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ADVERTISEMENT 

The publications of the Museum of Zoology, University of Michi- 
gan, consist of two series-the Occasional Papers and the Miscel- 
laneous Publications. Both series were founded by Dr. Bryant 
TLTalker, Mr. Bradshaw 13. Swales, and Dr. TV. TV. Newcomb. 

The Occasional Papers, publication of which mras begun in 1913, 
serve as a medium for original studies based principally ~lpoii the 
collcc~tions of the Museum. The papers are issued separately to 
libraries and specialists, and, when a sufficient number of pages have 
been printed to make a volume, a title page, table of contents, and 
index are suplllied to libraries and individuals on the mailing list 
for the entire series. 

The Miscellaneous Publications, which include papers on field and 
museum techniques, monographic studies, and other contributions 
not within the scope of thc Occasioizal Papers, are published sepa- 
rately, and as it is not intended that they will be grouped into vol- 
lrlncs eacl~ nlunber Elas a title page. 
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REVISION OF CERATICHTBYS,  A GENUS OF 
AMERICAN CYPRINID FISHES 

INTRODUCTION 

LIKE many other species of North American fresh-water fishes, those here 
referred to tlie gcnus Cerotichthys have been the subject of much systenlatic 
confusioii-taxonomic as well as noinenelatorial. Reccnt discoveries, par- 
ticularly those reported by Hubbs and Ortenburger ( 1 9 2 9 ~ :  35-38), have 
largely cleared u p  the status of the soutli\~~estenl species, properly called 
Ceratzchthys v ~ g ~ l u x  rather than Coc?~lognuthz~s or?zatzu, but the wicle- 
5pread species long ltnown as Cliola v ~ g t l a x  lias been thro~vii into a nomen- 
clatorial mnddle. This form is here regarded as specifically but not as 
generically distinct, and its name is tl-aced back to Cerutichthys perspicz~zcs 
(Girwd).  A third species, Ceratickthys tenellzts (Girard),  from the Ozarlc 
Upland and adjacent regions, is n o ~ v  recognized for the first time since its 
original description in 1856. I t  is divided illto G. t .  tcnel lz~s (Girard) and 
C. t.  parviceps, new subspecies. A fourtll species, Cerutzchthys callarchzcs, 
belonging to the C.  tenellus group, is described as new froin southeastern 
Missoari. 

111 the preparation of this paper n e  have closely esainined all specimens 
01 Ceraticltlltys in tlie University 01 Michigan Museum of Zoology, the 
United States National I\'luseum, and the Chicago Natural History Museum 
(formerly Field Museuili of Natural IIistory) . lk fore  the rediscovery of 
C C I  cct~chthys tc?zcllzis, the specimeils in the Acadeiny of Natural Sciences 
of Philadelphia and the Museum of Comparative Zoology had been studied. 
We are deeply grateful to the authorities of these museums for thc privilege 
of malting these investigations. We thank Dr. Leonard P. Schultz of the 
National Musenm also for examining and slretching the pharyngeal arches 
and teeth of the types of Hyborl~ynclzzrs perspiczczcs and of H. tenellzcs. 
Laura C .  EIl~bbs gave assistallce in  the statistical calculatioi~s. Milton B. 
Tralltlnan sent us his records for Ohio, along with information on the habitat 
preference displayed by Cernticlzthys perspicuus in that state. Numerous 
specimens from Texas were made available by Icelshaw Boiiham George V. 
Harry collected and made ready for checliiiig most of the material tal;en i11 

Missouri. Rccve M. Bailey fnrnished records and other informatioi~ for 
Iowa and Texas. 

A11 appreciation of the status axid relationships of Ceret ic l~ th  ys calls for 
a consideration of the group to which this genus is referred. 

SUBFAMILY PIME1'EIALINAE HUBBS 

This subfamily was first organized on a foriilal basis and ilained by 
Hnbbs (1926 : 25-26 and 48). The group appears to be a specialized de~ iva -  
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tive of the Notropinae, which doininate the rich eyprinid fauna of the 
Atlantic and Gulf drainages of eastern North America. 

The Pimephalinae agree with the Notropinae in most respects. They are 
a l l  sizlwll; none attains a standard length of 100 mm. The pharyngeal teeth 
are reduced to 4 on each arch (and are uniserial). The dorsal and anal fins 
are few-rayed and spineless, and the dorsal is submedian in positioii. 

The group of Pimepltales and its allies differs from the Noif-opis complex 
in certain specialized struetnres. The nuptial tubercles of the head are 
confined to the nznzzle and are much fewer though greatly enlarged. The 
body is wholly clevoid of nuptial tubercles, and those on the pectoral rays 
are arranged in single unbranched rows (in Ceratichtlzys pe.rspicz~z~s and 
C. vigilax even these tubercles are obsolescent). The pectoral 611 of the 
breeding male becomes broad, flat, atid much thickened, particularly in long 
pads between the rays. I11 the muell blackened breeding males the flattened 
ilaehal develops a thick rugose pad. This soft structure is used to 
wipe eleaii the eggs, which are deposited on the undersurfaces of flat objects. 
The second and third rays of the sinall dorsal fin are more distinctly sepa- 
rated than is ns~lal  by an illterradial membrane. The first ray is minute or 
obsolescent. The second ray is somewhat more thickened than in   no st 
cyprinids. These features of the dorsal fin are coiispieuous only i11 the 
breeding males, i11 which the thick and clavate but hardly "spinelili-e" 
secoiid ray (usually the first obvious ray) is widely separated from the third 
ray. Above the base of the fin and near its front margin there is a blackish 
spot, which also is proininent only in breeding males. The anal fin is un- 
usually small and rounded. The number of principal rays is typically 8 
in  the dorsal and only 7 in the anal fin, but is subjcct to variation. The 
scales are recluced in size in the anterodorsal region. The preponderance 
of nuptial featnres in the definition of this group confirms the taxononlie 
importance of sexual characters. 

