably because these are small specimens.
Ethmoid (Figure 44) i . g-.

The ethmoid, usuwal¥*y has a large horizontal plate though

. el - ~ . : -
it appears to be small in e.g. Campostoma, some Eremichthvs,

v . -

Ericymba, EZxXoglossum, Ixtrarius, Hvbognathus, Macrhybepsis,
) ; - S S

] . . )
Meda, Pimephalés and Yuriria. Withoug a series of ‘measure-

’

I'd

63
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. noted in Notropis and elsewhere ;here is some evi dence :
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ments such relative charaéte%s afe difficult‘gg_fssess and 205 "\
this particu;ar characteéiwas not s£udied further. fhe 3 \5\
space beneath -the supraethmoid in the ethmoiali$ génerally ]

small but is large in é. Mvlocheilus, some Nétrooié, N
Orthodon, Parexoglossum, a sztrosus.- One distinctive . \

character of the ethmoid is that the lateral walls meet or

partially meet in the mid-line when viewed posteriorly in

. . “n, . .
Chroscmus (variably), Dionda, Ericvmba, Erimvstax, Extrarius,

Hybognathus (partially) , Hybepsis, Iotichthys, Macrhvbopsis,

Nocomis (bartiallyv), some Notropis, OpSopoeodus, Oregonichthvs, -

Phenacobius, Pimephales (variably), Relictus; ﬁhinichthys;

and Tiaroga. In other genera the walls mav be widely sepa-

L

rated or approééﬁ each other in varving degrees. i
¥ . - *

[N

Lateral ethmoids (Figure 45).
- . ~ l.‘ '
. The'lateral ethmoid articulates with the prevomer and

its lateral- plate. (or prefrontal) with the supraorbital. The

-

T i . ) o~ ) . .
latter articulation is variably present or absent in Agosia

‘and Rhinichthys, and is absent in Ericy , Exoglossum, Moapa,

Parexoglossum and Tiaroga. The orbitosphenoid sends & mesial

process under the-lateral ethmoid, e.g. in Acrocheilus, Algansea, -

Coue51us, Hesoeroleucus, Hvbopsis, Meda, leochellus, Mvlopharodon,

- LT

gty

Some Vocomls,weaklv in Notemléonus, some Notropis, Orggonlchthvs,

e

Orthodon, Phenacobius, POgonlc@thE, Rellctus, Rhlnlch;.hﬁ _' a

evermannl and Vurlrla. The process may act as a st*engthening
{
devmce at the junctlon of the orb;toserno*a and lateral ethmoma.

.

Its develooment varles from st ong to weak and is o‘ten little

‘nore ;han a flexure 1n the two bones mes;allv ‘such that the

orb1toSphen01d pro;ects anterlorly.' : ;.

Rl
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Preethmoid (Figure 45). ) . _ o

Buhan (1974) has described .and discussed the systehaﬁic
[}

. < ) .
significaﬁce of the development of the lai:ral preethmoid

\- v
"‘

in some N. Ameritan cvpr;h&ds. It is usually present but

: \ - :
not fused to the!/mesial preethmoid. 1In 512e-it'varies ‘from
k)

a mlnute ossification £o 2 large structure occupying ‘most ~~

-

of,the preethm01d cornua, e.g. in Agosia. The late;a} and

mesial preethmoids appear to be fused in Dionda' and variably

"in Erimvstax. and. Rhinichthvs. No. lateral preethmoid is seen

-
.

in Hemitremia, Margariscus, Meda, Mvlopharodon, Orthodon,-

L) -
- . - A - . =2
Paréxoglossum, Plagopterus, Semotilus, Xystrosus,-and Yuriria
_ _ L d e _

.andj its enge is'f%térsPeéificallv égriable in Clinostomus,

e

'Nccomlsb Notropis and Rlchardsonlus (see Buhan, 1974) and

1ntrasoec1f1callv 1n Nexemlconus.

~ r. Y k]

- -

The prepalatlne of Weisel (1955b) 15 the lateral Dreethm01a

-
- - -
~ -

Kinethmoid L s

a
»

v

. The kinethmoid is invariably present as a comma-shaped

hone, dorsally cleft. It is-noE-COmpgsed’in detail between

. the genera. ‘ ' ' ‘

S ) o,
Nasals _ : - ’ /_,‘_/ ‘

C A . .

'{ . ) R . ~ Ve

{, The nasal bones enclosing the anterior part of

s

g&graorbital_sensory canal are usually developed as a tubular
: : \

structure over the nostril. They are not always fully
C VAR PR
ossified. T
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Prefrontals

The prefrontals are mesially fused~to the lateral

»

ethmoid and are' dealt with‘under that heading.

Prevomer (Figure 45). -

\

The prevomer is a triangular-shaped bone with a pointed,
rounded or weaklv-jagged posterior end, weak or gtrong lateral

processes and with the two preethmoid cornua  anteriorly

T

. ° ‘ . .
separated, by a curve%_notch. The netch is deeply concave,

mpre rarely shallow, e.g. in Plagopterus. The prevomer is

i
longer than broad usually, but only slightly in e.g. Acgrocheilus,
. T .

Eremichthys,,iepidomeda,Platygdbio, Orthodon, while in Relictus
A -

length and breadth are appgoximately'équal and in Iotichthvs

—
breadth exceeds length. , i\
ORBITAL REGION ' . /

Lachrymals (Figures 47 and 48). .
. -

The lachrvmal is generally similar to ghat of Notemigonus
’ i
with minor variations in shape ‘and sharpnesgs of angles.

Zowever in Brimystax, Extrarius, Macrhvbopsis, Nocomis, Phena-
4 AY

cobius, ?{;tygobio, Rhinichthvs, and weakly in Hybopsis,

Plagopterus and Tiaroga it is an.elongate bone with the canal

v P -
bone terminating ventrally rather than on the posterlor edge.

The suborbital bones also commence ventral to the posterior

edge of the lachrymal in thgse genera and are split into -~

-~

<

S

e
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several 4mall bones. An elongate lachifTal dppears to be

associated with an elongate snout.

» Se;ond to sixth suborbitals (Figures 47 and 48).

-

The suborbital bones are generally similar to those in

. . . '
Notemigonus. Evident variation in shape and development -

could be related to sPééimen size as could the presence and
aegree of ossification of ﬁhe'dermosphenotic. Canal bones

. are usually fused to the underlygkg plate but the plates
may betfbsent or ca;;l bones not fused in some small. species,
e.g. Chrosomus, Iotichthys. Occasionally tle suborbital bones

\‘ . .
posterior to-the lachrymal were divided into ¢ series of .

small bones rather than just five e.g. in some Moapa there
‘might be up to 11 post lachrymal bones. The suborbitals of
Alganséa and Xystrosus are unusual and characteristic (see also

Gila crassicauda in Miller, 1963b). The lachrymal in them ~ .

-
¢

is followed bv 3 toésmall .bones, a large bone (80372), S0472, 5

f

505., the dermosohenotlé or SOg, plus an additional 1 or 7%%#//’

bones. In Xyvstrosus the bone tentatively de51gnated as SOg -

touches the supraorbital and in. both genera much of the ‘
' 7 ateral temporal fossa is roofed over by the posterior members

-~
of the suborbital series. The unigue canal system and associated

-

bones of Ericvmbé’hgve been described by Hovt (1972}.

Supraorbitals (Figure 47) .

-

The éupraorbiéal bones show marked variation in shape,
: ; :

e



.

- 209
size and position between individuals of . a specie;.' In

general they are rounded, oval and antero-posteriorly elongated.
Each supraorbltal lles lateral to the frontal process of the

orhit, elther free or 1n a frontal notch.. Anteriorly large

supraorbitals prOJect in front of the frontal and articulate

with the lateral ethmoid. \

Sclerxal bones

x
¢
K
-

The scleral bones are usually similar in shape to thdse

described for Notemigonus except in some Macrhvbopsis and

rarely in Algansea the posterior one is smaller than the

anterior one and the lateral edge of either one could be

rounded instead of truncate, e.g. in some Exog&2§§£g. ‘

Orbitosphenoid

The orbitosphenoid bears a moderate ventral interorbital

&

septum in most genera but it is small in Macrhyvbopsis,

Nocomis, Plagopterus, Platvgobio, Relictus, Rhinichthys,

Tiaroga and Xystrosus and is weak to mederate in such genera

as Algansea, £xoglossum, Orthodon and Phenacobius. The heads

of these genera.show varying degrees of dorso-ventral depression,

? . s + - - - -
at least anteriorly, a ceidition probably acguired independently
2 B
*in some of them. -{n Mvlopharodon. there is an evident posterior

spike developed on\the orbitosphenoid, lateral to the pterosphe-
L E oy 2

4

~
noid. - .
~ . “ &
Pterosphenoids . . -
\".’i: | N . . .
- \higﬁgyfﬁg pterosphencid an@\orbztosphenoxd bear ridges on
R ’ 3 . .

-,

[

[y
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their lateral surfaces, sometimes developed as distinct
wings in large specimens or weak to absent in small specimens.

Wings are seen in Mylocheilus, Nocaris, Orthodon and Platygobio.

Mesially the pterosphencids do not meet except in some Erimvstax

rarely in lérge Notropis, Orthoden, and Xygtrosus.

Frontals (Figures 47 and 50) . .
“‘v .

'~ The sutures between each frontal are simple or complex

rbut bofg extremes .grade in to each qthér in certain individuals

and species rendering assessment of character states difficult ' -

if not impossible., The major curve in the suture appears to
be over the epiphvseal bar and most complex sutures are found

in larger specimens. L@gth in interorbital width is variable

;

!
but size related variation may account for some’gf the differenggﬁwﬁ
-
observed. Most gehera fall in the category where width is

less than length i.e. ¥ - I im-1l, buk. some show approximately
\
equal length and width, e.g. Campostoma, some Chrosomus,

Exogloésum, Mylopharodon, Orthoddn, Platvgobio, or length is

1 - 1} times in width, e.g. Macrhybopsis, Oregonichthvs,

parexoglossum and Yuriria, or is*? or more in width, e.g. _sér:e i

Chrosomus, Ericymba, Erimystax, Moapa, Pogonichthvs, ;R@\

.

Tiaroga.
Usually the supratemporal-intertemporal anteriorly meets \\v/ o~
the® frontal but in scme genera the autosphenotic intervenes,

e.g. in Algapsea monticola, Chrpsomus, some Couesius, Dionda,

some Erimvstax, Extrarius, some .Hemitremia,{ Hybogna*hus {not

{ a ‘ -
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seen-in H. hankinsoni) Hvbopsis, Iotichthys, some Lavinia,
Eed — ——

Macrhvbopsis, some Nocomis, some Notropis, Opsopoeodus,

dregon&phthys, large Orthodon, some Pimephales, some Plédopteruév
" b . _— .
-

Platvgobio, Pogonichthys, some Rhinichthys, some Tiaroga and
some Yuriria: The condition is intra- and inter-specifically
véﬁiable and thus a ?oor character at the generic level.

The ep}pngigl bar is visible dorsally under the frontal.

It is most commonly arched but is styaight in Agosia, some

Chrosomus, Hesperoleucus, some Macrhybopsis, Meda, Moapa, some

* “' - - - - - -
Notropis, Opsopoeodus, scme Pimephales, Rhinichthys, an{d Yuriria.

The bar is intraspecifically variable in width. X rge
Platvqobio it is spread widely over the inner skull rool nd

does not form a discrete bar. N

& . -

OTIC REGION . °

.

The supraoccipital is generally similar in the species

Supraoccipital

o«

examines. There are variations in size and shape of the crest
bé% these are size related in some if not all species. .
’ "

' .
Parietals ' N .

=

The parietals suture with each other and the frontal
simply or with noderate flexures. The suture with the supra-
temporal-intertemporal is usually simple or sligﬂtly wavy.
TIotichthyvs is unigue in that a sub-rectangular pbr?ion of the

parietals and frontals tapering posteriorly is not ossified.

1
¢
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Medial extrascapulars

These are dealt with separatelyv under the section on head

S -~

~,

canals. ™ ' .

»

Autosphenotics’ -

The autosphenotic has a large sguare or round tipped
lateral process posterior to the1orbital wing of the frontal,.

The process is alwavs .present and well developed. a

~t

Autopterotics - , FL\:> \

'
4

a . .
The& autopterotic process is usually well developed and

.pointed except in Ericvmba, Iotichthys and Opsopceodus where

it is weak. , i
) S

Prootics

.

P

: . ! ] ]
- The prootics are similar to those obserﬁé& in Notemigonus

-

but were not examined in detail.
Tecﬁg synoticé and epiotics

These were not examined in detail.
Opiéthotics

The opisthotic is best dgveloped in large fish and is weak
to absent in small fish. It generally overlies the autopterotic-
E%occipital suture but may be restricted to the autopterotic in
small fish. TIts presence and position seem to be size related
and -these charécters were not pursued further.

~

—_—
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Exoccipitals A

| The exoccipital bears a thin spiky or rounded process

projecting mesially over the vagal foramen in Acrxocheilus,
" !
variably in Algansea, Chrosomus neogaeus, some Couesius,

Dionda, Eremichthys, Exoglossum, weakly in Extrarius and Hespe-

.

roleucus, Lepidomeda, Moagg,\hytbcheilus, Op50poegdus, Phenacobius

uranops, Rhinichthys cataractae and Yuriria.

Supratemporal~intertemporal complexes ~

The anterior junction of each complex with the frontal

has been di%cussed under the latter bone.
sullae and semicircular canals:®

The semicircular canals were not examined. The bullae
are present in the positicns indicated for Notemigonus,
although there are some variations in relative size which ' -

’

were not pursued.
Qtoliths

The otoliths mav prove to have useful characters but an -
adeguate comparative survey m not be made since a lar_ge - ‘
proportion of the available specimens lacked discernible
otbli£hs‘(acidic formalin may have'caused their disintegration).

In those specimens with observable'otolithslthe basic structure
of each. one was similar to that described by Buhan (1970}.
The serra%ions of the margin of the asteriscus are intraspeci- -

fically variable.
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Head canals -

-

The supratemporal canal is usually complete or ha§ a
small gap at the mid-point. Tﬁe presence or absence og
this gap is intra- apd intér—specifically variable. The canal
is interrupted at varicus points in Chrosomus.

The preoperculcomandibular canal usually terminates on

\ the preopercle level with the lower half of the eve. 1In

-

‘\Féosia, Chrosomus, some Hemitremia, Iotichthvs, Mgcrhybopsis,

/some Notropis, Opsopeecdus, Phenacobius, P;ﬁEpha;g; vigilax,

\ some large Platvgobio, Rhinichthys, and Tiaroga it is below
~ - -

i the lower edge of the eve while in Mvlopharodon, Notemigonus

¥
t

J
.~i and Orthodon it is level with the upper half of the eye.. The

v

position of the anflerior end of this canal also varils. On the
i . . :
dentary it usually [Ends about half way from the ascending

process to the tip Put may be anterior or posterior to this

4

s .- s s o . A
point. \}Fe position is intra- and inter-specifically variable.

’ The infraorbital or suborbital canal ends at the antero-
s '
dosrsal corner of the lachryvmal but it is posterior to this

)

. . { o . -
on the dorsal edge in Erimystax and Phenacobius and 1S at the

mid-point of the anterior edge in Hyvbognathus hayl and Xvstrosus.

The supraérbital;aéggi ends aﬁéeriorly near the anterior'
edge of\the nostril ag a free—lyiﬁg nasal bone. t may be
poofly ossified in small specimens. Posteriorly it may
terminate on or near the posterior edge of the fronta;, on t§e

parietal with a weak late;%l terminal flexure, or meet the

4

<
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-

supratemporal canal. The extent Of the canal varies between
. PR
and within speciig and even a singular ‘individual may have’

its left and right canals ending at differeng levels.

BASICRANIAL REGION

Basioccipital (Figuwre 55). \\-

The ‘basioccipital bears a flat or concave masticatory

plate which is usually pitted. In Phenacobius the plate is

ST .
conveX in some individua%i;\\Anter;orly a process is developed
S, % ‘_,-——.\_ . i .
from the plate ventral to the adrtic canal in some Acrocheilus,

weakly in Agosia, rarely in Algansea, in Campostoma, throsomus

oreas, Dionda, Eremichthys, Hybognathus (not in a single specimen

of H. havi), Lavinia,.Moapa, Myvlocheilus, Myvlbpharodon, a few

Notemigonws, Notropis umbratilis and Orthodon (Eurling dorsally),
The pharvngeal process of the basioccipital is parallel to
the bodv axis and its posterior end is rounded or angular. In

Lavinia the process is noticeably slim and pointed.

Paragphenoid (Figure.54). ’

-

* N - " ' -
The parasgh noid has wings on its shaft at a right angle .

or obtusely, or' more rarely at an acute angle to the shaft. ‘

Exampfes of the latter are Erimystax, Exoglossum, Mylopharodoen,

an/b;Ehbdon. Fusions are not seen but the wings are delicate’

- \ - - . ‘
and closely associated with the prootic such that they are’ .
easily torn when the parasphenoid is Getached from thefskull.

Some fusion may occur in this region. There is usually 2

) : - A
: . L \\\
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dorsal ridge bjiwquqthe parasphenoid wings often with a dorsally-
- ’ . . . .1
directed spike. The spike is absent and ‘the ridge weak to

_absent”in Agosia, Erimystax, Extrarius, Macrhybopsis, Meda,

some Notropis, Opsopoeodus, Plagopterus, Platvgobio, Relictus,

2 :
and Xystrosus ada\a;pidge is present without a SSEkQ’}n ;

. p \ ) ¢
Acrocheilds and Hybopsis. A ventral keel is well developed

v
in Campostoma, Dionda, Erimystax, Hybognathus, Iotichthys, \
, L

Lavinia, some Notropis, Orthodon, some Pimephales, Pogonichthvs,
@wstrosus and Yuriria between the wings but other genera show

“.ridges in tgls region and keel development may well be independent,
“

In some specimens of Dionda and Exoglossum, in Macrhvbopsis,

.

Moapa, some Opsopoeodus, Phenacobifis, Pimephales a small
t . P
foramen is seen near the anterior edge of the wings. (? for the

\
L)
N

L
R -~ " Il R
pseudobranchial artery). Other genera may have a notch in-

o~ .
this position but boih~the foramef or notch are not present in

all~individuals of a species, ..
=

OROMANDIBULAR REGION

Pgsmaxillari s . T : %

‘ N e
The premaxillaries age similar in all the genera.

variation is limited to its length and the height of the w
< .

ascending ordcessc,Such features are at least iaterspecifically
z . _ >] .
variable, e.g. in Notropis and the height of the ascending Y

’ ! ’ Lo
oy B . e
process is intraspecifically variable in Agosia. The symphysis > |

-

~ , '
) / BN -
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.the antero-ventral portion of the horizontal arm.

- .

»

some thldkenlng or a jagged surface ‘is apparent.

process may be straight or curved anterlorlv a llttle at the. 1

is simple ‘except in large 5pec1mens, e.qg. ‘Orthodon where

The ascendlng~

tip. These c0nd1tlons are intra- and inter- specaflcallv -

variable. - In soec1es where the:anterior. head reglon 1s
lcompressed antero- poster;orlv the. oremaxllla is

and the norizontal arm fle\es dorsally at 1ts mid-point e. g.

in Phenacobius.“ Phenacoblus'also has a jagged margin to

~

Maxillariles,

- »

shortened
f-—-_..__

*

The ascending proceSS'of the maxlllarv is oosxtloned

about mld—wav along the bone although in. some ge

be obviously oosterlor e. g Acrochellus.\ The an

. a
comer of the process usuallv projects anterlorlv

anterior'edge concave, uch that the process 1is
) - - . N

is a ‘sid ht'posterior projection sc that the prQ

b

antrorse. Alternatively this projection is abse

4

~

getrorge. The process is slightlv retrorse in €

Erimvstax, Eitrarius, and someRhinichthys. The
*ﬁ——-——

margin of the processes is rounded, slooed Poste

directly to the posteriox dorsal eaqe of the max

.

has a posterior slope which then 1’aJ.i,s abfuotlv

r

‘to the ooster*ot dorsal edge of the maxillery.

LY
are: lntra- and .inter- saeczf;cdllv varlable, e.q.

and Nocomis respectnvely. Dos erf%r to the asce

nera it may
tero-dorsal
with the
sllohtlv"
nt or there 7~

cess is.

ampostoma,

'dorsal
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the maxillary is less deep than anteriérly.

h The relative lengths of the antero-lateral plate

and ﬁhe mesial rod in dorsal vi?w vary. The rod is %lightly
to markedly longer in most genera (intfasPecificaily variable),

-~

roé and plate are equal in Erimvstax, Exoglossum, Hybopsis, ’ :

Nocomis, Parexoglossum, some Phenacobius and the plate is

longer in Extrarius. The angle of the rod is interspecifically

variable, e.g. in Mécrhybopsis gelida it is almest ventrally
direq%pd whiie'in M. meeki it ﬁs almost horizontal.

On the ventral edge of the maxillary bone just posterior
to the antero-lateral plate a small process is developed for
ligament attachment. The process projects ventrally or is
slightly above the ventral edge of ;pe maxillary and préjects
laterallv. The process is connected via a ridge to another
process on or about the middle of the antero-lateral plate

in BErimvstax, Hvbopsis, Macrhybopsis gelida, Oregonichthvs,

Tiarcga, and Xvstrosus.
Mentomeckelians

The mentomeckelians are alwayvs present with a shape ‘

similar to that reported for Notemigonus.

Coronomeckelians

This bone is not too dissimilar in most genera from the

condition reported for Notemigonus. Its shape is generally

variable. In Dionaa the vertical plate of the bone rises

% ' -
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above the angular anteriorly. This is also seen in the

’ -

Asian genus Tribolodon but is not-regaraed as evidence for
relationship. Many other genera of N. American cvprinids show
varving development of this vertical plate and that it should

rise above the.angular in.at least one genus is not unexpected.

Dentaries (Figure 46).

The dentaries bear an ascending process about the
mid-point of the lower jaw. The arm of the dentary anterior
to this process is short in Campostoma so the process is

anterior to the mid-point. Conversely in Eremichthys, Exoclossum,

Lepidomeda, Macrhvbopsis, Meda, parexoglossum, and Plagopterus

the process is located posterior to the mid-point. The. process
may be vertical (in relation to the long axis of the lower
jaw), slope anteriorly or posteriorly and this is intraspeci-

fically variable, e.g. in Acrocheilus and Algansea. The

posterior edge of the process is often concave so the Process

appears retrorse. In Phenacobius the process overlaps the

angular posteriorly as this area of the jaw is much compressed
and the posterior bones of the jaw are very short.

The preoperculomandibular canal is evident on the dentary ‘
and usualiy occurs on the angular also. t is poorly ossified

on the angular in some specimens, e.g. Campostoma, Chrosomus,

Oregonichthyvs, Parexoglossum or it is absent, e.g. in some

Chrosomus, Dionda, Iotichthys (also absent from dentary), some

Macrhyvbopsis, Opsopoeodus and Phenacobius (also absent from

dentarv), but this may be related to specimen size. In
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RhiniChthvs and partly in Extrarius the canal is on the

retroartlcular rather than the angular.

The anterior arm of the dentaryv is straxly curved mesxad

and is plate-likg and horizontal in genera with short lower

jaws like Acrocheilus and Eremichthvs. In Exoglossum and

Parexoglossum the dentary and associated lower jaw bones are

positioned ventrally on the head rather than laterally.
The dorsal edge of the anterior arm is notdhed in certain

genera, e.g. Notemigonus and Xvstrosus but similar notches

are variably presegt in other genera, e.g. Notropis. An
antero-lateral foramen is present for the truncus mandibularis
of nerve VII in the anterior arm. It is usually less than
half way along the arm from the process to the dentary tip

but is anterior to the mid-point in Chrosomus, Hybognathus

?

havi, Moapa, Mylopharodon, Nocomis, some Oregonichthys, .

Parexoglossum, Relictus and Tiaroga and is about mid-way 1in

Ericvmba, Hesperoleucus and Lepidomeda. The foramen position

was variable in Eremichthvs, Iotichthvs, Notemigonus, Notropis,

and Rhinichthys.

Articulars

The articulars are enclosed by the angulars and were

not examined.
Retroarticulars

Each retroarticular is an irregular shaped bone ventral

to the angular andrposterior to the dentarv. In small specimens

~
e
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i+ may lie free but is usually closely associated with the
neighbouring bones, though not fused. It may bear part of

the preoperculomandibular sensory canal (see above) . oo

Angulars (Figure 46). . \ - L

. ] .S
The dorsal edgé of the angular may be low posterior to
the ascending process of the dentary, €.g. in Algansea,.

Hvbognathus hankinsoni, Hvbognathus nuchalis and Lavinig or

it mav be high, e.g. in Eremichthys, Exoglossum, Parexoglossum,

and Phenacobius. It can be rounded or pointed, the latter

particularly if it is high. Height of this dorsal edge is

size dependent in Notemigonus and probably other genera.

The articulation for the guadrate is unique in some
Exoglossum since it is orieﬂtated in a dorsal rather than a
posterior position because the dorsal lip is weak-to absent.
In other genera the ventral lip is produced posteriorly and
the dorsal lip is vertical or slopes slightly anteriorly

sometimes with a slight posterior curl to the tip.
Autopalatines (Figure 45).

The autopalatine is a short bone with dorsal, mesial
and lateral processes at its anterior end. Its size varies
with the individual and also with the cdegree cf compression
- of the snout region. The mesial process is reduced in

Exoglossum and parexoglossum and 1is located at the mid-point
bl

of the bone. There is 2 dorsal depression and/or spike in

N

~
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all genera on the posterior half of the bone and it is

best developed as a strong spike in Eremichthys.

O \
Endopteryvgoids -

The shape of the endopterygoid is variable both intra-

and inter-specifically but adheres to the general form

s

outlined under Notemigonus. The bone may be perforated

behind the socket irr e.g. Acrocheilus, Hemitremia, and Moapa

and it may project over the posterior end of the autcpalatine

in e.g. Chrosomus, Hesperoleucus, Phenacobius and variably

in Pimephales. The bone is compressed antero-posteriorly in
Exoglossum being a vertical sub-oval shape in large £ish but
a horizontal sub-oval shape in small fish. The size of the
endoptervgoid relative to the metaptervgoid is usually the
same or larger. It is the same or smaller in Algansea,

Dionda, Eremichthys, Erimvstax, Hybognathus (not H. hayi), .

Moapa, Oregonichthvs, Orthodon, Relictus, Rhinichthys and

Tiaroga.

Ectoptervgoids

The ectoptervgoid is usually oval in shape but may
approach a triangular or rectangular shape. It projects

under the autopalatine in e.g. Campostoma, Erimvstax, and

some Rhinichthys, and is often weakly developed 1i.e. the

o ‘ o . _
ant¥erior part is not sified, in Chrosomus neogaeus,

-

Eremichthys, Exoglossum akd Hemitremia. In Mvlopharodon

much of the ventral haéﬁ/the bone lies mesial to the quadrate,
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more than in any other genus.

Quadrates

The guadrate is usually smaller than the endopteryvgoid
and larger than the ectopterygoid. 1In Algansea and Nocomis
it may be larger or smaller than the ectopteryvgoid agd in

" Exoglossum it is almost as large as the endOptery;on. The
dorsal and posterior edge of the guadrate is usually a curve
but in e.g. Algansea and Xystrosus there is an evident

postero-dorsal angle and in Macrhvbopsis meeki it is notched

aiong the posterior edge. There is alsc great variation
in the form of this edge in Notropis where it may be curved,
vertical or even concave. Rarely the guadrate\may fuse

with the svmplectic e.¢. in Rhinichthys atratulus.

Metapterygoidé (Figure 54).

The metaptervgoid is characterised by two dorsal wings
'y
a weak postero-lateral one and a more dorsally elongate
antero-mesial one. The former often appears as a continuation

of the dérsal strut. There is a smaller ventral or ventro- ‘

posterior strut. 1In Acrocheilus these struts are not clearly

defined and there could be a single large strut extending over
much of the posterior edge of the metaptervgoid. A single
postero-ventral strut is the onlv cne seen in Campostoma,

Eremichthvs, Extrarius, Macrhvbopsis, Nocomis, Pimephales,

v Platvgobio, Rhinichthys and Tiaroga. The struts in, e.g.
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Ericymba, are close together and almost parallel horizontally,

‘

while in Parexoglossum the struts are directed ventrally at

the postero-ventral corner. The mesial wing may be pointed
or rounded but this is intra- and inter-specifically
variable along with the height e.g. in Pimephales, The
lateral wing is weak to absent in Chrosomus and the mesial
wing may be low and bear a jagged edge. The lateral wing is
also weék in Couesius and it mav be continuous with the
mesial wing withoﬁt the normal cleft between them. It is

also continuous in some Notemigonus. In Platygobio the

lateral wing is a strong spike directed antero-dorsally and

the mesial wing is low-and hardly developed.
HYQID REGIOCN

Opercula
+

Thé operculum is very similar in all the genera studied.
Proportional differences in breadth and depth are evident
but these were not examined in detail. The shape of the
operculum in Notropis species for example varieéhééom deep
and narrow to shallow and sguare. Larger specimens show
more elaborate strengthening struts radiating from the point ‘
of articulation with hyomandibuiar. The operculum normally
possesses a produced antero-dorsal corner, a convex Or more
rarelv straight anterior edge,‘a sharp antero-ventral corner,

a convex ventral edge, a rounded postero-ventral corner
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(usually greater than 90°), a dorsally concave posterior

225

edge, a rounded or sharp postero-dorsal corner and a straight.

or concave dorsal edge. The latter is individually variable

and mav rarely be convex, e.g. in Hyvbognathus hayi. The

postero-ventral corner may be less than 90°, e.g. in

Algansea monticola, Chrosomus, Hemitremia, Hesperoleucus,

Hybognathus., In Iotichthys the ante;o-dorsal corner is'
only moderately produced and is sguare cut. |

The most significant character of the operculum was
the presence or abseﬁca of a tubular canal through the
antero-dorsal corner for the preoperculomandibular canal.

This was founé in Notemigonus only and is discussed further

[

in the character analysis.

Precpercula

The relative lengths of the vertical and horizontal
rami of each preoperculum vary from equal to vertical or
horizontal longer. These conditons are intra- and inter-
specifically variable. The preoéerculdﬁandibular Sensory -
canal is alwavs present and usuallv fused to the preopercle.
T+ extends to or almost to the tlp of the vertical arm or

ramus in most genera while in Agosia, Campostoma, Chrosomus,

Dionda, some Iotichthys, some Notropis and Opsopoeodus it
fehnddeteto i el eiiod bl

extends half way or less up the vertical arm, In Hemitremia,

Hvbognathus (not H. havi), Phenacobius, Pimephales and

Rhinichthys, the extent is one half +o three quarters up the

vertical arm. Occasionally the canal is not fused to the
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preopercle, e.g. in some Chrosomus eos, Relictus and young

Tiaroga. The unusual and unigue canal system of Ericymba
has been described by Hoyt (1972). The interior angle between

the two-arms of the precopercle is often expanded-by a sheet

of bone but his is interspecifically variable, e.éu Erimyvstax.

Subopercula

The suboperculum alsc shows proportional differences
between species as with the operculum but these are not
considered in detail he;e.; The dorsal edge Is usually
straight or concave, rarely convex, e€.g. in some Extrarius,
and the'ventral edge is convex curving up to a rounded posté:ior
end. A rouﬁded antero-ventral corner is usually found and
the antero-dorsal corner is produced as a slim rounded or
pointed process. This process 1Is intraspecifically present

or absent, e.g. in Algansea, Eremichthyvs, Pimephales., 1In

Exoglossum ‘it can be orientated vertically or postero-dersally,
with or without a forked tip. In addition the posterior end

of the suboperculum is notched in Exoglossum.

Interopercula . ‘

The relative lengths 6f the interopercle and subopercle
can be egual or either can be longer. Relative lengths were
veryv variable, e.g. in pimephales, both intra- and inter-
specifically. The dorsal arm was weak to absent in Agosia,

Campostoma, Ericymba, Erimvstax, Macrhvbopsis, Meda and

particularly in Phenacobius where the bone was straight.
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Branchiostegals

There are a}most invariably three brancliiostegals on
each sidg of t@e head, rarely four in, e.g. a population of

Notropis heterolepis (Scott and Crossman, 1973}. The

branchiostegals are most often widest at their mid-point and
may taper abruptly distally. Occgsionally the proximal ends
are widest and more rarely the digtal tip, e.g. the first
branchiostegal of Platvgobio. Position of maximum width is
intra- and inter-specifically variable e.g. in Notropis,
Pimephales, and Relictus. The distal tip of the first
branchiostegal is usually pointed while the tips of the
‘first and second are more rounded. They may all be pointed,

e.g. in Dionda and Hybognathus, or all rounded, e.g. in

Eremichthvs, Exoglossum and Hespercleucus. The tips may also

be jagged in some gerera, e.g. Moapa, and there is a tendency
to this condition in the Plagopterini. Various combinations
of rounded, pointed or jagged tips is seen in Notropis and
such variation is also seen in other genera, some of it
size dependent. '

The length of the branchiostegals increases posteriorly
such that the first was longest except in e.g. Agosia,

variably in Lepidomeda, Notropis, Platvgobio, and Tiaroga

where the lengths are the same and in e.g. Eremichthvs,

Exoglossum where the first and second are about egual in
length.
The second and tﬁird branchiostegals articulate with the

ceratohval and the first variously with the ceratohval-epihyal

-
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junction and the epihyal. The third branchiostegal may

fork at its tip but this varies with the individual.

Hyomandibulars (Figure 49).

The general shape of each hyoﬁandibular bone seems to
be influenced by the head depth. In addition there are strbng
' proportional differences between young and adult f£ish. A
search was made for structural variations rather than proportional
differences without much success. The anterior projection

noted by Uveno (1961) in Ptychocheilus and Gila robusta is

not found elsewhere. The anterior wing of the hyomandibular
~

is produced anteriorly at the point where it insects in

Eremichthys, Nocomis platyrhynchus, N. asper, N. leptocephalus,

N. micropogon and Yuriria. In Platygbbio the process is doraal
and just below the anterior condyle but may be regarded as
+he antero-ventral corner of the anterior wing since the
hyomandibular is much curved in this genus.

The 1ateral ridge is usually weak or absent but it is

strongly developed in Acrocheilus, Eremichthvs, Exoglossum

Mvlopharodon, variably in Notropis, Parexoglossum, Pimephales ‘

notatus, Platygobio, some Rhinichthvs, and Xystrosus, and

moderately in Erimvstax, Hesperoleucus, Lavinia, and Nocomis.

This character shows size variation in some genera, but not

in small Parexoglossum where it 1is well developed, as well

as interspecific variability.

The form and extent of the anterior wing 1s subject to
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much size and individual_fariability. It may fall vertically
and curve in-sharply to ﬁhe main shaft or it may curve gently
from the anterior condyle to the shaft.

The posterior ridge is usually well developed postero-
laterally and intersects a lipe drawn from the'posterior tip
of the opercular condyle to the posterior base of the shaft,

(not in Hvbognathus havi, variably in Iotichthvs, Macrhvbopsis,

Mvlopharodon, Oregonichthvs and Ortheodon). Ventrally the
ridge may form the posterior wall of the lateral hyvomandibular

foramen, e.g. in Chrosomus, Erimvstax, Hvbopsis, Notrobis, or

even the anterior wall in Parexoglossum, Platvgobio and

Xvstrosus. Dorsally the ridge is developed as a dorsally
directed spike level with the opercular condvle. It may be

weak or ridge-like in some genera, e.g. Macrhvbopsis, Plagopterus.

The ridge 1is veryv well developed in Exoglossum amd overlies
the interopercle markedly.
The depth in width of the hyomandibular is usually about

2 in 1; 2-3 in 1 for Chrosomus, Erimystax, Hesperoleucus,

Hvbopsis, Moapa, some Notropis, Orthodon,\.u'.mephales, and ‘

Xystrosus; and less than 2 in 1 for Eremichthvs, Exoglossum,

some Macrhybopsis, some Meda, some Nocomis, Parexoglossum,

Plagopterus, Platvgobio, Rhinichthvs, and Tiaroga.

The lateral hyvomandibular foramen is found low on the
shaft at or about the level of intersection of the anterior
wing or shaft i.e, about two thirds to three guarters down

the shaft from the opercular condyle. In some individuals it
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is elongate e.g. specimens of Couesius, Hemitremia and

Hesperoleucus. The mesial dorsal opening of the foramen is

usually at the lower level of the opercular condvle in the N
middle of the hvomandibular. There are two mesial openings

in e.g. Agosia, Lepidomeda, some Orthodon, separated by a

strut and there may be several struts in Notemigonus. The

foramen in Oregonichthvs is overlain by a strut but there

is no additional opening. In Ericymba the foramen opening
is one third down from the opercular condyle and is noticeably

lower than the condyle in e.g. Mvlocheilus, Parexcglossum,

_and Yuriria.-

The edge of the hyomandibular between the postero-dorsal
condvle and the opercular condyle is incurved and is 1 in
3 to 4 of the depth of the hyvomandibular. This proportion_is

1 in 4 to 5 for Eremichthys, Macrhvbopsis, Moapa, Mvlocheilus,

Nocomis and Yuriria ané the lateral foramen is only one half

to two thirds down the shaft from the opercular condvle (also

in Lavinia, Macrhybopsis, Nocomis, Oregonichthys, Plagopterus,

and Xystrosus). In some Hybognathus the foramen is almost ©

one third down the shaft,

-

Symplectics

%

The svmplectic may be arched or straight but this proved
to be individually variable as did the presence or absence
of  notches and processeé associated with complementary structuresh
on the_metapterygoid dorsal to the svmplectic. In certain

cases notches or processes on the symplectic are not matched
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bv complementary metapterygoid structures and the ventral
edge -of the metapterygoid is smooth. .The length of the symplectic
alsb varies intraspecificaily and seems to be related to

specimen size, e.g. in Platvgobio.
Interhyvals

Each interhval is alwavs present as a small rod either
squarish, rectangular or rarely triangular in lateral view.

These three shapes grade one into another.
Epihvals

Each epihval is ventrally notched along with the ceratohyal
at their junction but this notch is weak in e.g. Algansea,

Chrosomus, Couesius, Erimvstax, Meda, and Oregonichthyvs and

is present or absent .in e.g. Dionda, Macrhvbopsis, Notropis,

and Phenacobius.

Ceratohvals and upper and lower hvpohyvals (Figure 51}.

The junction of the ceratohval with the upper and lower
hvpohvals encloses a foramen in ventral view. A given species ‘
may possess only one or as many as three types of foramen
-iﬁ different individuals ({(see Uyeno, 1961 alsc). The foramen

is not stronglv evident in Hvbognathus and Phenacobius where

there are various small perforations in this region. The

foramen may be present or absent in Oregonichthvs.
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Basihyal (Figure 50).

In dorsal view the basihyal is an elongate rectangle with:
a slightly to greatly expanded anterior end. The poéterior

end is rarely forked in some Acrocheilus. The anterior end

may be expanded to a width up to five times that of the shaft

in, e.g. Macrhvbopsis, Meda, andé other genera show varving

‘degrees of expansion. However there is obvious individual

and interspecific wvariation, e.g. in Chrosomus. S\

Urohval (Figure 52).

. The urohval has two anterior processes which vary from

short, e.g. in Mvlopharoden and Nocomis, to long, e.g. scome

Notropis and Xvstrosus with all intermediates. The most
!

striking modification is found in Exoglossum and Parexoglossum

where these processes are absent and a dorso-ventral foramen
-

perforates the anterior end of the urohyal. In Phenacobius

the anterior processes are short and stubby and almost meet
in large P. mirabilis. _
Ventrally the urohyal is weakly concave or flat. The i

concavity is most evident in Acrocheilus, Lepidomeda, Moapa,

Mvlopharodon, Plagopterus, Pogonichthys, some Relictus, Tiaroga,

and Xvstrosus usually because the sides of the hori;ontal
plate are ventrally decurved.

The slope of the posterior edge of the vertical plate
is variable. It mav be rounded or sguare cut and vertical,
e.g. some Chrosomus, some Eremichthys, but usually it is

<@
rounded dorsallv and slopes anteriorly to the base such that
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. \L
'a ventral notch is formed. There is considerable individual

~

variation. An unusual form is seen in Macrhvbopsis where the

vertical plate tapers to a smooth or jagged point posteriorly.
The ventral notch is not seen in Nocomis where the plate also

tapers to a point or rounded projection. In ParexogiDgsum
’ ~N

the plate slopes posteriorly.

The sides of the horizontal plate may be parallel
posteriorly, converge in to the base of the vertical plate
or diverge. This character is mostly consistent within a -

genus except for Phenacobius.and Pimephales where all three

tvpes are found and for Chrosomus and Platvgobio where both

parallel and convergent types are seen. Parallel or diverging

sides mav project posteriorly beyond the base of the vertical

plate or even beyond the posteriormeost dorsal part of the plate.

' This character is intraspecifically variable, e.g. in Erimystax.

In dorsal view the urohval mav be short and/or broad, e.g.

in Erimvstax and Phenacobius or elongate and/or thin, e.g. in

‘Lepidomeda, Meda, Oregonichthys, and Placopterus, but this

is intra- or inter-specifically variable e.g. in Notropis and

Xvstrosus, and all intermediates are found.
BRANCHIAL REGION
Pharvngobranchials

Two pairs of pharyngobranchials are always present.

Mahy (1975a) reported three pairs for Chrosomus neogaeus but
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there are only two pairs in fourteen specimens examined for

this study.
Epibranchials

The epibranchials number four, on each side. Traces
of a fifth cartilaginous epibranchial are seen in several
genera but these are difficult to distinguish without adequate
cartilage staining. A& survev of cartilaginous elements in
the cvprinid skeleton may reveal useful characters but was
not undertaken here. The third and fourth epibranchials

bear spikes as in Notemigonus but their presence or absence

is individually variable.
Ceratobranchials

These are generally similar in all species and were not

examined in detail.
Pharvngeal arch and teeth

The number of tooth rows and tooth counts are given in
the character analysis. As trophic characters the gross form
of the teeth varies with feeding niche occupied by the species
and mav not prove useful characters in relating genera. In
addition some of the structural variation in pharyngeal arches
can be attributed to differences between genera with one and
two rows of teeth (which are no longer considered an adequate
basis for generic separation (see Bailey et al,, 1970)). Mach

of the variation seen in pharvngeal arches is of a proportional

nature and not readily susceptible to analysis on the basis
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of the available specimens (see also Eaétman, 1970). Detailed
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studies involving also the pharyngeal musculature may reveal

useful characters but this was not attempted here.