The distinctiveness and constancy of these specialized characters cireum- 
scribe the Pimephalinae as a very compact natural group of genera. It is, 
thercforc, now difficnlt to appreciate why Ceratichlhljs (= Cliolu = Hypar-  
gyrzcs) until recently was widely separated from Pinzepltalcs. The obvious 
error in taxonomic judgment was due to the unwarranted emphasis that 
was long placed on the length of the intestine as a priiiiary character in the 
classification of the Cyprinidae and other families of fishes. Eeeent dcvelop- 
meiits in systematic ichthyology indicate for the Cyprinidae as well as for 
several other groups tliat the true lines of relationship repeatedly cross 
divisions which were I'ormerly based on differences in the length of the 
intestine, in associated structures, and in feeding habits (Hubbs and Brown, 
1929: 29; Hubbs and Turner, 1939 : 1 7 ) .  The directly adaptive structures 
related to ilutritioii are seemingly subject to repeated modification through 
convergent evolution (IInbbs, 1941 : 188) .  
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The close resenzblaiice of Ceratichtkys to Pimephales was observed aiid 
commented upon by almost all of the authorities who, nevertheless, persisted 
in widely separatiizg the genera. The difficulty of clistinguishing "Cliola" 
vigilax from "Pintephales" ~to2aZus was elliphasized by sollie authors, either 
through misidentifications or through definite statements. For example, 
Forbes (1884: 78) inclicatcd that "Cliola vigilax" closely resembles aizd has 
at  times been confouilded with Pi112epl~ales notatzis, aiicl Hay (1887 : 24617) 
even suggested that vigilax should probably be referred to Pi~?zcphales. 
Jordan aiicl Evermaiin (1896 : 251-52) wrote of Cocltlognat7zzrs (= Ccl.a- 
tickl7ty.s) : 

We plt~ee this gcnus mld Claola in the neiglibodiood of Notyopis, 011 accoullt of tlic 
shortness of the intcstil~cs, but it is lilicly tha t  their true relatioils are with Pimepltales,  and 
tha t  the reduction in the length of tlle alimentary canal is a character indcpeildeiltly 
developed. 

Despite sucll evidence, the genera were not fornially nssociatecl i11 one g~ol lp  
until 1926. 

The view helcl by Jorclan and previous workers that the short intestiiie 
of Ceratichthys is a modification of the primitive loiig-gutted coilditioil 110 

longer appears plausible. I n  the Cyprinidae as in other groups a short 
intestine and a carnivorous diet appear primitive-though subject to re- 
peated change illto the specialized condition of a long intestine fitted to 
digest plant material. The blackened peritoneum and the modifications of 
mouth aizcl tooth structnre associated with the herbivorous habit like~visc 
appear to be specializations. The carliivorous North American eypriilicls 
are m ~ ~ c h  the more iiumerous and form a large group of generalized types, 
L'ronz different meizzbers of which the herbivorous geiiera are plausibly deriv- 
able along separate lines. 

The short intestine ancl a silvery peritoneum are the chief characters by 
which Ceratickthys may be separated from the two other genera collzprising 
the Piiliephalinae (Hubbs, 1926 : 48). The intestine slzo~~ls the single, 
compressed S-shaped loop, without ally kinlcs in the regioii of the anterior 
(second) bend. As was iiiclicated by Hay (1887: 246-47) and Belidall 
(1903 : 360), the length of the intestine is extremely variable ill Pinzephalcs 
(ancl Hyborl~ynchz~s), but in these genera there are al~vays some additional 
lrinks or coils, a t  least in the regioii of the anterior bend, aizcl the peritoizeum 
is invariably black. 

ANALYSIS OF TIIE FORMS O F  PIMEPESALIWAE 

The 3 geiiera, 6 species, aiicl 8 forms which we recognize in the Pimepha- 
linae may be separatecl by the use of the follo~viiig key, supplemented, for 
the forms of Ceratichthys, by Tables IV to X. 



8 CARL L. HUBBS AND JOHN D. BLACK 

In.-Intestine not elongated, forlniiig a simple compressed S-shaped loop without addi- 
tional coils or ltinlts. Peritoneum silvery. Pharyngeal teeth rather strongly 
I~oolted. Nuptial tubcrclcs on head 15 or fc\rrrr, typically 5 to 11, very rarely more 
tlian 13, with only 1 row intervening betmeell nostril and preorbital edge. Scales 
of the miil-sides u s ~ ~ a l l y  wit11 a more sllieldliltc outline, and generally with radii in 
moderate number (Tables 1-11) .. . . . Genus Ceratichthys (Tables IV-X) 

1b.-Intestine inore or less elongated, with extra coils or a t  least kinks about the secoiid 
(anterior) bend of the s -shaped loop. Peritoneum black or nearly so. Pharyngeal 
tcctli very weakly or not a t  all hooked. Nuptial tubercles on the head 15 or more 
(normally a t  least l6), \v i th  2 rows intervening between ilostril and prcorbikal edge. 
Scales of the mid-sitlcs typically with a more rertieally oval outline, aild gc~ierally 
with morc numerous radii (Table I). 

ba.-Nuptial male withoot barbel-like expansion of the sliin a t  end of maxillary. 
Nuptial tubercles nsually more than 16 on hcad. Lateral line often incomplete. 
Head more rotund. Mouth more oblique. Caudal spot dusliy. 