Hypdbranchials

The. hypobranchials are generally similar to Notemigonus

except in Exoglossum and Parexoglossum where the first

hvpobranchials are large and plate-like rather than irregular.

Basibranchials

The first bésibranchial is shorter than the following

two and their shape is an elongate rectangle as in Notemigonus.

In Exoglossum these bones are much compressed antero-posteriorly

and the three bones are fused in laxge specimens.
Gill rakers (Figure 53).

The Dssified portion of the gill rakers is usually a
small triangle oxr cone Qith a small expanded base and a
rounded or pointed tip. In large Nocomis they become more
roé-like and the tip may fork. The rakers of Orthodon are

peculiar with a circulax base and a short shaft splitting

into numerous distél branches. Gila bicolor also has branched

tips but these are not numerous. The rakers of Xystrosus

.

are also unigue being slender, elongate and having a distinctive

basal flexure.

- e



236

VERTEBRAL COLUMN

Weberian region

The bones of the Weberian region were examined cursorily

and are generally similar to those of Notemigonus. The second

‘lateral process is invariably longer than the first process

although relative lengths vary between species and within
certain species. The first process is very weak in Campostoma
and Dionda. The fourth neural spine may slope anteriorly or

posteriorly but in Macrhvbopsis both conditions are found.

The intercalarium varies from a 'Y'-shape to almost triangular
both within and between species. The tip of the fourth rib
is expanded in Agosia, slightly in Ericymba where it may fork

distally, in Exoglossum, slightly in Macrhybopsis, some

Netropis and Phenacobius.

Abdominai, transitional and caudal regions

These are generally similar in all genera and were not
examined in detail. Abdominal neural and caudal neural
haemal foramina are open or closed and the condition is
individually variable. Caudal fin bones }re dealt with below
and total vértebrai numbers are assessed in thé character

analysis.
Interneural anéd intermuscular bones

These were not examined in detail but are generally

similar in all genera.

Q
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MEDIAN FINS

Dorsal and anal fin bones

Ry

These‘fins received only.a_cursory examination and

seem to be generally similar in all the species except the
dorsal fin réys of Plagopterini which are modified as‘spines
(Miller and Hubbs, 1960). Usually the first three proxiﬁél .
and intermediate pterygiophores of both the dorsal and anal

fins are fused but occasionally this is two or four in either
fin. There are evident differences in pOEEEEBh of the dorsal
fin relative to the pelvic £in and an attempt to~analvse such
data showed intra- and inter-specific differences. Modal counts

of dorsad and anal fin rayvs are given in the character analysis.

Caudal £in bones (Figures '

¢
The caudal fin bones are generally similar among North

American cvprinid genera. However certain species lack a
sixth hypural and/or a third urodermal {(Table ). These
characters are variable between individuals of a_species and
between species of a genus. Uyeno (1961) in his study on

the osteology of Gila, Piychocheilus, Richardsonius and

Clinostomus did not mention the third urodermal and gave

the number of hypurals as 6 or 7 {(i.e. 5 or 6 see p. present
studv) without specifyving further which specles or genera

had which count. Both the sixth hypural and the third
urodermal can be present but reduced to an irregularly shaped

speck of bone in some indiwviduals. This probably represents

e s

A
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an intermediate stage between presence and loss. Only in

one instance (Dionda episcopa) does the fifth hypural seem

.swollen dorsally as though the sixth hypural had fused
indistinguishably with it. However another individual of
_ this speéﬁés has the sixth hypural present as a speck of
bone‘suggésting that reduction precedes loss and fusion does
not occur. It is possible in, e.g. Gila, where mostly
immature specimens were examined that development of a sixth

hypural and a third urodermal is an adult trait. However

mature G. alvordensis lack a third urodermal. Conversely

Buhan (1972) has suggested that in Notemigonus crysoleucas

the sixth hypural regresses with size and age. 1In examining
' 25 specimens for the present study 2 were found teo have a
normal-sized sixth hypural (43 and 94 mm. S.L.), 14 had a

sixth hypural reduced to a speck of bone (18 - 10° mm. S.L.)
and in 9 specimens it was absent (33 - 82 mm. $.L.). ZLarger

and older specimens must be examined before it can be determined
if regression occurs as this limited data shows considerable
variation.

Loss of bones, especially small ones like the sixth ‘
. N

hypural and third urodermal, is a poor indicator of relationship
and mav well have occurred independently in the various

genera. The variability in expression of these two characters

at the individual level also mitigate against their general

use. However it appears that the third urodermal is consistently

absent in Semotilus atromaculatus and S. corporalis but present

in §. (Margariscus) margarita and it would seem to provide a
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valid character for assessing the relationships of these three
species. Despite their intraspecific and interspecific
variability the sixth hypural and third urodermal are used
as characters in the character analysis albeit with
reservations.

Several other potential characters of the caudal skeleton
were investigated. These are the shape and orientation of
the hvpurapophysis (Nursall, 1963), the diastema width, shape
and size of the hypural and parhypural foramina (Monod, 1968),
splitting and median expansions of neural and haemal spines
(Buhan, 1970, 1972), angle of inclination to the vertebral
colugk of the fifth and tenth preural centra neural spines
and the general arrangement of the caudal bones.

The shape and orientation of the hypurapophysis is
found to be'intraspécifically variable, e.g. in Hybopsis

(Extrarius) aestivalis it may be rounded, peointed or forked

distally; in Hvbopsis (Macrhybopsis) spp. it may curve dorsally

or ventrally. 1In general it is a rounded or pointed process
directed latero-ventrally and posteriorly.
The diastema width is also intraspecifically variable, li

e.g. in Acrocheilus alutaceus the. second and thiré hypurals

are closely associated with each other or in contrast they
are well separated and the diasﬁema is largef in both wvertical
and horizeontal extent,

The hypural and parhvpural foramina vary in shape and

size and species or genera could not readily be characterised
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by‘these.structures. Si;e disparities between individuals
and between species may account for some of the observed
variation. | |

The neural, and less frequently the haemal, spines are .
often split-vertically either to the base.or restricted to
the distal part of the spine. Occasionally the split is sagittal.
In certain cases the split extends into the neé}al arch
giving the "deoubled" condition of Buhan (1972). Vertical
splitting is of general occurrence though not as commen as
the normal condition. Median-expansions of spines are better
developed on the neural spines (up.te the sixth preural spine)
than on the haemal spines (up to the fourth preural spine).
There is considerable variation in expansion size and extent

at the individual level, e.g. in Relictus solitarius thev

could be large or absent. Extent of expansions does not
seem to be correlated with size of fish or caudal peduncle
depth.

The angle of inclination of neural (and haemal) spines to
the vertebral column is variable between young and adult

specimens in some species, e.g. in Lavinia exilicauda at the

tenth preural centrum in a small f£ish (81 mm. S.L.) the angle q"i
is 59° while in a larger specimen (233 mm. s.L.} it is only
24°, iIntrageneric variation is also observed, e.g. in

Rhinicnthvs species the approximate angles are: -
~

\
e
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- Angle °
Species Size (mm. S.L.) aﬁ 5th spine at 10th sP;ne
atratalus 53 - 62 45 - 55
cataractae 71 - 105 45 45
evermanni 57 - 84 35 45
falcatus 51 - 81 | 35 55
osculus 48 - 64 45 | 45

The énteriormost spines, at the tenth preural centrum, are
generally the least depressed (at the tenth preural éentrum
the angle is centred about 45° and at the fiftﬁ centrum around
35°). These values must be regarded as approximate since the
angle is difficult to measure (the spine is almost perfectly
straight in some individuais, curved in others) and, as
noted above, it is subject to size and specific variatiops.
In addition it is not unusual for measurements on 5 individuals
to be identical while the sixth differs markedly. The incli-
nation of neural and haemal caudal spines has been related
to the depth of the caudal peduncle, fishes adapted to swift
water and having a slim peduncle possessing depressed spines
{(Uveno, 1961; Buﬁan, 1972). This is most apparent inh large

_ S . ) <‘.i
species where body depth and caudal peduncle depth are
markedly different.

The caudal bones are loosely arranged in most species but

were closely packed in, e.g. Acrocheilus alutaceus, Orthodon

microlepidotus, Gila robusta, Phenacobius uranops, Rhinichthys

evermanni, Lavinia exilicauda and Pogonichthvs macrolepidotus.
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This is not intimately associated with large size since tﬁe
_above specimens ranged from 54 to 233 mm. S.L. but larger .
‘individuals and species tend to have morelclosely packed
caudal bones as a result of growth and for better support of the
caudal fin,

Fusions are rare anomalies, e.g. fusion of hypurals

2 and 3 at their bases in one specimen of Chrosomus eos and

one Nﬁbomls biguttatus; fusion of the epural to the ‘neural

arch /in one Chrosomus neogaeus; partial fusion of the first

hvpurai~and the haemal spine in one specimen of Moapa coriacea;
1

fusion of some hypurals in large Semotilus atromaculatus

(Buhan, 1970); etc.. Différences of a proportional nature
are notgd between speciesrbut many of these were subject to
individual and size related variation and could not be readily
assessed for systematic significance. The number of branched
caudal rays ié 17,- 9 articulating in the upper lcke and 8 1in
the lower. Occasional aberrant specimens are noted, e.g. 2

specimens of Rhinichthvs atratulus had only 8 upper lobe

ravs and a single Phenacobius mirabilis had only 7 rays; a

specimen of Pimephales notatus possessed & supernumerary ‘
ray at the diastema level. Minor caudal rays extend anteriorly

on the caudal peduncle to & maximum ievel opposite the £ifth |
preural neural and haemal spine. The level attained 1is
intraspecifically and interspecifically variable. The most

usual extent is to the level of the third or fourth spine.

In contrast to the variations noted in the preceding
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pages Schlueter and Thomerson (1971) in examiﬁing cauvdal
skeketons of 217 cyprinids representing 20'specieslfound no
noteworthy variation.

The caudal skeletons of North American cyprinids are
generally similar and the minimal variation observed is

of only limited value in assessing relationships.
PAIRED FINS

PECTORAL GIRDLE AN
Posttemporals

Each posttemporal bone is a tear-drop shape, with a rounded
or square cut ventral base tapering dorsally.- In Exoglossum
the bone is rounded both dorsally and ventrally and approaches
a rectangle in shape. The lateral line ossification or-
extrascapular passes diagonally across the base from the
antero-dorsal to the pos%&zo—ventral corner. In the small
genus Iotichthys the canal may be almost absent. The post-
temporal is invariably shorter than the supracleithrum varying
from one third to almost equal in length. Specimen size 1is ‘
an important factor affecting the relative lengths of these 7
bones and obscured differences which might be of use in

comparing genhera.
*_,t

Supracleithra

The supracleithrum may bear a short length of ossified
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lateral line canal dorsally on its posterior margin. The

canal was absent from Ericymba, Exoglossum, Iotichthys,

Opsopoeodus, Orthodon, Pimephales (but éfesent in P. vigilax),
Relictus, and.miaroga‘(present or“absgnt) or only just touches
the supracleithrum as in Campostoma. The supracleithrum is

an elongate bone often with an antrorse dorsal tip which
narrow from a small anterior wing. The antero-dorsal corner

of this wing is sometimes produced as a short process 1in

Erimcyvmba, Nocomis and weakly in Exoglossum as a sharp or

plunt point. The presence of the dorsal tip 1is intraspecificélly

variable in Chrosomus, Dionda, Hyvbognathus, Notropis and is

only weakly developed in certain genera e.g. Lepidomeda, Meda,

Notropis, Plagopterus, Pogonichthvs, Tiaroga, and Yuriria.

There is a mesial hook beldw the dorsal tip in Orthodon, some

Dionda and vervy weakly in Notemigonus. The large lateral tube

(not the sensory canal) seen in certain Abramidini is not

found in N. American cyprinids except some Notemigonus and

weakly in Agosia. A slender tube is present in most genera

although even this may be absent.

~

Cleithra

The anterior arm of the cleithrum is usually longer than

the dorsal arm. In DRionda, Orthodon and scme Lavinia the two

N

arms are about egqual while in Eremichthvs, Pimephales promelas and

Tiaroga the dorsal arm is longer. The dorsal arm is very

short in Phenacobius, a dorso-ventrally depressed species. The

angle enclosed by the dorsal and anterior arms is intraspeci-

fically variable and is usually 90° or a little moxe. The
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angle is greatest in Parexoglossum and Xystrosus. The

lateral ridge of the dorsal arm curls anteriorxly or poste;iorly.
In some genera the éurl is consistently in one direction; in
others it.is intra- or inter-speéiiically variable or absent.
The_dorsai:tip 6f_the cleithrum ié a short, r¥ounded or pointed,
process angled‘pogterio;ly. This posterior angulation is

most marked in Hvbognathus. The anterior arm of the cleithrum

is usually notched on its ventral edge posteriorly. The
notch could be strong, weak or absent and is both intra- and
inter-gpedifically variable, e.g. in Erimystax, Notropis,

»

Relictus. The éostero—ventral corner of the cleithrum is

usually a rounded right angle produc¢ed a little posteriofly.
Tn Dionda it is markedly produced, in other genera ﬁardly at
all and all intermediate conditons are found, In'sdme genera
the postero-ventral corner is elevated along the posterior
edge of the dorsal arm. The anglé in such cases is much rmore
than 90°. This condition is seen in Agosia, Séme Extrarius,.

Macrhvbeopsis gelida, Meda, :Phenacobius, Plagopterus, variably

developed in Rhinichthys, and Tiarcga. The dorsal arm of

the clefthrum has a mesial ridge or wing which expands
anteriorly as a small wing just below the dorsal tip of the

arm. The presence- of this small wing is interspecifically

variable, e.g. in Hybognathus, and in Plagopterus it could

be hooked. The mesial wing is very large in Phenacobius but

its development in other genera varies with the individual

specimens. The lateral wing of the anterior arm could
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curve in gradually, at 90° or at an acute angle to the tip

-of the anterior arm. There is some indication that this is

-
-

size dependent in some genera, certainly the angle is variable

between.individuals of Mylocheilus, and the angle is variable

between species of the genus Pimephales. A recurved ridge

with or without a foramen, within or without'its-boundaries,

is often present along the mesial edge’of the lateral wing.

Its presence is intra- and inter-specifically variable, e.g.

in Relictus and Notropis respectively. The slope of the lateral
wing also varies between species, e.g. in Notropis from hori-
zontal to almost ventral. It is also strongly ventro-laterally

orientated in Exoglossum and Parexoglossum, particularly

anteriorlv. The dorsal edge of the anterior arm is normally
a free structure of varving heicht but in Xystrosus the mesial
wing merges posteriorly with it in some specimens and in

Hvbopsis amblops and Mylocheilus it is interrupted with the

anterior part merging with the mesial wing of the anterior
arm and the posterior part beginning lateral to this merger
and ascending the dorsal arm. No cleithrum approaches the

shape seen in Evomus navaho, a Middle Pliocene cyprinié with a

modified mesial wing (Uveno and Miller, 1965).
Postcleithra

Each postcleithrum is usually present as an elongate,
slim, S-shaped bone with rounded or pointed ends. In larger

specimens, the bodv of the bone is flattened, expanded or

3
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angulate and produced a little where it passes mesial to the
cleithrum. As noted previously the postcleithrum is much reduced

in Notemigonus. In Extrarius it is elongate or guite short

but not as short as in Notemigonus. Devélapment of this bone

is also moderate in Plagopterus and it is absent in Meda,

Tiaroga and most Rhinichthvs cataractae (see also Nelson, 1873).

Rhinichthys evermanni has a weaklyv developed postcleithrum

in some specimens, in others it is absent. In Rhinichthvs

atratulus the bone is small while in Rhinichthvs falcatus

and Rhinichthvs osculus (including lariversi) development is

normal. Reduction and loss in these species and genera may

be independent.
Coracoids

The development of the anterior end of the coracoid
where it meets the cleithrum and the size of the foramen
between these two bones are intra- and inter-specifically
variable, and at least in part, size related. The anterior
end is thin and pointed or broad and square ox jagged. The
foramen varies from large to small, and occasionally is open ‘
anteriorly because the coracoid and cleithrum do not meet.
There is usually a small foramen posteriorly on the coracoid
close to the articulation with the mesocoracoid. A similar
but smaller foramen is occasionallv present on the mesial
wing of the cleithrum oppositethis posterior coracoid foramen,

e.g. in Hemitremia, some Lavinia, orthodon.
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Mesocoracoids

The mesocoracoid is a slim to broad bone, dorsally recurved
'/ﬂ\;/,nwhere it articulates'with the cleithrum and with a slight S-shape
/ or straight in mesial view. The S-shape is most evident in,

-~

S . . ‘ R .
e.g. Eremichthys but 1ts development is intra- and inter-

specifically variable in, e.q. Erimvstax, Hvbognathus and

Notropis. Breadth of the mesocoracoid often increases with
size of the fish and is also intra- and inter-specifically

™

~
variable, e.g. in Pimephales and Notropis. 4

Scapulae
The scapula shows only minor variations in shape although
the ridge for articulation with the mesocoracoid is weakly

developed in some specimens.
rectoral radials
=

Four radials are always present with some accessory
ossifications in larger fish. The first radial beaxs one

or two heads posteriorly for dorsal rav articulations but

+his is intraspecifically variable in Notemigonus, for ‘

example, and interspecificallv in e.g. Notropis, Pimephales,

and Rhinichthys.

PELVIC GIRDLE

The pelvic girdle does not show any good characters

for use at the generic level with the exception of spiny fin
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ravs iﬁ Plagopterini and modal ray counts (see character
analysis). The basipterygium width in length varies from

1 in 2 to almost 1 in 3 and is size dependent. The relative
lengths of the anterior processes vary intra- and inter-
specifically and are equél, or the mesial or lateral process
longer relative to its partner, e.g. in Notropis. The end
of these processes is blunt or sharp and the mesial process
is weakly or strongly expanded as an, almost horizontal plate.
These characters also vary at the individual specimen level.
The pos;érior medial processes are closely approximated or
meet anggriorly and usually diverge laterally caudad. In.
some species‘and individuals thev parallel one another for

much of their length, e.g. in Hybognathus, Lepidomeda,

Meda, Notemigonus, Orthodon, some Pimephales, some Plagopterus,

Pogonichthys. This is particularly evident in Plagopterini

but even here is individually variable. The processes are

rod-shaped to triangular with a rounded, pointed or sguare-

&

cut posterior tip but these features show individual variation. :
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DISCUSSION (

This osteological survey at the generic'level reyealed
few characters of widespread use. Certain characters are
assessed in the character analysis. Synéébmorphy was difficult
to eétablish because a general pattern of cvprinid osteology
is adhered to by Nearctic cyprinids. vVariations on this
pattern were mainly of a proporticnal nature or showed evident
intra— and inter-specific variation. These variations might
prove useful in interpreting generic relaticnships but large
series of adult specimens would be required to place such
work on a rigorous comparative basis. Convergence would be
difficult to detect since distantly related species adapted
to similar modes of life might show the same modifications

of the general pattern.
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Figure 44. Posterior views of the ethmoid complex (prevomer

and lateral ethmoids removed), A- Orthodon micro-

lepidotus, B- Nocomis asper, C- Hybopsis (Extrarius)

aestivalis. Scales: 0.5 cm., 1 mm. and 1 mm.
respectively.

E: ethmoid, SE: supraethmoid.






Figure 45.
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A- Dorso-mesial- view of left autopalatine of

Exoglossum maxillingua, B- lateral view of left

autopalatine of Eremichthys acros, g, D ~and E-

ventral views of the prevomer and associated bones

of Hvbognathus nuchalis, Plagopterus argentissimus,

and Dionda episcopa respectively. All scales: 1 mm.

IE: lateral ethmoid, PEC: preethmoid cornua, PEL:

lateral preethmoid, PS: parasphenoidy PV: prevomer.

BN
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Figure 46. A and B- Mesial views of right dentaries of Parexo-

glossum laurae and Exoglossum maxillingua, C- mesial

view of right lower jaw of Acrocheilus alutaceus, D-

lateral view of left lower jaw of Pbeﬁacobius
mirabilis. All scales: 1 mm.
A: angulaf, eM: coronomeckelian, D: dentarw, M:

mentomeckelian, RA: retroarticular.
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Suborbital series of Xyvstrosus popoche (above) and

Algansea tincella (below). Scales: 1.0 cm. and 0.5
cm., respeétively.
F: frontal, L: lachryvmal, SI: supratemporal-inter-

temporal, SO, .: suborbital bones, SP: supraorbital.






"Figure 48.
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Suborbital series of Hvbopsis (Erimvstax) dissimilis

‘(above) and Acrocheilus alutaceus (below). Scales:

0.5 cm.
DS: dermosphenotic, L: lachrymal, 502_5: suborbital

-

bones.
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Lateral views of left hyomandibulars of A-

Platvgobio gracilis, B- Eremichthys acros, C- -

Lavinia exilicauda, D- Hemitremia flammea. Scales:

0.5 cm., 0.1 em., 0.5 cm. and 0.1 cm. respectively.
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A-and B- Dorsal views of right posterior part of
cranium to show autosphenotic intervening between
frontal and supratemporal-intertemporal in Nocomis

biguttatus and Hybognathus placitus respectively.

Scales: 1 mm. and 0.5 cm. C, D and E- Dorsal views

of basihvals of Phenacobius mirabilis, Meda fulgida

and Rhinichthvs evermanni. Scales: 1 mm.

AS: autosphenotic, F: frontal, P: parietal, SI:

supratemporal-intertemporal.
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Figure 51. Variatigg in foramen position at junction upper
!

- ]
\gnd lower hyvpohvals: A- Nocomls leptocephalus, B-

gﬁrocheilus alutaceus, C- Opsopoeodus emiliae, D-
o |

Tiaroga cobitis. Scales: 1 mm. /j
CH: ceratohval, LH: lowex_hur hval, UHf upper
- hypohval.
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Figure 52. Urchvals of A- Exoglossum méxillingua, B~ Barexo-

glossum laurae, C- Nocomis leptocephalus, D- Agosia

chrvsogastexr, E- Xystrosus popoche, F- Ericvmba

buccata. Scales: 1 mm.






Figure 53.

/

Antero-lateral views of gill rakers (from middle

of the outer row on the first left arch) of A-

Xystrosus popoche, B- Orthodon microlepidotus, C-

Nocomis leptocephalus, D- Eremichthvs acros, E-

Gila bicolor, Scales: 1 mm,

260
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Figure 54. A and B - Dorsal views of parasphenoids of Dionda

episcopa and Nocomis micropogon. Scales: 1 nm. and

0.5 cm. €- Lateral view of parasphenoid of Campostoma .

anomalum. Scale: 1 mm. D and E - Lateral views of

metapterygoids of Hybopsis (Erimystax) dissimiliscand

Couesius plumbeus. Scales: 1 mm.
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Figure 55. ‘é_and B - Ventral views of basioccipitals of
Al - Hybognathus placitus and Lavinia exilicauda. Scales: "

0.5 cm. € - Lateral view of basioccipital of -

Orthodon microlepidotus. Scale: 0.5 cm. ' ¥
.. g

ACP: process ventral to aortic canal.






Figure 56.

-

A- Dorsal:view of anterior arm of left pectoral

- gixddle Qf Notropls venustus, é; Mesial view cof

left pecQEEil girdle of Phenacobius mirébilis,'

gf Mesial view of right pectofal girdle of Tiaroga

cobitis {(pectoral radials and fin rays removed in

B and C). Scales: 1 mm. N - .

- A

CC: coracoid, CL: cleithrum, MC: mesocoracoid,
~—

N o
PCL: postcleithrum, st: scapula.
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Figure 57. Lateral views of caudal skeleton of Phenacobius

uranops (above) and Acrocheilus alutaceus (below):
Scales: 1 nm.

EP: epural, HS: haemal‘spine, HYl, ﬁf3, and HYG:
first, third and sixth hypurals, ?63: third preural

centrum, PUC: fused first preural centrum and first

-»\\\aﬁd second ural cemntra, UD3: third urodermal.
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~ * % .
Character analyses for North American

cyprinid genera

INTRODUCTION

This section describes and attempts to analyse ﬁrom a
phvletic viewpoint various ‘characters of North American
‘cyprinid genera. The limits of these genera have, in
several cases, been variously interpreted and the listing
used here is in some ways arbiﬁrary and idiosyncratic. It
. ~
includes st of the sub-genera which have had a fairly
recent cheguered history at the generic level. Thus, the

" troubled gends Hybopsis s.l. is split into the sub-genera

Couesius, Erim}ﬁtax, Extrarius, Hybopsis, Macrhvbopsis,

Nocomis, Oregonichthvs, Platygobio and Yuriria while Gila,

which seems to havé gained acceptance as a cohesive taxon

since Uveno's osteo/pgical study in 1961, is not split into
4 .

sub-genera. In addition, Opsopoeodus was separated from

i

Notropis, Marga:ié us from Semotilus, Clinostomus from

//’_f—-#gzaﬁésdsonius; ParSXOglossum from Exoglossum and Xystrosus

. 7
from Algansea.

Each character is desé;ibed and analysed and the
character states resulting are sumﬁarised in Table 10.
Choice of characters was governed in part by the availability

of information. Certain characters such as chromosome number

were included, although not all genera have been examined,
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Skeletal and scale data were based on information generated
in this thesis. Sources for other information are cited
r

below and where literature reports were contradictory the

relevant specimens were examined.

MATERIALS AND METHODS

The general literature sources used were Jordan and
Evermann (18%6), Meek (1902), Snvder (1918), Forbes and
Richardson (1920), Blatchley (1938), Kuhne (1939), Eddy and
Surber (1947), Simon (1951), Beckman (1953), Alvarez and
Navarro (1957), Koster (1957), Trautman (1957), Slastenenko
(1958) , Carr and Goin (1959), Cook (1259), Legendre (1960), Bond(1961)
Clav (1962), Bailey and Allum (1962), LaRivers (1962}, Sigler
and Miller (1963), Cross (1967}, Moore (1968), Smith-Vaniz
(1968) , whitworth et al. (1968), Carlander (1969) Eddy (1969),
Harlan and Speaker (1969), Alvarez del Vvillar (1970), Baxter
and Simon (1970}, McPhail and Lindsey (1970), Paetz and Nelson
(1970) , Brown (1971), Buchanan (1973), Hepkirk (1973), Miller
and Rébisqn (1973) , Minckley (1973), Scarcla (1973), Scot-t andé ‘

Crossman (1973}, Douglas (1974), McAllister and Coad (1974).

In addition several original species desériptions, synoptic
and revisiénary works, and other descriptions were used such as
Jordan (187%5?‘Garman (1s881), Hngs and QOrtenburger (192%9%a,
19295) , Hubbs (1931), Trautman (1931), Schultz (1936), Schultz
and Séhaeffer {1936) , Hubbs and Kuhne (1937), Buen (1541),

Euobs (1942) ~-Miller (1945a, 1945b), Hubbs and Miller (1843),
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Eubbs and Black (i947), Hubbs and Ranevy (1947), Gosline
{1948) , Hubbs and Miller (1948a , 1948b), Hubbs-and Raney
(1948), Hubbs and Bonham (1951), Hubbs and Raney (1951),
Suttkus (1951), Bailey and Suttkus (1952), Hubbs and Bailey
{1952) , Miller (1952), Bailev, Winn and Smith (1954) , Weisel
(1954, 1955), Navarrb {1955), Raney (1l955a, 1955b, 1955¢),
Bailey and Gibbs (1956), Hubbs and Brown (1956), Hubbs-andr
Crowe (1938), Gibbs (1957a, 1957h, lQS?c}T'Howell {1957),
Hubbs and Hubbs (1958), Suttkus (1959), Miller an@ Hubbs
(1%60), Kiméey and Fisk (1960), Patten (1960), Fingérman‘
and Suttkus (1961), Gibbs (1961), Gilbert (1961), Gilbert
and Bailev (1962)., Minckley and Craddock (1962), New (1962),
Gibbs (1963), Miller (1%63a, 1973b) ,Alvarez and Cortes (1964),
Gilbert (1964), Romero. (1965), Nelson (1966), Stewart (1966),

Lachner and Jenkins {1967), Aspinwall (1968), Barbour and

Contreras (1968), Cprtes {1968), Hill and Jenssen (1968), Snelson
{1968) , Suttkus and Clemmer {1968), Holden (1968), Gilbért (1969),
Philipps (1969), Rinne (1969), Tsal and Zeisel (1969), Holden and
Stalnaker (1970}, Legendre (lé?Oa, 1970b), Swift (1970), Clemmer
(1971), Clemmer and Suttkus (1971), Howell and Williams (1971},

Lachner and Jenkins {(1971a, 1971lb), Lachner and Wilev (1971},

Snelson (1971), Gilbert and Bailey (1972), Hubbs and Miller (1972),

Lugaski (1972), Robissmr—=nd Miller (1972), Snelson {(1972),
Greenfield et al. (iji;;? Snelson (1973), Hubbs and Miller (1974),
and Hubbs, Miiler and Hubbs (1974).

Further sources are listed and discussed under certailn

character descriptions and in Appendix 2.

N



Criteria for character analyses

The criteria used in this study follow Marx and Rabb

(1970, 1572) and their reasoning is é%produced below.
a)l Designation of character states.

Charactérs are described by character states thch
indicate the relative variation of the character. At its
simplest a gualitative character may have two states, e.g.
scales present versus scales absent, although it may be
manifested in several states. Quantitative characters, such
as meristic data, represented by a few generic modesycould

-~
be assigned directly to character states, e.g. dorsal fin
ray counts. In certain cases a generic meodal value was not
immediately apparent because of evoluticnary trend(s) within
the genus had given a wide rangelof modes. If two-thirds or
more of the species were at a giveﬁ meode then this was con-
sidered to represent the mode of the genus. Where two modal
values were evenly split betweén species of a genus, the
primitive mode, based on a comparison with other genera
particularly the ancestral genus, was chosen. Where data was
onlf available as ranges the following procedure was used.
Non-overlapping classes were defined and each genus was
assigned to its appropriate class. Where a generic range
bridges the gap betweén two non-overlapping classes an addi-

+ional intermediate ¢class was erected unless the range fell

into either adjacent class by two-thirds or more, e.g. Class

1 5-10, Class 3 =11-16, then character range 8-13 would be

268
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placed in the -intermediate class 2 but character range

9-16 has two-thirds of its range in (Class 3 and so is

e - .
placed there. Character sftates may now be determined by

observing major breaks in hdhe frequency distribution of
genera in the various classes. Several classes may be
lumped into a few states if the freguency distributions

warrant it.

b) Determination of derived and primitive character

states.

t is necessary to chose a genus to represent the
ancestral characters so that characters in other genera
mayv be analfsed relative to 'it. Marx and Rabb (1972)

consider this to be eguivalent to "out-group" comparative

analysis (Throckmecrton, 1968). Whether the choice is lo-

gical or arbitrary it uneguivocally determines a direction

" 0f change in any character having a state unigue to "des-

cendent" genera (see criterion 1 below).

The genus Notropis is designated as the "arflestral"
group- It contains a majority ofAspecies of North American
Cyprinidae and is té some extent heterogeneous. This is
particularly true 1f species presently included in Hybopsis
and Dionda are considered to belong to Notropis (see species
i1ist for comments). Most other generz are more restricted
in abundance, distribution and phenetic variation. It seems
probable that the members of this genus are more likely to

have arisen £from the same ancestors as other cvprinid genera,

even i1f they are not directly on the evolutionary path to them.
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Ten criteria are advocated by Marx and Rabb:- o 270

1) .Uniqueness®

A character state is derived if it is unique to a
descendent group. Other states occurring in both ancestors
and descendents may be derived or primitive and it is

necessary to examine them in the‘light of other criteria.

2) Relative abundance

A character state widely distributed in .the ancestral

group is primitive for descendent groups because such a

state has a greater probabllity of having had its genotvpe

transferred to various descendent gt cks than does .a rare
: .

state. It also follows that any other state of the same

character that is rare in the ancesiral group is a cerived

state iﬁ reference to the ancestral stock. -

These two criteria and their application have been

summarised by Marx and Rabb (1970) in tabular form:-

Character states Interpretation of states in descendent
Ancester Descendent

1. a > b . a>bor a is primitive, b is derived

2o -
2. a>b a a2 is primitive - .

Y

3. a>b b b is’'derived
4. a b > ¢ or b and ¢ are derived

b < ¢
5. a>»b b > ¢ or b and ¢ are derived, b is more

b<e¢ primitive than c
6. a>b a > ¢ or a is primitive, ¢ is derived
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3} Correlation of derived states

~

"A character state is derived if its occurrence is
éositively correlated with deriveddstates of other
characters. ‘SuCh correlation probébly resultg from a common
genetic history of taxa but pleiotropy should be eliminated
if.recogn;E?d. Care was taken to eliminate potenEial states
correlated by reascns of morphoiogy, e.g. obviously fish
Lacking.scales could not be correlated with a character
such as absence of scale radii. When data is unavailable
for réasons of logical‘necessity 999 is placed in the

appropriate section of Table 10.

-4) Morphological specialisation

'A character state is derived if it is'predominant in
some adaptive specialisation. Within a2 given stock several
morphologicai structures mayv be used tc accomplish.thé same
function e.g. charaeter 2. Within a homogeneous group a
speclalised function is usually accgmplished-with the- same
structure. ‘A stéte repreéentiﬁg such a structure Qas
probably selected from~among the generalised states in
the ancestral phenetic pooi. .The state may have arisen
sevéral times in parallel, but the direction of change would
probably be the same in each instance; the common ancestral

gene pool makes a similar response to similar selection

pressure more likely.

5) -Ecological specialisation
A character state is derived when it is relatively more

abundant in taxa with a particular mode of 1life. h
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- 6) Gedgraphic restriction . = . - -

A character state lS derlved lf it is predominant in taxa

from a bartlcular geographlc area.

7) __Closelvy related taxa

- N\

A character state is defiﬁed_if it_is chiefly abundant
in a numericallyeigetripted'moiphologicaily homogenous group
. . L "

of taxa since that state probablv'has common origin in these

taxa. The tribe Dlagonterlnl of the Colorado River system

-

is an e\ample. ' ' .

8) Correlation of applied criteria . : !

A character etate is more probably derived if two or
more of the above criterié'agree in indieating phvletic
direction. The more criteria.which can be applied +to a
character's states; the more confidence can be attached

L <]
to the characte;'phyletics._

9).Genétic structure ¥
Information is, at present, too limited to enable a
general treatment of genetic structure. Some data on

chromosome number is discussed {character 8). ﬁ
.—/\' | - :

10) Fessil record

The fossil record provides details of the phenetics
of thge actual lineage. pnfo;;ase}ely‘cyprinid fossils to

date have been ascribed to eXtant genera or seem to be

-

or oducts of local® evo’utlon and extinction. Ineergenerlc

relatlonshlos have not been clarlfled by 5;3ffossml finds.

L

v
ot
&
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These criteria do not éll have egua value: Criteria
1 and 6 are congidered better théﬁ'crit rion‘B} for example.
c) Directional éequence‘criteria . |
. In characters with only two states determination of
the derived stdte will give direct%oﬁal sequence._.When '

- . . / .
nore states occur the seguence may be unidirectional or.
. +

multidirectional. Criteria indicating a single directional

i

. Y ’ -
sequence of cGifferent states of a paxticular characier are:-

.
1) A derived state represents intraspecific or
intrageneric variation between two other states. -
2) Derived states are correlated mostly wi;h derived
states of the same charac£ers.

3) Taxa in the different states are predominantly

v

abundant in the same habitat zones.
4) The states perform the same function. . R
5) A derived state is a logical'inté}mediate
condition bgtweeﬁ other states in a single

gradient morphological conddnuum.’

Criteria indicating different directional seguences of states q'i
. ro ' '
cf a particular character are:-

1) Derived states'correlatq mostly with derived

e

-

‘states of different other characie;s.
: - e L -
. 4 - - s - .
2) Taxa in the derived states_are predominantly
abundant in different habitat zones.

3) Derived states.perform different functioms. °

7



3 " 4) The primitive state has a logically intermediate

relation to other states.

274

ta

5) Derived states are overwhelmingly abundant in

different unrelated taxa.

6) Derived states are abundant in taxa from different

major geographic areas.

d) Character state trees and characters

The phyvletic character analvses are preseénted in the ¢

form of character state trees.

-

}

Types cf trees found are :

given below with letters nearer the beginning of the/gdghabet -

indicating more primitive states.

- . . . -
in each character tree are given in parentheses.

-

Number of States

T

Character Tree

Unidirectional

A=+ 3
(0) (100}

A~B=+C
(0) (50) (100)

A+B-~C®D
(0) (33) (67) (100)

A-B-C~D=-E
“(0) (25) (501 (75) (100)

A+-B=~C=-D=-E~F
T{0) {20) {40} {60) {B0) (100}

Multidirectional

~ B+~ A~

(503 {0) (100}

B+A-C-D
(33)¢0) (67) (10C)

E« D=+=A=38~C
(?Q)(ZS)(O)(?S}(IDO)

B+ A=-C+D=-E
(25) (0) (501 (75) (100)

» B+ A+-C+D~-E=F
(2C) (0] (40) (60) (80) (100)

-+

The coded values assigned

-

Characters

"21,5,6,7,24,
25,26.27,28

3,9,10,11,
12,23

14

21

2.

,“ L3
F: 16,17,19,20

-

8

13,18

15
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Procedure for analvsis of character states

Two stgyte characters are scored 0 (primitive) or 100
(dexived). Multiple state characters are assigned scores
hzéﬁz:) by sub-division &f the 0 +o 100 range, e.g. alfour state .

. -character would be scored 0, 33, 67 and 100. ;Where the-
character state is unknown for a genus either because of _:
- lack of data or logical necessity, the dggfacter is scored

as 999. These scores are ne;:§§iyated by the computer
vrogram and hardware used.“Fo;?program listings see Appendix
5.
_Hennig's coefficient was cal%plated for each pair of
taxa using the formula:- ‘
Hennig's ~coefficient = Number of derived characters
’ ) . - shared by both taxa.
Nﬂhber of characters which are
dgriqed in one o;rﬁafﬂ/iaxa.

to'measure,relﬁtionships betweern +taxe in the sense of

Hennig's coeffici?nt'was devised by D. McAll}SEer

\l’l

~—/’

-

. Hennig (1966}. A computer croocras x:;::e% by McAllister run
+ -
on a hewlett—packarc 9830 ﬁjﬁ;:::;;:c: wé%'used to calculate
the nenﬁ/gks coeff1c1e1;5 er tnis s:uéﬁf The coefficient
can vary between 0 and 100 {or betﬁeen ¢ and 1 if desired).
‘ § coefficients will only-be a good a ;easure.of relationship
the set of .characters selected and the correctness with

which the derivedness of character states is assigned.

) l/N\M Coefficients of 0 indicate that the paifﬁof taxa are completely

Y

‘i

unrelated. Higher values indicate closer degrees of relationships.



I1£f the number of taxa and characters are few phylogenies
can be worked out by hand. When the taxa are numerous it
is much more difficult‘to disentangle the web of possible
relationships. Tﬁe program has the advgntage that the
number of characters can be increased, é.g. see section
on Néarctic - Palaearctic relationships:

. After Hennig's coefficients havé been calculated, each

genus is thén paired with that genus with which it shares

the highest coefficient, e.g. Acrocheilus had its highest

coefficient with Myvlocheilus.. Since Mylocheilus had its

highest coefficient with Acrocheilus these two genera can be

BN -

linked and the available character states recoded for the
-linked group. Recoding is carried out as follows. The same
states of a character in each genus remain the same in the

new linked group. Where the states differ the least advanced

is chosen to represent the linked group, e.g. the pair 100 -~ O

276

becomes (0 50-25 becomes 25 etec. State 999 (data not available)

is always retained in the new group.

-
3

In cases where the second member of a pair of genera did

not have its highest coefficient with the first member but
with a third genus, the pair of the trio with the highest
coefficient is grouped (but only where the difference in

coefficients exceeds 0.010, otherwise the coefficients are

deemed to be equal; the difference was less than 0.010 in only

one instance when Meda was grouped with the pair Lepidomeda -

Plagopterus and the coefficient for Lepidomeda - Meda was

. 0.462 and Plagopterus - Meda was 0.467 --a difference of
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0.005) e.g. Ericymba had its highest coefficient (0.400)

with-Hybognathus but Hybognathus paired at a higher level

(0.600) with Dionda (and Dionda had its highest coefficient

with Hybognathus). Ericvmba therefore could not be grouped

with another genus in this cvecle and entered'the next cvcle -
unpaired. Where tﬁe highest coefficient between a given
genus and another genus is matched by an equal coefficient
between the latter and a third genus, degree of advancement

scores (Table 1l) are calculated according to the formula:

Degree of advancement = Total of character codes

Number of available characters

Characters coded 999 (data not available) are omitted
in the numerator and denominator. An example of this pairing

procedure follows, e.g. Oregonichthyvs and Algansea had a

coefficient of 0.500 but scdid Oregonichthvs and Nocomis.

Degrée of advancement scores were 33.1 for Algansea, 19.8

for Nocomis and 17.1 for Oregonichthvs. The latter two genera

were paired because their degree of advancement scores are

- -

closest. Algansea's higher score indicates it possesses more

derived characters than =ither Nocomis or Oregonichthvs.

After alil possible links in this cvele have been made, Hennig's ‘

coefficfénts are recalculated on the recoded data. The

. linking 1s repeated with the new coefficients and the process
continued until no further coefficients exist between groups

or all groups are linked.

. Y



RESULTS ~—

A total of 28 characters were used in the analysis of
the 49 North.American genera and the tvpes of character
trees found are summarised above. Marx and Rabb (1872)
list several other types of trees. ' The maximum number
of states in the present study for a character was 6, and
the mean number of states per character was 3.3. There
was a total of 1372 states, 895 primitive and 402 derived
(7; states were unknown).

Three other types of characters ﬁere encountered but
these could not be used in this survey. Single state
characters are not susceptible to phvietic analysis within

the group, e. possession of a Weberian apparatus. Non-

directional characters are those with more than one state
X, . - - \_-ﬂ
whose directfon cannot be determined because no criteria .
. \ q

are applicable.

A third type of character cannot be used in relating .
genera but 1is included in the survey. This type is the
derived characteéer unigue to a genus. Such chafbcters can Ii

be used to determine(degree of advanecement or derivativeness

of a genus:-
\
i .‘ \
Campos toma
. An elongate intestﬂne is coiled around the gas bladder.