Pimephales pron~elas 
3a.-Mouth strongly oblique. Nuptial tlibcreles developed on mandibles as well as 

on muzzle. Lateral line incomplete. Body usually deeper and morc com- 
P. p. pro?nelas 

line aliuost to quite coml~lctc. Body usually illore terete .. . .... P. p. confertus 
2B.-Nuptial male with barbcl-lilrc expansion of the slcin a t  end of maxillary. Nuptial 

tubercles normally 16 on hcad. Lnteral line complete. Head less rotund. 
Mouth morc nearly l~orizontal. Cn.udal spot blaelr . Uyborhyncl~us notaltbs 

The s~lbspecies of Pimepkalcs pl-omelas (discussed by Hubbs and Orten- 
burger, 1929a: 38) intergracle irregularly over a ~vjde area. There is also 
much local variation i n  each subspecies. Even t~~a l l y  more than the two 
forms will probably be named. 

Despite its extensive range (Hubbs ailcl Lagler, 1941 : 61), I Iyborhyncl~us  
notuius has not yet been clivicled illto subspecies. Cursory exainination, 
however, has indicated that a form, probably of subspecific ranlr, inhabits 
the lower Mississippi Valley and the streams of the Gulf coast east of the 
l\lississippi Risrer. Coinpavecl with typical ?zotatz~s i t  seenis to have coarser 
scales, particularly in the prctlorsal region, and a heavier build. 

SCALE CIIARACTERS 

As indicated in  tlie preceding key specimens of Gel-atichtlzys can usually 
be distinguished from those of Pimephales and Hyborhynchz~s  by an  exnini- 
nation of the scales. Since the use of scale structure in  fish taxonomy has 
been iliuch neglected by most workers but  has been greatly acclaimed by 
a few who have used limited material, a statistical study was undertakeii 
to test the value of scale characters in the Piinephalinae. The number of 
radii was connted on more than 1,600 scales, as indicated in the subheading 
of Table I. The size and shape of the scale was not measnred, since these 
features exhibit grei~t  va~.iation a11d are very strongly correlated with the 
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nlunbrr of radii. When the radii are few, consideriiig the size of the fish, 
the scale usually assumes the outline of a shield, with the vertical dimension 
not very much greater than the horizontal, with a sharp angulation of the 
anterolateral margins ancl of the ridges on the ailterolateral axes, often ~v i th  
tlic anterior margin concave above aiid below a median anterior convexity, 
ant1 wit11 the posterior nlargin very broadly rounclecl. When the radii are 
iilost iinruerous, tlie scale talies on a more or less vertically elongated oval 
outline. The correlation is .eviclent in both individual and intvrspecifiv 
variation, and seems to be common among American Cyprinidae. Foi. 
esalllple the vertically oval scales of Hybognntlzz~s hanlcinso~zi have nio1.e 
radii than the shield-shapecl scales of H. ?zzcchalis aiid H. placiius (Hnbbs 
ant1 Laglcr., 1041 : 50). As a rule the focus is close to the posterior margin 
in  the sl~icld-shaped scales with few raclii and is less excentric i11 thc ninlti- 
radiate oval scales, but this correlation is subject to much fluctuation. 

Since the nuniber of radii aiid the shape of the scale are not perfectly 
correlatecl, the combination of the 2 features will usually suffice for a clefillite 
itleiitificatio~i of any pimcphaliiie iiiinnow as a Ceraticltthys or as a Pinzeplz- 
nlcr or I I y l~orkync l~us .  There is a considerable overlap in  the connts of 
ritclii for each size class of fish (Table I). Ceratlcllthys vigilnz alq>roaches 
Pirt/cplzaTcs a i d  Ilyborky~zchzcs inore closely than clo the other f o l a ~ s  of 
Co.c~tichth?js. This is much trncr of certain poplllations than of others, 
fo r  C. vigtlnx provides a partial, variable transitioii between C. persgictcus 
and either P~nzepltnlcs or Hyborhynchzts, in  respect to scale forin and nnm- 
her of radii (Table 11). Some local variation, lcss strongly marked, was 
~lotclcl in othcr species. 

I n  view of s11cll r:tci;ltioil ancl yarticulat.ly in view of the very T\ itle 
inclivid~~al vai.iatioi~ i l l  scale structure demolistrated in  this study, i t  obvi- 
o11sIy behooves one lo  proceed thoronghly aacl cautiously in using scale 
characters for the separation of species of Cyprinidae. Valuable distinc- 
lions, l~owever, do exist and should coiistantly be loolieci for. 

PIIYLOGENY O F  THE PIMEPHALTNAE 

111 accaord with a phyletic principle that is becoming increasingly evident. 
the species and subspecies of the Piinephalinae show a mixture of primitive 
aiid specialized attributes. On the basis of the common denominator of 
presliinably primitive features the ancestral pimeplialine probably hacl 
the following characters, j11 addition to those cited above as definitive ol' 
tlie group as a whole : 

A. Carnivorons habit, associated with a simple, S-shaped intestine, 
a silvery peritoneum, aiicl strongly hooked teeth. These feat1u.e~ are re- 
tained only i11 C e ~ a t ~ c h t h y s .  

R. A moderately colnprcssed body form, lcss slender and less flattened 



TABLE I 
NUMBER OF SCALE RADII IS FORMS OF PIXEPHALISAE 

Counts  ere made of all radii, including rudiments, near the margin of 1 scale, occasionally 2-4 scales per fish, in the first to third 
row above the lateral line, approximately belom the dorsal origin. For each 10-mm. size class the mean and the standard error are 
given; also the range of variation and, in parentheses, the number of seales studied. Trial counts show that P~?nepha les  p. prontelas 
agrees with P .  p. confertzis. 

10-Millimeter Size Classes 

20-29 mm. 1 30-39mm. 1 40-49 mm. 1 50-59mm. I 60-69 mm. ( 70-79 inm. 

Pbmephales promelas confertzis 

Hyborhynchus  no ta t z~s  

Cera t i c l~ thys  perspicuzis 

Ceratzchthys v t y ~ l a x  (total) 

Ceratichtlzys t .  tenellus 

Cerat ichthys  t. parviceps 

Cerat ichthys  callarcltzis 





I:! CARL L. IIUBBS AND JOHN D. BLACK 

in the nnchal region than in  most species of the group. Plmeplzalcs p?-o~?t?lar 
p~omelas  is inost primitive in this character; Ceratichthys te~zellzis pnrviccps 
ancl C .  callarchzis most extreme. 

C. A complete lateral line. Pin~cplzales pronzelas promelas is tllc onlj- 
form with ail incomplete line, but  P.  p. co~zfer t~rs  often laclrs sonie pore'i. 

11. A11 oblique mouth. 
E. Nuptial tubercles present on the mandible ( in  correlatioil wit11 tllc 

ohliqnity 01 the mouth), and in 3 primary rows oil the snolxt. In this fea- 
ture, as in the obliquity of the mouth, Pinzephales pronzelas pro?nclas is lilost 
archaic, for it alone normally has chin tubercles. These are obsolete or very 
nc.arly so i n  typical P .  p. confertus, though variably developed in the broad 
area in which coufertzcs and promelas intergrade. Both subspecies of 
P. pronaelas a t  so~ne localities commoi~ly develop 1 to 3 extra rows of tnber- 
clcs, usually of small size and of irregular dispositiou. P.  p. co7zJ"crfzts, as 
well as Hyborhync/tus notatzis and Ceratichthys tenellzis and presumably 
also C. callarchus, regularly retain 3 rows of pcarl organs across the snout, 
bnt in this series of species the tubercles become progressively fewer and 
more constant in number and arrangement. The same trend is continnecl 
in Cerntichthys perspic~rtis and is carried to ;In extreme in C. v i g ~ l a x .  The 
factual basis for these conclusions is presented in  the following section. 

Z". Nuptial tubercles on rays of pectoral fin well developed, tliougli 
limited to single unbranched files. These tubercles have become rudi- 

mentary, almost obsolete, i11 C. perspicuus and in C .  vigilax, but i n  all other 
species, so f a r  as is Imown, remain well developed. 

G. Jaws of breeding males normal in structare, ~vithont exposed sharp- 
ened edges. Ceratichihys perspiczczcs, C. ~ c ~ z P ~ ~ I ~ s ,  and presuluably C. 
callarclzus are iiicipieiitly modified toward the extreme conditjon exhibited 
by the nuptial males of C. vigilax, which have jaws much like those of 
Diodon. 

B. No barbel-like flap a t  the end of the maxillary in nnptial males. 
This specialized structure is developed by IIyborhynchzcs only. 

I. Size moderate, as in Ceratichthys perspicuzis, C. vigilax, and Hybo- 
rhyrzchus nolatus. Pimephales pronzelas is ordinarily though not always 
a smaller fish. Ceratichtlzys tenellzis is apparently a dwarfed species, ant1 
C. callarchzis is assumed to be of similarly reduced size. 

No living species combines all of these primitive characters, and IIOIIC is 
specialized in  every respect. The jumbled association of archaic and 111oili- 
fied features in each species is illustrated by the data in  Table 111. For  tliis 
table we quantified the primitiveness of each of the 8 pimephalines, for each 
of the characters (A to I) as listed above, by grading the forms on a point 
basis from 8 to 1, dividing the points for ties as is done in an athletic meet. 
Since 3 sets of characters are involved, the scores for item A are mllltiplied 
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by 3. By adding the figurcs for each character we obtained a rough iiides of 
primitiveness, which is given for each form in the last column of Table 111. 
The siillilarity of the indices is further evidence of the admixture of primi- 
tive and specialized cliaracters. Ceratichtlzys perspiczclis ranlcs as the iizost 
archaic in  the sum of tile characters, but Pimephales pronzelas promelas is 
indicated as scarcely less archaic. Hyborhynchz~s notntus rates as most 
specialized. Tlle other liinds show such close compensation in  the combina- 
tion of primitive aiicl derived cliaracters that their indices of priinitive~icss 
are of the same order of magnitude. 

Obviously, no simple linear arrangement 01 the species is suggested by 
the data. Several sequences other than the one adopted in  Table I11 would 
be about as logical. Each genus presumably arose independently from the 
root oP the Pimephalinae, and there is a deep schism between the Cfra-  
tichthys vigilax and C. tcnellus groups. The most probable direct-line 
sequences lie witliiil these groups, respectively, from C.  perspiczczcs to C .  
vigilax and Prom Ceralichthys tenellzcs tenellzcs to C. t. parviceps to C .  
callarcl~us. 