-

-

s
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Eremichthys

Horny sheaths are present on both the upper and lower

jaws. Both Acrocheilus and Rhinichthys have lhwer jaw

sheaths, the latter genus only oécasionally. A getailed

examination of these sheaths was not undertaken. ‘ )
’ |

Ericvmba . ‘ : ' /

{

expansions of the infraorbital and preoperculomandibular -~

Reno (1971) has described the unigue cavernous

canals of this monotvpic genus.

Iotichthvs

/' Portions of the frontal and parietal bones on the

‘ é%rsal head surface do not ossify in this genus leaving a
large fontanelle in alizarin stained specimehs. {see

osteology section o £ this study).

Notemigonus

This genus is unigque within N. America in its possession

of a naked ventral keel (see scale descriptions).

Orthodon and Xvstrosus ‘

Both these genera have unique gill raker structures

as described in the osteclogy section.

, :
Phenacobius, Exoglossum and Perexoglossum

These genera have modified lower jaws figured by

Moore (1968). Osteology of these jaws is discussed elsewhere

in this thesis. e
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Pimephales
The first dorsal ray in adult males is shor:, blunt,

thickened and separated by a membrane from the second ray.

Pogonichthvs

The upper caudal fin lobe is longer than the lower

lobe in adults..

Ptychocheilus ‘ ’

The body is long and pike-like with a long and pointed
snout.

There are doubtless many other more subtle unigue
characters which could be revealed by diligent searching.
In addition tubercle patterns are often unigue to a genus,

€.g. in Notemigonus (see Nearctic-Palaearctic relationships

section).

Character correlation coefficients

Correlation coefficients were determined for all character
pairs. It is suggested that any character showing no
significant co&relation (P>0.05) with any other character
should be discarded since it contributes no useful inform- ‘
ation. Only character 8 (chromosome number) showed no
correlation with any other character and this mav be accounted
. for bﬁ the lack of data for many taxa. Conversely characters
showing very high correlations with other characters. indicate
an element of redundancy (perhaps throggh pleiotropy) and

should also be discarded. It is difficult to draw the line

2}
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between correlation due to redundancy and correlation

due to a common descent. Certainly, all chafacters having,

a correlation above r=0.900 should be discarded. The

highest positive cofrelation coefficient was between
characters 4 and 5?(r=01808).. The range in positive
correlation coefficients was 0.292-0.808, mean 0.476.
Significan£ negative correlation coefficients were
comparétively rarxe (8 out of 76 or 10.5%, range =-0.302

to -0.541, mean-0.370). It is suggested that a predominately
negative series-of significdant correlation coefficie;ts for

a character indicates that it was coded in the wrong
direction. Character 2 (presence or absence of barbels) had its
only significant correlation, a negative one, with character -

11 (three other correlations of character 1l with other

~
characters were positive}. It is not considered that

bl -

character 2 was coded in the wrorg direction (barbels
‘primitive, absence of barbels derived) as ﬁhere is evidence
to show that possession of barbels is a derived condition,
albeit independently derivedé in several North American genera

{see Jenkins and Lachner, 1971; Gilbert and Bailey, 197%).

o

Matching coefficients

The data accumulated for this study were analysed by
Hennigian methods and the data were scored appropriately. . ‘
Not ali the data were therefore suitable for numerical
analysis although all unidirectional characters were.
Nevertheless calculation of matching coefficients was

undertaken to give a rough comparison of numerical and
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Hennigian methods. At the first clustering cvcle 6 out

of 10 linkages in the numerical method were the same as
those found for the Hennigian method (there were 13

initial linkages in the'latter method). Also a correlation
coefficient based on 86 pairs of matching and Hennié‘;
coefficients éave a correlation coefficient of 0.713
(P<0.001). Numerical methods therefore show a moderate
aegree of similarity to Hennigian methods which suggests
that théy might be used ta some extent in assessing

relationships where complex derived characters are hard to

find.
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The following pages describe thé various characters
and give phyletiétCOnclusions for these characters. Cha-
racter states are summarised in Table 1l0. The phvlogenetic
trees re;ulting‘from analysis of characters states are pre-
sented as Figures 5g-¢3,The genera Evarra and Stypodon, én
which adequate data were lacking, were eliminated from

consideration when compiling the trees.
Character 1 - Distribution and Zoogeography

Character description

There are two principal drainage basins for cyprinid

genera within North America, atlagtic - Gulf of Mexico

‘drainage and the Pacific drainage. Thg North American
effectively

Cordillera formed during the late Cretacwgus,

-

separates these two basins. In both areas species, and in
some cases genera, may be restricted to certain smaller
drainages but this is particularlv marked on tﬂe Pacific
slope which has more monotvpic genera aqd endemic Species
‘0of cyprinids than in the east (Miller, 1959).
Cyprinids are generally believe& to h;véLentéred North

America via a Bering land (and water) bridge from Aéi;

(Darlington, 1957; Miller 1965). Fossils have been re;covered ‘
from midéle -~ Miocene and Oligocene beds in Montana (Uveno i

and Miller, 1963; M. Wilson, pers. com. ;974)-and entry may

have occurred in tﬁe early Oligocene. Certainly a land

bridge existed through most of early and middle Tertiary

time (Hopkins, 1967). A transtlantic or transarctic land

LY
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connection has been suggestea by éénarescu (1965) and
Léippman and Hubbs (1969i as. a dispersal route from Europe
to North Amgricé. Such a connection may have existed in
the early Tertiary (Hopkiﬁs, 1967), but on the evidence of
the North American-fossil record this is too early to.be-of
interest here. Ho;;ﬁer White-(193l) reported an Eocene
cyprinid from Englané and Orlov (1964) and Romer (1966)
listed several records of Palaeogene (possibly Palaeocene)
cyprinids from Eurasia. It should also be noted that the
majority of Eurasian and North American fossil cyprinids
have been assigned to egfant genera, oOr represent genera of.
local distribution -and probably evolution which became ex-
tinct because of climatic changes (Miller, 1965; Uveno and
Miller, 1965). Hallam (1973} and Romer (1873} suggest

that a land connection bet’é;;/ﬁdf;;’;;;;;:;/;nd Europe

lasted until the early focene on the evidence of a close

:

similarity in maFgal/faﬁnas up to this time followed by a
sharp divergencel. The possibility that this route was uéed
by cyprinids cannot be ruled out but its vindication depends
on the discovery of Palaeogene American cyprinids.

The entry route(s), the specie(s) entering and exact
time of entry are unknown and the possibility of multiple
entries cannot be excluded at present. The Pleistocene

. . : N
glaciations have been a major influence on the distribution

of cyprinids but have also obscured pre-Pleistocene drainage

patterns. It is possible that a Pacific coastal dispersal

tock place to populate river systems draining west from the

/"

Ly .
r [

A
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North American Cordillera. Although cyprinids are regaraed
as primary division fishes (Darlington, 1957) certain
species are tolerant of saltwater in vErying degrees e.g. the

sea-run Japanese genus Tribolodon sugges;gd by Miller (1959) to

be related to the western American genus Gila; Mylocheilus

caurinus (Clark and McInerney, 1973) and Pogonichthys

" macrolepidotus {Mcore, 1968) of western American rivers and

Al

HEybognathus nuchalis, Notemigonus crysoleucas, Notropis

bifrenatus and Notropis hudsonius (Mansueti and Hardy, .1967;

. . .
Musick, 1972) and Notropis petersoni (Bailey, Winn and Smith,

*

1954) of eastern North America. A second route into North
America utiliz®ng major- river systems similar to the présent'
day Yukon, Mackenzie and Missouri would have given access .
to the eastern lowlands for truly primary division fishes:
Altefhatively eastern genera ﬁéy have entered from ﬁuroéé
(see above). Banarescu(19695 suggests that immigrénts
from Siberia reached western North America (and presumabiy
ispersed eastwards over‘the Cordillera) and were replaqed
n eastern No;th America by more modern genera. -Subsequenf
colonisation'of western North America by immigrants from

9

the easé is also advocated but these movements are not

-

clearly defined at the generic level.

Variation within a genus P -
- A

. e
Certain species in some genera e.g. Gila, Notrcﬁis

Rhinichthystoccur'on both slopes of the Cordillera but the

majority of species and probable centre of origin of the
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“be allocated to western or eastern drainagels. Gila '

e stern genus. Theugenus Rhlnlchthys presentlv contalns‘éﬁ

',flve species, three in western dralnages,fone in eastern

.tdralnages and one distributed across northern North Amerlca.

Thas genus 1s somewhat arbitrarily assi SES the western

drainage where most species and subspec;es oeéur (Hubbs and

Miller,‘1972;'HQpbs, Mil;er and Hubbs, 1974).

*

Character states : '
1 &‘f *‘g ) : .
staté 0 . - Axlantic’- Gulf of Mexico drainages
State 100 - Pacific drainages r_' i

4

- . }

‘The close relationship of Lepidomeda, Meda and Plagop-
. R ‘—“-._,_‘\

.~ terus. which are restricted to the Colorado River basin is

)' ST . ] '- ) . : \

° acknowledgéd but this derivatio?/frpm State 100 is not N

. - _
separately codified here. . ; .

N . B

. PthethS ‘ -' o . ,:_. :

Both states may be regarded as derived relatlve to the

N

unknown Eura51an ancestor(s) With reference to the‘“ancestral“
“ . - .

genus,Notrools, an eastern taxa, western denera are derived.
- - .. \
gxclusive and a directional

‘However the states are mutually

sequence .between them is not implied.
i * ’ 1 . N <
4 ‘ e
. -

~ © “Character 2 - .Barbels
Q‘hara'cter description = : ,%
’ » ) ) T ' ' i T g‘
T . Certain North American species of cvprinids rpossess \\\\Q

/barbgls, others lack 'them. Possession of 2 terminal maxillary
o .

ny - -

-

f\-f” barbel has been used as a keyv character for separating



PO

[

-
-

Hybopsis s.l. from Notrogis and in defining other genera
d}Howeﬁer the,character is varlable and lablle (Jenklns ‘and

Lachner, 1971; Gllbert and

‘ lley, '1972; Cortes{ 19§8)‘but

it is Stlll possrble to charabt riselgenera as barbeled

or non—barbeled - "the capacity tp develop a barbel .....

is of more 51gn1flcance than its ctual.presence or absence"
(HubBs and Mlller, 1948a) A second tyoe of barbel is
found ln the groove between the upper llp and the flesh co-
verlng the edge of the lacnrvmal bone.' The barbel is a
flap of tlssue posztloned weli anterlor to the mouth angle
and not produceda | . |
Variation.within a genus

Onlv three genera are llsted here as non—barbeled but

contaln/some barbeled species or 1no1v1duals.‘ These are-

' Notrogls (see Cortes, 1968Jf/ga0nda (see Hubbs and Mlller,
1974) and DlmeEhales in which nuptlal males of P notatus'
develop 2 barbel- llke protuberance fromﬁthe_posterior.angle

\ot the. lips. .In'these'éenera the majority of épecies lack

'S

barbels and.the barbel-like structure in P. notatus isa =

transient phenomenon: The genus Phenacobius is régarded

here as barbeled since Phenacobius catostomus, craSSLIabrun,

teretulus, and Urancps have a flaq:llre structure in the

upper lip groove similar to that -in gemotllus and Margarls—

3

cus. It is absent from Dhenacoblus mlrabllls (Gllbert and

Ballevh 1972) ' Most genera-have a fold of skin in this -
. grdove but develooment into a barbel’ is’ restrlcted to the

above soecres and 00551blv to sOme soecles of Hvboosrs

.
-
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sub-genus Erlmxstax ‘as noted by Jénkins and Lachner (1971)

and ‘Brasson (1962). However the latter also possess a

termlnal maxillary barbel and a srngle spec1men of Hvb0251s i

Y-Eunctata examlned for the present study showed a structure

similar td that der ”bted by Brenson (1962),and unllke Semo-

tllus, Margarlscus and Phenacqblus. A max;llary barbel ig’-

absent from two species offﬁlganSea s.s. (lacustris, and

tincella) and present in four species (barbata,'monticola,

1

avia Ms and aghanea MS) accordlng to R.R. Miller (pers. comm.
1975).

Further discussions on barbel variability may be found.

in the studies cited above.

Character sta e ] .

.State 0 - Bartel absent - N
tate 50 - Flap-like maxillary barbel in groove
" above uppe; lip well in advance of
mouth angle.
State 100 - Terminal maxillary barbel present
i.e. barbel is pendant from or very
' ' . -close to mouth angle or corner._

. Phyletics o ' ’ ' ﬁ
._ ‘Possession of ; barbel or capacity to develop one is '
reéarded'as'a deriwed condition (criteria 2,3,4,5,8). The }

charact S path is brdirectional On gross morphological \\\#
o groands\att slight differences in position

w
100

50
N

and developmental complexity indicate that barbels' of State

-~
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100 may be derived independently in many of the genera.

The flap-like barbel (State 50) of Margariscus, Phenacobius

and Semotilus is verv similar but the presence of a skin

fold in the upper lip groove of most genera of N. Amerigan
. ' N ‘
cyprinids examined makes an independent evolution of this

character a possibilityv not to be ignored..

.

Character 3 -Protrusion of premaxillae

e ‘. "
. . [ 3
Character description

.The premaxillae ﬁéy be protiusible.(frenum abseht) or

. y :
not (frenum p¥esent). R

-

Variation within a genus
i

The only recognized genus containing species witp;béga\

“protrusible and non-protusible premaxillaelis Rhinichthvs.

* L .. / .
Premaxillae are protrusible in Rhinichthvs - falcatus, varlahﬁéf

'
protrusible and non:protrusible in Rhinichthys osculus, and L

‘non-protrusible in Rhinichthvs atratulus, catarqpége, and

evermanni. .

Character states ' Toa
State 0 - Protrusible premaxillae f ' -
b
’ State 50 - Species with states 0 ang 100/
State 100 - Nan-protrusible premaxillae : ‘
Phyvletics // N

Character state 100 is considered to be derived (criteria
9 1 .y
1,3,4,8) and character state 50 is transitional between 0

-
+

and lQD,'i.ef 0 50 2100,



H—T:;§§acter=+\§ Thickened pelvic rays

Character de!criptidn 7 Qi; '
‘This chara?ter is restficted to members of the tribe
‘Plagopterini in the Coldrade River system. Miller and Hubbs
(1960) furnish a description.
Charactér states < | )
State 0 - Pelvicxﬁays not thickened

“State 100 - Pelvic rays thickened

Phvletics J.

Character state 100 is derived (criteria-l,3,4,6,7,8)

Character 5 - Scalation- ‘D\
)

Character‘éescription ’/C

Scales 'are absent (i.e. reduced to bony platelefs) or
present over most of the bodyv. Reduction or absence is
restricted to certain members of the tribe Plagopterini of
the Coloradc River svstem. Thg character is described more
fully elsewhere in this thesig.
Character states |

State 0 - Scales present ‘

© ,~—._ State 100 - Scales absent or reduced to bony
e R - platelets '

' Phylétics. _

Reduction or 10ss of scales is a derived condition

» . -

(criteria 1,3,4,5,6,7,8).

-
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. Pharyngeal Tooth Count A\

Character description

Teeth in cyprinids are found only on the modified fifth

ceratobranchial arches and are known as pharvngeal teeth.

—

North American cyprinid§ have teeth in one or two rows
(Vladykov, 1934} (and very ra?ély in three rows in Semotiius
éccording to Moore (1968) béﬁ this instance was probably due
to féulty tooth replacement}% The inner row is called the
majo£ row éﬁa the outer row the minor row and counts are
expressed thus 2,5-4,2 i.e. minor row teeth 2 left and right,
major row teeth 5 left and 4 right. Eastman and Underhill
(1973) and Gilbert.and Bailey (197%) have suggested that
trends in major row éooth‘gain and minor row teocoth E;;s

exist in some genera while others retain.a static -formula.

Qﬁ trend to reduction in major row teeth is only found in

rare variants of Nocomis leptocephalus and certain Notropis

species (Lachner and Jénkins, 1967; Eastmaﬁ and Underhill,

1973). Presumably in Stvpodon signifer (q;3-3,0) this
trend finds its unique expression-and other cases are ex-
amples of faulty'development.

Similar rare cases of minor'ggw toot# counts greater
than 2 have been reperted and thesé tab may be due to faulty
develoément, specificallfifooth replaceﬁent (Eastman and
Underhill, 1973). S\ - ~

Modal tooth counts wg;e\ termined from litereture re- ’

ports and available specimens (Tahle: 6). The two trends

were analysed on the modal count éﬁa,are codified separately

PO : %
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q

TAILE 6
\ \\ Hod.‘:l \'a‘lucs for pharyngseal teeih and dorsal,
! anal and pelvaic fin rays.
PHARPYNCGEZAL DORSAL ANAL PELVIC
GENUS TEETH RAYS RSYS RAYS
Acrgcheilus 0,5~4,0 10 g 9
Agosdia 0,4-4,0 B 7 8
Algansea 0,4~4,0 8 7 8
. * Camposlome 0,4=-4,0 8 7 .. 8 .
Chroseomud . 0,5-5,0 8 B b:]
3 Clincazomas ' 2,5-4,2 8 5 8.
- Cowed L 2,46-4,2 B 8 ]
’;; Dionda 0,4-4,0 B 8 8.
' Erem{chlhys . 0,5-4,0 § 8 8
- Exicymba To1,4-4,1 8 8 8
) Eximystax 0,4-4,0 g 7 5 -
e Evaxaa 0,4=4,0 8 -7 -
- Exoglodsum 1,4-4,1 g hr A -1
r ExXharing \ 0,4-4,0 8 7 8 -
’\ : Gila 2,5-4,2 8 :| 4
. Hemisacmic 2,5-4,2 8 8 3
Hesperolousus 0,5=4,0 8 7 B
Nybogrelhus ' 0,4-4,0 8 8 8
“Nybopsdls 1,4-4,1 8 g g
Totichilys 2.5-4,2 8 8 g
Lavinic 1L 12 9
Lamidamede pE 9 ki
Meerhybepsia ) 1,4-4.,2 8 B 4
Kaigatis cus 2,5-4,2 . B 8 ~ 8 .
Heda 1,5-4,) 9 5 . 7 .
Uoepe - 9,5-4,0 8 8
Mylocheilus 1,5=5,1 B B 9 "
Hylephazedon 2,5-4,2 8 8 9
Nocomid 1,4-4,1 8 7 B
Neogemigonus 0,5-5,0 8 g8-19 9
Neotwopds 2,4=2,2 3 3 8
Opsopeiodus 0,5-5,¢ 9 8 B
-, - Oregonichthys 1,1-4,1 e 7 8
Onthedeor ) ) 0,6=6,0 10 g, 10
Panexoglossum . 1,4-4,1 £ 7 8 /-
Prenacaobiud 0,4=-4,0 g 7 a
‘o Pimepiales : 0,4-4,0 8 7 8 ‘
* PLegopietus . 1,574, 10 ic 7. '
Platygobic 2,5-4.2 B 8 g -
Pegendichings 2,5-5,2 g 8 9
o ew Prychochedlus 2,%-4,2 9 B 9
Reticlus 0,4-4,0 8 7 8 \
Riiinichthys 2,4=5.2 8 7 8
o Richandsonius ,5-4,2 1 8-24 9 .
Semolclus 2,5%=5,2 8 a )
Siypadon 0,3-3,0 8 2 g’
Tizneaa ’ - 1,4-3,1 ) ¥ B
Xys&tesus 0,4-4.0 8 1 - 9
. Yurirea C,4==,0 g 8 10
» f: -Q
=5 v .
N9 .
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as Character 6 and Cﬁaracter 7.
Variation within a genus

ihere”is“oftén considerable variation in counts between
indivédualsqdflcertain species_while 6thers have remarkably
conéigtent’éounts (Eastmén and Underhill, 1973). One
“formula usually péedominates and m;; be taken as the typical
count. * | | |

Formulae may\éifj/vafy between species of a genus and

such differences have been used in separating genera in the

past. Chrosomus (Pfrille) neogaeus, for ‘example, has teeth

in~two rows whil'e the Sther three specles in Chrosomus have
)teeth in one row. The genus is characterised here as one

rowed. In Gila the majority of genera.havé two rows bﬁt

species with one row exist (G. bicolor, G. mohavensié) and

at least a limited trend to reduction is evident. The

genus 1is characterised as two rowed s{n ¢ the majority of
species fall in this cé!‘gory. A trend to reduction in
- Minor row teeth is apparent in Rhinichthys where the species

osculus commonly has 1,4-4,1 variants typifying certain sub-

species:/ The majority of species are 2,4,-4,2 however. Le- q'i

Qgﬁomedé vittata is usuwally 2,4-4,2 while other species of
y :

this genus are modally 2,5—41,‘2. In b}ptro*ois minor row
—,—n————_

counts for 100 species were 2 (50%), (1 (24%) o¥ g0 (26%)°

and a trend to reduction is obvious. It was, however, scored
as 2,4-4,2 arbitfar;ly.

Character states

Character 6 - Majdr row pharvngeal teeth

-



State 0 - Majo;,row tooth not gained ({count

3 or 4)
State 100 - Major row tooth gained {(count 5 or §)
Character 7 - Minor row pharyngeal teeth
State 0 ~ Minor row tooth not lost {count 2)
State 100 -.Minor xow tootﬁ lost (count 0 or 1)
Phyletics
It éeems probable that the trends énalysed as Cha;acters

6 and 7 are independent in certain genera and do not indicate

a close phvlogenetic relationship, cf. Notemigonus and-

Opsopoeodus wit?lidentical counts but &ifferiﬁ§\gg>bther,
-tEeﬁchant chjrasters. - ‘

Chﬁ (1935) stated that 5 was the primitive major row
count for Cyprinidae and that. specializations occurredlby
increase or decreage. 'In‘cgnsidering Chu'g Qork Gilbert and
Bailey (1972) suggest that a reversal of this earlier phy-
letic trend to re@uctioh in major row count ;ay giye occur-
red in certain North American cyprinids. Eastman and
Underhill (1973) consider that "many” North Aﬁerican cypri-
nids were ggrived from ancestral stocks which possessed 4
major row teeth before populating North ZAmerica.. W‘

Eastmaﬁ and Underhill (1973) support Chu (1935) in-
believing that North Americankcyprinids have undergone re-
duction in number of tooth rows further to that of East
Asian forms from which North American cvprinids are pre-
sumabixfderived. Minof\row teeth, primitively 4 aféer Chu,

have been gradually lost and are completely absent in some
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genera. Apparently major row teeth possess a greater utility
than minor row teeth because ‘the latter are lateral to the
‘main occlusal area. Selection favours loss ¢f minor row
_teeth aLd gain in major row teeth, at least in species with
a plastic tooth formula (Eastman and Underhill, 1973).

These trends are not necessarily universal although
nearly all genera show at least.- one. The present treatment
of a complex subject, not yet fully understand, presupposes
an ancestral tooth formula of 2,4-4,2. Since it is possigle
that North American cyprinids are derived‘frqm several in-
vading species, this may be an oversimplification but it
does provide a starting point for comparison. The ancestral
group Notropis i;’quevocal, 30% of species being 2,}52,2
and 50% being 0 or 1,4-4,1 or 0.

- Character 8 - Chromosome number (2n)
Character descfiption

kThe chromosome number (2n) in North American cyprinids
varies from 46 to 52 (Denggp~1973; Stewart, 1966; Greenfield

et al, 1973; Greenfield and Greenfield, 1972; Uveno and Miller,

1973) 1= | ‘

S ”



296

» ¥ /
(stTRx0d100 snTTj0WDS

-

‘snjeTnoewoile snTT30Was ‘STHUSUOHBIO saTToysoyniig .m:wmuo: goTeYdautd) 76 = ug

(CEY T CLETT

v

BNTTIOWSS ‘TUURUISAD BAUIYDTUTYY ‘SNTILITT[OS SNIOT[6d ‘SNUTSSTIUGHIE

snaajdobelqg ‘seresuwoxd sareydoutd ‘snisnusa ma&@kmmz fsnuexal
»

§TdOI30N ‘STBULIINT STAOAION ‘BSNINUI0D s7doajoN ~m:HumHHawu stdoajoN

: ) [
‘seonatosfi1o snuohTweloN ‘epThing epou, ‘w3esnts epduoprdan ‘sTutdsTToU

m@mEovﬂmmm ‘snoTajeuuils snonsToredsal . L F%meRe? eTTo ‘snoqunid snNIsano)

‘gnaobogu ‘) ‘X BO® SNWOSOIYD ‘zo38ehoayzkio SNWOBOIYD /SO8 SNWOSOIYD) 0§

(enbutTTXeW WNSSOTHOXA .mmaHHEw msmomomOmmmv a8v

\mﬂmomuzﬂm msﬁﬂm£OOHUﬂm 9V

Y

]

uzg

CN.

ug



. , ‘ ‘ .
s \\\ _ i - 297
. Variation within a genus .

The only variation within a genug'is for Pimephales.
Legendre and Steven (igGB) report 2n = 52 for PimeEhalés

notatus while Levan et al. (1964) report 2n = 50 for

'Pimephales promelas. Semotilus (Margariscus) margarita A

has a lower count than Semotilus cofporalis and Sembtilus

atromaculatus. Campes and Hubbs (1973) remove gpsépoéodus\
- . \\
from Notropis because of its lower chromosome nunber.

LN

-

Character states

State 0 - 2n = 50 —
State 25 -~ 2n = 50 ;EB\SQ\KGEEiable between species
~  of genus)
& State 50 - 2n = 52 | ‘ “
State 75 —- 2n = 48
State 100 - 2n = 46- ’
Qbhyletics . )

Character state 0 is regarded as the most primitive
(criteria 1,8,9) and the other states are derived. 2n =~ 50
is also the commonest chromosome number in Eurasian cyprinids

/’—TB;;%on,\1973; Chiarelli and Capagpna, 1973; Berberovic and »

~
Sofradzija, 1972; Sofr?dzijé_and Berberovic, 1872; %grberovicx\_, Q‘
et al., 1970; Itqh a§é\ iiyama,'1972; Ojghé, Hayashi and Ueno,
' - 1972; Raicu, Taisescu'atd'BanareSCu, i97§; Rudek, 1974)
lalthough somne ggtraploids have also been reported (Chno et
‘al., 1932j'§ér5erovic et al., 1973; Sofradzija and Berberovic,
1973). T ' L | .

It is evident that chrSmosome number alone is not suff?

ficient for interpreting relationships between. all-Noxt
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Character description

‘American cyprinids because the range of variation 15 so limited.

Its value in certaiff) cases, eg. Opsopoeodus in relation to-
- - ~
b N -
Notropis, Margariscus in relation to Semotilus, seems evident .

but Uyeno aqg Miller (1973) have observed that dlstlnctlv
dlfferent kérvotvpes may developvﬁetween closélv related

specxes because of Robertsonian fusmons whereas dlstlgét

species in different orders may show virtually identical

%

) - \

karyotypes (see also Ohno, 1974).

The value of thrpmosomq studies, therefore, lies in de-
tailis;comparative analyses of number, centromere position, -
size, D.N.A: confent, tanding etc. between supposedly :;IEEEET—\\
species or within small mOnéghyletic étoups.

. ‘
¢haracter 9 - Distribution of %cale radii

’
J\_:.-

’

Scales bear radii whésgfﬁ;y be\distributed in afl fields
or restricted principally to the posterior £fifld. A fuller .
description is given elsew™@re in this thesis,

-
-

Character states , ! - ‘

Stgte O '-\Radii on posterior scale field

State 50 - Species or individuals varving between
states 0 and 100 e
' -~
State 100 - 'Radii on all fields >
- - i . Y
Phvletics , y,

By reference to the ancestral group Notropis, state 100

- -

is dirived (criteria 1,3,6,8). State %Eﬁ\may have been in-
- . 9 -

2

298



——

s 7. 299

dependently ecqui;ed‘in sevéral western genera (Hubbs, Miller )

. and Hubbs, 1974).

-

" Character 10 - Third urcdermal bone

Character descriptidnl . .
The third urodermal bone in the caudal skeleton may -be o
nresent absent or varlably present and absent within in- —
lelduals of a species or between snecmes of a genus. Further
descrlbtlons are given elsewhere in this thesls (see also p. 300)

Character states

Stete 0 - Third ureﬁe;ﬁal present S Q
Sﬁate'soﬁ -lThird urodermal.present or absent
| State, 100 - Third urodermal absent
Phyvletics |
. Character state 100 is derf%e%/jgriteria 1,3,8) and cha?
racter state 50 is regarded as a transi?lonal stage leadlng

to loss of the third urodermal.

- ' - ! N /
’ _Characte;’ll - Sixth hypural bone . '
. N ' ’ ' y. - .
Character desquntlon ’ -
\ / . ‘
Lo \;The s;xth hvpural bone in- the caudal skeleton may be .

-
present, absent or variably presene and .absent within indi-

vaduals ox species of a genus. Further QpSQIiptions are given
- S r -

. . - i ~ R

elsewhere in this the51s (see alsc p. 300).; :

Character states

£

o S
State 0 .- Sixth hvnuraivordsent -

- ' :
State 50 - Sixth hvnural o*e ent or absent- -
—— ‘. '

i - . RPN

~ Jﬂp//§;ate 100 - Slxg% hypura} absent - L '
\ - rl R . : 5 ' . " -
. .. . . : RN
/j ' - - \3 \ : : '
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. ~ .
: TABLE 7
iiypu:'al nurbers and presence pf third urodermal
- N -
Genus . N _Humber of hypurals - P}sunce. (+)/
- . : A'bscnce {~} of third urodermal
Acrochedlus - [ +
Agoaic } 6 - + . \\
Algansec & o + =
Campos Loma I 5=6 PO
Chrosomus, 6, * - ‘ ..
Clincalomus ~ 5=6 + B—//
Gomesdus 6 .
Pionda_ * 5-6 . = .
Exemichiiys 5-6 . -
Exicymba : +
Eximyssex ) +
Evanae, SPECIMENS NOT AVAILASLE
Exeglossum 6 +
Exirarius S % +
Gita 5-6 : + -
Hemigaemia ™ . ) 5-6 -
- Hespercleucus - & - + . -
Hybognaelius 5-6 ' " L. ’
Hygbopadia 6 +
Ic(i.c.&thya 5-6 -
-~ lavinde ’ ; 6 . +
" tepidemeda 5=6 -
Hacrhybeopadls ! + .
j-lc'z_ngauacu.'. + -
Heda. | - ¢
uoap:;' S=6 ’ - + -
HylLecheilus 6 ’ +
*v lylephareden : €
Nocemds 6 5 + -
Nolemigonus 5-6 ¥ -
Nofxepis -6~ +
Opsepecedus -6 ) +
Qregondcnlnys -6 + -
Oxthedon 5-6 + -
Parcxcglessum 6§ = +
Phenacobius 5 +
Pimephalas 5=6 +
Plagopleiua 6 + -
. Platyseheo - ' . 6 +
Prgendiehthys o ) 6 +
Piycnocicelus, ) ;15 + -
Releclus 5-6 +
Rliengelths e 5=6 N +
Rechasdaondius . 5=6 +
Semetelua . 6 . -
Stupcdon AVAILAOLY
Tignoga ) +
Xy fresus 6 + -
Yusitiaz 6 +
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Phyletics
Character state 100 is derived (criteria 2,3,8) and

character state 50 is regarded as a transitional Stage leadlng

to loss. of the sixth hypural.

Character 2 '~ Postcleithrum bone '

-

Character description

* Thé postcleithrum bdhne of the pectoral girdle may be

-~

.present and elongate, present and reduced to a short splint,

.

or absent. This character.is described more fully elsewhere
in this thesis,.
. Variation within a genul -

.- . - - . <
One genus, Rhinichthys, contains specles with.an elongate

pestcleithrum (osculus and’falcatus)‘and-species with a re-

duced‘or,aﬁsent postcleithrum {atratulus, cataractae,-evermanni).

The latter. COndltrons vary with the 1nd1v1du%? Rhlnlchthvs

was arbltrgrllv scored as state 50.
Character states
State 0 - Postcleithrum present end elongate
State 50 - Postcleithrum present and reduced
State 100 - Postcleithrum absent
Phyletics
Reduction or loss of the postcleithrum is a derived con-
dition (criteria 1,3,8). It seems probable that the reduction

or loss is independent in Extrarius, Notemigonus, Rhinichthvs,

Tiaroga and in the Plagopterini (Meda and Plagopterus) as these

genera are different in many other characters.

“-‘:": -

A
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Character 13 - Modal anal ray count

.Character description

'The majority of genera héve a characteristic modal, anal
ray count. Counts were made on available speéimens and.de—
rived from literature sources using the generally accepted
method of Hubbs and Lagler (1964).
Variation within a genus

The species of certain genefa have evolved several modal'
counts. In Notropis modes range from 7 to 12 for 107 species
with frequencies at 7 of 21.5%, at 8 of 32.7%, at 9 of 20.6%,
at 10 of 17.8%, at 11 of 6.5% and at 12 of 0.9%. The ﬁgde
of the modes in 8 but substantial numbers are gound at other'
modes. In Erimvstax four species have modal counts of 7 and
two have modal counts of 8 and the mode for the genus is taken
as 7. 1In Hybopsis one species has 7 rays and six species have

8 rays so the modal count is regarded as being 8. 1In the

genera Clinostomus and Ptychocheilus modes of 8 and 9 are

evenly distributed between the species and an arbitrary

choice of the lower count of 8 was made to characterise the

genus. The genus Evarra 1s characterised by a modal count

of 7 althoug-h one of 1ts three species has 14 anal ravs. ‘

" This species, Evarra tlahuacensis Meek,is represented by a

single apparently normal, type speeim in the Field Museum
of Natural History, Chicago. In £Gila modal counts range

f
from 7 to 10 but 8 is the most ffeqﬁent.

In Dionda erimvzonops the ie?al[number is 9 in contrast
!

~ . .
to the other 4 species which have , 8. Two genera Richardsonius
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and Notemigonus have evolved a wide range in anal

‘fay,gounté;f
8-24 and 8-19 respectively. These genera differ in many 5tﬁér
respects and this character evolved independeﬁﬁiy. These generé
both share a‘§eep body, decurved lateral line and a tendency
towards numerous anal fin rays. - The latter two features may

be adaptive responses to a deep body. No attenpt was made to
determine a mean or modal value in these two genera since

these wvary with ﬁhe population examined and these genera were
scored as 999 (data not available).

Character states

Modal count of 8 anal rays

State 0 -

Staté 25 = Modal count of 7 anal rays

State 50 =~ Modal count .f)? anal rays

State 75 - Modal count of iO anal rays

State 100 - Modal count of 12 anal rays
. Phyletics

A modal count of 8 anal rays is regarded as primitive
{(criteria 2,3,8) and other counts are derived (see Table 6)

by reduction (7) or increase (9-12 and wide ranging).

Che

————

P “Rharacter 14 - Modal dorsal ray count ‘

. *.Character description =

A modal dorsal ray count may be determined for each
genus as with anal ray counts. Ossified rays in the Plagop-
terini were each counted as one ray both here and in the anal

and pelvic fins. Counts are given in Table 6.
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Variation within a genus
Y 5 ¢
Modal counts for species of Notropis range from 7 to 9

but 8 is by far the most frequent (appréximaﬁely 90%). In

Clinostomus and Richardsonius modal counts of 8 and 9§ were

evenly distributed between the included species. The genus

Rhinichthys contains three species with modes at 8 and two

species with modes at 9. In these three genera a mode of 8§ was
chosen with reference to the ancestral genus Notropis. In

Ptychocheilus the mode is 8 for one species and 9 for three

others and the latter value was taken as the generic mode.
Algansea species have modes at 7 and 8 but 8 is the most
freguent (R.R. Miller, pers. comm. 1975). Modal values for
15 species of Gila were 7 (1)}, 8 (9), 9 (4), 10 (1) and a
mode at 8 was chosen to represent the genus.

Character states

State 0 - Modal deorsal ray count 8
State 33 - Medal deorsal ray count 9
State 67 - Modal dorsal ray count 10
State 100 - Modal dorsal rav count 1l
Phvletics ‘
A modal dorsal ray count of 8 is regarded as primitive

(criteria 2,3,8) with other counts derived.
Character 15 - Total vertebral number

Character description
Total vertebral number as a range was determined from

radiographs, alizarin preparations and literature reports.
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The count included ‘the WebeZian apparatus as_foﬁr vertebrae
and the hypural plate as one vertebra. Literature counts
were modified to be consistent with this method.

Comparisons,of caudal and pre-cauvgdal counts\may also
prove fruitful but such information was not reaqily available.
Variation within a genus

Attempts to use modal counts as charaqteriétic of a genus
were frustrated by poor information in the literature but

more especlally by marked variation interspecifically and

intraspecifically within a genus. Macrhvbopsis gelida has

a modal count of 39 while in M. meeki it is 43. Platygobio

‘gracilis gracilis has a modal count of 45 but in Platvgobio

gracilis gulonella it is 40. Modal values for 46 Notropis

species ranged from 35-41 though the majority of modes were
leés than 40. Other examples of modal variation are common
in speciose Yenera. (Table 8)}. Notropis was placed in
class 3 and Gila in class 5. Xnowledge of additional modes
may necessitate re-allocation of these genera.

Character states

Genera were assigned to classes based on their range in

total vertebral number except for Notropis and Gila:- ' ‘
T Class Range in vertebral number Number of genera

1 30-34 0

2 : Intermediate ’ 1

3 ‘ 35-38 T i9

4 Intermediate 9

5 ' 40-44 ;3

6 Intermediate 3

7 45-49 2
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Genus Range Species Hodg{:s’i
3 . s -
Aczochedlus 44-46 45 .
Agosia * 36-39 a7
Algansca 33-42 36, g, 4l
Camposloma Y 4D=42 ? .
Chaosomus 35=40 L2
ClLimostomuy 38=-42 . 40, 42
Coneaius 319-44 42
Dionda 33=-39 34, -
Excmichthys L34-36 35
Exieymba 34-36 s
Eximys Lax 36-43 37, 38, 3%, 40, 42
Evexaa NOT AVAILADLE
Exoglossunm L 37-40 38
Exfrcrius 34=-239 36
Gita 35-50 37,742, 44, -
Kemigremia ) 36-38 N Y .
Heapernolcocucus 37=41 - Js
Hybognalhus 35-19 L7
Hybopads 35-41 36, 37, 18, 3%, 4
lotichLhys . 34=35 35
Levindia ) L0=44 " 42
Lepidemeda 41=44 £1, 42, 43
Kacalybopals . 35-43 - 39, 43
Hatgardis cus 37-42 41
Heda 39~42 40
Hocpa 36-237 - 37
HyZoches Lud . 42-48 45:
MHylLopheroden {6=-47 - 47
Nocomis 37-4¢ 39, 40, 41
NoZemigonud 36-29% . 3s
Notropis 32-44° T35 to- 41
Cpracpoeodus . 36-29 3s
Oregondcliius 35-236 36
Oxsheden 42-35 43
Parezoglcssum T 23-40 40
Phenccebius 3IB-44 ? .
Pimephalzs 35-39 ?
Flazeplesus 39-41 . 40
Platygebas 2 40-47 40, 45 ¢
Pegonlichiiya \ 41-45 43
Plychecincilus 40-47 ?
Relicfus 35-39 36
Rhenich givs 35-44 /\?
Richardsoncus 38-43 40
Semotilus 39-46 . 43, 44
Siypedern - SNOT  AVAILABLE
Tiztcgs 36-40 37
Xy3Lnosus 39-4i0 a9 .
Yuminda ag=41 33 -
* Sus-zpecics Rodes.

= Ozher modes, 70T given in literaturle soulce3.
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States were determined by examining the frequency dis-
tributions of the classes and by reference to the ancestral
genus Notropis:-

State 0 - Class 3

State 20 - Class 2

State 40 ~ Class 4

State 60 - Class 5

State 80 - Class &

State 100 - Class 7
Phyletics

By reference to the ancestral genus state 0 is primitive
and other, states derived (criteria 2,3,8). Intra- and inter-
specific variability is épparent and trends to increase in .
vertebral numbér are probably independent in different genera,

and in many instances related to bodv size.

\ i Cephalic lateral line canal pores

Chéracter description
Cephalic lateral line canals are pored and the pore count

is characteriétic‘of certain species and genéra. The infra-

orbi£al, preéperculoman@ibuiar, supraorbitai and supratemporéiﬁ\\_Hfggi

pore counts are defined as in Illick (1956). Note that the P \B

infraorbital canal count inciﬁﬁéafthat for the post-occular
Cd - f‘ -

commissure of Reno (1966, 196%, A971). The addition of these /
, . l)\-§/ -
/fwuv,:wé counts which Reno gave as ranges was performed by taking

the lowest figures for each range and adding them and similarly

for the highest counts. The range for the combined count nay
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exceed by one or two pores the count existing in the spe-
cimens but this did not affect the allocation of genera to

classes.

'Principai sources for .the counts were Illick (1956),
Reno (1966, 1968b, 1971), Suttkus and Raney (1955a, 1955b,
1955c), Snelson (1968, 1971, 1972, 1973), Miller (1963),
Barbour and Contreras (1968) and Hubbs, Miller and Hubbsss

(1574). Additiona@ counts were made on certain genera, néﬁ

tably Eremichthys, Hvbognathus, Margariscus, Moapa, Relictus

Semotilus and Yuriria. Counts are summarised in Table

Variation within a genus /

Specific differences are apparent in some counts or .

certain genera butC?sually ranges overlap (Reno, 1969b).
Character states ﬁ

Classes based on range in counts were erected but this "
led to multi~state characters where many states were repre-
senting overlap ranges. An alternative analysis was carried
out using the central value of each range to characterise
the genus. The following classes and states were determined:-

Character 16 - Infraorbital canal pore count

Number of genera

Class 1 0 - 9 1 State 33
Class 2 10 - 18 32 State 0
Class 3 20 - 29 12 State 67

Class 4 40 = 49 2 State 100
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Zephalic lateral line canal pore counta {(median in pareantheses.)

(I0 = infraoccbital canal:
S0 = supraochital canals

PM = preoperculomandibular canals

ST = supratemporal camall.
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Conus 10 P M s ST
Acaochedilus 21-28 (295) 13-18 (16) 10-15 (1% 7-15 (11)
Agosia 13-16 (19) 9-10 (10) 7-10 ¢ 9) -7 (6
Atgansea 11-30 (21} g-25 {17) 7-17 (1) 4=18 (11}
Camposlona 12-19 (l6) 9-13 (11} 8-10 ( %) "5=9 {7
Chaosomus l14=21 (18) 11-15 (13) Bt PR 2=-6 [ 4)
CLinos Lomus 12-17 (1%) 11-17 (14) -3 {9 -8 ( 6)
Coucsiua 13-20 (17) 9-12 (11) =11 { 9) =9 (7
picnda 13-14 (14 10-11s (11) g-11 (10) -7 {6},
Exemichhyd 13-17 (15) 10-15 (11 8-11 (1) 6-5 { 8)
Ericymba 12-19 {16) -9 (8 =10 (B ~6 (5
Erimyrtax 9-18 (14) 7=11 ( 39) $=11 ( B) 1-7 (4
fvarra NOT AVAILABLE . .

Exoglodsum 15-18 (17 9-12 (11) 8-11 {10) -8 { 6)
Extacalus 11-23 QA7) 10-15 (13 6-11 { 9) 3-7 (%)
Gile A7=-40 (29) 13-30 {22} §=22 (16) €=-15% (11)
Hemltremic 13-17 (15) 10-12 (1Y 6-9 o %) 2-6 (&)
Hesperoleucus 14-21 {18) l0-14 {12} 7-12 (10) 4-8 ( 6)
Hybognathus 1317 (15) 9-13 {i1) 7-10 { 9) 36 ( 5)
Nybopsis 9-21 (15) 8-17 (13) 's-1Z (9) 17 {4
Totichthys 3-12 ( B) -10 [ T} -6 (5 1-7 ( 4)
Lavinia 20-26 (23 20-24 (22) 12-15 (1) 7-311 ( 9;
Lepidomeda 14-21 (18) 9-16 (13) 7-10 € 9) -5 (7
Maerhybopsds 11-19 (15) 7-12 (10} $-12 { 9) -6 (-5)
Hangariscus 16-19 (18) 11-15 (13) 11-12 (1) 5-9 (7
Hede 14-21 (18 11-14 (13 8-11 (10) 39 [ 6)
Meepe 17-22 (20) 11-17 {14) 10-12 {(11) 9-14 (12)
ﬂytoc’:ci(u.& 23-29 (26) 14=-20 (17) 13-16 (15) §~11 {10)
uylcphglgdcﬂ 24=-30 (27) 1g=21 (20) 13=15 (16) 10=-13 (12)
Necomis 11-20 (26} 7-12 (10) 6-12 ( 9} 33 (8
NoLfemigonrus 18-23 {21) 16-23 (20] 10-14 (12) 7-11 ¢ 9}
Nezropds 10-19 (15) 6-15 (11) 7-12 (10} o-10 { 5
Opsepocodus 14-16 (16} 9~12 {11} 7-12 (10} 2-7 { 5)
Cregordeilitys 15=-23 (19) 13-18 (16) 4-13 {( 9) 6-13 (10)
Gashodon 31-48 (40) 27-34 (31) 16-22 {19} 12-21 (17)
Parczogleossum 13-17 (15} §-11 (10) §=10 (10} 5-7 { &)
Phenccobius 12-16 (14) 6-7 (7 8-10 ( 9) -8 (7 i
Pimephales 14-17 {16) 7-11 ( 9} 6-11 { 9 2-6 ( 4)
Flegopietus 18-21 (20) 10-14 (1) g-11 (1o} 5-7 (.6}
Platygoebia 13-21 (17 11-16 (14) 6-10 T 8) -5 (7
Pogonich thys 24=27 (26) 19-23 (21) 14-22 {18) g-11 (10)
Peychoched fus 26-66 (46) 21-54 (38) 17-30 (24} 10-27 (19)
Relictus 16-20 (18) 11-18 (15) 8-3 (9% E-8 (7
Zhlrizitiys 15-19 {17) B-13 (11} £8-10 ( %) -7 (6
Richandsonius 12-20 (16) 11-15 {15) g-15 (1) =9 (7
. Semotelus 13-24 (19) 11-16 (14) 10-15 (13) 4-11 ( &)
Styreden NOT AVAILABLE

Teatese 14-17 (16) 5-11 ( 8} 7-10 ( 9) L S O 3
Xis £2odus 19-30 {25 1523 (1) 16-15 (13 8-12 (20
Vurinig 20-27 {24 17-20 (19) 13-15 (13) 15-17 (16) .



Character
Class 1 0 -
Class 2 10 =~

3 20 -~

qlass

Class 4 30 -

Character

Class 1 4 -

Class 2 g8 -

P Class 3 12 -

élass 4 16 -

Class 5 >

Character

Class 1 0 -

Class 2 5 -

Class 3 10 -

Class 4 15 -
Phyletics

The states are

17

18
29
39

18

1l
i5
19
20

19

14

19
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- Preoperculomandibular cana
pore count

Number of genera

6 -
34

°5

2

State
State
State

State

33
0

67 - v

100

- Supraorbital canal pore count

‘Number of genera

1
31
10

4

1l

State

State

State’

State

State

- Supratemporal canal pore

Number of genera

6
28

State
State
State

State

25

50
75
100

count

33

67

100 i

derived relative to the ancestral genus

Notropis. Trends to reduction and increase in pore count can

be seen in small and large siz

gehera respectively. Such

trends may not reflect phvlogeny but perhaps are correlated

—~—

with sensoryv coverage of the

surface.

Trends fo loss

or gain of pores have also been correlated with such environ-

\
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wn

mentai features as clear ahd turbid‘wééér: Séconéary in
vasion -of a clear-water environment by a turbid-water species
can be reflected by an increase in pére count xﬁggd, 1969b);
and thus obscure atteﬁpts'to relate species and genera. Thus

it’ is possible to characterise genera with strict environment- 4

-

al requirements by a relatively narrow range in pore counts.
&

In other genera with species adapted to a variety of en-
vironmeénts a wide range in pore counts may be seen.

-~ .

Pore counts are here treated as four separate characters
- 1 -

but high or low counts in one character are usually matched
by high or low counts in the other characters.. This is not

universally true but there is some redundancy.

.5 Charaéter 20 - Modal pelvic ray count
Charéétér description :
The modal pelvic ray count was determined from literature
sources and, whe#$ these were contradictory, from the relevant
épecimens. Counts are given in Table 6.
Variation within a genus
Several genera c;ntained'species;with differing modal
pelvic ray counts. For Algansea data on four species were
available and modes for two were 8 and for another two were
9. The former wds chosen tom the genus. ~In G:\.la i
pelvic ray counts ranged from 6 ll and for 14 snecz%s modal

.

values were dlstrxgizzz 8 (6), 8 (7), 10 (1). Sigpce no -

[

mode predomigptes the value chosen was that of the ancestral

group, Notropis i.e. 8, a2s with Algansea.’ : -
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Character state

‘State

S

0 -.Modal pelvic ray count 8

State 33 - Modal pelvic ray count 7

%
State 67 - Modal pelvic ray count 9

State 1

Phyletics

A modal pelvic ray count of 8 is regarded as primitive

and others counts are derived by loss

Y

odal pelvic ray count' 10

(9 or 10) (criteria 2,3,8).

-

(mode 7) or increase

Character 21 - Number of scales per vertebra

Character description
‘There are evident differences in lateral line scale

counts which reflécégrelative scale size (see Table 2 in

scale section).

Ranges in counts are large in many genera

and ready designation of classes is difficult. To cir-

cumvent this problem number of lateral line scales was ex-

pressed in terms of number of vertebrae as described pre-

viously. (see Table 4 in scale sectionl.

Character states

Class 1
Class 2
Class 3
Class 4

Class 5

Character states were taken to correspond directly with

these classes.

scales/vertebra
scales/vertebra
scales/vertebra
scales/vertebra

scales/vertebra

{=
(-

‘ L
State Q)

/‘

Stafe 25)
State 50)
State 75}

State 100)

312
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Phy}etics
Ip.rélation to the ancestral genus Notropis state 0
*is primitive aﬁa other states are derived (criteria 2,3,
8)._,Theré is probably some parallelism in these derived

states since reduction in scale size may have occurred

iindependently in several genera.
Character 22 - Lateral line decurvature

Charagte;'description

There are evident differences in decurvature of tﬁe
lateral line but éstimating these differences is difficult
and subjective. Decurvature values were determined from
the ratio of scale counts above and below the la£eral line
{(see Table 3 ) as described previoﬁsly?

Character states

Ratio - Number of genera

. ; , A
Class 1 1.00 - 1.19 v R
Class 2 1.20 - 1.39 . C12
Class 3 1.40 - 1.59 13
Class 4 1.60 - 1.79 . LT

_cClass 5 1.80 - 1.99 ‘ - .
Class 6 2.00 - 2.18 1 ﬁ
Class 7 > 3.00 ' ‘ 1
States were designated as follows:-
State 0 - Class 1
State 26' - Class 2

State 40 - Class 3
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' State 60 - Class 4,
State 80 - Class 6
State 100 - Class 7
Phyletics
By reference to the ancesiral genus Notropis state 0
is primitive and other states are derived (criteria 2,3,8).
As with dharacter 24 parallelism probably occurs ané the
states are of only phenetic utility (see disdé;ﬁfon of anal

ray counts).

Character 23 - Paraphenoid ventral keel

i
Character description

Afmedian ventral keel is found between the wings of

the parasphenoid in Campostoma, Digada, Erimystax, Hybog-

Ll
rathus, Icotichthys, Lavinia, some Notropis, Orthodon,

some Pimephales, Pogonichthys, Xystrosus, and Yuriria.

Character states
State 0 - Parasphenoid keel not present
State 50 - Parasphenoid keel present in some species
State 100 - Parasphenoid keel pfesent )
Phyletics _ ﬁ
Character state 100 is derived and sﬁéte 50 is regarded
as an intermediate state (criteria 2,3,8).‘ Ridges_are commeon-—
ly found on the ventral surface of the parasphencid in other’
genera and an independent development of a keel in the above

genera cannot be precluded.
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o Character 24 - Pelvic membrane
Character description
The pelvic fins usually lie free under the body being
attached anteriorly. However in certain genera a membrane
or membranes are found attaching the pelvic fins to the
N

body. In Meda and Plagopterus the membrane extends about

two-thixds the length of the inner-most pelvic ray while in
Lepidomeda its extent is about half way. The pelvic fin

of Rhinichﬁhys falcatus is also attached to the body but

by fleshy stays on the mesialmost rays rather than a single

membrane. .
Character states -
State 0 - No pelvic membrance

State 100 - Pelvic membrane on inner—most)ray
’t

Phyletics k
State 100 is derived ghxehe Plagopterini (criteria 1,

-4;6,7,8). The condition in Rhinichthys falcatus is unigue

and independently derived on morphological grounds.

Character 25 - Nest building

Character description
In certain species and genera of eastern N. American
cyerinids males construct nests out of pebbles during the

spawning season. These genera are Campostoma, Couesius,

Exoglossum, Nocomis, Parexoglossum and Semotilus. Further

descriptions are given in works cited at the beginning of

this section and in Raney (1939), Van Duzer {(1939) and Balon
(1875).
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Variation within a genus

Nest building in Couesius plumbeus is poorly developed

and restricted to certain- populations (R.E. Jenkins, pers.

comm. 1975) Notropis corhufls is reported to build nests

of its own as well as using those of other species but this
is not characteristic of the genus Notropis as a whole and
this genus is scored as a non-nest builder.
Character states |

State 0 - Nest not built during spawning season

State 100 - Nest built during spawning season
Phyletics

R.E. Jenkins (pers. comm. 1975) considers that the nest
building habits restricted to six eastern N. American genera,
could not have evolved six times and is evidence of relation-
ship between these genera, E. K. Balon (pers. comm., 1975]j
disagrees citing such apparently independent evolution of an

egg laying tube in Sarcocheilichthys (Gobioninae) ané

’

Acheilograthinae as evidence of the parallelism common in /
cyprinids. 1In relation to the ancestral genus, Notropis, \\3
nest building is a derived character, and parallelism is

possible but unlikely (criteria 2,3,6,8). Nest building i

in Notropis cornutus may be evidence of its (and presumably

through it other Notropis) relationship with other nest

building genera. Certainly‘if it is regarded as an inde-
pendent development, and nest building is rare in Notropis
generally, then it may be argued that nest building could

have developed independently in some of the other genera.
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Character 26 - Urohyal arms

' Character description

The urohyal has pérallel anterior arms in most genera
but these are absent and the anterior end of this bone is
dorso-ventrally p?rforated by a foramen in Exoglossum and

Parexoglossum (probably the anterior arﬁs fused craniad

enclosing the foramen). Other structural modifications of
the jaw region of thesé twe genera have been noted in-the
osteological survey and it would be redundant to encode
all of them here. | |
Character stdtes

State 0 - Two anterior arms to urchyal

State 100 - Anterior arms absent, foramen present.
Phyletics |

State 100 is derived (criteria 1,7,8). It is inte-

resting to note that in large Phenacobius mirabilis the

anterior arms are short and zlmost meet to enclose a fora-

men. This may represent an intermediate state between States

0 and 100.

Character 27 - Enlarged posterior suborbital

bones ﬁ

The lateral temporal fossa is roofed over by enlarged

Character description

posterior suborbital bones in Algansea, Xystrosus and in

somérGila species (C.D.. Barbbur, pers. comm. 1975) Further

descriptions are given on p. 208. =



Character states
State 0 - Lateral temporal fossa not réofed,over
py enlarged suborbital bones
State 100 - Lateral temporal fossa roofed over by
suborbital bones.
Phvletics
State 100 is derived by %eference to tﬁe ancestral

genus (criteria 1,6,8).

Cha;écter 28 - Single posterc-ventral metapterygoid
stout
Character description
. The metapterygoid usualiy bears two struts on its pos-
terior edge. A single posterc-ventral strut is the only

one seen in Campostoma, Clinostonus sp (see Buhan, 1970),

Eremichthys, Extrarius, Macrhybopsis, Nocomis, Pimephales,

Platygobio, Rhinichthys and Tiarega.

Character states
State 0 - Two posterior metapterygoid struts present
State 100 - One postero-ventral metapterygoid strut
present
Phyletics

State 100 is derived (criteria 1,3,8) by reference to the
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ancestral genus. Loss of a structure may occur independently

and is not as good a character as a shared complex derived

structure.
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TAILE 1o
Charagter ataten of Norih Jruerizan eyprinld genera
charazters -

Conus 1 2 3 4 3 3 7 8 9 1¢ 11 12 i3 14 IS 16 17 1§ 19 20 21 22 23 4 25 2 37T B
Acrechellus loe o ¢ 0 0 100 100 100 S0 0 +] 4 50 &7 oo 67 0 S50 67 67 75 40 of o 0 ] 0 [
Ajosde . lgo oo ¢ 0 0 0 100 959 100 9 s} o 2 g 0 [ Q o Q 0 lo0 o 0 [} 4] 0 0
Alganiel log 100 ¥ Q0 o 0 100 959 200 50 0 L - 0 62 0 50 &7 0 7% a [« B o 0 lo00 Q
Camposfoma 4] o o 0 0 0 100 599 ¢ 50 0o 2 o 60 0 a 4] 1} o 2 0 Loo 5 100 0 o loo

" Chacsamus +] 0 o 0 0 100 100 0 100 3¢ Q [+] Q Q 0 o) a -0 13 0 75 &0 Q 2 +) 0 [+4
CLinas Comus 4] 0 c 0o 0 100 0 999 44 ¢ 50 0 o o, 40 o o 0 0 o 2 {0 o 0o +] 0 ¢ 100
Couesdud ¢ 100 o [+ 0 0 0 0 g 0 0 *] 0 0 60 Q 0 0 [+} 0 50 40 [+} 0 ico e o +]
Dienda 0 Q o 0 0 0 100 399 ¢ 100 50 0 o o0 4 o ] o 0 0 0 40 100 © +] o o 0
Exemichthys 109 o ©O O 0 100 100 999 100 50 50 0 o 0 0 0 6 0 0 o 73 40 +] o +] o o 1c0
Exdicymba ] 0 =2 ¢ 0 1c0 999 ) Q [+} 0 o 0 Q 0 1 [+} 0 [+ 0 20 o 0 ] o 0 Q
Eeimyslax o 100 o © O 0 100 999 o 0 0 o 2 0 40 o [ I ) 0 20 100 O c .0 1}
Evairia 190 0 o o ¢ 0 100 999 99% 999% 593 999 2 0 999 999 999 999 999 999 3IIF 20 999 999 999 99% 999 9%9
Exoglodaum 0 90 O © 0 1lce 7 ¢ ) 0 0 2 0 o 0 Q 0 ¢ o 25 20 o] 0 100 100 [+ o
Exixandus g0 o 0 @ 0 100 999 0 0 0 s I3 0 a 0 c 0 ) o 0 0 o o -} ¢ 0100
Gile 100 o o © 0 1co -} o 50 50 350 0 o 0 60 &7 67 IS5 67 o 50 40 o © o] 0 132 0
Hemilnemia 0 0 c .0 o lco ¢ 99% 0.100 350 o] [+} 0 0 a o] ¢ 33 Q 0 Q ] o ] [+ ¢ o
Hespesoleucus 100 0 2 [+ 0 1c0 100 c 30 0 0 0 5 0 49 Q [+ 0 0 25 40 0 ) Q [} Q 0
Wybegralhua 0 0 =] [} 0 ¢ 100 999 o 0 50 Q 9 Y Q Q 0 a [+ ¢ 20 100 o o [+ Q 0
Kubopsis 0 lco 2 [«] Q ¢ 100 939 4} o 0 Q 0 [} 0 Y 0 0 33 +] o 0 Q Q 0 e 0 0
JoLichlhys l00 [+ 2 Q 0 loo J 999 0 100 S0 0 9 © 20 33 33 2 33 Q 0 999 100 *) Q e [+ Q
lavinia oo o D 0 0 100 100 999 5} 0 ¢ 0 100 100 60 67 67 5Q 0 67 25 e01l00 ©O O o] 0 0
chidcn;d: 00 o 2190 O 100 0 o 50 o 5¢ 0 50 &7 60 c g o 0 33 75 20 o1y 0 o} 0 0
Mzztkyhepsda 0 18?2 " ° a N Tan eqaq 0 Q o o / 2 LLE ] [} 1] +] 0 o o a «] 2 ] ¢ 100
Margarxiscus a 5 2 0 8 100 o} a 9 0 4] 0 0o 0 4o [+4 o 50 0 0 S0 2 e 0 [+ 0 0 0
Nede 1o0 6 © 100 100 o lgo 0 999 100 100 10C 53 33 60 3} o 0 0 33 999 999 cwr o o0 0 0
Hrzpe 100 [ o 0 0 100 100 999 100 S0 S0 [*] [+ 0 o 67 1] 0 67 0 7 20 Q 2 Q [+] *] *]
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TAB !:S

11

advancement scorcs for cyprinid genera

Degrec of

~

Nuzher of avallahle

Genus advancement characters
Acrochedllus 35.9 28
Agesda 19.4 27
Afgansca 33.1 2
Campoaloma 20.7 27
Chxosomus 18.5 28
CLimoslomus ‘13.1 27
Coucsius 12.5 28
Pionda 14.4 27
Erxemichghys 26.5 27
Tatcumbe 5.7 27
Eximuslax 16.7 27
Evarre 4.5 10
Excglossum 19.5 28
Extraxdius 13.9 27
Gila - 31.3 28
Hemilaemdia 10.5 2
Hespearoleoucus 17.1 28
Hybognalhud 10.0 2
Hybopads 8.6 27
Tetichthys 22.8 26
levinia 36.9 27
Lepdacmada - 235.8 28
Haerhybeopsis 13.3 27
Harganrdiscus 11.1 28
Heda 38.0 25
Heapa 27.0 27
Hylocheilus 30.4 27
Hyleopkazedon 30.7 _ 27
Nocomis 19.8 27
Negemigorus 27.8 27
Netraopdis 3.6 28
Opsopocodus 16.0 28
Cregondchibys 17.1 27
Oxtlhoden 48.6 27
Panezoglessun 21.5 27
Phenacebiua 10.9 27
Pimcphales 17.0 28
Plagopicaus 42.1 25
Pletygobes 11.9 27
Pogenichthys N 32.6 27
Piychocheilas 3004 28 -
Refictus . 15.2 28
Reindi{chiliys 2.0 28
Richardsoncus 19.7 26
Scrmolilus 18.9 28
Siypodon 20.¢ 1o
Téiatoga 27.2 26
Xyslscius 31.7 27
Yuaitia 31.0 27
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List of characters

" 14—
15—
16-
17—
18-
19-
20—
21-
22-
23-
24—
25-
26-
27-

28-

Distribution

Barbels

Protrusion of premaxillae
Thickened pelvic rays

Scala;ion

Major row pharvngeal tooth count
Minor row pharvngeal tooth. count
Chromosome number

Distriﬁﬁtion of scale radii

Third urodermal bone

A:Sixﬁh hypural bone

Postcleithrum bone

Modal anal ray count

Modal dorsal ray count

Total vertebral number
Infracrbital cénal pore count

Preoperculomandibular canal pore count

. Supracrbital canal pore count

Supratemporal canal pere count
Modal pelvic rav count

Number of scales per vertebra
Lateral line decurvature
Parasphenoid véntral-keel

Pelvic membrane

Nest building

Urohyai arms

Enlarged posterior sﬁrborbital bones

Single postero-ventral metapterygoid strut.



Figure 58.

N
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Phylogenetic tree for the Plagopterini (at left)
and for six other generatpf North American
cyprinids (at righ;)}/,ré character 7 (minor'row
pharvngeal tooth couhtf is scored as being shared
between Pimephales and ropis then_Hennig's
coefficient is adjuséed to/\the point shown.

- v \.J- )
50 $ of Notropis species<;ave reduced numbers of

" teeth in the minor row as in Pimephales.

' In these and following. trees derived characters.

shared between genera are indicated by their

numbers (see character listing on page 321).

L
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Figure 59.
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Phylegenetic tree for 17 genera of cyprinids.
B

{Campostoma ‘and Phenacobius share characters

7, 13, 15 and 21; Nocomis and OregOniéhthys

share characters 2 and 7 and the linkages marked
with a parenthesis are all at a Hennig's
coefficient of 0.500 but assort as shown at
successive clustering cvcles; Extrarius and

Macrhvbopsis share character 28 in addition to

characters 2 and 7).
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Figure 60.

Modified -tree of Figure 59. It is assumed that

" characters 8§ (chromosome number) and 15 (yertebral

number) are shared between genera at the points

shown.

L&r’



_...Z.O

O

W

Q
N
|

Q

Gl

Hennig’s Coefficient.
| e

o)

Gl

O
~

|

0
S
Y

Exoglossum

Parexoglossum

Campostoma

Phenacobius

Agosia

Relictus

Tiaroga

Erimystax

Nocomis

Or egonichthys

Extrarius

Macrhybopsis

Hybopsis

-Opsopoeodus

Dionda

Hybogna"thus
Ericymba




325

Figure 61. Phylogenetic tree for 1l genera of cvprinids.-
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Figure 62. Phylogenetic tree for 10 genera of cvprinds

A
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Figure 63. Modified tree of Figure 62. It is assumed that
character 15 (vertebral number) is shared

between genera at the point shown).
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Figure 64. Hypothetical tree of eastern North American
cyprinid genera (Hybopsis s. 1. includes

Erimystax, Extrarius, Hvbopsis, Macrhvbopsis

and the western genus Oregonichthvs but not

Yuririal.
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4

Figure 65. Hypothetical tree of western North American
3 cyprinid genera (including also the eastern

genus Clinostomus)
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DISCUSSION

The five trees preseénted give an indication of phvlo- //;’/'
genetic re}a#ionship based on the suite of 28 characters /
examined. It is‘evidént‘thﬂt more characters are needed
both to link these trees and to clarify the phvlogenies at
the points where coefficients were the same. Some of the
characters used can be regarded as good derived characters,
e.g. 4, 5, 24, but their-use is limited when considering
all the North American genera because they refer to geo-
graphically restricted genera of evident close relationship.
Qualifications about other characters have been discussed
in the character anal§;;s itself.

The five trees may- now be compared to other studies,
bearing in mind the reservations expressed above.

The relationships of Lepidomeda, Meda and Plagopterus

have been discussed by Miller and EHubbs (1960) who regard
them as a tribe, Plagopterini, of the Leuciscinae. Lepidomeda

was considered to be the most generalised and Plagopterus

the most highly modified. The tree given here (Figure 58)

places Lepidomeda closer to Plagopterus than Meda because ‘

fewer derived characters are compared (14) than with Meda

(15) and Hennig's coefficient is correspondingly changed.

The closer relationship of Meda and Plagopterus is undeniable.

Thev share a derived character 1in lack of scales unique among
. North American cvprinids and advanced trends in Meda are'

"more advanced in Plagopterus (see character state table).
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Neither Miller and Hubbs (1960) nor this studvy definitely
relate this tribe to another North American genus but it
appears to be close to other western genera such as Acro-
cheilus (Henhig's coefficient for this genus and Lepidomeda

is 0.353), Richardsonius (0.333) Orthodon (0.316) and Moapa

(0.313). Miller and Hubbs (1960) suggest Gila or some similar

genus but the Hennig's coefficient for Lepidomeda and Gila
is only 0.278.

Figure 59 shows a close relationship between Exoglossum
. %

ané Parexoglossum. This agrees with the observations of
Jehkins and Lachner (1971) and Gilbert and Bailey (1972)
who have lumped these two genera as Exoglossum and they
are regarded as congeneric here. Mincklev and Craddock

(1962) and Moore (1968) suggest that Phenacobius is related

to Exoglossum and Parexoglossum and it appears close to

these genera here. Campeostoma is, however, closer on the
basis of character 16 {vertebral number). Vertebral number
mav reflect similar trends in body form and size rather than

phvlogeny. | i

Opsopoeodus is placed close to the Hybopsis s.l. group.

It has been regarded as a Notropis (Gilbert and Bailey,
1972; Campos and Hubbs, 1973). The relationships of

Notropis and Hybopsis s.l. and their close allies such as

Opsopoeodus, Ericymba, Dionda, Hvbognathus and Pimephales

is in need of detailed review. They are not readily sus-
ceptible to analysis at the present time because there are

no good apomorphic characters known which can be used for
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Hennigian studies on these taxa. It is however suggestéa

l\ {Ehat Dionda and Hybognathus are congeneric and verv close
to Notropis in which they could well be lumped.

The genera Nocomis, Oregonichthvs, Efimystax, Extrarius,

Macrhvbopsis gnd Hvbopsis (={Hybopsis s.l: in part) assort
together. Couesius gnd Platvgobio (Figure 61) have been
assigned to Hvbogéis s.l. by Bailev (1951) but are here
grouped with several western genera on the basis of character
22 (lateral line decurvature). In view of the reservations
expressed abﬁut the phylogenetic utility of this character .
the relationship of these two genera to the western genera g
is probably remote. Even the relationship of Couesiﬁs to
Platygobio is only based on two additional shared derived
charécters, namely possession of a terminal maxillaryv barbel
and similar vertebral counts. Qualifications about vertebral
counts have been noted above and in this instance the posi-
tion of the maxillary barbel differs slightly in the two

genera which may indicate parallel evolution. Jenkins and

Lachner (1971) consider that Couesius is closely related to

Margariscus and Semotilus and that Platygobio is a close

ally of Macrhvbopsls and Erimystax. In the first clustering

cycle Couesius is closest to Platvgobic (Hennig's coefficient

= 0.333) but Platygobio is closest to Macrhybopsis (0.400).

Macrhvbopsis however links with Extrarius at 0.500. Marga-

riscus is evidently close to Semotilus (Figure g2) and 1is
generally regarded as a species of Semotilus (Moore, 1968).

However Semotilus s.l. in this study assorts with three

~N



-~ L '_333
-'\ ’

wéstern.genera'on the basis of chéracters 6 (major row
pharyngeal tooth count), 18~(supraorbitai head:canal counts)
~and 22 (latérai line decurvature). These similarities can .
be'attributéd to parallelism as trenéé in these characters
- maf have océurred‘independently. Character 7‘(minor row
pharynggal Eooth caunt) aqg character 13 (modal and ray
numbé;iialsd represent treﬂds which may have occurred inde-
'_.pendéntly.in separate genera, e.g. see Hubbs, Miller and
Eubbs (¥974) on anal ravs. . Characters 7 and 13 are the

derived characters linking several groups of genera in

Figure 60 includiﬁg the western genera Agosia, Relictus and

Tiaroga whose reIationships tO eastern genera is more pro-

bably remote.

In‘Figuré:SS.Dionda and Hvbognathus are closely linked

and Mqore (l§§85 has suggested that these two genera are

allied. Dionda shows evident affinities with Notropis

(Hubbs and Miller, 1974) and Ericvmba is said by Moore

(1968) to be closely allied to ﬁotrogis also. Notropis

assorts with Pimephales in Figure 58 and Hubbs and Black i
(1947) regard Pimephales as a speqiaiised derivative of

Notropis. However the placement of Pimephales and Notropis

close to Hemitremia, Iotichthvs and Notemigonus is erroneus.

~
Notemigonus in particular has several unigue characters

for a North Ameérican genus which relate it to the Abramidini
» -
of Eurasia rather than to other North American genera. The

iy

relationships of Rhinichthyvs are obscured because it only

" links to other genera at the seventh clustering cvcle af;gff

——

-

va
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recoding has eliminated all but one of its derived charac-

ters. . In the first clustering cycle Rhinichthys has Hennig's

coefficients of 0.364 with both Extrarius and Relictus.

These genera link with other taxa at a higher level and so

do not form a group with Rhinichthvs. Rhinichthvs may well

find its closest relatives in Agosia and Relictus. This
"loss" of characters by ecoding is a major fault of this

method of analysing relationships when relatively large

—

numbers of taxa are studied. .Hennigian methods applied to

many taxa regquire a much greater number of characters than
numerical technigques but are one way to estabiish
phvlogenetic relationships through similarity by descent
rather than similarity by convergence or parallelism:
Figure 61 (excluding Couesius and Platvgobid see above)

relates nine western genera including Yuriria which is

usually placed as a sub-genus_of Hybopsis. Algansea and

Xvstrosus may be congeneric (R.?. Miller, pers. Eomm., 19751

but their relationship here is kelatively distant. They

do however share an unequivocal deriveél élgaracter (27, i
enlarged posterior suborbital bpﬁes) which was "los£“ in

the recoding when Xystrosus was linked with Acrocheilus and

Mvlocheilus. It is recommended that Xystrosus be lumped

in Algansea.

Pigure &2 (excluding Semotilus and Margariscus see above)

relates several western genera and the eastern genus Clinos-—

tomas. Uveno (1961) has included Richardsonius in Clinos-—

tomus on osteological sim;laritiés. In the present study
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Clinostomus assorts more closely with Hesperoleucus.

Reservations expressed about independent derivation of
certain characters also applies here and the relationship

suggested by Uveno has not been clarified. 1In this tree

Moapa assorts with Eremichthvs and these two genera with
Chrosomus. Hubbs and Miller (1968) place Moagé with

Agosia or derive these genera from a common ancestor

Eremichthvs -is said to‘pe close to Siphateles (now a sub-
genus of Gila) by these authors. Chrosomus is congeneric
with thé Eurasian genus Phoxinus (see Nearctic and Pala-
earctic relationships study) and its relationship with

these western Nearctic genera 1is. probably remote. Chrosomus
or its ancestors may well have entered North America inde-

pendent.from the ancestors of other Nearctic cyprinids,

as did Notemigonus or its ancestor. Notemigonus in parti-
cular seems to be only distantly related to other Nearctic
cyprinids. Unlike!girosomus, which hybridizZes freely with

other eastern North American genera, Notemigonus has not

been recorded as hybridizing with sympatric genera. Legendre

(1970b) placed Chrosomus in Margariscus on the basis of

hybridization data but it differs in 8 of .the characters
examined here and cannot be considered c¢ongeneric.
In summarising the above and also taking into account
other studies and character similafities between genera a
provisional tree relating North American genera is given

in Figures 64 and 65.

It is hoped that the data accumulated on North American

335
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cyprinids in this thesis will form a basis for future stu-
dies on their intergeneric relationships. Hennigian methods
reguire largé numbers of derived characters to be effect-
ive with mdny taxa and it is essential that these characters
be unequivocally derived. In the lower branches of a
Hennigian tree a single derived character is often the

cnly link between groups of taxa and it should be a firm
link. The character analysis and resolution of the data
matrix have therefore served to emphasize the need for
further work to reveal adequate derived characters which

may be incorporated-to place the generic systematics of

Nearctic cyprinids on a firm basis.
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Relationships between Nearctic and

Palaearctic Cyprinidae

Many North American species of cyprinids were originally
described under European genera (see Jordan and Evermann,
1896) but were later placed in genera peculiar to N. America.
This séction examines the supposed relationships between
Chrosomus s.l. (Nearctic) and Phoxinus (Palaeartic), between

Notemigonus (Nearctic) and the Palaearctic tribe Abramidini

and between Gila (Nearctic) and the N. East Asian genus

Tribolodon.

General information on characters of Eurasian genera was
obtained from Bagenal (1973), Berg (1949), Harder (1964),
Ladiges and Vogt (1965), Maitland (1972), Muus and Dahlstrom
(1971), Okada (1959-1960), Oliva (1952), Spillman (1961},
Vladfkov (1931), Wheeler (1969), Wu (1l964) and Zhukov (1560).
" Data sources for N. American genera may be found elsewhere

in this thesis.

Chrosomus - Phoxinus

G S
The N. American genus Chrosomus s.l. contains five species
0of which four have been described. These are C. eos, C.

ervthrogaster, C. neogaeus and C. oreas. The fifth species

is referred to in Ménhinick, Burton and Bailey (1974). The
species neogaeus was originally described by Cope (1869) as

a Phoxinus, was later placed in Pfrille erected for it by
Jordan (1924) because of its uncertain affinities (as Pfrille

neogaea) , and in 1951 Balley suggested it should be assigned
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to Chrosomus but without outlining reasons for this move
(McPhail and Lindsey, 1970). The principal differences
between Chrosomus and-Pfrille are pharyngeal tooth counts
(0,5-5,0 vergﬁs 2,5-4,2 respectively) and gut shape and
length (coiled and elongate versus S~shaped and short
ré5pectively). A current trend intaxonomy is to consiéer
trophic characters as insufficient for generic separation.

The closeness of these two taxa is also emphasised by the

frequent interbreeding of C. eos and Pfrille neogaea which

produces fertile hybrids (Legendre, 1970b}. McPhail and
Lindsey (1970} and Stasiak (1972) however prefer retention
of neogaea in the separate genus Pfrille. In marked contrast

Mahy (1972b) has suggested that the Species C. eos, C. oreas

and C. erythrogaster, be lumped as a single species, Phoxinus

ervthrogaster, with Phoxinus neogaeus a distinct group (sic) close

to Phoxinus phoxinus. The present work initially refers to Pfrille

neogaea as a species of Chrosomus following Scott and Crossman
{1973} and based on information generated in this thesis and
retains specific status of other Chrosomus.

The genus Phoxinus has been defined by Berg (1949) and C.

Neogaeus conforms to it. Banarescu (1964} proposed that
Chrosomus s.l. be placed in Phoxinus but without presenting
evidence. Bailey et al. (1970) accept this decision uncriticélly
but Scott and Crossman (1973) correctly point out that casual
transfer is to be deplored. Reasons for considering Chrosomus

congeneric with Phoxinus are outlined below.
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Additional sources of data 5n Chrosomus and Phoxinus
to those listed above were Vlédykov (1927), Tack (1940),
Kulamowicz (19§3,_l967), Gasowska and Reﬁbiszewski {1967),
DanilKiewicz (1968), XKulamowicz and Jazdzewski (1970) and
Kulamowicz and Korkuc (1971). Specimens available for

examination are listed in Appendix I and include four species

of Chrosomus (eos, ervthrogaster, neogaeus and oreas), five

species of Phoxinus (czekanowskii, issvkkulensis, lagowskii,

vercnurus and phoxinus) and two Japanese species assigned to

the genus Moroco (listed as percnurus and steindachneri

jouvi) which are probably referable to Phoxinus (a detailed
examination of the genus Mcroco and its systematic position

was not carried out).

Distribution and zoogeographv.

Chrosomus and Phoxinus are of course‘allopatr;c but both ;
genera contain species in northern fresh waters. Chrosomus
species are found east of the North american Cordillera from
the lower reaches of the Mackenzié River in the Arctic Ocean
drainage (g.'neogaeus} to Atlantic drainages. None have been

recorded from Alaska (McPhail and Lindsey, 1970). Phoxinus

species range from the British Isles and §pain to the Anadyr
River which edters the Bering Sea about 460 miles from Alaska
(Berg, 1949} (P. phoxinus). Both Chrosomus and Phoxinus are
tolerant thereforé of northern climatic conditions and it is
worth noting Berg's (1949) observation that P. phoxinus does
not avoid brackish waters. Dispersal across a Bering land and

water bridge, pverhaps even utilising brackish coastal waters,
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is not unreasonable for a species of Phoxinus. ' Dispersal

‘via a transatlantic connection cannot be ruled out howéver.

(see p.283). The present gap in distribution of 1250 miles

may be regarded as a consequence of the ice ages (McPhail and
\

Lindsey, 1970) and perhaps recent unfavourable climatic and

geographical conditions restricting fe—colonisation.

Meristic characters

- - * * ~ ™ - -
‘Close agreement in meristic characters examined is found

for Chrosomus and Phoxinus species. Modal counts of dorsal,

anal and pelvic rays are 8§ in all species except pelvic ravs of

P. czekanowskii which number 7 (2} or § (&). Pectoral ray counts

range from 11-19 for Phoxinus species and 13-18 for Chrosomus

B Y

species. Total vertebrae counts, including four Weberian
vertebrae and the hypural plate as one vertebra, range from

36—44 for Phoxinus and 35-40 for Chrosomus.

Gut characters

Pharvngeal tooth counts are modally 2,5-4,2 in all Phoxinus

species and in C. necgoeus. Qther Chrosomus species are 0,5-5,0

procbably a specialisation. Gill raker counts on the entire ‘ s

first left arch are low, 5-12 in Phoxinus and 7-13 in
Chroscmus. In all species rakers are small and well separated
along the arch. Peritoneum colour in Phoxinus is light to dark
brown (very dark brown té black in Moroco steindachneri jouvi)

.

and in Chrosomus very dark brown to black. Gut shape is a

simple S {type 1 of Kafuku, 1958) in all Phoxinus, Moroco, and

-

C. necgaeus but more complexly coiled in other Chrosomus species

(see Figure 66 and Kafuku, (1958), New (1962) and Legendre (1970b).

i
rd



341

Chromosome number

Chromosome numbers for Chrosomus ervthrogaster, C. eos

and C. eos x C. neogaeus are 2n = 50 (Greenfield et al., 1973;
Legendre and Steven, 1969) and for Phoxinus phoxinus, P.

percnurus, P. percnurus sachalinensis, Moroco percnurus and

M. steindachneri 2n = 54 (Nogusa, 1960; Nikol'skiy and Vasil'vev,

1973), Robertsonian fusions in Chrosomus species may account

for these differences in counts between the two genera. However,

1l

Berberovic and Scfradzija (1972) give 2n 50 for their samples
of Phoxinus. . A more detailed comparitive karvology might

vield useful data.

General morphology

All Phoxinus and Chrosomus species are small fish nct

exceeding 200mm in total length and in general morphology
]

Chrosomus agrees with Phoxinus. The beodéy is rounded or gquite
deep in cross section, elongate or relatively short. The
mouth is moderate in size, without barbels, with pzfitrusible
premaxillae, terminal or inferior, lips straight or slightly
S-shaped and in laieral view is moderate to very obligue
extending to the level of the nostrils or the anterior part of
the eve. The dorsal £in is positioned well behind the level
of the pelvic fins insertions and ‘the anal fin is at or behind
the level of the posterior base of the dorsal fin. There is

no pelvic axillarv process (rudimentary in Phoxinus percnurus).
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Sexual dichromatism and dimorphism

The breeding colour of some male Chrosomus and Phoxinus

species has been described as'follows. Bright vellow and red
abdomens develop although the red element in Chrosomus is

transitory and apparently does not develop at &ll in Phoxinus

percnurus and Moroco species. The fins in Chrosomus species
develop a vellowish tint while in P. percnurus and P. phoxinus
the pectoral and pelvic fins become red and the other fins are

-

vellow. Th?'l}ps of P. phoxinus and C. ervthrogaster are red

at the corners of the mouth. P. phoxinus has a distinctive,
shining white mafgin to the operculum and a kblack colouration
may develop on the lower part of the head, the base of the
pectoral fins, and the sides and the belly particularly behind
the pelvic fins. This colouration has not been recorded for

Chrosomus species.

Sexual dimorphism is apparent in length of pectoral and

pelvic fins in Phoxinus phoxinus and Chrosomus species (Table 13,

see also Vladvkov (1927), Philipps (1969}). Males have longer
fins than females. Data on C. oreas and other Phoxinus species
were not available. Thickened pectoral fin ravs are found 1in
both male P. phoxinus and male C. necgaeus although the notched i
first pectoral ravy of C. neogaeus is not seen in P. phoxinus.
Male nuptial tuberculétion is very similar in Chrosomus
and Phoxinus species. Only P. phoxinus has large, retrorse,
pointed.head tubercles, all other Phoxinus and Chrosomus

species have minute tubercles over the dorsal head surface.

(large nuptial males of C. oreas and the new Chrosomus species
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not seen). The most charaéferistic feature of Chrosomus and
Phoxinus (but not Moroco) 1is the presence of comb-like,
continﬁous rows of fine tubercles on the posterior edges 6%
the breast scales. In the most highly tuberculate speciﬁens
~seen this area of tuberculation reaches back to a level with
the posterior pectoral fin bases although continuous rows
only extend back from the isthmus for a maximum of 9 rows

(2. phoxinus), 10 rows {C. ervthrogaster), 6 rows (C.eos)

8 rows (E. oreas) and 5 rows (C. neogaeus). Row extent

probably reflects degree 0f tuberculation development in the
available material. Each bréast scale.has up to 7 tubercle
points in Phoxinus and 6 in éhrosomus. Tubercﬁlation in the
breast region is not peculiar to Chrosomus and Phoxinus but

is also found in e.g. Clinostomus elongatus, Coussius plumbeus,

Hesperoleucus syvmmetricus, Richaxdsonius balteatus, Margariscus

margarita (own observations and Xoster, 1939) and also in

Canpostoma anomalum, Hemitremia flammea and Nocomis effusus

(R. E. Jenkins, pers. comm. 1973). Curicusly Clinostomus

funduloides differs from its congener by possession of a

large, almost centrally placed tubercle on the breast scales in
up to about 7 rows rather than small tubercles lining the scale ‘
margin. There is variation in the form of the breast tubercles

in genera other than Chroscmus and Phoxinus. In Clinostomus

elongatus, for example, the tubercles are larger and fewer

in number on each scale and the rows are not as well developed.

was closer to Chrosomus than Clinostomus elongatus in these
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features. While tubercles lining breast scale edges are | o
relatively common extensive continuous rows of tubercles

appear to be restricted-to Chrosomﬁs and Phoxinus and in

the absence of extensive compg:ative material the relation-

ship of the wvarious breast tuﬁerculation patterns must

remain open to debate.