SPECIALIZATION IN TIIE NUPTIAL TUBERCLES 

I n  many respects the most interesting and significant of the specializa- 
tions within the I'imephalinae pertain to the nuptial tubercles of the brcecl- 
illg males (characters E and F of the preceding discussion). These struc- 
tures arc greatly reduced in  number and area in dl pimephaliiies aiid 
exhibit a series along which the tubercles have become further reduced 
in number aiid more invariably fixed in  both position and number. Snch 
reduction and fixation is, no doubt, in the line of specialization, but there 
is no strong reason to believe that the entire sequence represents a single 
rectilinear trend in phylogeny. Reduction and fixation may well have 
proceeded to clifferent clcgrces along 3 or more independent lines. 

The most generalized tuberculation is exhibited by the males of Pimeph- 
ales p. promelas. I n  this form there are hoolis on the pectoral rays, in 
single unbranched files; a row or group of tubercles on each mandibular 
ramus, aiid 3 primary ro~vs across the snout. P.  p. confertz~s typically lacks 
the mandibular tubercles, but is oth~rwise similar. 

Indicative of generalization in this respect the tubercles of the snout in 
Pimephales pronzelas exhibit much variation in  number and arrangement. 
Those of the first row, running close to the anterior margin of the snout, 
vary from 6 to 14. Very often there is a median tubercle plus 3 on each 
side, as in  Hyborhyncha~s. Frequently, there are 4 011 each side, giving a 
count of 9 instead of 7. Only 1 male among many examined had the number 
recluced to 6. F~zrther  increases are generally clue to the interpolation of 
small organs here or there, or to a longitudinal pairing of the outermost 
tubercle. ?'he median tubercle also may be paired, either transversely or 



TABLE 111 

EVALUATION O F  DIFFERENTIAL PRIMITIVENESS O F  KNOWN FORMS O F  ~~~~~~~~~~~IE 
The  method of quan t i fy ing  t h e  primitiveness of each f o r m  is explained i n  the  text. 

-- 
~pp.ppp 

E r ~ l u a t i o n  of Primitiveness of E a c h  Character, A t o  I Index of 

-- 

Pimephales p. promelas 
Pimephales p. con fer tus  
Hyborhynchz~s  notatus 3.3 5.5 2 5.5 43.5 
Ceratichthys perspicuus 18 6.5 2 1.5 3.5 7 54.5 
Cera t ic l~ tkys  vigilax 18 5.5 5.5 6.5 1 1.5 1 5 7 51 
Ceratichthys t .  tenellus 18 3.5 5.5 4 4 5.5 3.5 2 51 
Ceratichthys t .  parviceps 18 1.5 5.5 2 4 5.5 3.5 2 4 7 
Ceratichthys ca l larc l~~ls  18 1.5 5.5 2 4* 5.5* 3 ,5 :~  5s 2 4 7 
-- -- -- 

* In assigning these values to C .  callarclius i t  is assumed tha t  in  the characters of the nuptial males, a s  yet unknovn, this species wi l l  
be found to agree with C ,  te?&elllis. 
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longitudinally. The organs in the secoiid row vary from G to 13, but are 
most commonly 7 or 9, with either 3 or 4 on each side of a median tubercle. 
The number is reduced to 6 in  only 1 fish examined. This row nlns  close 
to the nostril and then curves around, so that the last tubercle ordinarily 
lies just below that orifice. The row, however, may end in front of the 
nostril or inay extend behincl it. Sometimes the last organ of either the 
second or first row, or of both rows, is doubled, so as to form a vertical 
series aloilg the front eclgc' of the orbit (perhaps reflecting an earlier pat- 
tern) .  I11 the second row there inay be a mecliaii tubercle, or a pair of 
organs alignecl either transversely or longit~~clinally. The thircl row almost 
invariably coinprises 2 organs (rarely 1 or 3)  between the nostrils. At some 
localities 1 or 2 adclitional rows of 1 to 3 tubercles each are occasionally (or 
evcn often) Sormed still Sarther back. Other s~~ppleilientary rows of 1 to 
several titbercles, generally of small size, may occur i11 aclvance of the first 
row, pai*ticularly toward thc sitlcs, or between the first and second rows. 

I11 I I y b o v h y n c h z ~ s  ~ o t a t z ~ s  the nuptial t~tbercles are retained in the single 
files along the pectoral rays ancl in  3 rows across the muzzle, but those on 
the silout are fewer than is usual in Pinaephules ancl are much more definitely 
fixed ill nlunber and position. The Pormrtla 7-7-2, ofteii thoagh not most 
freqnrntly exhibited h P i n ~ e p h a l e s  promclus, is standard for HyborI tynchz~s .  
There is almost no variatioli, cxcept that the metliai~ tubercle of the seconcl 
row is occasionally paireel, either trailsversely or loi~git~tdinally or is acconi- 
pallied by a srnall tnbercle on either side. The first row consistently com- 
prises a median tubercle plus 3 on each sicle. There are 2 rows between 
the ilostrjl and the preorbital iliargill as in  Pimephules .  As 111 that genus 
thc secoticl row curves a ro~uld  the iiostril so that the last organ lics between 
the nostril and the eye. The third row comprises 2 tubercles evenly aligned 
transversely between the nostrils. 