Elsewhere on the body of P. phoxinus males tubercles
are found lining all scale edges from a maximum oﬁk}0—12-
per scale to conly 1 on scales in front of the dorsal fin.
Tubercles are best developed on the caudai peduncle. A
patch of tubercles is located on the scales immediately
behind the head just above the lateral line.

Tubércles-;re found on all fins but are weak on the\
caudal finAwhere there are 1 or 2 per ray segment. Pectoral

fin tubercles are found on rays 2-9, apparently one per ray

segment and folf%wing the ray branches so a patch i1s formed

distally. Pelvic fin tubercles are absent from the first
ray and weak on the other rays. Tubercles may develop on
the pectoral and pelvic £in ventral surfaces but are weak and

sparse compared to those on the dorsal surfaces.

4
e

Large, single cusy retrorse tubercles are restricted to
the head above the level of the mouth and eve. They number ‘
24-48 in specimens of similar size and are scattered f;om
the rear of the head forward on to the spout without any
gbvious linear pattern, Usually there are 1-2 tubercles

anterior to the nares, a square of 4 between the nares and

a row of 4-7 over each eve. Minute tubercles are scattered



346

over thé head between these large tubercles. Small tubercles
are found on Ehe operculum and slightlv larger ones' at the
anterior operculum base and lower arm of ﬁhe preoperculum.
In Chrosomus species coalesced tubercles line the body
scales but are most evident on the ventral céudal peduncle
whére there are 3-~10 points per scale. The sides of the body
have l-3 tubercles per scalé, on the back anterior to the
dorsal fin 1-3 tubercles per scale, usually 1, on the back
posterior to the dorsal fin 2-9 tubercles and on the ventral
body scales 1-3 tubercles. These counts and descriptions. are

based on” an excellent series of tuberculate Chrosomus

ervthrogaster but other species seemed to be similar based

on more limited matexial.

Tubercles may be found on all fins but are very weakly
expressed on the cagpdal fin. On the pectoral and pelvic
fins theyv are best developed cn the upper surfaces of the fin
ravs but may alsc be found on lower surfaces, particularly
on the pelvié fin. Ravs 2-7 are tuberculate on the pectoral
fin upper surface with one tubercle per ray segment and with
tubercles following rav bz:uel.:rzcl'lj.ng.C The pelvic £in is tubercu- i
late on up to 5 rays,.including théafirst one, in a similar
fashion. The dorsal and anal £ins are most obvicusly tuberculate
on the first rav with a single file of tubercles, decreasing in
nunter and size posteriorly.

Head tuberculation consists of minute pointed tubercles

scattered over the dorsal surface becoming less evident

laterally and wventrally.



Scale characte&s,

~

‘These characters have been compared under Chrosomus in
the scale section of this thesis. Scales were very similar

in the two genera.

Csteology
A comparative osteclogy of Chrosomus species and Phoxinus
=SS i

. > ~

phoxinus has béen carried out b§ Mahv (1972a,. 1972b, i975a,

f}

1975b} who did not find:aﬁy?charactersqio warrant separation

of the two genera. : C

Notemigonus - Abramidini

The Nearctic cyprinid Notemigonus crysoleucas has long

been considered as a relative of members of the Eurasian tribe.

Abramidéini which includes such genera as Abramis, Alburnoides )}’

, . L. . %5 .
Alburnus, Blicca and Vimba. N. crvsoleucas-,was originally
yerd o "

-
described as a Cyprinus species and it has been placé@ in Abramise
(Jordan and Evermann, 1896). No recent assessmenﬁ-of the
‘proPosed relationship has been‘made though it is commented on
frequently in the literature.

This section considers the problem and is based on specimens

of Abramis ballerus, A. brama, A. sapa, Alburnoides bipunctatus,

[: 15

Eiburnys alburnus, Blicca bjocerkna, Vimba vimba and Notemigonus ‘

crx;oleué;:\hs listed in Appendix 1. Additional data were

-

obtained from*he works listed above and frpm Oliva and Safranek
(1962), Shutov (1967, 196%), Gasowika (l9é8), Dadikyan (1972),

- Dorozhkina (1972), Shcherizakha (1973) and XKabisch (1974). Shutov

(1967, 1969) and Schcherbukha (1973) place Blicca bjoerkna as



L)
N v

. “T 348

a-species of Abramis but Blicca is retained here as a distinct

genus for convenience.

Distribution and zoogeography: . . _ =

d

Notemigonus crysoleucas is restricted to eastern North

America from southern Canade to the Gulf'of Mexico. Abramidini
are distributed in mnch f Eurgpe and east to Aral Sea drainages.
These two dlstrlbutlons are very dlSjunCt probably as a consequence
of the ice ages ang the failure to recolonise the northern Arctic
drainaées Berg (1949) sugcests that Abramldlnl could survive

in northern waters and Neogene rOSSLls have been reported from

Siberia (Orlov, 1967). N. crysoleucas has some tolerance to

“salt water which might be a reflection on the vagility of its
ancest9r As with other eastern N. American cvprlnlds entxyv cf

NotemggOnus or a Notemigonus - llke ancestor into the continent

could have been.via a Bering land and water brldge or vla a

-

transatlantic connection (see p. 283).

Meristic characters

The Abramidini have a modal dorsal ray count of-9 except

Abramis brama (10). The modal count for N. crysoleucas is 8. el 2
Long anal fins are characteristic of the Abramidini and N. .

crvsoleucas although they are more marked in certain species of

Abramidini. Ranges. were Abramis ballerus (35-46), A. brama

(l6-31), A. sapa (33-48), Alburnoides bipunctatus (10-22),

Alburnus alburnus (11-23), Blicca bjoerkna (16-26), Vimba .vimba

(16-25) and N. crysoleucas (8-139).
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'l‘hu% there are evident meristic differences, particularly

in dorsal ray and total vertebral number, between Abramidini

and N. crvsoleucas.

Gut chafacters

" Pharyngeal tooth counts are medally 0,5-5,0 for N.

crvsoleucas, Abramis spp. ané Vimba vimba, 2,5-4,2 for- Alburnoides

bipunctatus and 2,5-5,2 for Alburnus alburnus and Blicca bjoerkna.

Shutov (1967) reported voung and adult Abramis brama with two

rows of teeth andéd a trend to loss of minor row teeth seems evident
in Abramidini.

. Gill rakers are short and relatively numercus in N.

crysoleucas and usually so in Abramidini. There are differences

at the species level in e.g. Alburnoides bipunctatus rakers number -

: B
7-9 and are short while in Alburnoldes taeniatus thev number‘l?ﬁég/f

and are long (Berg, 1949). Other counts are Abramis ballerus

(30-39), A. brama .(15-30}, A. sapa (18-23), Alburnus alburnus

(13-24) , Blicca bjoerkna (13-21), vimba vimba (12-20), and N.

crysbleucqg\fiﬁ—zl).

The peritoneum of N. crvsoleucas is brown while in Abramidini

it is tvpically silvery although it is sometimes brown in Alburnus

_b=!

alburnus and Alburnoides bipunctatus. The gut shape of large N.

crvsoleucas isldistinctive (Figure 66). Large specimens of the
larger species of Abraﬁidini were not available for examination
but a distinct antériéi looé on the left side was apparent in
most Abramidini and corresponded to a pre-adult stage observed

‘in N. -crvsoleucas.

g
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Chromosome numbers

N, crysoleucas has a chromosome number of 2n=50 with 8

_ metacentric pairs, 12 submetacentric.or subtelocentric pairs
and 5 telocentric pairs (Lieppman and Hubbs, 196%9). Chromo-

some counts for Abramidini range from 2n=48 (Alburnoides

bipunctatus), 2n=50 (Vimba vimba with 6 metacentric pairs,\iq

submetacentric pairs and § acrocentric pairs (Rudek, 1974),'

Alburnus alburnus, Abramis brama) to 2n=52 (Alburnus alburnus,

Blicca bjoerkna, Abramis brama). Conflicting reports are
given by Chiarelli and Capanna (1973) and Nikel'skiv and

Vasil'vev (1973).

General morphologv

TEJ Abramidini contains both large and small species ranging

from Alburnoides bipunctatus at 160mm total length to Abramis

<

brama’at 800mm total length. Maximum size for Notemigonus

Crvsoleucas appears to be about 300mm total length. Both

Notemigonus and the Abramidini are deep-bodied, strongly

compressed fishes. The mouth structure differs in that Notemigonus

nas an obligue mouth with the lower jaw projecting slightlv while

Abramidini have obligue mouths ~which are either terminal or

sub-terminal with the snout projecting. The dorsal £fin in all

speciles is posterior to the level of the perviw fins insertions
- | J
and the anal fin begins level A4l the posterior part of the

dorsal fin (except in Vimba vimba where it is posterior to the

end of the dorsal fin level). 2 well-developed fleshy pelvic
axillary process 1s present in all species covered by a modified

elongate scale.
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Sexual dichromatism and dimorphiém
Breeding colouration of male fish has not been recorded
in detail in the literature. All species developed red or

orange paired and anal fins and in Notemigonus the anal has a

black margin.

Tuberculation in male Abramidini is not distinctive
according to literature reports. <{Conical tubercles develdp
on the head, operculum and cheek region, body scales particularly

nuchal-ones (singly, in pairs or occasionally 3 per scale in

Abramis brama) and in Abramis ballerus above the anal fin, and

on the upper surfaces of the paired fin ravs, on the anal and

on the caudal fins. Tuberculation in\Notemigonus males is
distinctive. Very small tubercles are'found scattered cver the
dorsal surface of the head, disappearing on the snout ané with

a few over the lachrymallﬁone. Also small tubercles are found

on the upper and lower operculum, the cheek and the'branchiostegal
ravs. There is.a small patch of 4-5 tubercles at the tip of the
upper lip and a much larger patch of relatively large tubercles

on the chin extending back, but with few tubercles, onto the ﬁ

interopercle and'preopercle. Flank scdles have up to 15 tubercles
ﬁostly near the posterior scale edge but not retric;ed to it.
'Mid—flahk tubercles are the largest (larger than head tubercles)
and becone minute«on‘the nape andsbelly but are f?und on‘nearly
all scales. Tubercles are on most fins but are very small. The

pectoral fin has several rows including the leading edge of the

first ray. The caudal fin has a few tubercles on the central rays.
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Scale characters_'

These have been dgscribed in the scale section under

Notemigonus (p. 49 ). Notemigonus is uhique-in N. America

as regards scale characters and is most similar to the Abramidini.

Osteology
In this brief survev of the osteology of some Abramidini

complete descriptions are not given but certain points of similarity

or difference are noted.
The caudzl skeleton of the Abramidini differs from that

of Notemigonus by the presence of.a third urodermal and sixth

hypural. The sixth hypural was only reduced in size in some

Vimba vimba and was never absent. The sixth hypural is reduced

° “ - - - - .
or lost in Notemigonus and the third urodermal 1s invariably

absent.

The median fins' in both Notemigonus and the Abramidini

have long proximal ptervgiophores, the anterior ones being
closely packed together. A tendency to fusion of anterior
proximal and intermediate ptervgiophores is apparent in

Abramidiﬁi (3 or 4 dorsal fin ptervgiophores fused and 3-6

anal fin ptervgiophores) and Notemigonus (3-4 in dorsal fin,

4 in anal fin). The first proximal pterygiophore cof the anal

£in bears lateral, dorsallyv-directed branches in some Alburnus, !

Alburnoides and Notemigonus but these branches‘é%t absent from

some individual specimens (Figure 42 and 67).).

The interneural bones were slim and elongate in Alburnoides,

Alburnus and Notemigonus, elongate and wider in other genera.
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.

Thé‘pelyic‘fih skeleton showed no unusual features

~ /'
e .
in any Abramidini and the variations encompass those shown

by the skeleton of Notemigonus.

«The chief characteristic of the pectoral girdle of

Notemigonus is the much reduced postcleithrum (Figure 43 ).

This bone is also reduced in the Abramidini but not as
markedly and the bone may attain sufficient length to be
S-shaped. Abramiaini carry a small to large foramen on

the coracecid below the junction with the mesocoracoid. This

foramen is alsc well developed in Notemigonus but not as

strongly as in Alburnus. The coracoid is a very deep bone !

in Abramis, deep in Alburncides, Alburnus, Blicca and Vimba

but is not as developed in Notemigonus. The coracoid has

a large coracoid foramen, in Notemigonus, Alburncides,
/

Alburnus and Vimba but is small in other genera. The posterc-

ventral corner of the chgi;hrum is markedly produced in
Abramis and to a lesser extent in Alburnus. It is also produced

in Notemiyonus and other Abramidini but not as noticeably. The

dorsal arm or ramus of the cleithrum hqg mesial and lateral

e

anterior expansions to the dorsal end in Abramis ané Notemigonus. ‘

The dorsal edge of the antericr ramus is well developed in '

Abramis, Alburnoides, Blicca and Vimba but low in Alburnus

and only a little developecd in Notemigonus. The supracleithrum

carries a lateral tube with a ventral opening (not the sensory

canal) in Abramis, Blicca, and Vimba but not Alburnus. It is.

weaklv developed in Alburnoides and some Notemigonus. Other

Notemigonus specimens have a well developed lateral tube (Figures

42 and 68).
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The first radial bears two posterioriheads in some

Notemigonus and the Abramidini. Mesial views of the

pectoral girdies of Abramidini are given in Figures 69,
70, 71 and 72.

The suborbital series-is similar in ali the genera.
The maxillary bone bears an antrorse asbending process
and the mesial/rod is longer than the antero-lateral

plate except in Abramis brama and A. sapa where rod and

plate are egual. The processes on the plate and the

ventral edge are in the form of a spike except in Abramis,

Vimba ijgs some Notemigonus where they are ridge-like. An
| . . - - - -
unusual’feature of some Abramidini and Notemigonus 1s a

= .
P

GiS¥inct notch on the wventral edge of the dentary near the

svmphvsis., The notch is best developed in Alburnus, weak

in Vimba, present.or absent in Abramis and Alburnoides

and absent in Blicca (Figures 73,74 and'75). The dorsal

) s
edge of the dentary is high and is notcheéd before the’

ascending process particularly in Alburnus and Notemigonus.

The angular rises to a high point behind the retrorse

ascending process of the dentary in Notemigonus, Alburnus,

and some Alburnoides but the process may be vertical e.g.

iA Blicca and the angular low and rounded.
‘The-metapterygoid carries two posterior struts and

from the-dorsal strut a strong ridge running anteriorly and

occasionally forking. The lateral wing is strong to

moderate in Notemigonus but weakly developed in Abramidini

except Abramis.

354

q
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The posterior flange of the hyvomandibular bone is

not expanded much posteriorly in Abramidini and Notemigonus

[N

at its ventral end but dorsally it’forms a strong ridge.
The lateral ridge is weakly to moderately developed. The
anterior wing curves in abruptly well above the base of

the hyvomandibular in Notemigonus, Abramis, some Alburncides

anéd Vimba but not in Alburnus and some Blicca.
The lateral line canal extends to the tip of the
preopercle and perforates the antero-dorsal corner of

the opercle in all these fishes. The dorsal arm of the

preopercle is longest and the interopercle has a dorsal arm

in the Abramidini and Notemigonus. The interopercle is

longer than subopercle except in Abramis ballerus where

they are egual.

In the branchial region the basihyal projects anteriorly
and is not expanded. The third and fourth epibré;éhials
bear mesial spikes and the fourth has the postericrmost
lateral articulating headldirected posteriorly. The
epibranchials are strengly curved in Abramis species.

Branchiostegals are broadest at their mid-peint, pointed

distally and the-third branchiostegal is proximally forxked
or not within species. The position of the foramen formed
bv the junction of the hvpohyals varies in all these genera.
The urohval is an elongate slim bone with short anterior
branches and the vertical plate extends posterior to the

norizontal plate (reverse in. Alburnoides).
i ]
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There is a large interorbital septum in both Noﬁemigonus

and the Abramidini but the pterosphenoids of the latter meet

in the mid-line and not in Notemigonus. The orbitospheﬂéid_
sends a process meso-anteriorly under the lateral ethmoid
in Alburnusrbut this 1s generally weak to absent in othex
genera. The lateral walls of the ethmoid do not meet in the

mid-line in Notemigonus and Abramidini. The lateral preethmolid

ossification is weak to absent and not fused to its mesial
partner in these fishes. Abramidini lack a process from the
masticatory plate of the basioccipital over the aortic canal,

a structure usually found in Notemigonus. The pharyngeal

process is quite deep in Notemigonus while in Abramidini it
o ’ 4

has a tendency to be slim. The supratemporal-intertemporal

meets the frontal in Notemigecnus *but this junction is variably

expressed in Alburnus and Alburnoides and meets in all Abramis,

Blicca and Vimba seen. The supraorbital canal turns laterally :

on the posterior part of the parietal in Notemigonus,

Alburnoides, Alburnus, Blicca, Abramis brama and some Abramis

sapa but meets the supratemporal canal in Abramis ballerus,

vimba and some Abramis sapa. A& ventral spike is found over the

e et

foramen on the ventro-lateral surface of the exoccipital in ‘

Notemigonus, Alburnus and variably in Alburncides but not

in Abramis, Blicca and Vimba. The paraspheneid has a ventral

ridge near the arms in Notemigonus and the Abramidini. 1In

Abramis brama two dorsal vertical, parallel wings develop on the

posterio

H

part of the parasphenoid matched by similar ventral
wings from the basioccipital. Abramis sapa is similar but less

developed. The structure is absent from Notemigonus.
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The Weberian appafatus is similar in Notemigonus

and Abramidini. The second rib is invariably and obviously

longer than the first rib although in Notemigonus it may

e

rarely have an anterior rather than a lateral slant. The

fourth neural spine slopes anteriorly in Notemigonus,

alburnoides and some Alburnus but in other Abramidini the

slope is usually posterior. The intercalaria shape varies

from a "Y" to almost a triangle in Notemigonus and this

variation is matched by Abramidinid species.

Differences in pharvngeal toeth counts have been noted

previously. The anterior limb of the pharvyngeal arch is

shorter in Notemigonus than™in Abramidini, particularly

Abramis. The anterior and posterior angles are better

developed in Notemigonus than in Abramidini in_genéral.

Gila -:Tribolodon

Vi

The ‘genus Tribolodon of Asia has been suggested to
be a possible relative of the western N. American genus
Gila (Miller, 1959). Tribolodon has been assigned to the

Eurasian genus Leuciscus and even the N. American Richardsonius

(see QOkada 19595-1960) but is now recognised as a distinct
northeast Asian geﬁus. The nomenclatorial history of =
Tribolodon has been confused but the latest work by ‘
Gritsenkec (1974) recognises three species, T. hakonensis,
.-45. ezoe and T. brandti. Other sources of general information
were Sauvage (1883}, Gritsenko (1972}, Mivadi, Xawanabe and
Mizuno {(1965), Lindberg and Legeza (1967) and Svetovidova
(1973).

.~

Specimens of Tribolodon hakonensis, Gila alvordensis, G.

atraria,G. bicoloxr, G. orcutti and G. robusta were available

-

for this study (see Appendix 1).
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Distribution and zoogeography

The species of Gila are distributed principaiiy in

western Pécific drainéges of N. America although some

ccur east of the Cordillera in the Ric Grande (Miller,
1959). Tribeoledon species are found in Japan, Korea,
Sakhalin and the Sea qf Japan. Both genera are absent
from northern drainages in Siberia, Alaska, British
Columbia and Washington probébly-as a consequence of the
ice ages and alsc peﬁhaps recent unggvourable climatic
conditions. 'Tribolodon is very tolerant of sea water and
is commonly found as the adult in estuarine and shallow
shelf waters, ascending rivers to spawn (Svetovidova, 1973).
Under more favourable climatic conditions in the past a
coastal dispersal of Tribolcocdon-like species to North

America may be envisaged.

Meristic characters

The genus Gila exhibits a variety of modal values. fox
meristic characters. Mcocdal dﬁrsal ray number varies from
7 (1 species), 8(9), 9T4) to 10(1l); modal anal ray number
varies from 7(2), 8(10), 9(1l}, to 10(2); and pelvic rays may
be 8(6), 9(7), or 10(1). Modal figures for Tribolodon species
are 8 dorsal, 9 anal and 9 pelvic rays. Pectoral rays in
Gila have a range of 12-20, in Tribolodon 17-18. A wide
range in vertebral number is shown by Gila (35-50) but this,
like pectoral ray counts, encompasses the range shown by

Tribolodon ({(45-50).
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Gut characters

Pharyngeal tooth counts are modélly 2, 5-4, 2 for
the majori;y of Gila species and all Tribolodon species,
though some Gila are one-rowed. Range in gill raker number
is 10-21 for Tribolodon and 5-40 in Gila. Rakers are short
in Tribolodon and short or long in Gila, the latter owing
to trophic specialisation. Peritoneum colour wéq dark
brown to black in specimens of T. hakonensis but literatu?e
reports clte black; light brown, pale gref and silveryv
peritonea for members of this genus. The peritoneum of
Gila may be black, dusky or silvery with brown speckles,
depending on the species. The gut is a simple 'S' in
Tribolodon with or without a slight anterior loop (types
1l and 2 of Kafuku,’IBSS‘q.v.). Gila also conforms to the
simple tyvpe 1 or tvpe 2 gut shape in the species seen.
However, the anterior loop was very well developed in voung

G. atraria and the adult condition was not seen.

Chromosome number : | i

Chromoscome numbers are 2n=30 for both genera according

to the ayailable information (Greenfield and Greenfield (1972),
Makino (1539), Itoh and Niijama (1972), Uveno and Miller,
(1973)). -Chromosome morphology differs however; in'g.
orcutti there are 6 telocentric pairs, 12 subtelocentric
including submetacentric pairs and 7 metacentric pairs of
chromosoﬁes wﬁile in T. hakonensis and T. ezoe there are 5
metacentric pairs, lb submetacentrié pairs, 6 subtelgcent;ic

pairs and 4 telocentric pairs. However Makino (1939) cites



360

6 metacentric and 44. submetacentric chromosomes. for

~

T. hakonensis.

‘? . ] v

General morphology

.. Both Gila and Tribolodon contain‘relatively large

- épecies about 500mm in tgtal length. The largeét Tribolodon
are found in sea-run populations and.land—loﬁked oﬁes are
smaller. Somé Gila species aﬁd sub-species may be smalle£
than 100mm. T.L. in the Great Basin. In Tribolodon the )
body is elongaté and somewhat compressed and.this is matched
by certain Gila species while other giég.Qave developed
bizarre body forms (see Minckley, 1973). . in Tribolodon
the mouth is obligue and subterminal. In gilé the mouth
ié horizontal or obligue, terminal or inferior.. The dorsal.
fin in both genera is over or slightly behind the level §f
the pelvic fin inserticn and the anal lies behind-the level
of the dorsal fin. Tribolodon has a well—éeveloped fleshy

. !
pelvic axillary process but this is absent in Gila.

Sexual dichromatism and dimorphism

F

'‘Nuptial colouration in male T. hakonensis nas been

described by Okada (1959-1960). A reddish-orange colour

develops on the edges of the upper and. loWer jaws, on the
cheek, operculum, ventro-lateral parts cf the body and on

the proximal portion of the anal fin. 'Then two narrow
. J
reddish bands appear, one running along the lateral line

and one above it. The head and dorso-lateral parts of the

body, except the areas coloured red, become black. In Gila
. . . ,‘““ .

Y



spécies_red_dr orange coIourS‘dgveldp at the bases of’ the

Lpairgd fins, thefanql.fin ahd ventro-laterally on the body,

';", 'including,the céudal pedﬁhcle {at least in G. intermedia).

M ”

‘' Red or orange lower cheeks and posterior lips have been
v-.. ., recorded for-G. intermédia.. In G. atraria a narrow golden

. streak is found along the upper sides. Apparently red fin

 bases and lip corners are typical of western American-genera

.7

M =

.

. . A . - . - N
-including Gila and also Tribeolodon (R.E. Jenkins, pews. comm.

1975y, . -~ I -

. ' Male nuptial tubérculaﬁidn in T. -hakonensis after Okada

(1959&196b) and based on a single available sea-run acult

+ -+ 1s as follows.  Small and minute tubercles are found on the
: dorsal head surface forward on to the snout, on the c¢heeks,

i~ opercular - benes and branchiostegal ravs. Minute tubercles
" ! . ’ .. . & :
. . - -

are found on-all fins (not seen-on caudal in specimen

examined) with development decreasing'posteriorly-on each

. . - . ~

- . . - % L . 1
- fin. Tubercles are absent from, the .first pectoral and
R " "' ] . ) .

pelvic finrays. On each fin ray tubercles are uniserial

and branch with the ‘ray and there seems to be more than. one ' ‘

!

tubercle per ray segmént'though this was. ncet positively

determined. The scales are all tuberculate with a fine

. fringe lining each scale. Scales on the back and upper
. ’ 'll . . .“\ ' N . . .
"flanks ‘alsoe Have -usuvally one pr?rcle but mayv have up' to

anéd cefitrally placed.

culation .in the marine and’ freshwater forms of this %pecies‘

- o

. o

L.
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*.(1974) on g.,bicolér. Tuberculation in males is almost

vy

3, ' 362
. _
\v

L] " -

N
The freshwater from has fin tuberculation limited to the

anterior rays\of the pectoral and dorsal fins. The dorsal
surface tubercl are arranged longitudinally in the
freshwater form and ﬁransversely in the marine form.

There ‘are very few detailed descriptions of tubercles

for Gila species and the following is taken from Hubbs and

Miller (1972) on G. alvordensis and Hubbs, Miller and Hubbs

-

‘entirely confined to the upper surfaces of the pectoral fin

’
rayvs although weak tubercies were noted on the pelvic fins
(Y ! °

c s . - N ' . . . : .
. dand minute excrescenices (? tubercles)” weré scattered

- - P . T . - "y . \ 4 .-y .
top and.sides of the hcdb\;n G. alvordensis. Tubercle® are -, -
- S .
\ .
best ‘developed on pectoral Favs 2 and 3, moderately developed
- - A -

4 . ) - N .
on the first ray .and’ progressively weaker on the more posterior

rays. They are uniserial on the first ray, branching once

on other rays... Each tubercle is on a single rav segment, is 4

pointed and has a slight mesad hook.

Hence there are evident differences in tuberculation
. N .

=,

according to the scgpt data and no similarities which can be

.used to indicate a reiationship between Gila and Tribolodon.

/‘ -

f : f . .

Scale characters’

Scale characters of Tribolodon have beemn described in N

v

the scale section uwnder Gila (p. 36-38 ), and dre encompassed

by the obserwved variation in Gila.
e d il 1]

!1
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Osteology- ; ' z - . .
In'aadition to the* available material ‘listed @bove'ﬁhe
osteological studies of Uveno (1961) were used for thié
éomparison.
The caudal skeleton of T;?bolodén hai six hypural - s

bones and the third urodermal is present. Certain Gila .

species have these pones while others lack them.
TheAsuborbitgl series is characterised bv an enlarged
fourth suborbitai bone, a slim, elongate fifth suborbital
and no sixth suvborbital unless it is indistinguishably
fused with the supratemporal-i;tertemporal in Tribolodon

(Figure 76). An enlarged fourth suborbital is seen in 3

s . '
" soneGila e.g. G. crassicauda (see Miller, 1963b) but is . *

followed by a horizentally expanded ‘fifth suborbital. 2
sixth suborbital is absent or present in Gila. Expanded
posterior suborbital beones are also characteristic of such

western N. American genera as Algansea and Xystrosus.
— - e —
The hyomandibular bone has a weakly developed posterior -

Yo -V .
flange which dorsally curves anteriorly or antero-dorsally

in Tribolodon and some Gila bicolor bu; not all Glla species

(Figure 77). This structure may be re atec‘*Q\fhe strong
lateral ridge tvpical of the western genus Dpvchocbellus.

\
The cephalic lateral line canal on th preopegcle goes : \\

to the dorsal tip but the @percle is not 7erforated in either ////
. / '

Tribolodon qQr Gila. Mlvacl, Kawanabe ané Mizuno (1963)

b
illustrate 7. taczanowskii with tne o*eooe*culomandlbilar and

infraorbital canals connected but whether this invoives

perforation of the operculum is-not‘cleag. ' .
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Some Tribolodon individuals have a posterior meso-.

-

.ventral process on the autopalatine in addition to the Id—.

' dorsal one. This 'is also seen in Gila atraria. (Flgure 77)

The corononeckellan bone of Tribolodon is large and
dorsally pointed'in some £Ish-and projects dorsally higher
than the aﬁgular behind the ascending orocesé of the dentary.
(Figure 77 ’&hls is not seen in Gily where the low rounded

=== '
ang\}gr ‘is highest. . '

Lhe Darasnhen01q bears a dorsal ridge which ketween the
wings forms a dorsal spike in Tribolgdon and Gila.

A lgteral preethm@id ossification is absent in Tribolodon

».
but may be present in some Gila, eg. G. bicolor.

The lateral ethmoid of Tribolodeon has a strong posterior

and lateral process ventral to the frontal ané corbitosphenoid

(Figﬁfe 75 ). Large Gila bicolor and small G. alvordensis
""’ .

have a similar structure but it is not as well developed as

, ~that of Tribolodon. 4 : .
- The supfaethmoid is dorsally convex in Tribolodon but
o concave in Gila. N “
i - The lateral ed&es of the ethmoid do not meet in Tribolodon

ané most Gila (Uveno, 1961) although the distance may vary some-

what in the latter genus.

d t. - . - . - .
The pterosphenoids meet in the ventral mid-line in
Tribolodon and some Gila e.g. G. atraria, G. bicoicx, G.
caerulea, G. robusta and yvariably in certain other species

(Uveno, 1961)% - _ =t

o/
r
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A large opisthotic and a large posterior process on
the exoccipital is preseﬂt in Tribolodon and is matched by
large G. bicoldr but not smaller species.
The.sup:atemporal - intertemporal does not xeach the
frontal anteriorly in Tribolodon but does in Gila (Uveno, 1961)
In Triboiodon the supraorbital head canal terminates
at the anéero—lateral corner of the parietal and curves laterally.
Mivadi, Kawanabe .and Mizuno (1965) figure Tribolodon where

the supraorbital canal extends to the supratemporal canal.

The extent of the canal in Gila species is variable. It may

terminate on the frontal, eg. G. alvordensis or on the posterior

part of the parieta2l, eg. G. robusta.

L)

The masticatory platte of the basioccipital lacks an

anteriorly directed process over the aortic canal in Tribolodon
but G. biceolor and rarely G. mohavensis have one. : ;

The pharyngeal arch of Tribolodon is characterisedé by a
short anterior arm, a well developed sharp anterior angle, a
weak posterior angle and hooked teeth. These characters are
alsc found in certain Gila species-while others have longer

anterior arms and weak and rounded anterior angles in different

combinations. e

The intercalaria cf Tribolodon are generally triangular while

in Gila shape ranges from a "¥Y" to triangular. The fourth neural L

spine slopes posteriorly in Tribolodon and either anteriorly or
posteriorly in Gila species. The second rib is about twice as

long as the first in both Tribolo&on and Gila.
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Character analyses for Nearctic—PalaéﬁEefic cyprinids.

The relationship of the Palaeérctic cyprinids examined
to the Nearctic genera was assessed using Hennig's coeffi-
cients. Seven additional characters were uséd,ané'these are
briefly analyzed below. Character states for Palaearcpic
genera are given in Table 12. Characters 29 to 35 were all
stéte O (primitive) for Nearctic genera except where indicated

in Table 12.

Character 29 - Naked ventral keel

A naked ventral keel extending from the pelvic fin origin
to the anus is regarded as a derived condition (state 100) for.
LS

Nearctic and Palaearctic cyprinids (criteria 1, 4, 8).
Character 30 - Perforated operculum

The antero-dorsal corner of the operculum may be perforated
for the preoperculamandibular canal. This condition is derived

(criteria 1, 4, 8)

» -
Character 31 - BAnal rav counts i

Anal ray counts have been assessed previously (character

13) but wide ranging counts were omitted from this assessment
which was based on strong modes. W%de ranging counts may be
analysed thus:=

State 0 - Strong modal count (7,8:9,10,12)

State 33 - Range 10-19“
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TABLE 12

.

Character states of Palaearctic gemera

Character -

Genus 1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 15 16 77 18
o

Pitexdnusd 999 0 s 0 0 100 @ 999 100 50 50 0t Q 0 40 999 99% 998

Abramis 999 Q o} ¢ 0100 100 2% 100 0 @ SO0 999 33 100 999 999 999
AlLbuzrcdded 999 0 0 0 0 100 a 75 0 0 0 50 999 33 60 999 999 999
Albusnus . 499 0 0 o] Q }00 ¢ 25 100 0 0 S0 999 33 60 999 99¢ 999
Blicca 999 0 0 ¢ ¢ lco 0 50 100 o c S0 999 33 4b 969 999 998
Vimba 999 ¢ Q 0 0 100 100 0 o0 0 o s0 999 33 80 ;99 ag99 999
Taibotoden 990 0 0 0 0 100 c Q Q 0 0 0 50 0 100 999 989 999

-

Character

" Genus 39 20 21 22 23 24 15 26 27 28 294 30° 31+ 3z+ 33 34° 357
Phoxarus 999 a100 60 © o ¢ o 0o 0 0 0 ¢ o o 0 Loo
Abxamis 999 67 25 6c 100 ¢ O O o o 100 100 oo 100 0¢ O €
Albusreddes ggg 7 O 10 0o © € 0 o o0 g0l00 31 © o0 o0 @
ALburrnus 599 67 o0 lgo 100 0o © O o o0 100 oo 33100 ¢ 92 @
Bficea g9 67 0 60 100, B o 0 O 0 100 100 67 160.100 0@ 0
Vamba 9995 100 0 60 lpO‘ o o 0 o 9 100 100 67 100 100 0 O
Trabeloden 599 g7 S0 40 ¢ o 0o O c o o o ©o 0 0100 )

Character state 100 fex Notemigonud

=
* " - 33 for Notcmiconus and Richardsenius
* - - 100 for Lavinia
- " = 100 for Chrosomss | ¥
t
nyeeey
S .
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State 67 - Range intermediate between 10-19 and 20-29

, State 100 - Range > 30.

Inér ing"'numbers{of anal rays are derived (criteria 1,4,7,8).
rﬂ\. “ '
3 Y
B Charaéﬁ§£132 - Scale type
/ -

) 1
£ . . . .
Scales may bear num?rous fine concentric circuli around

a central focus and are iarge to moderate. This condition is

derived (criteria 1,7,8).
€ “ Character 33 - gﬁpracleithrum tube
| The supracleithrum may carry a large, ventrally open -
lateral tube (not the sensorv canal). This is derived and
an intermediate condition where its presence is variable was

scored as 50 (ciﬁteria-l,4,7,8). ~

Character 34 - Connection of head canals
The preoperculomandibular and infraorbkital head canals
may be connected over the antero-dorsal corner of the operculum
rather than through the operculum. This is a derived con-

dition (criteria 1,4,8) (see Gosline, 1974).
Character 35 - Breast tuberculation

Tuberculation immediately behiné the operculum on the
breast in continuous rows is séored as a derived condition.
It 1s discussed abové in this section ©of the thesis (criteria
1,4,8). v

The highest Hennig's coefficients for Palaearctic with

Nearctic genera are given below:-

|

4



Phoxinus
Abramis

Alburnoides

Alburnus
Blicca
Vinba
Tribolodon
Tribolodon
Triboleodon
Tribolodon

Tribolodon

The congeneric status of Chrosomus and Phoxinus is

indisputable.

in some species while the majority of other characters are

the same in
as a shared
mised these

since these

Notemigonus shows evident affinities with the Abramidini,

with Chrosomus
with Notemigonus
with Notemigonus
with Notemigonus
with Notemigonus
with Notemigonus
with Mvlopharodon
with Acrocheilus
" with Myvlocheilus
. with Ptychocheilus
with Gila
DISCUSSION

0.556

0.389

0.467

0.471

0.375
0.500
0.455
0;444
0.400

0.273

Differences are limited to trophic characters

369

both genera. Breast tuberculation can be regarded

derived character.
genera and as first reviser selected Phoxinus

names have identical dates.

particularly AlbuXhus and Alburnoides. There are however
differences in meristic characters, tuberculation and some
osteological features which warrant retention of Notemigonis
as a separate genus; The Eurasian genera have doubtless Q?L.‘

evolved sincé Notemigonus or a Notemigonus-like ancestoxr split

Banarescu (l1964) has synony-.

-
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-~

off and this can account for £he observed differences. A more
detailed and widespread examination of Leuciscinae genera |
would provide useful information on primitive and derived
states of characters in this subfamily and facilitate deter-
mination of generic relationships in Eurasian and Np;;h
American members of this taxon.

The purported relationéhip of Gila and Tribolodon is
not confirmed. On the basis of the characters examined
Tribolodon is closer to other large western American genera

such as Mylopharodon, Acrocheilus, Myvlocheilus and Ptvchocheilus.

Further studies should be undertaken in an attempt to establish
unequivocal apomorphic characters that would show whether or

not these genera are related.

3




Figure 66.
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Diagrams of gut patterns in some cyprinid fishes

(ventral view, anterior at top of page):-

A= Chrosomus neogaeus, Phoxinus spp., Moroco

steindachneri, some Tribolodon hakonensis (Tvpe 1

gut pattern of Kafuku, 1958); B- some Tribolodon
hakohensis (Tvpe 2 of Kafuku, 1958);:; C and D-

commen patterns in Chrosomus eos; E, F and G-

developmental series of patterns for Notemigonus

crvsoleucas (partly after unpublished 'studies by

F. P. Snelson).-.
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Figure 67. Anterior views of first anal proximal ptervgio-
phores of:-

A- Abramis ballerus

B- A. brama

C- A. sapa

D- Alburncides bipunctatus

E- Alburnus alburnus

F- Blicca bjoerkna:

G- Vimba wvimba

Scales{ 1l mm.
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Lateral wviews of supracleithra of:-
A- Abramisjballerus (zight supracleithrum).-
B- A. brama (right).. |

C-'El_sana (left). . L \fw
D- Alburnoideés bipundtatus (left). i -
E- Alburnus :alburnus (left) .-
F- Vimba vimba (right). . -
. . ~ k-

G-.Blicca bjoerkna {left).
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Figure 69.

L

~

Mesigl view of left pectoral girdle of Abramis

ballerus; fin rays .removed and pect?;iiﬁ;adiéls
slightly detached. '

Scale: 0.5 cm; ,//( ’

¢c¢c: coraceoid, cl:c;eifhrum, gf: glenoid fossa,

»
) - 3 v
mc: mesocoracoid, pcl: postcleithrum, DT, fourth

pectoral radial.
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Figuré 70. Mgsial viezf of left
“

brama (above) and A. sapa (below); fin rays %

pectoral girdles of Abramis

removed and:pectoral radials slightly detached..

Scale: 1 cm.

¢
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Figure 71.

detached. /

b

Mesial views of left pectoral girdles of Bliceca

bjoerkna (above) and Alburnus alburnus (below);

£in ravs removed and pectoral radials slightly

- < .~

Scales: 1 mm. and 0.5 cm. respectively.
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Figure-72.
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Mesial views of left pectoral girdles’ of Vimba

vimba (above) and Alburnoides bipunctatus (below) ;

fin rays removed and pectoral radials slightly

3detacﬁed.

Scaies: 0.5 cm.
}
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Figure 73.
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Lateral views of leff Zower jaws of A- Alburncides
; el

bipunctatus, B—-3JBurnus alburnus and“- Blicca
bjoerkna. ) }

" Scale: 0.5 cm.

a: angular, d: dentary, ra:retroarticular.
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rigere 74. Lateral views of left lower jaws of A- Abramis
Y ballerus, B- A. brama and C- A. sapa
< : —_— - ==
écale: 0,5 cm.
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Figufe 75.
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A- Lateral view of left lower jaw of Vimba vinmba,

<'§;~Ventral view of lateral ethmeid and assdciated

‘bones of Tribolodon hakonensis.

Scales: 1 mm.

£: froptal, le: lateral ethmoid, os: orbitosphenoid,

sp: supraorbital. - >

-
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Figure 76. Suborbital bones of Triboloden hakonensis.

Scale: 1 cm.

SO first to fifth suborbitals.

1-5°







Figure 77.
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A- Lateral view of left hyomandibular, B- -
Mesial view of right autopalatine, and C- Mesial

view of left lower jaw of Tribolodon hakonensis.

Scale: 0.5 cm., 1 mm., and 0.5 cm. respectively.
a: angular, cm: coronomeckelian, d: dentary,

ra: retroarticular.
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Suggestions for future studies ~

“

Papers by Evans (1952) and Davis and Miller (1967) have |
shown that brain patterns differ between speciéé but that
these differences are ‘intimately related to functional spe- ]
cialisations such that convergence and—divergence are extre-

_
mely difficult to ascertain. Nevertheless, Reno>(1969b) has

pointed out that in conjunction with other characters brain
pattern may be of use in elucidating relationships, if not‘
in general, at least in certain specific cases. Other de-
tailed studies on various organs and éystems might yiéld use-
ful data, e.g. on the muscular, nervoﬁs and blood systems,

on soft body parts like the intestineé and gas bladder, and
histological studies on the barbels to establish similarities
énd differences in the various gener;. Osteoclogical charac-
ters might pro&e useful even though many show variation at the
species level if sufficiently large series of adult speci-
mens are examinéa sg that tfends could be adequaﬁely s&mma-
fised. The work of Menzel (1970) and Rainboth and Whitt (1974)
indicate that pertinent- information can be obtained from bio-
chemical investigations. Such_studies might usefully be con-
centrated on certain probklem areas such as the relationships
of and in Evbopsit s.}. Gusev and Luk'vantseva (1971) pre-

sent some limited compariscns of monogenean parasites form

Eurasian and North American cyprinids¢and cemment on the

A
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.relationships of the fishes as revealed by theixr parasites.

‘Chen (1971) has‘gtudied the monogenean parasites of Nocomis

and co#sidefs that phyloé;ny and speciation of this cyprinid
genus can Ee traced on this basis. Much work remaing to be done
én parasite systematics before it can be of general use in
relating hosts. It méyﬁprove posSsible to obtain apomorphiq
.characters to relate Faxa from a study of the eggs, embryos

and larvae of cvprinids (see Ivankov and Kurdayeva, 1973;

Balon, 1973).

)

4
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o APPENDIX 1

List of Specimens

The material examined is listed on the following pages

in alphabetical order. A catalogue number, number of spe-

cimens, range in standard length (mm) and capture data are

given with an indication of which study thev were used in

{OA = Osteology alizarin preparation; OX = Osteology X-rav

-

plate;

= Scale study:; T = Tubercle studv). All specimens

were utilised in the character analysis.

Uncatalogued material marked Pers. Coll. (perscnal col-

lection) has been deposited at the Naticnal Museum of Natural

Sciences, Ottawa and certain registered material received as

gifts or in exchange is included.

Abbreviations for cataloguéd materizal

AMNH -
BC

BM (NH)
Cas

KU

NLU
NMC
ROM

5CB

SU

UAMZ

American.Muséum of Natural History

University of British Columbia Institute of Fisheries

British Museum (Natural History)

California Academy of Sciences e
University of Kansas Museum of Natural History ‘
Collection of Vertebrates, Northeast Louisiana University
National Museum of Natural Sciences, Ottawa

ﬁoyal Ontario Museum, Toronto

Collection of S. Contreras - Balderas, Universidad
4 .
de Nuevo Leon, Monterrey, Mexico

Stanford University (now in California Academy of
Sciences) '

-

University of Alberta Museum of Zoology
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UM University of Minnesota

UMMZ University of Michigan Museum of Zoology

USNM National Museum of Natural History, Washington'

WRU _ Wesﬁern Kentucky University

WSU _ Wisconsin State University Museum of Natural History
ZIAS Zoological Institute Academy of Sciences, Leningrad

North American Cvprinidae

Acrocheilus élutécéus_ BC 54-22 (4 specimens, 118-133 mm. S.L.,

0X) British Columbia, Okanagan River side channel between

Vaseaus Lake and Oséypos'Lake (49007'N, 119°32'W), June 1551.
BC 72-83 (1 specimen, §4 mm S.L., OX) British Columbia, N.W.
Skaha Lake (49027'N,ll9°35'W),22 November 1971. Pers. Coll.
(8 specimens, 82-108 mm S.L., OA(5), S§), Oregon, Sherman Co.

Deshutes River at Bakeoven Creek, 17 September 1952.

Agosia éhrysogaster AMNHE 27250 (10 specimens, 44-61 mm S.L.,

OA(S),OX, s), ‘Arizona, Cochise Co., San Pedro River on State
Highway 92‘south of Bisbee, 20 April 1950. UMMZ 162668 (5
specimens, 64~67 mm S.L., OA(3), OX, S), Arizona, Santa Cruz
Co., Peck Canyon area % mile above Kaﬁg-Ranch, 18 April 1850.
SU 16140 (10 specimens, 25-60 mm S.L., OX), México, Sonora,
Sonovta River, Sonoyta, pocls and rapids above and below ford,

25 March 1948.

Algansea monticola UMMZ 192266 (20 specimens, 24-54 mm S.L.,

OA(4), OX, S). México, Zacatecas, Rio Juchipila 2 1 mile N.E.

Jalpa at hwy. 70 crossing, 30 April 1969.

R

I

-
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Algansea tincella UMMZ 179754 (20 specimens, 25-69 mm S.L.,

OA(4), OX, S), M&xico, Jalisco, Ric Ancho, ca. 5 miles W. of
~ . ) '

Yahualica, on road to Teicaltiche '(hwy 80 alternate}, 15 March:

1961

Campostoma anomalum Pers. Coll. (4 specimens, 32-37"mm S.L.,

OA(2), Sf, Texas, Blanco River at Interstate Highway 35

2 miles N. of San MArcos, 19 June 1973. Pe:s.-Coll. (3 spe-
cimens, 37-64 mﬁ S.L., OA(2), §8), Texas, Comal Cé., Guédalupe
River immediafely_be;ow Canyon Lake dam, 17 June 1873.

NMC 70-395 (3 specimens; 43-55 mm S.L., OX), Texas, Val

Verde Co., Devil's River at entrance to Amistad Reservoir,

25 April 1969S.

Chrosomus eos Pers. Coll. (UM 64-006) (3 specimens, 43-50 mm

S.L., OA(B), s)., " Minnesota, Hubbard and Clearwater Co.,
Mississipi River at source just below outlet from Lake

Itasca, 22 June 1964. Pers. Coll. (9 specimens, 42-52 mm S.L.,
oa(2), S, T), Québec, Joliette Co., Parc Joliette, Lac Simard,
14 July 1972. NMC 68-2062 (4 specimens, 48-50 mm S.L., CGA(2)),

Alberta, Peace River area, Simonette River 5 miies south of

oy
Goodwin, 2 July 1968. Pers. Coll. (UAMZ 2146) (2 specimens, ‘

42-47 mm S.L., OA(2), S), Alberta, Wood Buffalo National :
Park, Rainbow Lake, 26 June 1970. NMC 6§2-201 (2 specimens,

40-45 mm S.L., OA(4), S), Nova Scotia, Kings Co., Colébrook,

ponds along Cornwallis River, 16 September 1561. Pers. Coll.

(1 specimen, 4% mm S.L., OA , S}, Québec, Gatineau Park,

Ramsay Lake, 18 August 1972. NMC 61-209 (5 specimens, 40-53 mm
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S.L., 0X), Ontario, Frontenéé Co:, Mosgue Lake Lodge, S.

end of Mosque Lake, 20 August 1961.'.NMC 68-2066 (10 speci-
mens, BS-SO'ﬁ-S.i.; OX), Alberta, Economy Creek, 12 miles S:
" and % mile W. of Goodwin, 3 July 1968. ﬁmc'sv-szz (2 specimens,
48~52 mm S.L., OA(2)), Montana, Milk River, below.

'Fresno Reservoir ‘'spillway, 10 June 1967. Pers. Coll. (4 spe~
cimens, 42-44 mm S.L., Oé(d)), Ontafio, White Léke pond near

Perth. ’

Chrosomus €rvthrogaster Pers. Coll. (UM68-005) (336 specimens,

50-60 mm S.L., OA(S), S.T.), Minnesota, Dodge Co., North

Branch .Zumbro River middle fork, 25 May 1968.

Chrosomus neogaeus Pers. Cell. {2 specimens, 73-77 mm S.L.,

OA(2), S), Minnesota, Hubbard and Clearwater Co., tributary

to Mississippi River in Itasca State Park, August 1972.

NMC 64-602 (2 specimens, 55-56 mm S.L., O&A(2), S), Manitoba,

Whiteshell Provincial Park, Rennie River, Rennie, 4 August

1964. Pers. Coll. (UAMZ 2150) (2 specimens, both 54 mm S5.L..

OA(2}, S8), Northwest Térritories, Wood Buffalo Naéional Park,

Sass River, 28 June 1970. Pers. Coll. {4 specimens, 77-81 mm |
S.L., OA(2), S8), Minnesota, Hubbard and'Clearwater Co., . ‘
%aSalle Creek, 20 August 1972. NMC 60-420 (2 specimens, 60-72
mm S.L., O&(2), S), Ontario, Carleton Co., 6% milesbLW.Burrittb
.Rapids, 26 miles SE.Ottawa, 23 May, 1960. Pexs. Coll.‘k4'spe-
cimens, 48-50 mm S.L., OA(4), S), Québec, Gatineau Park, Eolly
Lake, 18 August, 1972. NMC 64-45 (8 specimens, 55-71 mm S.L.,

0X), Ontario, Thunder Bay Co., Jeff Lake, Lvbster Turp., approx.
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" 32 miles S.w.of Arthur, 12 May 1951. NMC 64-601 (6 specimens

61-69 mm S.L., OX), Manitoba, Phe Iily Pond,- 1 mile W. of

Caddy Lake,Whiteshell Provincial Park, 22 July 1964.

Chrosomus oreas Pers. Coll. (5 specimens, 48-55 mm S.L.,

"0OA(4), S), Virginia Montgomery Co., Roanoke River % mile S.

of Shawville and U.S. Route 11, 1.4 miles S.W. of Salem,

9 miles N.E. of Christianburg, 18 July 1955. hoe

Clinostomus elongatus ™ ROM 22517 (5'specimens, 58~65 mm

S.L., T), Ontario, ¥York Co., Highland Creek, 1954. ROM

24663 (1 specimen, 70 mm S.L., T), Ontario, Lincoln Co.,

‘Twelve Mile Creek, Summer 1958.

Cliﬁbstomus'fundulbides Pers. Coll. (8 specimens, 55-72 mm

S.L., OA(2), §,T.}, Maryland, Allegany Co., North Branch
Jennings Run, June 1970. ROM 23105 ( 4 specimens, €7-77 mm S.L.,
T), North Carolina, Burke Cc., Upper Steele Creek, Daniel Boone

wildlife Management Area, 6 September, 1962.

Couesius plumbeus NMC- 66-79 (12 specimens, 60-83 mm S.L.,

OA (2}, S), British Columbia, Movie Lake, 10 August, 1965. :
. A . T "
NMC 59-292 (10 specimens, 60-88 mm S.L., OA(2), S), Nova Scotia Q‘

bictou Co., Cariboo River at Hwy 6 bridge . about 8 miles . W. of
Pictou, 19 Juiy, 1959. NMC 68-2070 ( 4 specimens, 56-69 mm S.L.,
OA (4)), Alpérta, Peice River area, 4 July, 1968. INMC 66-390
klO specimens, 66—69 mm S.L., S), Alberta; Milk River, Sage C;egk

10.5 miles N.and 1% miles W.of Wild Horse, 28 July, 1966.
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NMC 70-198 (10 specimens; 60-69 mm S.L., S), Saskatchewan,
Wood River 8 miles N.and 2 miles E;of Gravelburg, 10 July,
1970. NMC 73-202 (2 specimens, 111-144 mm S.L., §), N.W.T.,
Creek pool 2 miles S of Norman.Wells (east side of Mackenzie
River), 24 August, 1972, Pérs. Coll. (2 specimens, 80-122
mm S§.L., OA(2)), Ontario, Lake Superior, Pukaskwa National
Park, Bonamie Cove and Simon Harbour, 24-25 September, 1972.
Pers. Coll. (1l specimens, 60-81 mm S.L., QA (2), T), Quebec,

Parc Joliette, Ruisseau Girondin, 11 July, 1972.

Dionda episcopa

NMC 70-382 (14 specimens, 37-63 mm S.L., OA(3), S), Texas,
Reaves Co., irrigation ditches from San Solcomon Springs near
Tovahvale, 24 January, 1970.  Pers. Coll. (3 specimens, 64-
81 mm S.L., OA{2), S, T), Texas, San Marcos River above Loop
82 in San Marcos, 19 June, 1973). ©Pers. Ccll. (5 specimens,
57-75 mm S.L., OA(3), S), Texas, San Marcos River below

Chaetum St. Bridge, 19 June, 1873.

Eremichthyvs acros

AMNH 27236 (10 specimens, 34-49 mm S.L., 0X, S5), Nevada,

i |

Humbeoldt Co., spring fed reserv-oirs above Soldier Meadows ‘
Ranch, 21 August, 1965. UMMZ 186515 ( 5 specimens, 46-54 mm

§.L., OA(S) 0X, 8}, Nevada, Humboldt Co., spring fed reserxvoirs

above Soldier Meadows Ranch circa 3 mile above ranch house,

21 August, 1965. Pers. Coll. (8 specimens, 46-53 mm 5.5L:,

OA(5), S), No data, 24 September, 1973.
s

Ericymba puccaka
'\’ .
pers. Coll. (20 specimens, 38-49 mm 5.L., OA(6), S), Kentucky,

Spencer Co., Péum Creek below Highway 44 bridge, 10 November, 1967.

L
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Pers. Coll. (10 specimens, 47-60 mm S.L., OA(2), S), Illinois,
Vermilion Co., East Branch 5 miles E.S.E. Rossville, 26

August, 1970.

Exoglossum maxillingua

NMC 64-455 (1 specimen, 57 mm S.L., Oa, §), Pennsylvanig,
southern tributary to Bermudian Creek, 18 miles S. of
Harrisburg, 27 August, 1964. NMC 71-249 ( 1 specimeﬁ, 31 mm
S.L., OA, 8), Québec, Beauce Co., Riviére Chaud%gﬁg, Vallé&e
Jouction,‘région de Beauce, 13 August, 1949. PeésT qul. (2
specimens, 55-103 mm S$.L., OA(2), 8), Pennsylvania, Condooguimet
Creek, S?squehanna drainage. Pers. Coll ( 8 specimens, 47-

90 mm S.L., S), Québec, St. Maurice Co., Grande Riviére
Yamachiche at Yamachiche, 13 July, 1972. Pers. Coll. ('8
specimens, 45-80 mm S.L., S}, Québec, St. Maurice Co., Grande

Riviére Yamachiche at Saint Etienne des Grés, 27 July, 1972.

Gila alvordensis

Pers. Coll. ( 6 specimens, 37-53 mm S.L., O&(2), 8), O&egon,
Pueblo Slough 71 miles N. Denio, 24 August, 1965. Pers. Coll.
(15 specimens, 31-75 mm S$.L., 0OX, S§), Oregon, Harney Co.,

Borax Lake, 24 September, 1972. Pers. Coll. ( 5 specimens,

49-57 mm S.L., OX, §), Oregon, spring on Waldkirsh Ranch near

Fields, 24 July, 1972.

Gila atraria

Ders. Coll. (UMMZ 14137) (6 specimens, 41-79 mm S.L., OA(2),
S), Utah, Millard Co., spring on Salt Flat, S.of old Salt Works,

Snake Valley, 13 June, 1942.



428

Gila bicolor

Pers. Coll. (UMMZ 124883) (6 specimens, 52-109 mm S.L., OA
(2),s),Nevada, Reese River 10 miles S.W. of austin, 4 |
August, 1938. Pers. Coll. ( § specimens, 104-232 mm S.L.,
OA(2), S), Nevada, Pyramid Lake off Sutcliffe and Nine-

Mile Canyon, 28 April, 1972.

Gila orcutti .- 'y

Pers. Coll. ( 6 specimens, 39-55 mm S.L., 03(2), 8), California,
Los Angeles Co., Santa Clara River at Soledad Sulphur Spring
(abandoned}, Soledad Canvon 7 miles by road above U.S. 6

crossing, 9 November, 1948.

Gila robusta

Pers. Coll. (UMMZ 162773) ( 6 specimens, 53-103 mm S.L., OA(2)),
Arizona, Gila Co., Carrizo Creek 66 miles N.E. of Giobe, 18

May, 1950.

Hemitremia flammea

WKU 714 ( 1 specimen, 40 mm S$.L., OX), Tennessee, Pine Creek

at Highway 56 Bridge 3 miles S. of Smithville and Center Hill
Reservoir, 16 Rugust, 1971. WKU 981 ( 1 specimen, 22 mm S.L.,

0X), Tennesee, Pine Creek 6 miles down from Hzghway 56, i
11/5/1971. WKU 993 ( 1 specimen, 42 mm S.L., OX), Tennessee,

Pine Creek at Highway 56 Bridge, 11/6/1971. WKU 1026

(4 specimens, 34-44 mm S.L., 0X), Tennessee, Coney Creek

drainage, Sink Creek 1 mile down from Highway 56 Bridge,

11/6/1971. Pers. Coll. ( 5 specimens, 35-41 mm S5.L.,
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OA(2), 8), Tennessee, Coffee Co., creek 4 miles N. Manchestér,

29 April, 1967.

Hesperoleucus symmetricus

Pers. Coll. ( 5 specimens, 50-65 mm S.L., OA(2), S), Cali\ S\
fornia, Mendocino Co., Russian River, August, 1973. Pers.
Coll. (10 specimens, S?-GQ\TfLF.F.J_OA{Sx, S}, California,
Navarro River, August, 1973. IIMMZ 186623 ( 5 specimens,’
57-76 mm S.L., OA(5), OX, S), California, Colusa Co., Bear
Creek at Highwéy 20, 34 miies E. 0of Ceclusa-Lake Co. Line
junction California 16, 15 miles S.W. Williams, 29 June, 1967.
CAS 28770 { 9 specimens, 37—9%f;ﬁ S.L., 0A(4), 0X, 8), Ca-

lifornia, Santa Cruz Co., $San Lorenzo-River.

Hvbognathus hankinsoni

NMC 73-125 (6 specimens, 54-63 mm S.L., OX), Qubec, Gatineau
Co., Black Lake in Gatineau Park, 17 July, 1%71. Pers. Coll.
{ 5 specimens, 50-62 mm S$.L., OA(S5), 8), Québec, Gatineau

Park, Eclly Lake, 18 August, 1972.

Hvbognathus havi

Pers. Coll. (2 specimens, 44-46 mm S.L., 0A(l), S), Kentucky,

Ballard Co., Prairie Lake 3 miles W. Gum Corners, 30 August,

1970.

HEvbognathus nuchalis
Pers. Coll. (3 3pecimens, 56-64 mm S.L., OA(3), S), Ontario,

Ottawa River at Ottawa, July-August, 1972.
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Pers. Coll. (2 specimens, 52-79 mm S.L., OA(2), S), Ontario,

-Kettle Island, Ottawa Rngr at Qttawa, 7 June, 1972. Pers:.

Coll. (é specimens, 69;78 mm S.L., CA(2)}, S),-Quebec, Rou~

ville Co., Rividre Yamaska at Saint=bésaire, 23 July, 1969.

Hvbognathus placitus

Pers. Coll. (5 Specimens, 69-82 mm S.L., OA(4), S), Missouri,

Mexrcer Co., Weldon Fork, Grand River 3§ miles N. Princeton, ~

22-23 QOctober, 1950.

. Hybopsis (Extrarius) aestivalis S

Pers. Coll. (KU 8542) (12 specimens, 45-60 mm S.L., OA(S), S),

Kansas, Sedgewick Co., north fork Ninnescah River on U.S.

_'Route 54 Sec. 33, T27S, R4W, 22 July, 1964. Pers. Coll. (6

specimens, 31-34 mm S.L., OA(2), S), Missouri, Pemiscot CO.,
drainage ditch at Highway crossing "EE" 2 miles each of Peach
Orchard, T20N, R11E, S17, 2 September, 1970. Pers. Coll.
(NLU 19757} (20 specimens, 41-50 mm S.L., S), Mississippi,
Simpson Co., Strong River, Mississippi Highway 28, 2 miles

-

W. of Pinola, 11 June, 1971. Pers. Ceoli. (10 specimens,.32-

45 mm S.L., OA(2), S), Indiana, Gibson Co,, Wabash River ' ‘

opposite Rochester (Illinois), 5 November, 1964.

Hvbopsis (Yuriria) alta ;

UMMZ 178328 (20 specimens, 17-56 mm S.L., OA(4), OX, S), México,
Jalisco, Rio Verde near mouth in Rio Grande de Santiago (1
mile below Juntos Hvdro-electric plant in Barranca, 18 miles E.

of Guadalajara, 2 March, 1957. SCB-89 (5 specimens, 80-103

mm S.L.), México, Jalisco, Lago de Chapala, E. Chapala.

PN
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Hvbopsis (Hvbopsis) amblops

v

AMMH 8878 ( 5 specimens, 37-44 mm S.L., OA(5), 0OX, S},
Illinois, Charleston, Kickapoo Creék, 20 May,1905. WKU 107

(2 specimens, 46-4% mm S.L., OX), Kentucky, Allen Co.

Trammel Creek at Old State Road Bridge, 14 February, 1970.
Pers. Coll. ( 8 specimens, 40-43 mm S.L., OA(2), 8), Missouri,
Médison Co., St. Francis River at crossing Highway “C", T31N,
RSE, S1l, 2 September, 1970. Pers. Coll. (6 specim&ns, 33-

61l mm S.L., OA@Z}, S}, Virginia, Scott Co., Tennessee drainage,
Copper Creek-circa 1l mile above mouth, 12 November, 1972.
Pers. Coll. (NLU 20075) (20 specimens, 4é-61 mm S.L., CA(2),
S)., Arkansas:‘lndependence Co.,, White River below lock and

dam no. 3 approx. 15 miles N.W. of Batesville, 20 Auygust, 1971.

Hvbopsis (Oregonichthvs) crameri

Pers. Coll. ( 8 specimens, 41-44 mm S.L., OA(4), OX, 8),

Cregon, Douglas Co., Cow Creek 1 mile below Polan Creek, 7

August, 1870. ' ~

Hvbopsis (Erimvstax) dissimilis

WKU 486 ( 1 specimen, 70 mm S.L., OX), Kentucky, Simpson Co.,

Drakes Creek at 1711 Bridge,6 July,1870. KU 502 ( 1 specimen,

66 mm S.L., OX), Kentucky, Simpson Co., Drakes Creek 1z miles N.

of Highway 100 at ford, 6 July, 1970. Pers. Coll. (USNM 206478)
5 specimens, 68-86 mm S.L., OA(3), S), Kentucky, Monroe Co.,
Sait Lick Creek, 3/4 mile S. and 1 mile E. Akersville, 29
October, 1955. Pers. Coll. (6 specimens, 82-84 mm S.L., QA {3},

S), Virginia, Washington Co., Tennessee drainage, North Fork

A
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Holston Rivér off -Route 802, 0.3 air miles S$.W. Roebuck at
Hines'Island} 29 August,'lé?B. Pers. Coll. (3 specimens,
65-89 mm S.L., OA(2), S8), Missouri, Barry Co., White River

between Shell Knob and Viola, 2-10 September, 1948.

Hvbopsis fMacr@yboPEis) gelida

Pers. Coll. (KU 2171) ( 4 specimens, 24-36 mm S.L., .0A(3), S),
Kansas, Douglas Cc., Kansas River beléw Dam, at Lawrence , 5‘__
"April, 1952. ﬁers. Coll. (KU‘4{SS) ( 4 specimens, 20-42 mm S.L.,

S), Kansas, Douglas Cd., Kansas River at Eudora, 14 March, 1959. o

. Pers. Coll. (KU 4654) (1 specimen, 59 mm S.L., S), Kansas,

Douglas Co., Kansas River below Dam at Lawrence, 18 April, 18585.

Hvbopsis (Erimvstax) harperi

WKU 597 (10 specimens, 46-54 mm S.L., OX), Louisiana, Bogue

—

Tulaya-Covington, 8 April, 1970.

l'

Hvbopsis (Macrhvbopsis) meeki

Pers. Coll. (KU 9675) (5 specimens, 43-55 mm S.L., OA(4), S),
Missouri, St. Louis Co., Missouri River 9 miles above its

mouth T47N, R7E, 23 September, 1963.

. --q
Hvbopsis (Erimystax) x-punctata L . i

WKU 730 ( 1 specimen, 54 mm S$.L., OX), Kentucky, Middle Fork

;ay 240 Bridge,

Drakes Creek, 1 ﬁile S.E. Massey'Ss Mill and Hici
A "

} Per$. Coli. ( 3 specimens, 55-77 fm, S.L., OA

8/3/1971.

(2), S), Missouri, Maries Co.,.Gasconade River 4% mi s-E.8%.
Vienna, 11 October,.19569. . - L.
- i

3
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Jotichthvs pPhlegethontis
UMMZ 141429 ( 5 specimens, 26-35 mm S.L., OA(5), OX, 8},

Utah, Millard Co.,"The Chimneys", Snake Valley, 12 June, 1943.

Lavinia exilicauda

Pers. Coll. (3 specimens, 81-233 mm S.L., 0a(2), S§), Califor-
nia, Lake Co. Clear Lake, August, 1973. UMMZ 133178 { S

-specimens, 53-60 mm S.L., CA(5), OX, 8§), California, Contra

 Costa Co., Marsh Creek trjibutary to San Joaguin River, 19

February, 1839. (CAS 28760 ( 2 specimens, 1677177 mm S.L.,

ca(2), OX, 8), California, Contra Costa Co., Lake Anza
(Tild?n Regional Park}, 22 August, 1961. -CaS 28771 (§
specimens, 60-83 mm S$.L., OX), Califdrﬁia, Lake Anza, Tilden

Regional Parks, Berkeley Hills, 25 November, 1952.

Lepidomeda mollispinis
- T

UMMZ 141674 (5 specimens, 52-59 mm S.L., OA(5), OX, S}, Utah,

washington Co., Santa Clara River 4% miles by road N.W. of

-
Santa Clara, 29 July, 19%42.

Lepidomeda vittata i

Pers. Coll. (40 specimens, 34-91 mm S.L., OA(3), 0X(20), S),

' -
Nevada, Windsor Dam behind spillway, 19 June, 1970. Pers.

-~

Coll. {1 specimen, 68 mm S.L., O&, OX, S), Arizona, Springer-

ville, Little Colorado River, 8 September, 1966.

Meda fulgida

AMNE 21241 (10 sgéciqgns, 44-47 mm S.L., OX, S), New Mexico,
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Grant Cd??ﬂcilaxgiver at U.S. 260 B;idge,'south of Gila,
4 May, 1950. Uﬂﬁg\lzsoso ( 5 specimens, 46-51 mm S.L.,

oa({5}), OX, S). Arizo%a,‘Yavapai Co., Verde River, 2
1 B .

September, 1938.

Moapa coriacea

UMMZ 177086 ( S épecimens, 45-%0 mm S$.L., OA(3), OX, §),
Nevada, Clark_Co.,'warm ;pring ditches and pools on
Pederson's, Iverson's and Warm Spring's Ranch Resorts,

2 July, 1959..-CAS 22980 ( 4 specimens, 39-60 mm S.L., OX,
S), Nevada, Clark Co., Rupporé Spring, Moapa Gailey,-23
December, 1947. Pers. Coll (il sPecimens,.40-55-mm 5.1L.,
OA(5), OX, $), Nevada, Clark Co., Big Pool, Warm Sprihgs;

8 August, 1948.

Mvlocheilus caurinus

Pérs. Coll (UAMZ 2661) (2 specimens, 912146 mm S.L., OA(2),
S), British Columbia, Mara Lake, July, 1971. NMC 66-70

( 4 specimens, 189-219 mm S.L., OA{2), S), Br&f}sh Columbia,

i
o

Deer Creek, 13 September, 1965. !

Mvlopharodon conocephalus ' . ‘

Pers. Collf'( 6 specimens, 38-111 mm S.L., OA{4), g).,

California, Mendocine -Co~, Russian River, August, 1973.
Pers. Coll. { % specimen, 121 mm S.L., OA:,h§),_California,

Modoc Co., Ash Creek, July, 1973. -

Nocomis asper

I

Pers. Coll. (USNM 204854) (3 specimens, 93-121 mm S.L., OA(2),

4
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S), Oklahoma, Delaware Co., Flint Creek of Arkansas River

-

Drainage, 3.3 miles E. of Highway 33 crossinggof Flint Creek

then 3.1 miles N. on dirt road, 12 June, 1967.

A

Nocomis biguttatus
WKU 485 ( 1 specimen, 65 mm S.L., OX), Kentucky, Simpson

Co., Drakes Creek at-1l711 Bridge, 6 July, 1970. Pers. f\\»

—

Coll. {1 specimen, 101 mm S.L., 0A , S}, Ontario, Laurel .-\5\

Cfeék at University of Waterloo, 24 July, 1972. ‘ B
. PN i T — ™

Nocomis effusus .

- Pers. Coll. (USNM 221444-Fl) (6 specimens, 41-123 mm S.L.,.

‘dA(B), S) ., Kentucky, . Green dr. , October, 1955.

Noécomis leptocephalus
-

=5 .0 _ }
‘Rers. Coll. (USNM 194669) ( 4 specimens, 95-152 mm S.L., OA(3),
,S?T'Virginia, Craig Co., James River dra}nage, Craig .Creek,

Route 616 ford 1.2 air miles N.E. Newcastle, 15 May, 1963.

Nocomis micropogon

WKU 940 (10 specimens, 43-80 mm S.L., OX}, Kentucky, Clay’
Co., Red Bird River, Highway 66 3 miles S. Highway 80, 10
10/5/1571.  pers. Coll. (USNM 177393) ( 4 specimens,
87-147 mm S.L., OA(3), S), Virginia, Rockingham Co., north
£ork Shenandoah -River at Fulkes Run on Route 259, 18 July,
1956. Ders. Coll. (USNM 194689) (1 specimen, 162 mm S.L.,
S), Virginia, Smyth Co.,-North Fork Holston River at Nebo,
Tennessee drainage, 2 July,-1963.
//.
N
)

—

/‘
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Nocomis platvrhynchus

Pers. Coll. (USNM 203916) ( .3 specimens, 130-148 mm S.L.,

-

QOA(2), 8), West Virginia, Raleigg Co., New River 8.2
= .

miles downstream'from Hinton, 1 September, 1966.

_Notemigonus crvsoleucas

" NMC 73-27 ( 2 specimens, 60-54 mm S.L., CA(2), S), Nova -
' Scotia, Queens Co., High Lake, Kejimkujik National Park,

11 July, 1972. NMC 70-380 (1 specimen, 65 mm S.L., OA, 8),

Texdas, Mayvs and ? Cc., San MagCOS‘River downstream

from Hwy 35 to 0lé Tswn, 17 April, 1870. Pers. Coll. (ROM
Acc.1843) (20 specimens, 67-88 mm S.L., CA(2), S), Ontaric,
Nipissing District, Airy Township, Poverty Lake (45° 29! N.;
789 3'W), 23 May, ? . Pers. Coll. (23 specimens, 4§-109 mm .
S.L., OA(4), $), Ontario, Rideau River at Long Island, Méno;'
tick, 25 May, 1972._ Pers. Coll. ( 1 specimen, 45 mm, S.L.,
OA), Ontario, Ottawa River at Ottawa, head of Kettle Island,
% June, 1972.—%ers. Coll. (10 specimens, 18—60-mm S.L., OA
(ZiL Ontario, Ottawa River at Ottawa, Brittania Beach, 8
August, 1972. Pers. €oll. (11 Specimens,.32-64 mm S.L., QA
(i), S), Québec, Gatineau Park, Holiy Lake, 18 August, 1972.
Pers. Coll. ( 7 specimens, 83-130 mm S.L., s) Québec, Ya-
maska Co.; nofth‘branch Riviére S;. Louis, 3 éeptembe:, 1970.
ROM 25433 (10 specimens, 33-42 mm S.L., OA(10)), Québec,
gbeFV{EEéfgg-, Ruisseau Russell, Henryville, December, 1967.

&MC 62-165 (1l specimens, 75-99 mm S.L., OX}, Ontario, Rideau

Ribe: 103 miles"S. of—ﬁﬁgiya, 4-5 August, 1962.

7
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Notropis atherinoides

Pers. Coll. (6 specimens, 70-82 mm S.L., QA(6), S), Qué&bec,
Yamaska Co., Rivi2re St. Louis, braﬂche nord, 3 September,
1970. Pers. Coll. (6 specimens, 5f;69 mm S.L., S§), Ontarie,
Ottawa River at Ottawa, head of Kettlé\;sland, lS.August, |

b

18752..

Notropis atrocaudalis

NMC 70-387 ( 6 specimens, 39-50 mm S.L., OA(2), S), Texas,

Houston Co., Bracken Creek Highway 21, 24 April, 1970.

Notrepis bifrenatus

NMC 66-491 ( 6 specimens, 30-33 mm S.L., OA(2), S), Qusbec,
. S
Chiteauguay, Lac St. Louis, Ile de la Paix, Léry, 24 June,

1965.

Notropis blennius

NMC 58-187 ( 6 specimens, 56-62 mm S5.L., OA(ZL, S), Alberta,

Morrin 65 miles NE of Calgary, lS\September, 1916.

Notropis cornutus

Pers. Coll. (6 specimens, 109-114 mm‘ls.r,., OA(2), 'S), Québec, ¥
Berthier Co., Rivié&re Thérilen, under fbridge 1 mile NW Lac

, l i
Maskinongﬁi¢/§hrs. Coll. (2 specimend, 116-135 mm S.L., S),

Québec, Aoliette Co., Lac Brandon, Pagpc Joliette, June, 1871.

’
i

Notropis hudsonius

A
pers. Coll. (6 specimens, 68-71 mm S-L., OA(2), S), Québec,

vamaska Co., Rivi&re St. David, 3 September, 1970.



Notropis labrosus

Pers. Coll. (4 specimens, 34~-42 mm S$.L., OA(3), §), North .
Carclina, Wilkes Co., Peedee drainage, Roaring Fk., i

miles below junction 3 prongs, 25 July, 1949.

Notropis lutrensis

NMC 70-389 (8 specimens, 38-49 mm S.L., OA(2), S), Texas,
Brazos Co., ca 3 miles W. of Navasota River on Highway 190,

24 April, 1970.

Notropils procne

NMC 64-455 (5 specimens, 29-43 mm $.L., OA(2), S), Penn-
svlvania, York, southern tributary to Bermuda Creek about

18 miles S. of Harrisburg, 28 August, 1964.

Notropis proserpinus

NMC 70-349 ( 6 specimens, 36-44 mm S.L., O0a(2), S), Texas,

e ——
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val Verde Co., Dolon Creek at confluence with Devil's Riveﬁ\J/

26 April, 1969.

Notropis texanus

NMC 70-414 (5 specimens, 45-51 mm S.L., OA(2), S), Texas,
Comal Co., Hueco Springs, W. of New Braunfels on Guadelupe

River, 1969.

Notropis umbratilis

NMC 72-201 ( 6 specimens, 36-43 mm S.L., QA (2}, S), Ontario,
I,ambton Co., Bear Creek, 4 milesN.E.of Petrolia, 13 August,

1972. NMC 72-202 ( 6 specimens, 37-45 mm S.L., 0a(l), S).

Ontaric, Lambton Co., Bear Creek, 33 miles S.W. of Petrolia,
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13 August, 1972,

Notropis venustus

NMC 70-379 (6 specimens, 49-61 mm S.L., OA{(2), S}, Texas,

Guadalupe River, Gonzales, golf course bridge off Highway

183, 5 Maxch, 1970.

Notropis volucellus

NMC 73-488 (6 specimens, 52-63 mm S.L., QA(2),{S), Ontario,
$t. Lawrence River, Thwartwayv Island west central beach,

19 fuly, 1973. Pers. Coll. (6 specimens, 51-53 mm S.L.,

’/ﬁ\aé{Z), S}, Québec, Missisguoi Co., Etang de

owansville,

2 July, 1969. P
\ .

///y//—\\basgpoeodus emiliae

oy

Pers.. Coll. (6 specimens, 34-37 mm S.L., OA{(2), S), Kentucky,

. McCrackeén Co., Metropolis Lake 3 miles N. Grahamville, 10

September, 1968.

Orthodon microlepidotus

AMNH 21048 (6 specimens, 99-128 mm S.L., OX, S), California,
Sacramento Co., Elk Grove, Central-Valleys Hatchery,'August,

1949, AMNH 17698 (1 specimen, 69 mm S.L., OA, S), No data. v
sers. Coll. (10 specimens, 72-90 mm §.L., OA(5), §), Cali- ‘
fornia, Lake Co., Clear Lake, August, 1973. UMMZ 131620

(1 specimen, 128 mm S.L., on, S}, Califorﬁia, Maripcsa Co.,

Miles Creek near Maripo 17 ‘August, 1940. CAS 26285 (1

specimen, 228(mm S.ﬁ-, 0a, OX, 8), Californie, Alameda Co.,
Alameda Cree%} 21 July, 1857. CAS 25695 ( 9 specimens, (\\_-

¢



440

42-62 mm S.L., OX, 8), California, Putah Creek, 27 August,
1950: Pers. Coll. (3 specimehs, 59-106 mm- S.L., S),
Oregon, Sherman Co., Deshutes River at Bakeoven Creek, 17

September, 1952.

Parexoglossum'laurae
UMMZ 180867 (20 specimens, 24-73 mm S.L., CA(4), OX, S),
New York, Chautaugua Co., Goose Creek, tributary of

Chautauqua Lake, 7/8 mile N.E. Ashville, 24 August, 1937.

Phenacobius crassilabrum

Pers. Coll. (4 specimens, 50-81 mm S.L., §), Tennessee,

Unicoi Co., §. Indian Creek (Nolichucky River System).

Phenacobius mirabilis

Pers. Coll. (USNM 176248) {1 specimen, 7% mm slt., oa, &),

Téxas, Travis Co., Austin Colo._River below Lamar Street

Bridge, rapids at water plént, 20 December, 1954. Pers.

Coll. (4 specimens, 42-50 mm S$.L., OA(3), S), Kansas, Lyon

Co., Neosho River of Arkansas River drainage, below U.S. ‘

Highway 50.

Phenacobius uranops

Pers. Coll. (6 specimens, 54-91 mm S.L., OA(4), 8), Virginia,
Washington Co., Tennessee drainage, North Fork Holston River

off Route 802, 0.3 air miles S.W. Roebuck at Hines I., 29

—

-~ ! N

August, 1973. ‘ 4 N\ Y,

Pimephales notatus

NMC 68-215 (2 specimens, 62-64 mm S.L., S), Québe;, Lac

’
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Desormeux adjacent to Lac Heney, 59 miles N. of Hull, S
July, 1968. Pers. Coll. (10 specimens, 53-71 mm S.L., QA(2),
S), Québec, Missisquoi Co., Riviére Yamaska near Farnham,

1.8 miles above railway bridge, 14 July, 1969.

Pimephales promelas

Pers. Coll. (31 specimens, 22-61 mm S.L., OA(2), 8), Qué&bec,
Richelieu Co., Riviére Pot-au-Beurre, 1.1 miles N. of Saint-

Robert, 1 September, 1970.

Pimephales vigilax

Pers. Coll. (WSU 2325) (10 specimens, 40-52 mm S.L., OA(4),

S), Wisconsin, Iowa Co., Wisconsin River, § August, 1962.

Plagopterus argentissimus

UMMZ 124770 (5 specimens, 58-70 mm S.L., OA(S), OX, S}, Utah,
iy
washington Co., Virgin River near LaVarkin, 3 July, 1938.
Pers. Coll. (25 specimens, 35-63 mm S.L., OA(4), OX, S), Nevada,

Clark Co., Virgin River near Misquite, 27 January, 1973.

Platvgobio gracilis

Pers. Coll. (UAMZ 1658) (7 specimens, 62-93 mm S.L., OA(2),

-

S), Alberta, Smoky River at Highway 34, 25 miles w%sﬁiof High
Prairie, 24 July, 1968. NMC 66-387 (2 specimens, 250-370 mm
S.L., OA(2), S), Alberta, Milk River 16i-19% miles W. of Wild
Horse, 28 July, 1966. NMC 66-300 (1 specimen, 180 mm S.L., sy,

Alberta, Milk River, 26 Mav, 1966. XNMC 66-338 (1 specimen,

338 mm S.L., S}, Alberta, Milk River, 17 ﬁiles E. and 3 miles

5. of Milk River Town,'l4 June, 1966.
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Pogonichthvs macrolepidotus

UMMZ 94438 (1 specimen (tank), 105 mm §.L. OA, OX, S),
California, Stony Creek tributary to Sacramento River near

‘Orland, 29 August, 1926.

Ptychocheilus oregonensis

Pers. Coll. (UAMZ 2659) (2 specimens, 117-182 mm S.L.),

British Columbia, Mara Lake, July, 1971l. NMG 66-69 (2 specimens,
320=375 mm S$.L., 8), British Columbia, Columbia Lake, Canal
Flats, 16 August, 1965. NMC 66-80 ( 3 specimens, 285-310 mm
$.L., S), British Columbia, Donleal Farm Ferry, Kootenay

Chénne; near Sirdar, 5-6 Audust, 1965. NMC 66-443 ( 2

specimens, 102-104 mm S.L., OA(2), 8}, British Columbia,

Carp Lake néar creek mouths 54° 46.3"N, 1230 25'W., 2-4

August, 1966.

Relictus solitarius

Pers. Coll. (15 specimens, 43-52 mm S.L., OA(2), S), Nevada,
Steptoe Valley, Twin Springs, 4 August, 1972. Pers. Coll.
(2 specimens, 63-66 mm S.L., OA{2), OX, S), Nevada, Ely,

Steptoe Creek, 13 July, 1972.

Rhinichthys atratulus .

Pers. Coll. (26 specimens, 49-67 mm S.L., OA(4), S), Marvland, ‘
Garrett Co., North Branch Jennings Run and Savage River,71972.

Pers. Coll. (9 specimens, 47-~57 mm S.L., OA(4), S), Québec,

Bagot Co., Rividre Saint-Nazaire juste en aval du barrage de

Saint-Nazaire (72°937'07"W, 45°447'06"N.), 24 September, 1870.
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Pers. Coll. ( 5 specimens, 45-53 mm S.L.,-S),_Illinois;
Carroll Co., Millers Creek, Savanna, é September,a}967:
NMC 60-519A (10 specimens, 42-54 mm \S.L., 0X), Ontario,
Huron Co., culvert & mile N. of Drysdale on Highway '
18 miles S. of Goderich (43°27'n , 81942'N ), 12 August,
1960. NMC 69-10 (S specimens, 34-59 mm S.L., OX), New
Brunswick, .Kings Co., Flaglor Brook, Oak Point, 1l Sept-
ember, 1968. NMC'64—454 (2 specimens, 49-54 mm ,S.L., 0OX),
Pennsvlvania, Montour Co., Fishing Creek.lS miles from
Redrock near Sﬁillwater, 27 August,  1964. Pers. Coll. (2

specimens, 47-53 mm S.L., OA(2), S}, Ontario, Laurel Creek

at University of Waterloo campus, 24 July, 1972.