I11 Ccraticlt2kys the tubercles are further reducecl aiicl maintain very 
definite positjons. The highest nmnber of tubercles observed on the snout 
of ally G ~ 7 - u t i ~ h t 7 1 y ~  is 15, aiid the highest usual number is 11, whereas in 
large series of P~??zcphalcs anel I IyDorh?jnchz~s exanlined the lowest iiuinber 
f o ~ t l ~ d  is 15, aiid 16 is the lowest il~linber of frequent occltrrence. 

I11 Ccrutic1~lhy.q 2 .  tenel lus  the Sunclaniental fornlula of tubercles on the 
nl~izzle is 5&2, a t  times iircreasecl to 5-5-2 by the iiiterpolation of a 
secoild s~nal l  tnbercle below the nostril 011 either the left or the right side. 
I n  adelition, 3 of the several tubercnlate males exainii~ed have a median 
tubercle in  the folcl of the upper lip. One of these has also a rudimellt 
besore ancl to the of the media11 tubercle of thc first row and a small 
doubled organ behiiicl and to the right of that tabcrcle. Since this fish also 
has an extra tnbercle below 1 nostril its total coinplement is 15. The first 
row comprises a mecliaii tubercle, 1 on each sicle clisplaced backward to a 
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positioil about midway between the nostril and the suborbital edgc (in the 
space where 2 rows occur in Pimephales and Hyborhynchus) ,  and finally, 
beyond the preorbital incision on each side, a lateral organ near the sub- 
orbital margin. The second row lacks the median tubercle that is usually 
developed in Pimeplzales and Hyborhynchus. I t  consists of a well-separated 
pair of tubercles just in front 01 the nostril and of 1 (occasionally 2 )  on 
each side between the nostril and the eye. That these submedian and lateral 
structures are alignable into one row is concluded from the more complete 
seriatioii of these organs in Pi7nephales and Hyborhynchus,  as described 
above. The pair of organs flanking the median one of the first row in 
tenellzrs might be counted rather as belonging to the second row, on which 
interpretation the basic formula would be given as 3-6-2 instead of 
5-4-2. Two organs, regularly disposed transversely between the nostrils, 
nlake up the third row. Since these tubercles are smaller than those of 
the other 2 rows and break through the skin later during the nuptial 
developnient, they are often not evident in subnuptial males. The only 
tltbereulate inales of C. 2. parviceps other than the holotype show oiily 5--4 
tubercles, but they are in an early stage of sexual development; the third 
row is almost surely characteristic of this subspecies as well as of C. t. 
tenellus. The sabnuptial holotype of parviceps is probably aberrant in the 
high number (15) of rostra1 tubercles, for the formula is 5-7-2, not 
including 1 on the mid-line of tlre upper lip. It has 3 supernumeral-y organs 
in the second row, 2 on one side and 1 on the other, located along the lower 
edge of tlie narial fossa. I t  is assumed that C. callarckz~s agrees with C. 
tenelltis in having the nuptial tubercles in 3 rows. 

Fnrther red~iction in the number of tubercles characterizes Ceratichtkys 
p e r s p i c z ~ ~ ~ s  and C. vigilax. I n  these species only, so far  as known, the hooks 
of the pectoral fin do not clevelop beyond an obsolescent condition. The 
organs on the rn~lzzle of C. perspicuz~s are rednced to 2 rows, corresponding 
precisely to the first 2 rom7s of C. tenell~is.  The number (typically 5-4) 
and arrangement seldom vary. I n  1 specimen among inany examined a 
lateral orsan of the second row, between tlie nostril and the eye, is lacking 
and 1 organ of the media11 pair is r~rdimcntary. The mediaii tubercle of 
the first row is doubled transversely in 1 specimen ; in another i t  has 2 tips ; 
in yet another i t  is markedly reduced in size. 

I11 Ceratichthys vigilax the oiily tubercles anywhere 011 the head, bocly, 
or fins comprise a row of 5 that is exactly ~qlxivalent to the first or mar- 
ginal row of C. perspiczcz~s. As in the other species of Ceraticlztltys the 
median tubercle of each side is about halfway between the nostril and the 
suborbital edge. A few variants were found among many specimens ex- 
amined. I n  1 the median tubercle is cloubled in an  oblique line. I n  another 
i t  is paired transversely. In  several i t  appears to be lacl~ing (but may not 
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yet. have brolien tl~rongli the sliin). One variant has the middle tubercle 
011 l side tripled. A~lotller has 1 of the lateral organs doubled. I n  the most 
aberrant specimen, Srom Pin Oali Creek, llobertsoti Connty, Texas, the 
tnberclcs arc abitoriii;~lly increased to 13 and are so irregularly a]-rangecl 
as to form a narrow band medially a ~ ~ d  on 1 side. Two other specimens 
PI-om tllc same locality llavc tlle norinal number of 5 tubercles. 

GENlJS CERATICHTHYS BAIRD AND GIRARD 

Ccral ic.11 lIryr.-T3ai1d allti Girard, 1 8 5 3 ~ :  391-92 (introdneed only in  t l ~ c  name Coatic- 
1lly.s viqilaz, IIC\V species, nitli gcncric nanic misspelled; 11e11ce vigilax is the haplo- 

t y l ~ c ) .  J o r d a ~ ~ ,  l91G : 26; 1924 : 72 (i~omenelatiire; rcplaees Cliola according to  
Opillion 22 of Tntcrrrntio~ial Comn~issioir on Zoologieal Nomenclature; not Geratich- 
llrys G i ~ x r d ,  1856). liubbs, 1926 : 26 and 48 (characters; comparisons ; lnrn~ber 
o f  P i~ncp l~a l i~ i :~c ) .  Ortcl~bnrgcr :?ad Hubbs, 1927: 133 (relationsl~ips). 'FTnbl,s 
:~ncl O~tcnburgrr ,  1929n: 36-37 (Coclrlognathzcs a synonym; Cliola or Conlic~lrtlt!ls 
of most r~ut l~ors  = ILypnl:r/yl'nrs). 