Rhinichthyvs cataractae

=~

Pers. Coll. (34 specimens, 41-71 mm S.L., OA(4), S), Québec,Joliette
Co., Riviére Bayonne, Saint-Cléophas-de-Brandon, prés du pont,

1.75 milles au nord-ouest de l'église de Saint-Cléophas (46°

14'41"N . 73927107"W ), 28 July, 1971. Pers. Coll. 4 specimens,

50-68 mm S.L., S), Illinois, Lake Co., Lake Michigan, HigRland

Park, 2 June, 1964, Pers. éoll. (18 specimens, 62-105 mm S.L.,

OA(4), S), Marvland, Garrett Co., North Branch Jennings Run and
Savage River, 1972. NMC 64-197 (7 specimens, 69-92 mm S.L.,- S |
OA(l), OX, §), Ontario, Lanark Co., creek into Mississippi River

7 miles S. of Pakenham, 16 August, 1962. MNMC 66-68 (12 spe-

cimens, 61-85 mm S.L., OX), British Columbia, Canal Flats Co.,
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Kootenay River, 16 August, 1965. Pers. Coll. (2 specimens,
71 mm S.L., OA(2), S})., Ontario, Pukaskwa National Park,

Lake Superior, 23 September, 1872. d

Rhinichthys evermanni

Pers. Coll. (7 specimens, 57-84 mm S.L., OA(4), OX, S),

Oregqn, Douglas Co., Cow Creek at Quines Creek Road, 30.

July, 1970.

Rhinichthvs falcatus

-

Pers. Cell. (3 specimens, 63-71 mﬁ $.L., QA(2), 8), Oregon,
Malheur Co., Malheur River 5 mileé below Juntura, 16 Novem-
ber, 1969. SU 37784 (6 specimens, 68-75 mm S.L., OA(3), OX, ~

§), Oregon, Grande Ronde River, Elgin, 8/3/1894,

Rhinichthys lariversi

Pers. Coll. (16 specimens, 37-55 mm §.L., OA(8), OX, s),
Nevada, Nye Co., 3rd spring ncrth of Charneck Ranch, 15

April, 1972.

Rhinichthvs osculus

ANMH 27240 (10 specimens, 38-67 mm S.L., OA(3), OX, S),

Nevada, Lincoln Co., outlet of Big Spring 1 mile north of

Panaca, 4 July, 1959. CAS 21058 (8 specimens, 45-64 mm S.L., q!lii
OA(2), OX, S}, California, San Lorenzo Rivef, é2 July, 1955.

Pers. Coll. (16 specimens, 37-62 g&rﬁé.L., OA(4), OX, S),

Nevada, Washoe Co., teamboat.Créék‘ﬁ mile above Steamboat, hot

springs, 4 July, 1973.

5
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Richardsonius balteatus

UAMZ 1656 (10 specimens, 46-65 mm S.L., S), ylberta, Smoky
River at Highway 34, 25 miles west of High Préirie, 24 July,
1968. Pers. Coll (UAMZ 2660) (2 specimens, 45-62 mm S.L.,

O0A{2), S), British Columbia, Mara Lake, July 1l%71.

N

Semotilus atromaculatus

Pers. Coll. (8 specimens, 88-127 mm S.L., OA(l), S), Ontario,
Algogquin Park, Lake 6peonogo, 3. September, 1871. ‘Pers.

Coll. (22 specimens, 76-147 mm S.L., OA(3), S), Qusbec, Joliette
Co., Ruisseau Saint-Martif, 9 August, 197i. Pers. Coll. (2
sg:ec:'imensT 51-141 mn S.L., S), Ontario, Laurel Creek at -
University of Watefloo, 24 July, 1972. Pers. Coll. kl3 speci-
mens, 8i-116 mm S.L., S), Québec, Joliette Co., Lac Marguerite

in Parc Joliette, 5 July, 1972.

Semotilus corporalis

~

Pers. Coll. (4 specimens, 65-143 mm S.L., OA(3), $), Ontarip,
Ottawa River at Ottawa, head of Kettle Island, 17 July, -1972.
NMC 71-876 (1 specimen, 236 mm S.L.,/Sl, Québec, mouth of La-
peche stream where it enters St-Maurice River, 28 May, 1971.
Pers. Coll. (3 specimens, 1l14-164 mm S.L., 0A(2), S), Québec,
Shefford“Co., Rivi&re Yamaska-nord, under Shefford‘Vale bridge,

28 July, 1969.

‘Semotilus (Margariscus) margarita

Pers. Coll. (10 specimens, 80-105 mm S.L., QA (1), S), Qué&bec,

Berthier Co., Parc Joliette, Lac Crépeau, 3 August; 1972.

N
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Pers. Coll. (ROM Acc 1563) (8 épecimens,-74-ldl mm S.L;“
"0A(2), S.) Ontarioy Kenora Dist.,-Collenso Twp., -Chanley
Lake, 30 July, 1969. Pers. Coll. (2 spécimens, 68-75'mm S.

-

L., oca(2), sy, Aqﬁarium'fish; May, 1972.

'‘Tiaroga cobitise ~

. UMMZ 162754 (5 specimens, 37-Sl‘mm s.L.,_bA(Si, ox, s),
Arizoné-Graham Pirmal Cos., Aravaipa Creeﬁ, N.W. of Klondyke, -
10-11 May, 1850. 'CAS 25574 (1 specimen, 39 mm S;L. oA, OX,-
S), Arizona, Aravaipa d;EeE; 26ﬁﬁaf, 1949. SU 5341 (3 spe-
cimeds, 37-40 mm s_ié, OA(2), OX, S), Arizona, Chino. CAS
25579 (3 spgcimens, 24-43 mm S.L., OA(Z)r OX, S), A;izona,
Aravaipa Creek, 26 May, 1949. CAS 13042 ( 3 specimens, 60-67
mm’ S.L; OA(3), OX, S}, Arizona,mouth of Garden‘Créek, Grand

Canyon National Park, 30 July, 1932.

Xvstrosus popoche ' -

. N . } . ’
UMMZ 167717 (20 specimens, 89-140 mm S.L., OA(5), CX, S),
México, Jalisco, N.W. side of Lago de Ghapala, 5,000 feet-

elevation, 10 July, 1949.

-~

—™ : | Eurasian Cyprinidae

Abramis, ballerus '
ey :
BM(N®] 1967-12-18:21-30 (5 specimens, 205-225 mm S.L., 0X),

£

Czechoslovakia, Danube near Medrédove. Pers. Coll. (8 spe-

cimens, 133-203 mm *SzL.;cOA(3), S}, Romania, Damlake at P
de-Fier (Iron-Gates) near Orsova, Banat,13-17 Jure, 1972.

-

I
4

“
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‘Pers. Coill (Z1AS 142-536) (3 specimens, 88-108 S.L.,

OA(2), S), U.S.S.R., Ural River, Blind branch, 1 Akgﬁst,
1927. o '

~

A )

Abramis brama

BM(NE) 1972-4-18-4 (1 specimen, 310 mm S.L., OX), England,
Fulhgm, River Thames. ?ers; Coll. (9 specimens,  92-150 mm
h S.L.,_bA(é), $), -Romania, Lake Ji}ila,'floodplain of the
Danube near Macin, S.E. Romania. NMC 72;215 (2 specimens,
215-220 mm S.L., S), England, Tooting Common Pond, London,
9 May, 1972. _NMC 73-214 (1 specimen, 200 mm- S.L., Si, En-
‘gland, Clapham Common Pond, London, 9 May};1972. NMC 73-76, ~
-(2 specimens, 90 mm S.L., OA(2) ), Denmark; Fureso Lake,
Sjaelland, May 1969. Pers. Coll. (1 specimen; 207 mﬁ S-L..,
S}, Engl;nd, Cheshire, Lymm Dam, 19 Ju;y, 1969. Pers. Coll.
21AS 26262), (5 specimens,. 39-56 mm 'S.L., OA(2), S), U.S.S.R.,
channel f&om Isteﬁes Lake to Kun-Darva River (Basin Amu-Daryva

River), 24 September, 1903. Pers. Coll. (Z1AS 24420), (2 spe-

'pimens, 93-97 mm S.L., OA(1), S). U.S.S.R. “Yaskhan Lake, Usboy,

% _September, 1928. ' ' B N

. c.‘ , . .
' . ‘ { .
Abramis sapa . .

BM(NH) 1967-7-17:3-4 (3 specimens, 109-118 mm S.L., OX),

. Romania, Lake Crépina. BM(NH) "1891-3-18:33 (1 specimen, 245

.em S.L., OX), Askrakan, River Volga. Pers. Coll. (fO spe-
cimens, 110-119 mm S.%L., OA(3)., S), Romania, Lake Grapina,
floodplain of the Danube near Macin, S.E. Romania, 22-24 June,
1966. DPers. Coll. (Z1AS 25573), (10 specimens, 37-44 mm S.L.,

oal(2), s)., U.S;S.-., Sorochinka River, Redut. Basin of Baltic

[

‘. ) .-_
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Sea, 20 April, 1927.

" Alburhoides bipunctatus

BM (NH) 1963-7425:42;8 (7 specimens, 47-83 mm S.L., 0OX),
' Rumania, River Timis. BM(NH) 1958-2-13:10-17, (8 specimens,
44-66 mm S.L., 0X), Transylvania, River Aries. Pers. Coll.
(3 specimens, 69-75 mm S.L., OA(2), S), Fraﬁce, Cher 3
Saint-Agnan, Seéﬁember, i972. Pers. Coll. (3 sPeci@ens; 69~
77 mm S.L., OA(2), S), France, La Besbre, affluent dé la
Loire, August, 1360. Pers. Coll. (18 specimens, 38-73 mm S.L;,
y - QA (L), é), Romania, River Minis tributary to Nera River at ~
§2 Bozovici,is. Banat, 23 JuIy,_1968. Pers. Coll. (10 specimens,
.60—82 mm S.L., OA(l), S), Romania,.Riyer Radimma 10 Xm. N.
_of Moldova-Noua, S. Banat, 7 May, 1965. NMC 73-195 (11 spe-
cimens, 77-93 mm S.L., OA(4), S), Poland, San River (upper),

5 June, 1968.

Alburnus alburnus

—

_BM(NE) 1935-2-27:1 "a. lucidens" (1 specimen, 122 mm S.L.)
A. lucidens ]

Bray ames. Pers. Coll. (4 specimens, 95-114 mm S.L./A
OA(5), S), France, Cher & Saint-Aignan, Augusﬁ, 1972. Pers.
—‘_,_?—i\\}oll..(Z specimens, 99-111 mm s$.L., OA(2), 8), France, La ‘ i

-

Yy )
SBidouse affluent .de l'adour, 13 March, 1968. Pers. Coll.

(3 specimens, 82-106 mm S.L., OA{l), S), France, La Besbre,
affluent de la Loire, August, 1960. Pers. Coll. (9 speci- f!

mens, 78-102 mm S.L., OA(3), S), Romania, River Mures at

"

Ternut néar'Ludus, Transylvania, 5 June, 1974. .Pers. Coll.



- -
. )

| / | | _ IR
(10 specimens, $1-107 mm § L., OA(3), s), Romania, River Mures
at Cuci near Ludus,'Transylvania, 5 June, 1974. NMC 73-214
(2 specimens, 137-145 mm S.L., 8), Englandi Clapham Commén Pond,
London, 9 May, 1972. BM(NH 1961-4-19:14—é 6.specimens; 99-

110 mm S.L.), River Thames, Reading. _ —
-

Blicca bjocerkna

~

Pers. Coll. (20 specimens, 47-67 mm S.L., OA(3), Sfthomania,

River ‘Timis, at Sag, near Timisoara, Baggﬁ{'l? September, 1965.
s L

NMC 59-253 (1 specimen, 150 mm S.L., OX, S), Ukraine, Uzhorod

on Uz River, sub-Carpathian region Tisa-Danube drainage;

& : '
10 September, 1926. NMC 59-204A (2 specimens, 122-129 mm S.L.,

LS

0X), Ukraine, Uz River at Vajanij, ub-Carpathian district,

1927.

Aspius aspius ' .

%

7‘*-"

Transvlvania, 5 June,

Pers. Coll. (4 specimens, 90-120 mm S.L.
I'-.—

Mures, at Cuci betweery Iernut and Ludus
/

, Romania, ‘River

and 3 July 1974. : s ‘

”’”\Q

'-—,’

Barbus merldlonalls ‘
\\‘
Pers. Coll. (8 soecxmens, 49 -82 mm S-§/4/5:~>Romania, Rivex_ >

Nera at Naidasm, //Tﬁa t, 20 June, bers. Coll. (23

specimens, 35-1521mm S.L., $), Romgpnia, Danube drainage.
{ - -

Barbus tetxazona ] ’ k “

. v :
pers. Coll. (2 specimens, 36-39 mm S.L., S), Rquarium speci-
mens,(zﬁ;; 1974. - ‘ : “-\\\\\ -
Bfaé;;éénio rerio : _ = \{(f

3 . =

rers. Coll. fl specimen, 26 mm S.L., 8), Aguarium specimen, 

June, 1973: .

-~ s o v
-Eﬁiﬁmf/ ’ o ' el



"Carassius auratus

7N ~

4

‘Pers. Coll. (5 specimens, 49-52 mm S.C., S), Aqua%ium

specimens. NMC 60-462a. (4 specimeﬁs, 58-220 mm \ S.L., S},

Ontario, Haldiman Co.; Grand River at Dunnville, 1!\ July,

1960. , B
. \~ '
Carassius carassius

-

NMC 73-214 (4 specimens, 124-170 mm S.L., S), England,

y -

; \ ;
Clapham Common Poﬁd, London,. 9 May, 1972.

Chondrostoma nasus

-

Ters. Coll. (2 s?ecimens, 243-25¢ mm S.L., §), France, Cher .

3 Saint-Aignan, June 1968. Pers. Coll. (23 specimens, 67-82

§), Romania,.River Mures at Iernut, Transvlivania,

Gobio albipinnatus

Pers. Coll. (l0 specimens, 69-88 mm S.L., $), Romania, River
Mures at Cuci, near Ludus, Transvlvania, 5 June, 1974. Pers.
Coll. {18 spéﬁimens, 30-60 mm S.L., S), Romania, River Timis

at Urseni near Timisocara, Banat, 7 August 1858.

Gobio-gobio

Pers. Coll. (17 specimens; 58-120 mm S.L., S), Romania,

450 .

River Mures at Iernut, near Ludus, Transylvania, 4 July, 1974.

Pers. Coll. (1 specimen, 88 mm S.L.. S), England, Cheshire,

Lyvmm Dam, 19 July, 1963.
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Gobio kessleri

Pers. Coll. (25 specimens, 33-60 mm S.L., S}, Romania, River

Timis at Albina near Timiscara, Banat., 2

Gobﬂg/;ranoscopus

Pers. Coll. (4 specimens, 59-93 mm S.L., S), Romania, Rive

tember, 1967.

Vilsan at Vilsanesti, distr. Arges, 26 June, 1964. Pers.

~

Coi&7‘$§ specimens, 46-78 mm S.L., S), Romania, River Nera,

Banat. \

Leucaspius delineatus

Pers. Coll. (12 specimens, 30-44 mm S.L., S), Romania; ponds
onn Olt River near Dragasani, Octobeﬁ, 1973. Pers. Coll.I{Z
specimens, 40-45 mm S.L., 8), Romania, fishpon@ at Sarata, N.
Moldavia, February, 1955. NMC 73-74 (2 specimens, 41-42 mm

S.L., 8), Demmark, Lake neaf ngeskov, Sjaelland, 21 April,

1968.

Leuciscus borysthenicus

Pers. Coll. (13 specimens, 66-94 mm/ﬂf;j7”18)’ Romania, Lake

Caraorman, Danube delta, §t. Dragasanu.

-

Leuciscus cephalus

Pers. Coll. (5 specimens, 70-88 mm S.L., S), Rémania, River
Timﬁs at Peciul-ﬁgu, Banat, 16 September, 1965. ©Pers. Coll.
(11 specimens, 28-103 mm S.L., S), Romania, River Tur at
Porumbeséi, near Halmei, N.W. Romania, 24 September, 1%967.
pers. Coll. (5 specimens, 96-103 mm S.L., S), Romania, River

Crasna at Acis, W. Romania, 21 September, 1862.

-
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Leuciscus idus

' . . _ ®
Pers. Coll. (7 specimens, 60-103 mm .S$.L., S), Romania, River

Timis near Timisocara, Banat. Pers. Coll. (4 specimens, 71-80
mm S.L., 8), Romania, River Tisovita at confluence w;th

Danube, S. Banat, 24 May, 1966. - /

Leuctscus” leuciscus : e ' )
~ _ 4

! NMC 59-211 (3 specimens, 140-154 mm S.L., S),{erchoslovakia,

Usti near Orlice, Riven Trebovka, Ticha-Orlice \Réver System,
- A

\E\E? August, 1924. ,
!

Leucdiscus soufia ’ \\

-

Pers. Coll. (5 specimens, 69-115 -_S.L., S), France, La . ?

Filidre, '(Savoie), AprIl, 1960. Pers. Coll. (2 specimens,

92-110 mn S.L., S),.France, Le Gapeau (Var), 16 May, 1968.

Moroce jouvi _ - ~
A o
BM (NH) 1907-12-23: 11-4 ( S specimens, 76-95 nm S.L., 0X), N

- ‘ e )
{(Leuciscus jqui) Japan, Lake Biwa. Pers. Coll. (6 speq;méh57~'

8§5-110 mm ; S L., §), EﬁBYOUo*steindachneri jouvi) Japan,

Shlmane Prefecture, Shiso River {(Takatsu River System), Sasavama,

e

e
Hikimi- cho, Mlno -gun, 26 yé?? 1972. . —_—

Pelecus ;EI\* us

Pers. Coll. (l}\§235f9ens, g7-124 mm S.L.,‘S)f/Romania,;con— . 'I

£luence of the Danube with the Black Sea at Sulina, 15 Septem-—
ber, 1968. Pers. Coll. (3 specimens, 170-174 mm Sjﬁ., Sy,
Romania, Lake Bugeac, £floodplain of the Danube, Septémber, 1962.

Ve
£

RN

e



ZC:j} . : . | _ 453

Phoxinus czekanowskii

Pers. Coll. (Z1AS 15694} (10 specimens, 32-50 mm S'L"QF)'

/\ U.S.S8.R., King-Urvak - small river, Wilyuy-district, Eaéﬁgrn

_.Siberia, 20 February, 19%l2. Pers. Coll. (Z1AS 15696) (5 épeﬁ

|
|

(/ cimens, 41-61 mm S.L., S), U.S.S5.R., Maxka River, 9 ¥m from
Yakutsk Town, 3 March, 1912.- ’

"Phoxinus issvkkulensis

Pers. Coll. (ZIAS 26374) (4 specimens, 19-42 mm S.L., 8),
U.S.S;R., brook mouth Issyk-k#llLake punct (sic?)Jamy-Oguz
1909. Pers. Coll. (Z1AS 25061) (10 specimens, 33-52 mm S.L.,'
8}, U.S.S.R., Issvk-kul Lakekpunct {sic?) Karakol, 28 July,

-
1933. e

Phoxinus lagowskii

BM(NH) 1871-7-19:19 (1 specimen, 120 mm S.L.,'QX), Onon Rivér,
Godeffrov Museum. BM(NH) 1879-11-14:111-112 ( é specimens,
74-80 mm.  S.L., 0X), Ichilka River. BM(NH) 1925-8-6:23 (1l spe-
cimen, 97 mm SLL., OX); Near Eugenieuka, Amur District. BM
(NH) 1875-10-14:51 ( 2 specimens, $S<l10f mm S.L., 0X), Daima.
BM (NH) 1899-7-25:30 (1 specimen, 88 mm S.L., OX), River Ussuri,
East Siberia. Pers. Coll. (2Z1AS 13798) (20 specimens, 88-137

mm S.L., S), U.S.S;R., mountain stream influent of Ussury Bay,

b
[}
i

/

% $7 June, 1900. -Pers. Coll. (ZIA§ 38 300) (2 specimens, 67-88

o~

- . -
‘ mm S.L., S), U.S.S.R., Tumangan River (Talni River}, Basin of

Hassan Lake, July, 1964.
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Phoxinus percnurus

BM(NH) 1875-10-14:70-3 (4 specimens, 72-81 mm S.L., OX), Lake
Baical (sic). BM(NE) 1899-7-25:35 (1 specimen, 100 mm S.L.,
“0X), River Jana, East Siberia. BM(NH) 1893-1-27:14-17 (4 spe-
cimens, 71-74 mm S.L.,_OX), vladivostok. BM(NH) lSj&—7—19:

19 {2 specimens, 75-98 mm S.L., OX), Lake Baical (sic). NMC
73-196 (10 specimens, 60-72 rm S.L., S), Poland, pond in
Rynérzewo near Bvdgoszoz. Pers. Coll. (Z1AS 25153) (10 spe-
cimens, 61-128 mm S.L., S), U.S.S5.R., Lake in the infra current
(?sic) of the Tugur River (Basin of Okhotsk Sea) 25-27 March,
1936. Pers. Coll. (Z1lAS 25544) (2 specimens, 53-54 mm S.L.,
S), U.S.S.R., Lake in the basin of Wychegda River near Svktyvkar
town, 1927. Pers. Coll. (Zlas 24861) (5 ;pecimens; 84-98 mm
$.L., §), U.S.S.R., Kolvma River, small lake near punct (sic?)

Verhne-XKolymskoe, 21 Octobef, 1928.

Phoxinus phoxinus

BM(NH) 1968-11.5:47-63 (17 specimens, 49-66 mm S.L., OX(lz), T),
River Roding, Shank's Mill, Navestock side, Essex. BM(NH) 1971-
7.12:1-12 {20 specimens, 45-56 mm S.L., T), River Reding,

Shank's Mill, Navéstock, Essex. Pers. Coll. {2 specimens, 65- QH
67 mm S.L., T), Fr;nce, Vaucluse, Argoud. NMC 64-381 (10 spe-
cimensQ 53-63 mm S.L., §), England, Dartmoor, December, 1963.

NMC 59-250 (9 speciﬁens, 43-65 mm S.L., S}, Czecﬁoslovakia,

Usti near Orlici in brook, Ticha-Orlice River drainage, 20 June,
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1925. NMC 59-199 (2 specimens, 56-66 mm S.L., S), U.S.S.R.,
Ukraine, Jasin in Cerna-Tisa River, sub-Carpaﬁhian district,

14 July, 1924. Pers. Coll. (27 specimens, 39-358 mm S.L:, 5).
Romania, River Minis, tributary to Nera Riﬁer at Bozovici

S. Banat, 23 July, 1968. NMC 73-77 (2 specimens, 63-73 mm S.
L., S}, Demmark, Sijdelland, Xoge a Brook, 22 November, 1969.
NMC 73-194 (15 specimens, 58-69 mm S.L., S., T), Poland, upper
San River, 15 June, 1966..Pers. Coll. (ZlAs 25037) (11 speci- |
mens, 48-72 mm S.L., S}, U.S.5.R., Kolyma River 587 Km above
Middle-Kolymsk town, 28 July, 1929. Pers. Coll. (Z1AS 12002)

(4 specimens, 47-56 mm S.L.,'S), U.S.S.R., Western Siberia,
Teletsk Lake, vicinity of Kamma‘River, 31 May, 1901. Pers.
Coll. Z1AS 15641) (6 specimens, 35-51 q@iﬁgfif\ $), U.S.S.R.,

Baikal Lake, Little Kunul, 16 June, 1908. Pers. Coll. (ZlaS

.15587) (14 specimens, 24-56 mm. S.L., sy, U.?[S.R.,,Tuloma

River (influent of Kola Bay Barentz Sea}, ;é—lé July, 1904.

pers. Coll. (glAS 13756) (6 specimens, 63-3§\mm 5.L., S), U.S.
S.R., small river influent of Kosogol Lake,sj}ﬂ%rom Baikal Lake,
Jume, 1880. Pers. Coll. (21aS 40922) (1 specimen, 35 mm S.L.,

), U.S.S.R., VentalRivef (influent of-Ural River), 25 Jure, . &~

1956. ©Pers. Coll. (Z1AS 25935) (8 specimens, 29-49 mm S.L., S},

_ et
U.S.S.R., Upper Warzuga River (Basin of White Sea), 1l Septem- ‘
ber, 1931. Pers. Coll. (17 specimens, 30-70 mm S.L., S), England,

? Windermere Lake.



456

Pseudorasbora parva \\\\
Pers. Coll. (14 specimens, 40-83 mm S.L., S), Romania,

various localities, introduced from'Yangtze River at Wuchang,
- \

Hupeh, China.

Rasbora trilineata

~

Pers. Coll. (1 specimen, 49 mm S.L., S}, Aquarium specimen,

November, 1973. ©

Rhodeus sericeus amarus

Pers. Coll. (8 specimens, 47-60 mm S.L., S), Romania, fish-
pond at Nucet, near Tirgoviste, November, 1960. Pers. Coll.
(56 specimens, 24-43 mm S.L., S), Romania, River Timis at

Albina near Timisoara, Banat., October, 1958.

Rutilus rutilus

BM(NH) 1961-4.19:40-65 (10 specimens, 103-146 ﬁm S.L., S},

England, Rséding, River Thames @ Pers. Coll. (4 speéimens,

86-127 mm é.L., S), Romania, Lake Rosulet, Danube delta, 20
October, 1972. Pers. Coll. {3 speéimens, 63-80 mm S;L.f s) .,
Romania, Riv?r Barcau (=Beretau) at Rosiori-Bihor, N. of

Oradea, W. Romania, 23 September, 1967. Pers. Coll. (1 spe-

cimen, 97 mm S.L., S), England, Cheshire, Lymm Dam, l4 _

September, 1969. NMC 73-215 ( 4 specimens, 156-210 mm S.L., ng

S), England, Tooting Common Pond, London, 9 May, 1972.
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Scardinius ervthrophthalmus e

Pers. Coll. (1 speci@en, 140 mm S.L., S§), Romania, Busorca
near Sulina, Danube delta,Spring 1970. Pers. Coll. (1 spe-
cimen, 120 mt S.L., S), Romania, Lake Crapiﬁé, floodblain
of the Danube, 14-15 November, 1968. Pers. Coll. (8 spe-
cimens, 54-84 mm S.L., S), Romania, thermal pond "1 Mai"

on Petea rivulet near Oradea, W. Romania..

Tribolodon hakonensis

BM(NH) 1905-2-4:70-2 ( 3 specimenssy 35-108 mm S.L.; 0X(2)),
"River Kitakami, Japan. BM(NH) 1905-2-4:68-9 (2 specimens,
115-136 mm. S.L., OX), Marioka, Japan. BM(NH) 1890-2-26:184

(1 specimen, 160 mm S$.L., OX), Lake Hakou. BM(NH)1905-2-4:
«73-82 (28 specimens, 27-89 mm S.L., oxk9)), River Iwai, Japan.
Pers. Coll. (2 specimens, 231-325 mm S.L., S., Tj, Japan, .
- Xvushu, Matsura River in Okawano, Imari-shi, Saga Prefecéure,
11 March, 1972. Pers. Coll. (1 specimen, 220 mm S.L., QOA, S),.
As above, April, 1972. Pers. Coll. (1l specimen, 170 mm. S.L.,
CA, 8), Ja?an, Xvushu, Shiso River of the Takatsu River System
in Sasavama, Hikioni-cho Mino-gun, Shimane Prefecture,.2§\May,

1972. Pers. Coll. {8 specimens, 113-126 mm S.L., OA(2), S),

¢

_ Japn, Lake Roki, Nagano-ken, 8 July, 1974. : ‘

Yimba wvimba

Pers. Coll. (9 specimens, 81-127 mm S.L., OA(5), S}, Romania,
River Mures, at Iernut, Transvlvania, 3 July, 1974. BM(NH)

1864~4-6:19-20 (2 -specimens, 208-209 mm S.L., 0X), Gestrickland.
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APPENDIX 2

List of species of North American Cyprinidae

The genera and species of native North American cyprinids
are listed on the following pages. Common and scientific
names, are taken from Bailey et al. (1970) which lists cyprinids
from Canada and the U.S.A. Mexican species are taken mostly
from Alvarez del villar (1970) and Miller (1956). Species

~described since these publications-appeared are also included
with sﬁggested:common names in in§erted commas. Doubtless

more species remain to be discovered, particularly in Mexico,
and the generic allocation of-many species 1is still in a state
of flux. A "Notes" section at the end of the species list
provides some. comment on generic placement of species and gives
the sources for recentlv described species. Further comments
may be found in Bailey et al, (1970). Miller (1556} lists
several manuscript names for purely Mexican species of cyprinids

but only one of these his since been described (Dionda erimy-

zonops Hubbs and Miller, 1974). Hopkirk (1967, 1973) described
two species of cyprinids endemic to Clear Lake, California -

Pogonichthvs ciscoides and Endemichthys grandipinnis - but

the status of these species is in disPute {Eubbs, 1974) and
some nomenclatural confusion has arisen over the latter genus

7
name  (see Appendix 4).

Several cyvprinid species have been introduced from Europe
and Asia and may or have become established in various

localities (Moore, 1968; Whitworth et al., 1968; Bailey et al.,,

f
[
¥

e |



1970; Buchanan, 1973; Minckley, 1973). These are:

Carassius auratus (Linnaeus)

p—

Cvprinus carpio (Linnaeus)

Leuciscus idus (Linnaeus)

Thodeus sericeus (Pallas)

Scardinius ervthrophthalmus (Linnaeus)

Tinca tinca {Linnaeus)

Ctenopharvngodon idellus Cuvier and vValenciennes

H,
)
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Goldfish
Grass carp
Carp

Ide

Bitterling

Rudd

Tench

The number of nat%ve species within genera of this list

is as follows: »
Total number of speéies
fotal number of genera
Monotypic genera

Genera with 1 - 9 species

Genera with 10 - 19 species

Genera with more than 100 species

" Mean number of species per genus

244
44
26
13

3

1

5.

e ———
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Scientific N

\ Common Name

[ .

-3 . o

Acrocheilus alptaéeué Agassiz and - Chiselmouth . :
: . Pickering . &>
. " Agosia chrvsogaster Girard = Longfin dace 1
Algansea affinis . Regan - - 2,3

" alvarezi Romero - .
barbata Alvarez and Cortes -

— a i. B - : -
B T ugesl Bea? : _ =

’,___/ : . . 'D- B ‘.'.1\_\
) - " lacustris- Steindachner ¢ -
. . .o . B P
" monticola Barbour and : -
] Contrieras ' .
- * - , L . N
“ | paratincella Alvarez ' - ‘ —
g s i , ' : - 2
N rubescens’ Meek : ST ‘ L
" - stigmatura Regan < /i
> » ., = J
» " “tincella Cuvier and So- L
o valenciennes . ; .
' Campostoma’ anomalum (Rafinesque) Stoneroller . 4
- ornatum Girard Mexicqp-stoneroller
Clinostomus elongatus , (Kirtland) ~ Redside dace - .5
— — . Co -
" funduloides Girard Rosvside dace
Couesius plumbeus ‘(Agassiz) Lake chub 2,6,7 ‘
} - ) : \ N h
Dionda djabsll Hubbs and Brawn ~  Devils River v
e - ™ ' minnow
Wdri/ eo{kcona- Girard ‘ Roundnps _minndw
~. S - | 3
‘ Y " erimvzonops Hubbs and Miller - 8
i ' . . . .
©. " nubila . (Forbes) - Ozark minnow 9
Rl LAy R ‘ )
’ "~ rasconis (Jordan and Snyvder) . - e 2
: N

Eremich@fvs acroéJ Hubbs and Miller  Desert dace

v‘ .

Ericvmba buccata fCope\§
: C - , , ' .
o | . | -

’ A

Silverjaw minnow ~
. \

~
’
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Scientific $ame

N

Evarra bustamantei Navarro

"

.eigenmanni Woolman =

tlahuacensis )Meek

N’

(Lesu

Exoglossum maxillingua

(JordaQH

Falcularius chapalae

)

“Snvde
;‘n

™~

eur)

and
)

Gila (Siphateles) alvordensis Hubbs *

4

3

3

"’ /
(::}_'

(Gila) atraria

(Siphateles) bicolor

{Girard)

(G

& Miller

irard}

(Giia) coerulea -(Girard)

(Snvderichthys) copei (

¥

& G
f R

{Bai

(Gila) crassicauda

|

cvpha
— .

v’ ditaenia

Gi

Miller

Miller

Girard

Joxrdan
ilbert)

rd and
rard).

'elégans Baird and

(siphateles) mohavensis (Snyder)

(Gila) nigrescens (Girard)
.. orcutti ~(Eigenmann and
- Eigenmann)
- " purpurea (Girard)

[

"

Hemitremiza flammea

., Hesperoleucus symmetricus

fobusta Baird and. Girard

(Jordan andé

(8

»

{”‘\ Gilbert)

aird &
Girard)

TxN

Common Name

Cutlips minnow

- - *

Utah chub
Tui chub

Blue chub

Leatherside_bhub‘

Thicktail chub’

Hum?back chub -

Sonora chub

Bonytail

Mohave'chub

Rio Grande chub

!
Arrovo chub /

-
SN -
Yagul chuF//n

Roundtaill chub

Flame chub .

California xoach

b ]

Ay

461 .
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s
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:_Scientific Name .

" Hybognathus hankinsoni Hubbs

.
2

n

-
.

havi Jdigén

S0

: . I <3
nuchalis Agassiz
placitus Girard

Hybopsis

"

"

b

-~

(Erimystax) cahni Hubbs
. & Crowe

.-
"  dissimilis
Kirtland
harperi (Fdwleﬁ
‘insignis Hubbs:
. & Crowe’

" -'monacg::'(Cope).

l,_ ) -
I x~punctata
et

- Hubbs & Crowe

(Extrarius) aestivalis

(Gira;d)

(Hybopsis}) amblops

(Rafinesqgue)

" linneapunctata

Clemmer argd
Suttkus

" { hvopsinotus,
( {Cope)

labrosa ﬁCope)'

" spp., cf. labrosa

o rubrifrons

(Jordan)

. Common Name

. ‘Brassy wminnow

4y,

Pl B

Cypress minnow

Silqery minnow 41
Pldains minnow

Ve
Slender chub 7,14

Stmeamline chub

Redeve chub

Blog;&eQ\iiif. —
. e

1
Spotfin chub ‘

Grawvel chub

= -

_Speckled chub

Bigeve chub -

- 16
Fl
Highback chub
Thicklip' chub 17
. °
- - 17,18

Rosyface chub

!



-~
~

‘Scientific Name ' ' Common Name

/
. \
- Hvbopsis (Hybopsis) storeriana Silver chub
Kirtland
" (Macrhybopsis) gelida Stﬁrgeon chub
(Girard) ' ' -
. " meekil Sicklefin chub
Jordan & Evermann .
F
" (Oregonichthys) crameri Oregon chub
f ) > ; N
Snvder . . >
: Al -
T (Yuriria) alta -
Iotichthvs phlegethontis (Cope) Least chub 43
Lavinia exilicauda (Bairé & Girard) Hitch ] ) : r’//
Lepidomeda albivallis Miller and Wwhite River ﬁ
Y Hubbs spihedace I
" altivelis Miller and ~ Pahranagat )
> _Hubbs ~ spinedace
. " ~mollispinis Miller and Virgin spigéﬁége/ 5
Hubbs . \
. ' N
" vittata Cope Little Colorado « A
spinedace I
Meda fulgida Girard Spikedace 1
Moapa cériacea Hubbs and Miller Moapa dace e~
Mylocheilus caurinus (Ri?ards,qr'{) Peamouth i
N
Mylopharodon .conocephalus (Baird ! Hardhead -
' : & Girard)’
<[ .
‘Nocomis asper Lachner and Jenkins Redspot chub v 7
" ‘biguttagus  (Kirtland) Hornvhead chub

//ff " effusus Lachner and Jenkins Redtadl chub

" ° leptocephalus (Girard) . Bluehead cﬁg?



Scientific Name : ]

Nocomis micropogon

"

platvrhyrnchus

ranevi
————.

{Cope)

Lachner and

Jenkins

Notemigonus crvsoleucas

i

Notropis albeolus Jo?zan

alborus Hubb

Lachner and Jenkins

{Mitchill)

and Raney

hN
altipinnis. (C?pe)

amabilis (Gﬂ%aid)

amnis

analostanus (Girard)

anogenué Forbés
ardens {(Cope)
ariommus (Cope)

asperifrons

BEubbs and Greene

amoenus (Abbott)

Suttkus

and Raney

-

atherinoides
&
atrapiculus

Rafinesque

Snelson

o )\ .atrocaudalis Evermann

"

_aztecus ‘Woolman

bailevyi. Sdttkus and Raney
3 ? Ranel

»

bairdi

Hubbs and

ortenburger

bellus (Hay)

bifrenatus (Cope)

//Satinfin shine

-

Common Name .

River chub

Bigmquth chub .

Bull chub

<
Golden shiner

/!
/
Ahite shiner

464

Notes

N

20,30,40

Whitemouth shiner

Highfin shf%er
Texas shiner
Pallid shinerx
Comely shiner

)

Pugnose shiner
Rosefin shiner
Popeve shiner

Burrhead shiner

-

}

Emerald shiner

Blacktip shiner.
a

Blackspot shiner

Rough shiner

- Red River shiner

Prettv shiner

Bridle shiner

>,

22

29

23

24

Y
A3
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Scientifid Name

Not:_g;s,

/f
J

blennrus {

™

"

"

Girard)

\boops,,Gllbert
AT.—

bouc

K

bravtoni -

buccula
buchanani

caeruleus

calientis

-

callisema

callistius.

callitaenia

Gunther)

{Jordan)

Jordan and
Snvder

(Jordan)

(Jordan}

L '

camurus
celavensis
ceraslnus
chalvbéeus
chihuahua
chiliticus

chloristius

Gibbi

Alvarez
{Cope)

(Cope)

WooLman

(Cope)

Bailey .and

'

(Jordan and Meek)

~(Jordan and

’

éhlorocepha

Bravton)

lus (Cope)

pe——
chrosomus

chrvsocepha

(Jordan )

lus (Rafinesqgug)

P

B
Ghost shiner

‘r——\%,
0N
S
Common Name Notes
River sbineifﬁ\\‘\\\
Bigeye shiner ‘ 2
- : 2

Tamaullipds shiner’
\
\

Ssmalleye shiner
N

Blue shiner 2
- 2

Ocmulgee shiner

Alabama shiner

Bluestripe shiner

Bluntface shiner

- . ’ 2
Crescent'shiner
L \-.N
Ironcolor shiner \4}
Chihuahua shlnerﬁ\\v

Redlip shiner

Greenfin shiner
]

Greenhead shiner 25

Rainbow shiner

Striped shiner 42

-
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hy Ld .\ » .
Scientific Name .. Commen Name Notes
Notropis coccogenis (Cope) . ‘ Warpaint shiner
- ' " cornutus (Mitchill) : Common shiner
v cummingsae Myers i\ Dusky shiner
I3 r - -
" dorsalis @Agassizf L“"‘.‘>‘--;]Bu'_gmom-.h shiner P
" vedwardraneyi Suttkus and~IEkFluv;al shinex
- Clemmer '
-~
" euryzonus = Suttkus ) Broadstripe shiner
' formosus (Girgrd) " ‘Beautiful shiner hE
r , .
. “J™ . fumeus Evermann . Ribbon shiner N
v - ’ - - /" .
Lo \"_ galacturus (Cope) Whitetail shiner <~
" garmani Jordan - 2
om gibbsi Howell and Williams - 26
" girardi Hubbs and Ark®sas River
Ortenburger --shiner :
.o " greenei - Hubbs and - Wedgesﬁot shiner
—_— - Ortenburger '
" heterodon (Cope) Blackchin shiner
i) - . { B ’ . -
¥ n heterolepis Eigenmann and Blacknose shiner
’ . Ejgenmann
A hudsonius (Clinton) Spottail shiner
" hypselcpterus (Gunther) "~ .Sailfin shiner
- . -
" hvpsilepis = Syttkus and Eighscale shiner
’ /Raney ’
) . ~—— :c —' ) . . . i
e -~ imeldae CoZtes™ . | . - 2
T v . ipni. Alvagez ) : R - : T 2,39
" 'amgzanus' (Cope} ' Ria Grande shinez .
¢ . . ya
) Ohoopee shine:vu:ﬁyyfﬁﬂ’
N ) . b I
-\". /

q
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Scientific Name s

Notropis lepidu;\ {Girard)

petersoni

;

lermae | Evermann and

1

lauciodus (Cope)

lirus (Jprdan)

longirostris

}

(Eay)

Goldsborough

lutipinnis (Jordan 23&*//

Bravton)

lutrensis
~ v )

maculatus (Hay)

mekistocholas

moralesi De Buen
nazas Meek
niveus Cope

ornatus (Girardé)

ortenburgeri Hubbs |

oxv r hvnchus

ozarcanus Meek

Fowler
photogenis_-(Cope)

pilsbrvi Fowler

’

(Baird and
Girard)

Snelson

Hubbs and
Bonham

7 .
. perpallidus Hubbs and
¥Black

-

\

potteri' Hubbs and Bonham

procne (Cope)

proserpinus (Girard)

Common Name

‘Plateau shiner

Tennessee shiner
Mountaln shiner
Longnose shiner -

Yellow®in shiner

F s

Red shiner

Taillight shiner

Wwhitefin shiner

F

- ~
Kiamichi shiner
Sharpnose shiner

Ozark shiner

. Colorless shiner

&pastal shiner
Silver shiner
Duskystripe shiner

Chub shiner

. Swallowtail shiner-

Proserpine shiner.

467

Notes
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27



Scientific Name

Notropis pyrrhomelas (Cope)

"

roseipinnis Hay

rubellus (Agassiz)

rubricroceus (Cope)

1Y

468

Common Namef_ Notes

B

Fieryblack shiner
Cherrvfin shiner
Rosvface shiner

-

£ron shiner

» v rutilus {(Girard) - 2 .
" sabinae Jordan and Gilbert Sabihe shiner
" saladonis Hubbs and Hubbs salado shinér 2
" ‘sallaei ~ (Guntherl' - ')\§;>
" santamariae Everﬁann and - . C‘ 2
\ = , ‘goldsborough
M \scabriceps (Cope) .New River shiner '
Son scagtiéus {Jordan and Sandbar shiner
Gilbert%; ) -
" .semgeraséer Gilbert Roughhead shiner
" shumardi  (Girard) Silverband.shinér% 28
" signipinnis Bailey.and Flagfin shiner ,
Suttkus .
" simus (Cope) Bluntnose shiner
" spectrunculus (C0pé3 Mirror shiner
" spilopterﬁs (Cope) Spotfin shiner
" ' gtilbius (Jordan) Silverstripe shiner
" stramineué (Cope) Sand shiner
" telescopus (Cope) Telescopp shiner 29

" texanus (Girard)

L4

" topeka Gilbert
————

Weed shiner

Topeka shiner

a—
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Scientific Name . Common Name Notes

-

v

Notropis trichroist&us (Jordan and Tricolor shiner

Gilhert)
" umbratilis (Girard) | Redfin shiner ’
" uranoscopus Suttkus Skvgazer shiner
" venustus (Girard) Blacktail shiner o
" volucellus (Cope) - Mimic shiner
" welaka Evermann and - Bluencse shiner
Kendall
" whippleil (Girard) . Steelcolor shiner
" winchelll éirard Cleé; chub Y
" xaenocephalus (Joghan) Coosa shiner ©o21
- " Xaenurus ,(Jordén) Altamaha shiner
T zonatus (Putnam) . Bleeding shiner
" zonistius (Jordan) Bandfin shiner
Opsopoeodus emiliae Hay ’ Pugnose éhiner 19 ]
orthodon microlepidotus {Ayres) Sacramento blaékfish
ﬁ#//’*PareXOglossum laurae Hubbs ' Tonguetied minnow lQ
\\\\__ghenacobius catostomus Jordan Riffle minnow
. ~ . . .
N crassilabrum MiﬁzﬁEgy Fatlips minnow
& Craddock L
" mirabilis (Giraxd) Suckermouth minnow
n teretulus Cope Kanawha minnow 1
" uranops Cope Stargazing minnow
Phoxinus (Chrosomus) eos (Cope) Northern redbelly 31,46
T ) dace .
‘ N

. -~

—
.