Coolilo,~ncrt1~7r.s.--R:~ird n.ntl Girmtl, 185471: 158 (original drscription; hnplot,ypc, C. 
ornattr,~) ; 18592: 46-47 (descril~tion). Copc, 1866 : 380 (allied to liybopsis I)llt 
a.ppearance lilrc H?jborhy??ch~c.s). Jordan and Gilbert, 1877b : 90 (type, C.  or?tat~is). 
Jordan, 1877c: 56 (clixr:lctcrs) ; 1878d: 787. Cope, 1880: 37-38 (more likc 
Alburn,ops than fi?ncplhalcs). Jorda.11 and Gilbert, 1883 : 161 (cIesc~.il~tion). 
Jordan and Evermann, 1896 : 203, 251-52 (description; relationships). hIccli, 
1904 : 33, 57 (description). Cockerell, 1.91 3 : 129 (scales). Ortenburgor : ~ n d  
II11bl)s, 1047 : 133 (rclationsl~ip). Jordan, EVC~III:IIIII, :111c1 Clnvk, 1930 : 1 $6. 

Cliolcr.-Ci~~~~.d, 1856: 192 (original description; no typc indicated; C. vigilaz, C. vclos, 
 lid C. viva?: i~lclnclccl) ; 1858 : 256 (drscript,ion ; same species). Jordan, 1877a: 
78, 1 8 7 7 ~ :  56, 58, 64, :lncl l878d: 787 (col~fusecl with Mimilus and Episcw~a). 
,fortIan ; ~ n d  Gilbc~,t, I8i7b : 01 (typc, Ccraliclitlr~s vigilax) ; 1883: 163-64 (descrip- 
ti011 ; type). .J ordm~, 1885b : 810 (= llypargyrus Forbes; diagnosis; type restricted 
to C. v ) .  IT:ry, 1887: 246-47, 249 (closely related and possibly referable to  
Pimeplralcs) . Jordan and Evermann, 1896 : 203, 252 (description; comparison; 
Cerat%c7~ll~y.s first used for this group). Coclicrell and Allison, 1909: 163, and 
Cocltcrcll, 19 13 : 120 (in p:~rt;  scale structure; relat~io~rsl~ip). Jorcl:~n, 1916: 26 
(replaced by Ccral icl~llr?js, with samc typc species) . 

FT?lpnrg?jr7~s.-For11c~s, ill Gi lbc~t ,  1884: 200 (name introduced in footnote a s  fol1ovi.s: 
"lIypargyr71s, gcii. nov. P'orbcs MSS., t,ype Hybopsis t?tclitanz~s Cope"; tlie original 
l~r~ililan !as of Copc W:IS lTyOorli?ynchti,s notaltts, but the tz~di tant~s  of Forbes and of 
.lordall ;lnd Gilliert wn:: Cc?.nliclr l7~ys ~ ~ ' I ' . ~ P ~ c I L ~ I s ) .  Hnljl,s and Ortenburger, 1 9 2 9 ~ :  
:1(<-37 ( t o  rcl)l:~cc Clioln or Ccrnlich llsys of n l ~ t l ~ o ~ . s  ; com1,arcd with Gernliclr tlrys = 
Gochlognallaus) . 

11s indicated above in t,he annotated synony~ny the name C e r a t i c h t h y s  

Bail.tl a11t1 Girilf(l J I I U S ~  be retained for the group that has most often been 
called Clioln.  The name with this usage therefore takes precedence over 
Ccrtr2ichl?i1js Baircl ( i n  G~J-ard, 1856: 212-13), which is a synonym of 
iVocoml.s Girartl ( 1 8 5 6 :  1 9 0 ) .  C c ~ a t i c h t h y s  was used in the same sense of 
Bairtl, for baj.belled m i n n o ~ ~ s ,  by Cope ( 1 8 6 4 :  277; 1866 : 364-GG), Giinther 
(1868: 17( i ) ,  Jorclan amtl Gilk)crt (1877h:  9 2 ) ,  Jorclan ( 1 8 7 6 :  270; 1877~ :  
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80 ; 18776 : 328 ; 1 8 7 8 ~ :  108 ; 1878d: 785-87 ; 1880. 287, 290 ; 1882 : 859-GO), 
Jordan and Evermanil (1896 : 314)) ancl by other authors, prior to the con- 
trary action of the l s l t c r~~a t io~la l  Commissio~l on Zoological Nomenclatare, 
in  O p i ~ r i o ~ ~  22 (" Ol~itlions Rentlered by the Tater~iatioi~al Conl~nissioll on 
Zoological No~nenelature, Opillio~ls 1 to 25," publ~shecl by the S~ni thso~l ia~ l  
Jnstitntion, July, 1910). 

The geileric name was first spelled Ccraticthys by Baird and Girar(1, as 
was i~otecl in Opi~ i io~l  22 j~ r s t  cited. We interpret the first spelling as a nlis- 
print or 1al)szes calarni, Sor the authors ordinarily spelled ~iallies correctly 
and subscqllently wrote "Cc7cxtichthy.s" without com~ncnt. The Interna- 
tional Comnlission was ruling on the type species, not on the spelliiig. 