Scientific Name

Phoxinus (Chrosomus) erythrogaster

"

n

(Rafinesque)

(Pfrille} neogaéus Coper

(Chrosomus) oreas (Cope)

Pimephales (Hyborhynchus) notatus

Plagopterus argentissimus

(Rafinesque)

(Pimephales) promelas

rRafinesque

(Ceratichthvs} tenellus

{Giraxrd)

(Ceratichthys) vigilax $

(Baird and Giraxd)

Cope

‘Platygobio gracilis

(Richardson)

Pogonichthys macrolepidotus .(Ayresf Splittail.

Ptvchocheilus grandis

(Ayres)

"

Relictus solitarius

‘lucius Girard

oregonensis

{Richardson)

umpquae” Snyder

" Rhinichthys (Rhinichthys)

Hubbs{ anéd Miller

tratulus

(Herm§F§)

470

Common Name Notes
Southern redbelly
dace

Finescale dace

Mountain redbelly
dace

Bluntnose minnow
Fathead minnow
* 8lim minnow
Bullhead minnow

Woundfin

rlathead chub . 7

A

) Sacramentd squawfish 32

C01057ﬂo squawfish

»

Northern squawfish .
. d " -
»~ \ Ok
> Umpgua squawfish
- i2
-
Blacknose dace ~ 33

/

(Rhinichthys) cataractae Longnose dace

_(/' (Valenciennes)

N

-



N

Scientific Name T

Rhinichthys (Rinichthys) evermanngi

" snyder

" (Apocope) falcatus

(Eigenmann & Eigenmann)

H
lariversi Lugaski

.o {apocope} osculus

(Girard)

Richardsonius balteatus (Richardson)

<

" egregius (Girard)

&
Semotilus (Semotilus) atromaculatus

(Mitchill)

"

{(Levcosomus) corporalis
e’ B
(Mitchill)

" (Margariscus) margarita

(Cope)

Sstypodon/signifer Garman

Tiaroga cobitis Girard . .-

Xvstrosus popoche Jordan & Sny?er
. ¢\

l

471
»

-
Common Name Notes

Umpgua dace

Leopard dace

N

- 34

Speckled dace

Redside shiner 5

Lahontan redside

Creek chgb . 45 ,
Fallfish. >
Pearl dace 35
"Stumpiooth“ T 2,36

Loach minnow

‘"_Popoche;‘ 2,30 i
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Notes {3

’

1. See Miller (1956) w@gre.it is suggested another

Mexican species may\exist. -

2. After Alvarez del Villar (1970).

3. The genus Algansea 1is currently under revision by R.R. .
Miller and C.D.-Barbou:‘(ﬁ.R.‘ﬁiller, pers. comm. 1974 *
) . TN
and 1975). This study will probably synonymise Xystrosus
: 3

Cha .

with Algansea, describﬁitwo new Algansea specigs and

. ] \ .
svnonymise other listed here suchhat the gpecies are

A. barbata, lacustris, monticola, popochéflformgrly
" £

s .
- Xvstrosus popoché), tincella plus the two new species.

~
4, g.'oligolepis Hubbs and Greene, the largescale stone-

y S _ ~
roller is regarded as a distinc®™species by Pfiieger

(1971) and is Iisted as such by Buchanan (1873).
' =

5. Clinostomus has been synonymised with Richardsonius

rr—

by Uyveno (1961) and thispwas accepted by Moore (1968)

but not Bailey eE‘al. (1970). A thiré undescribed

Clinostomus is mentioned by Buhan (1970). ﬁ

6. Couesius adustus Woolman listed'by Alvarez del villar

(1970) is a synonym of Couesius pliumbeus (Reno, 1969a).

' Y
’ ~
7. These genera and sub-genera have all been submerged in
Evbopsis by Bailey (1951) but Nocomis was remoped by :
—— 1 - — // R
¥

\/' . k%
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%? Lachnei and Jenkins (1967) and the status of Couesius , .

Or&gonichthvs and Platyvgobio in particular is uncertain.
— '

~

8. Described by Hubbs and Miller (1974) from the Gulf goéstal
_plain of Mexico. Another unnamed species is referred to
in this work and they note that Dionda might better be

referred to Notropis. R

. 9. Placed in. the subgenus Hydrophlox of Notropis by Swift.

~

{1970)..

-~ A O

10:'_Parexoqlossum lauraé (including P. hrgbsi) has fbeen placed
.in Exoglossum by Jenkins and Lachner £;97l) and Gilbert'

.and Béiley (1972).

il. The-'genera Siphateles and Sniyderichthys were reduced to |

. a A
sub-generic rank by Uyeno (1961) and this is generally

accepted (Moore, 1968; Bailey et al., 1970). The specific

status of many Gila species is _in dispute anéd this listing

is open to considekéb&e\fodification. (see note 44 also). g

— sl
127 Gila alvordensis and Relictus splitarius werxne desJ:;bed

by Hubbs and Miller (1972). “

S ’

o~ t

13, Four species of Hesperoleucus are recognised in-Moore

/s
- . &
=

;o {1968) but Bailey et al. (1970) regard this genus\;s Sl

kY

- | ¢

- . : . R - : N jﬂ' . . .
gy : ! e .
Y& Hybopsis is! a valid genus hut may eventuaggyfﬂb placed in
Y ' ‘

monotvpic, s

\‘i' /.‘\ '1 :l
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. - L
v. b ™~

Notropis when the status of the included species is

resolved (Cortes, 1968; .Clemmer, 1971; Gilbert, pers. comm.

1974). Hybopsis is retained here to avoid tortuocus R <

nomenclatorial problems. ;. . .

15. Assigned to Notropis by Gilbert and Bailey (1972).A . N

16. Hvbopsis lineapunctata was described by Clemmer and

Suttkus (1971) from the upper Alabama River system.

~.
By

©17. Bgiong to the sub-genusg Cvprinella of Notropis (Gilbert,

pers. comm. 1974). 7

18. '?rbbably two species here "zaneéma" MS and "leptocheilis" MS

under study by R. Jenkins and E. Lachner (Gilbert, pers.

—l

cormm., 1974; see also Menhinick, Burton aﬁa-Bailey, 1974)

1

-

19. Opsopoeodus has been reduced to a sub-~genus of Notropis

by Gilbert and Bailey (1972), and separated again by -

Campos and Hubbs (1973) on the basis of karyological
data (see note 35). .- ’ ' *

.
»

20.° The genus Notropis has been divided into.numerous subgenera.
-~ - e -
C.R. Gilbert (pers. comm., 1974) is preparing a generic
synonvmy ané type catalogue of the genus and suggestis that Q.!I

the following sub—genera may be valid nomenclatorially:

Notropis Rafinesque
’

Luxilus Rafinesqgue



21.

22,

» Suttkus t1951) . \\- ‘

475

Hybopsis Agassiz .
Alburnops Girard
ngrinella Girard

Hudsonius G¥53rd
Graodus Guqther
.Lythrﬁrus Jgrdan
Episema Cope and Jordan
Chriope Jordan

Hvdtophlox Jordan

Opsopoeodus Héy

Miniellus Jordan
orcella Jordan and Evermann ,

Pteronotropis Fowler

At the present time it 1s not possible to allocate all

the describeﬁ NotropiS'species to sub-genera and so they
are llsted here alohabetlcallv 'Ceftain sub-genera have
been studled in detail (Cvprinella by Gibbs (1957a) ; Bvbopsis
in part by Clemmer (1971); Hydrophlox by Swift (1970} ;
Luxilus by Gilbert (1964); Lythrurus by Snelson (1972);

Notropis in part by Snelson (1968); PteronciRopis by :

o

Placed in Hvbopsis s.s. by Clemmer (1971) .

Notropis matutinus, the pinewoods shiner 7 is a synonym of

N. ardens (Bailey et al., 1970).



23.

24.

25.

26,

27.

28.

29.

30.

31.

a synonym of N. atheriroides (Bailey and Allum, 1962)

.pers. comm., 1974}.

476
P\

Notropis percobromus, the plains shiner, is said to be

~

but syntypes of N. percobromus are actually N. r;Eellus

. _ . }
(Gilbert pers. comm., 1974). <:§::-»—~

Described by Snelson (1972) from Alabama, Georgia and

Florida.

Notropis chlorocephalus and N. lutipinnis may be subspecies

of one another: the former name has priority  (Gilbert,

Described by Howell and Williams (1971) from the Tallapoosa

River system/in Alabama and Georgia.

Fd
Descrngg/;; Snelson (1971) £from the Cape Fear River basin,

North Carolina.
JFs

<

Notropis shumardi was previously known as N. illecebrosus

and is also synonvmous with N. brazosensis (Bailey et al.,

1870).

Notropis telescopus, the telescope shiner, was removed

from the syngnymy of N. ariommus by -Gilbext (1969).

N. microptervx Cope referred to by' Howell (1957) is not

listed by Bailey et al. (1970).

The synonymy of the Rmerican genus Pfrille (Chrosomus s.l.);

*
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as proposed by Berg (1949)
and Banarescu (1964) but ithou?'extensive evidence. Recent
‘studies (present work and osteological work by Mahy, 19722,
18752, 1975b)‘confirm t is'aqtion. Stasiak (1972) prefers

retention of Phoxinus nedgaeus in Pfrille as a genus

separate from Chrosomus g.s. and presumably Phoxinus while ~

Mahy (1972b) advocated 1

-~

C. ervthrogaster.

ing C. eos and C. oreas in

-

32. It has been suggested‘fhat Ptvchocheilus umpguae.is only

sub-specifically distinct, and should be included in

P. oregonensis (Bond, 1961).

——

33. Rhinichthvs nubilus (Girard) listed from Mexico by

Alvarez del villar (1970) is included in Rhinichthys

osculus By Hubbs, Miller and Hubbs (1974). . T

34, Rhinichth@i?lariversi Lugaski, 1972 mayv be a subspecies

of Rhinichthys osculus ~ (Hubbs, Miller and Hubbs, 1974).

.

35. Semotilus margarita has been placed in Phoxinus by Legendre

(197®) on the basis of hvbridization with Phoxinus eos,

a diploid number of 50 chromosomes shared by S. margarita,
N
“p, eos and P. e0s x P. neogaeus hybrids ané the cbservation

N !

that S. corporalis and S. atromaculatus have 52 chromosomes.

While the chromosome count emphasises the distinction of
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lg. margarita from other ngotilus it skould bé hoted”thaﬁ »
Semotilus s.s. also hvbridizes with.Phdkinus, hybridé

between diverse North American genera are COMROR (Hubbs, 1955)
and chromosomal_counté are of limited value vhen'the'range¥s_
“small. Differénce in chromosome number is not always a

Fl

reason for generic distinction (for an obvious exception see

36.

37.

40.

41,

the "muntjac scandal” in Chiarelli and Capanna, 1973, and

this may be appositahefe.)

Apparently extinct.

Not listed by Alvarez del Villar (1970) but by Miller

(1956) from the Rio Nazas basiﬁ, Coahuila, Mexico.

-

Not listed by Alvarez del Villar (1970) but by Miller

(1956) from the Rio Salinas basin, Coahuila, Mexico.

Notropis ipni is regarded as & species of Dionda b§ Hubbs

and Miller (1974).

Howell {1957) refers to a Notropis species and N. sp
(chevron. shiner) undescribed species from Alabama and
other undescribed species are referred to in Jenkins,

Lachner and Schwartz (1972}).

Pflieger (1971) tentatively considers that there are

two species here, Hybognathus nuchalis Agassiz, the

central silvery minnow of the central Mississippi valley,

and Hybognathus argvritus Girard, the western silvery

minnow of the Missouri system and the Mississippi River



43.

L 44,

46,

-and Bailey

’) 479

from the Missouri mouth to about Scott Co., Missouri.

Menzel (1970):found a distinct génetic divergence between

Notropis chrysocephalus isolepis Hubbs and Brown and

N. ¢. chrvsocephalus (Rafinesque) and so N. isolepis

Hubbs and Brown was accorded -full specific status on

biochemical evidence. (Rainboth and Whitﬁ, 1974).

-
-

Falcularius chapalae (Jordan and Snyder ) is appareﬁtly
a synonym of Hybopsis alta (R.R. Miller, 1975 pers. comm.).

A subspecies "intermedia" of Gila.robusta has been elevated

to species rank by Rinne (19689). A B

-

A new species of Semotilus is recorded by Jenkins, Lachner °
. ‘ = ‘ '
and Schwartz (1972) and:in passing by Menhinick, Burton

(1974).

A new species, a montaine ally of Phoxinus oreas is noted

in passing by Menhinick, Buxton and Bailey (1974).
-
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APPENDIX 3

,The cyprinid sub~families
! .

Fishes belonging to the Family Cyprinidae are distfi;
buted in the fresh waters of Africa, Eurasia and North
America and comprise the most speciose freshwater £ish family
with about 2000 species in 200 genera. Definition of sub-
families and relationships between cyprinids from bfbad'
zoogeographical areas are accordingly of some interest and
utility.

The number of sub-families varies with the author. In
addition there is some nomenclatorial confusion over sub-
family names. A literatire review is givén}here to facilitate
comparisons between New and 0ld ﬁgrld cyérinids and- to define

the sub-family namés'referred"to in other sections of this

- thesis. . . A

Table 14 compares the sub-families aceording to several
authors. Under each sub-family a list of gemera is given
where these were mentioned*by the author. These lists are
not eomplete but help to define the sub-family. Annotations
comment on placement of genera and the confuszon over sub-
family names.

The following section describes characteristic features

‘of the cyprinid sub-families. It is based principally on -

Banarescu (1973b) who has made the most recent "splitters”
assessment of the family and also on Wu (1963) and Nikol'skii

(1961) . The sub-families are arranged in alphabetical not



481

phvlogenetic order.
Sub-family Acheilognathipaé (Burope, S.E. Asia).

Body small and high-set with a pointed snout and a\ -
narrow caudal peduncle. Dorsal and anal fins medium in
.length, the anal positioned jusé behind £he level of the
dorsal. A sp;ne may be Q;esent in the dorsal fin. 'Mouth
small and terminal thh upper lip barbels in some species. °
Scales intermediate in size, lateral line complete orx in-
complete. There is one row of pharyngeal teeth and the gut
is long. TFemales develop an egg-laying tube (also in go-

bionine Sarcocheilichthvs) for introducing eggs into nussels.

Sub-ﬁg:i%y‘Barbinae (Africa, Asia and Europe)

Body elongate and slightly compressed or high-set. and
/ laterally compreséed but not as much as in the breams (Abra-
\\E?dini-Leuciscinae). The mouth is ventral or almost terminal
Qith one or.two péirs of barbels. The lips mav be thin or
fieshy Tand %ol&ed, warty of covered by a horny layer, while.
others have sucking discs. There is a terminal mouth and
belly keel in Rohtee only. The last unbranched dorsal ;ay
e - o - Y
is ossified@ and may bear teeth or not. The dorsal £in 1is ..
at the middle or anterior part of the body. - The'anal fin
is uswally short. = The lateral line when complete is stramght
and ends below the mlddle of the caudal peduncle. Some spe-
cies lack scales. There are typ}cally_three Tows of pharyn-
geal teeth but two and one rows are also found. The gut length

is variable: In some genera the swim-bladdex is degenerate.

Eggs are laid on the substrate.

-

N
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Sub-family.CWltrinae (§.E. Asia, india, Pelecus in eastern

> Europe) . - 7

\\\\ Body hiép-set or elongate and greatly compressed. A-
scaleless belly keel extends from the anus to the pectoral
£in level or to the throat.  The mouth is wiahogg,barbels,
terminal or on the upper half of the body and wide in some -
species. Many genera have .a toothlike process on the lower
jaw. Gill rakers number from 9-106. The dorsal fin has 7
ravs, the last unbranched ray a spine. This fin is located
behind the middle of the body (Ear back in many general and
behind the base of "the medidb to long anal fin. The caudal
fin is deeply forked and usually the lower lobe is slightly
longer than the upper; The Iaﬁeral line is usually complete,
often arching down sharply. The phagyngeal teeth are in
three rows, rarely two, usﬁally with hooked points. :The

. .gut is short and_the.swimbladder has Qyo_or three chambers.

Eggs of East Asian members develop while drifting downstream.
\\\\\\Sub—family Cyprininae (Asia, Europe)

+ Body high to very high-set, terminal or half-inferior
mouth, with or.without‘ barbels. Scales are large and there ‘
are one to three‘ro&s'of pharyngeal teeth. The dorsal fin is

long and the ‘anal fin is short. The last unbranched ray of
R "‘}“ L

both fins is bony and toothed. Snawnlng takes place on plants.

sub-family Danioninae {Asia, Africa, ? North America)

/

: r
Body elongate in some genera, otherd high-set. Ventrally

rounded, belly keel in only a few species. Mouth at end of
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body or on ubper side, sometimes wide, lips thin and ﬂever-
inged, one or two pairs of barbels in several genera.
Teeth~useally in three rows, o;casiopally two or .one, élmost
always pointed. borsal and anai fins are short and the
dorsal tends to be located posteriorly on the body. The
lateral line is straight or decurved, complete or absent,
and, usually runs on the lower half of the caudal peduncle.
One genus, Swamba, lacks scales. Eggs are pelagic or laid

on the bottom. \

A1 . .
Sub-familv Gobioninae (Europe, Asia)

*

Body elongate, low or medium high-set, ventral surface

-~

flattened or rounded. A pair of upper iip barbels in many

-

genera, lips thin or fleshy and fringed with warts or with

horny plates. Dorsal and anal fins short, a smooth spine

. in the dorsal fin of some genera. Pharvndeal teeth in one

or two rows, gut leng%h variable. The swimbladder is dege-

nerate in e.g. Microphvsobio, Gobiobotia which have a bony :

or fibrous capsule. Eggs are pelagic or laid in nests,

rarely laid in mussels.
Sub-family Hypophthalmichthyinae {(East Asia) .

Large and high-set body with laterally flattened sides.
Head large and broad with an upward-pointed mouth. The eves
are small and below the central head” axis. .The lateral line

is complete and the scales are very small. The dorsal fin

is short and the anal fin long. There is one row of greatly

flattened teeth and the gut i§'very long. A ventral keel

483
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runs from the throat to the anus. The branchiostegal mem-
branes are not joined to the isthmus. A suprabranchial
organ is present (see Berg,'1949) and the gill rakers coa-

lesce. The eggs are pelagic.
Sub-family Leucis¢inae (Burasia excluding India, ? North America)

Elongate or high set body, generally compressed laterally.
Mouth‘tér@inal, horse-shoe shaped, inferior or éuperior,m
sometimes‘with barbels. Lips cdmplete{é} interrupted,

j
fleshy or thim, or with a horny plaFé/gut' ver fringed
or warty as ‘in mﬁhy Gobioninae and Danioniziéy Usually
without spiny rays in the dorsal fin, an§} fin lang or medium
in size. Scales medium to very smaiI\E{éenerally lacking a
ventrallkeel but if present incomplete. Pharvngeal teeth in

one or two rows. Eggs usually laid on bottom but also said

to be pelagic. /

. }
Sub-family {Schizothoracinae (High asia and S. India)
= ‘

Mouth inferior, body and caudal peduncle cbmpact. Bar-
bels present or ;bsent. Ventrally flattened or rounded and
paired fins ﬁorizontal. Large scalgs around anus and anal q.l
£in. Other scales are small or absent. There are two Or
Eﬂéggirows of éharyngeal teeth, the péritoneum is black and
the éut loné. There is a serrated spine in the dorsal fin

of voung fish. The swimbladder is two-chambered, the posterior

chamber long and slender. Eggs are lzid on stones.
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Sﬁb—fam;ly‘Xenocypriﬁinae (China} \
Mouth almost terminal oi sub-terminal, small and with
stunted lower lip, lower jaw with thin, sﬁarp cutting edge.
There are one, two or three rows of ﬁookless teeth with
very long chewing surfaces. The dorsal fin has a smooth
spine and is slightly shorter than the anal fin. There 1is
a. keel betwéen the pectoral and anal fins in some species.
The gut is long. Eggs develép while Qrifting downstreaﬁ:
In considering Table 14 and the aﬁove descriptions it
is obvious that sub-familial desighation is open to sevgral
interpretations. Many characters are shared between sub-
families making separation difficult. Banarescﬁ (1972b)
cknowledged that the Danioninae is possibly as un-natural
shb-family and earlier (1967a) stated that "there are no
renchant and diagnostic morphological differences between
he Leuciscinae and the Daniéinae_(sic), but phyletically
ev seem distinct®. Wu (1964) alspo commented on the dif-
ficulties of sub-family sepération. Osteological studies by
Ramaswami (1955a, 1955b) anhd Screscu (1968, 1970a, 1970b, 1970c,
1971, 1972)‘have not provided clear cut evidence for sub-
family distinction. \
For the purposes of Whis thesis 10 sub-families are
recognized following Banarescu (1972b, 13873b) except.that
Schizothoracinae are not included in the Barbinae.‘ "Split-

ting" facilitates comparison with N. American cyprinids and

+the list should not be taken as a carefully judged assess-

, ment of cyprinid sub-families.

-
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North American cyprinids

-

Neafctic ‘cyprinids ere usually classified with the
Leuciscinae (M;ller and Huybbs, 1960; Banarescu, 13969;
Eastman and Underhill,- 1973). Attempts at erecting sub-
families, e.g. Plagopterinae, Pimephalinae, Notropinae,
within N. America have not met with mudk_success (Miller
and,ﬁubbs, 1960; Hubbs and Black, 1947). anarescu {1972b)
has placed all the Nearctic cyprinids, except the leuciscine

Notemigonus, in the Ddnioninae on the basis of unpublished

" osteological work by Ted Cavender. Until this work is

available for consideration no assessment can be made of -

this placement.
. =
Most of the 0id World cyprinid sub-families possess !
peculiar characters which eliminate them from consideration,
always assuming that these are not of relatively recent ori-
gin acquired since the Nearctic cvprinids left Asia. Such
characters include the egg-laving tube of Acheilognathinae

(also in the gobionine Sarcocheilichthys presumably an exam-

ple of convergence), spiny fin elements of some Acheilogna-
thinae, Barbinae, Cultrinae, éyprininae, some Gobioninae,
juvenile Schizothoracinae and Xenocvnrlnlnae (the splnv f£ins
of N. Amerlcan plagopterin fishes is regarded as an inde-
pendent develonment (Miller and Eubbs, 1960)), elongate
ventral keel in Cultrinae, nypoptbthalmlchthylnae, and some
X¥enocyprininae, eggs which develop while drifting downstreaﬁ
in Cultrinae some éobioninae, ﬁypophthaimichthyinae and

Xenocvprininae (the eggs of some Danioninae and lLeuciscinae
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_are also said to be pelagic (Banarescﬁr 1573b)), large mo-

dified scales in the anal region of SchlzothoraCLnae, the
unigue coalescing gill rakers, suprabranchlal organ and

large, low set eyes of Hypophthalmichthyinae and possibly
the regenerated scale nucleus with anastonesing lines in ‘
Cvprininae and some Leuciscinae. The N.-American HQboEsis
resembie Gobioninae but this is probably convergence.
Certain Gobioninae genera possess7such enaracters as skull
roof'fontanelles (the fontanelle in N. American Totichthys
is regarded as independent), the‘swimbladdef‘enclbsed in
a bonv capsule’ smooth dorsal fln spine, anusg pos;tloned
well in front of the anal fln and more than one pair of
barbels. Common ancestry is possmble but unlikely and
could only.be determined by a careful survey of all the
Gebioninae. .

The-Leucisginae and Danioninae séem to present the-most
likely sub-families in which the Nearctic cvprinids can be

placed by default. There are no obvious shared derived

characters which would provide a definite link except those,

ewhﬂii;ed by Notemlgonus (Abramidini) and Chrosomus (Phoxinus) .
The Eurasian Leuciscinae may share common ancestry with the
S.E: Asian Danioninae being a northern derivative of them
which spread ﬁest into Europe and east into N. nmerica.

This remains highly speculative at present.

-
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TABLE 14

‘v\ .., : * ' -
CYPRINID SUB-FAMILIES RﬂD INCLUDED GENBRAl

Banarescu, (1967b, 1971, 1972a, '1972b, 1973a, 1973b) and

- F 4
Banarescu and Nalbant (13965).

chheilognathinae2

i

Acanthorhodeus, Acheilognathus, Rhodeus.

Barbinae (including Schizothoracinae3)

Acrossocheilus, Barbus, Bertinius, Caecobarbus,

Capoeta, Carassobarbus, Catla, Catlocarpio, Cirrhinus,

Cvprinion, Diptychus, Discogobio, Epalzeorhynchus, Garra,

Hemigarra, Hemigrammocapoeta, Iranocvpris, Kosswigobarbus,

Labeo, Leptobarbus, Lobocheilus, Mesopotamichthvys,

Mystacoleucus, Onyvchostoma, Osteochilus, Percocypris,

Phreatichthvs, Poropuntius, Pseudogyrinocheilus, Ptychidio,

puntius, Rohtee, Scaphiodontella, Schizocypris, Schizopy-

gopsis, Schizothorax, Semilabeo, Sinibarbus, Sinocyclo-

cheilichthvs, Spinibarbus, Tor, fylognathoides, Typhlogarra,

Varicorhinus.

Cultrinaé4 - ¢ i

Anchervthroculter, Chela, Culter, Erythroculter,

Hemiculter, Hemiculterella, Ischikauvia, Longiculter,

Macrochéirichthyvs, Megalobrama, Oxvgaster, Parabramis, -

parachela, Paralaubuce, Pelecus? rgeudolaubuca,
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Pseudogyﬁi%tér, Rasborichthys, Rasborinus, Salmostoma,

Siniichthys, ;éxabramis.

\

Cyprininae

Carassius, Cyprinus, Puntioplites.

\15 ‘Danioninae (including Barilinae and Rasborinae).

All Nearctic cvprinids except Notemigohus; listing

in Appendix 2.

Aphvocypris, Atrilinea, Barilius, Brachvdanic] Danio,

Elopichthys, Engraulicypris, Esomus, Fustis, Hemigrammo-

cypris, Luciobrama, Luciosoma, Nematabramis, d&hetobins,

. - 8 . . !
Opsariichthys, Phoxlnusg Rasbora, Sgualiobarbus, Swaﬂba,

Tanichthyvs, Yaoshanicus, zadcos.

. Gobioninae (including Gobiobotinaes).

Abbotina, Acanthogobio, Biwia, Coreius, Coreoleucilscus,

Gnathopogon, Gobio, Gobiobotia,'Hemibarbus, Ladislavia,

Mesogobio, Microphvsogobio, Pseudogobio, Pseuvdopungtungia,

pseudorasbora, Pungtungia, Rhinogobio, Sarcocheilichthys,

Saurogobio, Squalidus.

Hypophthalmichthyinae

aristichthvs, Hypophthalmichthys''.

- s . 6
r,euciscinae - (including Abram:.dlm.4 and Chondrostominae ).

Abramis, Acanthalburnus, Acanthobrama, Acanthorutilus,

alburnoides, Alburnus, Aspiolucius, Aspius, Blicca,
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Capoetobrama, Chalcalburnus, Chondrostoma, Ctenopharyngodon,

Leucalburnus, Leucaspius, Leuciscus, Mylopharvngodon,

Notemigonus, Pseudaspiﬁs, Pseudophoxinus, Rutilus, Tincag,

4
Tribolodon, Vimba.

Xenocypridinae : 1

Distoechodon, Plagiognathops, Pseudobrama, Xenocvpris.

Wu (1964] Chinese Cyprinidae
AN

- Acheilognathinae

acanthorhodeus, Acheilognathus, Paracheilognathus,

Pararhodeus, Pseudoperilampus, Rhodeus,

-

II4)

Cultrinae (as "Abramidinae

Anabafilius} Anchervthroculter, Culter, Erythroculter,

Hainania, Eemiculter, Hemiculterella, Macrocheirichthys,

Megalobrama, Parabramis, Paralaubuca, Parapelecus,

Pseudohemiculter, Rasborinus, Rohanus, Sinibrama, Toxabramis.

~ vaophthalmlchthv1nae

Arlstlchthvs, Hvpophthalmichthys.

Leuciscinae (including Danicninae)

Aphvocvpris, Aspius, Atrilinea, Ctenopharvngodon,

pDanioc, Elopichthys, Leuciscus, Luciobrama, Lutiosoma,

Myvlopharyngodon, Nicholsicvpris, Ochetobius, Opsariichthys,

Phoxinus, Pseudaspius, Rasbora, Rutilus, Squaliobarbus,

Tanichthvs, Tinca, Yaoshanicus, Zacco.

0



Schizothoracinae . .

' aspiorhvnchus, Chuanchia, Diptychus, Gymnocvpris,

Herzensteinia, Parascéigggporax, Platypharodon, Schizo-

pvqopsis, Schizothorax. '\\\k

Xenocyprininae

Acanthobrama, Distoechodon, Plagiognathops,

Xenocvgris.

Nikol'skii (1961) Soviet Cyprinidae

Acheilognathinae (as “Rhodeinae"z)

Acanthorhodeus, Paracheilognathus, Pseudoperilampus,
Rhodeus. ’
Barbinae .

Barbus, Discognathichthys, Hemibarbus, Puntius,

Tor, Varicorhinus.

R

Chondro_stominae6

Chondrostoma

cultrinae (including Xenocypridinae)

Eiopichthys, Ervthroculter, Hemiculter, Megalobrama,

Opsariichthys, Parabramis, Plagiognathops, Xenocypris.

cvprininae

Carassius, Cvprinus.

Gobioninae (including Gobiobotinaes)

Gobio, Gobiobotia, Ladislavia, Paraleucogobio,

491
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’

~
n

" pseudogobio, Pseudorasbora, Ssarcocheilichthvs, Saurogobilo.

Hypophthalmichthyinae\\

Arvstichthys (sic), Hypophthalmichthys.

Leuciscinae (including Abramidini4 but not ChoﬁdrostOminae§

g.v.)

-

Abramis, Alburnoides, Alburnus, ﬁspiolucius{ Aspius,

Blicca, Capoetobrama, Chalcalburnus, Ctenopharyngodon,

Leucaspius, Leuciscus, Mvlopharvngodon, Oreoleuciscus,

Pelecus, Phoxinus, Pseudaspius, Rutilus, Scardinius, Tinca,

vimba.

Schizothoracinae

Diptychus, Schizopvgopsis, Schizothorax.

Nichols (1938}

Acheilognathinae (as "Rhodeinae")

Acanthorhedeus, Pseudoperilampus, Rhodeus.

Chondrostomatinae6 (including Xenocyprininae, some Barbinae

and Leuciscinae) 5

Chondrostoma, (Labeo), varicorhinus, Xenocypris.
N
N 4 . . .4
Cultrinae (as "Abramidinae ") (incluéding Abramidini’)

Abramis, Ervthroculter, Hemiculter, Notemigonus.

Cﬁprininae (including some Barbinae)

Barbus, Cyvprinus, Labeo, Osteochilus.
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Danioninmae (as "Rasborinae™)

Bariluis, Danio, Opsariichthys, Rasbora.

Gobioninae

Gnathopogon, Gobio, pseudogobio, Saurogobio.

»

Leuciscinae - (including Nearctic Cvprinidae)

Hybopsis, Leuciscus,

Schizothoracinae

Phoxinus, Richardsonius. 7

-

Diptychus,'Schizopyqopsis, schizeothorax.

Chu (1935} Chinese Cyprinidae

Acheilognathinae

Acanthorhodeus, Acheilognathus, ParacheiIanathus,f

. ,
+ pseudoperilampus, Rhodeus.

Cultrinae (as "Abramidinae4“)

Anabariliué, Chanodichthyvs, Culter, Cultriculus,

Hemiculter, Hemiculterella, Megalcbrama, Metzia, Parabramis,

Parapelecus, Pseudolauca,

Rohanus, Toxabrqug.

Cyprininae (including Barbinae)

carassioides, Carassius, CirrhAnus, Cvclocheilichthys, ‘

Cypfinus, Garra, Labeo, Lissocheﬂéus, Onvchostoma,

Osteochilus, Percocypris,

Procypris, Pseudogvrinocheilus,

ptychidio, puntius, Semilabeo, ginibarbus, Sinilabeo,
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Spinibarbichthys, Spinibarbus, Tor, Varicorhinus.

Gobioninae

Abbotlna, Chlloqoblo, Coreius, Gnathopogon, Gobio,

Hemibarbus Paracanthobrama Paraleucogobio, Pseudoqoblo,

Pseudcrasbora, Rh:z.noc:ob:v.o,.Sarcoche:Ll:Lchth\Lrg_r Saurogobio,

-

Sinigobio.
f . Pl
H»‘poohthalmlchthvlnae | y | ¥
Aristichthys, anonhthalmlchthvs.

Leuciscinaé (including Danioninae)

Aphvocypris, -Aspius, Atrilinea,'Brachvdanio,

Ctenopharvngooon, Danioides, Eloplchthvs, Leuciscus,

Luciobrama, leopharvngoqon, Nlc£;151cvprls, Ocheteobius,

Opsariichthys, Phoxlnus, Pseudas;lus Rasbecra, Sqﬁgzzggzﬁbué,

Tanichthys, Tribelodon, aacco.

' schizothoracinae

Chuanchia, Diptvchus, Gymnqcypris, vmnogiptychus,

Herzensteinia, Paratyvlognathus, platvpharodon, Dtvq(hobarb

usf-
Schizopvge, Schizopvgopsis, Schizothora.ﬁ_.'. l J ‘

—

Xenocvnrlnlnae (as “Chonarostomatlnae 6)

. ‘Distoechodon, Plagiognathops, Pseuaobrama, Xenocvpris.

L]

rRendahl (1928)

- . < 2
Acheilognathinae (as "Rhodeinae””)

'Acan%horhodeus, acheilognathus, paracheilognathus,
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pPararhodeus’ Pseudoperilampus, Rhodeus.

Barbinae

. Barbus, Cirrhinus, Discognathus, Hemibarbus, Labeo,

Mystacoleucus, Raracanthobrama, Paratyléqnathus, Semilabeo,

‘ i
"Sinibarbus, qf{ognathus.

L]

v
1

Cultrin&e (asj%bramidinae4")

~

Chanodichthys, Culter, Culticula, Eemiculter,

ﬁ%miculterella,fNicholsicﬁlter, Parabramis, Parapelecus,

Rasborinus, Toxabramis.

Cvprininae . -

Carassius, Cyprinus.

Goblonlnae (lDCludlnG Goblobotlnaesl

1

<:\ Aaenloqoblo, Chlloqoblo, Corlmarelus, Gobio, Gobiobotia,

ParaleuCOqoblo, Pseudogobio, Pseuddrasbora, Rhlnogoblo,

garcocheilichthys, Saurogobio. .

hv hthalm;chthvmnae

Aristichthg§, Hvpophthalmichthys.

) ’ " -
Leuciscinae (including Danioninae) . ,

Aphvocypris, Aspius, Barilius, Ctenopharyngodon,
‘\ -

Elopichthys, Leuciscus, Luciobrama, Mylopharvngodon,

Opsariichthys, Phoxinus, pseudophoxinus, Sgualiobarbus.

. Schizothoracinae

Diptvechus, Schizopygopsis, Schizothorax.-

*



Xenocyprininae (as "Chondrostominae®") .

f ’ Distqechbdon, Plagiognathops, Pseudobrama, Xenocypris.

Other works include Smith (1945).on Thailand cyprinids who
cited Abraminae (sic) (= Cultrinae),. Cyprininae (including

Barbinae and-Acheilognathinae), Garrinae (for Garra, Discolabeo,

Epalzeorhvnchus, Crossocheilus and.Mekongia usually in Barbinae)
and Rasborinae (= Danioniﬁae), Krysﬁéhﬁysky (1947) who divided
cvprinids into four sub-families (sic) Barbini (including
Acheilognathinae, Cyprininae and Schizéthoracinae), Danionimi,
Gobionini and Leuciscini (incigding Cultrinae and Xenocyprininae)
on the basis §£ hvbridization and ecological characteristics, )
and Berg (1947, 1949) who iistéd the sub-families (sic) Cyprinini,
Gobiobot%}ni (for the genus Gobiobotia), Hyvpophthalmichthyini

and Psildrhynchini.' Hora (1920) elevated this latter group to

family rank and this is retained bv Greenwood et al. (1966) .
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Notes on Tab

~p . 497

1.

4.

5.

1

No attempt waff made to assess generic status; some may only

-

be sub-genera Or synonyms.

Acheilognathinae has priority over Rhodeinae (see Duyvene

.

de wit, 1962).

- .

In Banarescu {(1973b) the Schizothoracinae are separated
from the Barbinae but this translated work was first
published in 1968. A later assessment placed Schizothoracinae

as "only a group, éerhaps less than a tribe, within the

Barbinae {(Banarescu, 1972b).

The Cultrinae.are sometimes called the Abramidinae. The

Abramidini are a tribe of the Leuciscinae sometimes elevated
N

to sub-family rank but not related to the Cultrinae (Banarescu,

1967a, 1967b).

Nikol'skii (1961} ggnsiders placement of Gobiobeotia .into

a sub-family of its own solely on the basis of having 8
- ‘

barbels as inexpedilent.

Chondrostominae has been used to delineate the genus

1

- Chondrostioma of Europe, now usually considered as tribe

or less oé‘the Leucisc;nae. The name has also been used

for the Asian Xenocyprininae.

This work is incomplete and the sub-families Barbinae,
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g—
4

: \

Cyprininae, Gobicbotinae, and Gobioninae are referred
to but not described. According to the translation at
hand another sub-family, (transliterated as Yarlonae)

containing Aphvocypris and Yaoshanicus, exists. It is

referred to in the section on Abramidinae but not in
the kevs to sub-familiesiand these genera are referred

to the Leuciscinae later.

Pelecus was previously placed in the Leuciscinae as were

Opsariichthys, Phoxinus and Zacco. Makaveva and Ryabov

(1973) place Opsariichthys in the Leuciscinae rather than

the Cultrinae in which Nikol'skii (1961) had plaéed this

genus.
Tinca has been placed in the Cyprininae by e.g. Sorescu(l968).

Rvabov (1973) places Hypopﬁthalmichthys close to Leuciscinae

in agreement with Kryshanovsky (1947) .

. q



APPENDIX 4

On the nomenclature of the genus name Endemichthys

The genus name Endemichthvs was first used by Hopkirk

o
k -

(1967f in describing a ng‘species of cyprinid, E. grandi-
Einnié, from Clear Lake, California. Since this work was
a doctoral dissertation the name“wés'not published. A
nomen nudum was creaéed by publication of an abstract of
#he thesis without a genﬁs description (Hopkirk; 1968) .

A subsequent publication 1ssued 30 November 1973 (Hopkirk,
1973) described the new genus. and species in an acceptable

mannexr but Endemichthvs had been coined as a genus name for

a.ﬁOSSll dictyopvgid, Endemichthvs likhoeli (Oxder Redfield-

1formes), from Lesotho, South Africa in a publication Lssued
23 March 1973 (Forev and Gardiner, 1973). The latter use
of the genus name has priority and a replacement name for

Endemichthvs grandipinnis is required. It should be noted

that the status of this species is in dispute (Hubbs, 1974)
P —— ——
and that the 12 extant specimens céilected én 1939-1940 have
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been referred to Lavinia exilicauda (10) and Orthodon™macro- -

lepidotus (2) or as hybrids between these two species.
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'ADPPENDIX 6

Author and vear of publication of principle genera and

sub-genera of North American cyprinids referred to in this

—

thesis. .

acrocheilus Agassiz 1855

Aqoéia(sirard 1856 w

‘ Algansea G irard 1856
Campostoma Agassiz 1855
Chrosomus Rafinesqﬁe 1820

Clinostomus G irard 1856 M

Couesius Jordan 1878 .

>

4
Dionda Girard 1856

Fremichthvs Hubbs and Miller 1948

Ericvmba Cope 1865
Erimvstax Jordan 1882
Evarra Woolman 1895
Exoglossum Rafinesque 1818
Extrarius Jordan 1819..
Gila Baird and G irard 1853
Hemitremia Cope fé?O

Hesperoleucus Snvder 1912

Hvbognathus Agassiz 1855

Hvbopsis Agassiz 1854

Iotichthvs Jordan ané Evermann 1896
TLavinia Baird and Girard 1854
Lepidomeda Cope 1874

Macrhybopsis Cockerell and Allison 2909
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Margariscus Cockerell 1909

Meda Girard 1856
Moapa Hubbs and Millexr 1948 T

Mvlocheilus Agassiz 1855

vlopharodon Ayres 1855
2
N

ocoriis G irard 1856
/

Notemigonus Rafinesque 18§19

Notropis Rafinesque 1818

Opsoéoeodus Hay 1880

Oregonichthys Hubbs 1929 : \

Orthodon G irard 1856

Parexoglossum Hubbs 1931

Phenacobius Cope 1867

Piﬂhohales Rafinesque 1820

Plagopterus Cope 1874

Platvgobio(sill 1863

PogonichthﬁgﬁGirard 1854

Ptvchocheilus Agassiz 1855

Relictus Hubbs and Miller 1972

Rhinichthvs Agassiz 1848

Richardsonius G irard 1856

Semotilus Rafinesgue 1820
Stvpodon G arman 1881

Tiaroga Girard 1856

X vstrosus Jordah and Snyder 1899

vuriria Jordan and Evermann 1896 ’ .