Clioln, with tlie same type species (vzgilaz), is an  objective synonym of 
Ccratichllrys. As itidicated by Hnbbs and Ortenburger (1929~:  36-37), 
Cochlognufhzis (ornalzis) was based on the nuptial males of the same spccies, 
Ceratichtlr?js vigilax. Hypargyr7cs is 01 less certain application, as the in- 
tended type species,Hyparg~jrtcr 1t~ditanti.s Forbes = Ccmttchthys perspicu?is 
(Gi ra i~ l )  is 11ol the same ;rs the nominal type species, Hybopsis t~cdita?zus 
Cope = I I ! J ~ ~ Y . J L ~ ? ~ C / L Z ~ S  " i~o t a t~ i~ .  On the uiisettle(1 propositioii that  the ill- 
te~rcletl type spccies holds, II?jpcr~{jyr7is is available for the ~ ior t l i e r~ l  spccies, 
generally known 21s Cllola v~grltrr but 1ici.ein caallcd Cerat~chthys 1)crspicz~zu. 

Whether II?jgcxrgrjj rrs should be rrcogliized as a genils clistitlct Srom 
CcraliclztJ~ys is a inatker of opi~lion. Except for 2 characters exclusively 
shown by the nuptial ~uales, the type species seem to be al~liost i~idistinguish- 
able, arid agree with one another in  all respects by which either differs Sro~n 
the 2 other species, C. lcnellzcs ancl C. cullarc.lzzi~ (Table I V ) .  Should 
Hyparg?jr~is and Cc~~atzcl~tlzys be generically separated, a 1 1 i . 1 ~ 7  genus moulcl 
apparently be needed for tlie G. tene1lzc.s group. 

Since C. ~~er.sp~czczc,s (indir.ect type of ITypargyr~~s)  an(1 c .  vigilclx (type 
of Cerccticlrlh?j.s) are so ~liilch alike and have an allopatric clistributio~l (Map 
l ) ,  i t  is possible that they ~irill be fonacl to intergrade subspecifically. Sho~rld 
i~ltergradatioll be clernonstl.atec1, even subgencric ancl specific separation 
would be exclutled. 

As indicated above, a11c1 ill Table IV, C~~7~c~t~clilh?js t c ~ ~ e l l ~ r s  and C. 
callurcl~~cs contrast \vith both C. persprcl~zis ant1 C. vigilax in ~lzost charac- 
ters. This table, together with Table V, s l ~ o ~ ~ i ~ z g  the kllown tlifferellces 
betwccn C. ~~c r sp rc~ i~ i . s  a ~ ~ c l  C. vrgllux, and Table VT, ~vliich compares the 3 
fornls of the C. te~zcll~is group, will serve in place of a key to the for111s of 
the genus. Tables VTI to TX summarize the couilts and ~lleasurerne~lts nlhicll 
have proved of value in the separation of the 5 recognized fornls of Ceralich- 
2hys. A coinpariso~l of the gelins Cerntrch1hy.s with other pi~neplralines is 
given in  the key 011 page 8. 
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TABLE I V  

OF Ceratichtl~?ls 
.- - -  - ~- -- 

Ceraticlzth~ys tenellus 
Group : 

C. tenellns and 
C. callarcl~us 

(See also Table VI )  

Generally more attenuate 
(especially in C. t .  parvi- 
ceps and G. callarchtts), 
and more terctc (width 
nearly or quite oue scale 
height greater than dis- 
tance from ridge of back 
to  lateral line) 

1.6 to 1.9 (usually 1.7 in 
C. 1. tenellus, 1.7 or 1.8 
ill C. 1. parvieeps, 1.7 in 
type of C. callarchzi.s) 

About horizontal sntcriorly ; 
somewhat oblique 
l~osteriorly 

More exparldcd a t  mid-line 

5 to  7 (~isnally 6, rarely 5 
or 7, in C. tenellus; 7 in 
C. callarcl~us) 

Better developed; in half- 
grown and adult slightly 
(C. t. tenellus) to  ra.ther 
strongly (C. t .  parvicep.~) 
developed on head, even 
across snout (even stronger 
in C. callarcht~s) 

Coi~spicuoasly marked with 
blaeli pigment 

Strong, narrolrT, definitc 

More or less elongate 
vertically 

More conspicuous 

Scarcely blackened in crotch 
of rays 

Mostly blackish, with con- 
spicuous broad wllitisll 
front edge* 

Mostly black, with whitish 
edge (outer edge bright)' 

C O ~ ~ P A R I S O N  OF 
- pp 

Body (Tables VJ TI-IX) 

TTcad: depth in length 
(Table I X )  . . . .  

Moutli 

Upper lip ............................... 

Scales a.bove 1:lteral line 
(Table V I I )  ................... 

............................. Lateral band 

Region about  nus ............... 

Stripe behind anal fin ... 

Spot on hasc of caudal ...... 

Cross Iiatcliing on scale 
poc1iets ......................... 

Dorsal fin . . . . . . . . . . . . . . . . . . . . .  

Pectoral fil ' 

males 

Pelvic fin in nuptial males 

TIIE perspicuus AND tenellus GROUPS 
......... . 

-- 

Cerat icht7~~s  perspicuns 
Group : 

C. perspicztus aud 
C. vigilax 

(See also Table V)  
- - 

G r ~ ~ e r : ~ l l y  deeper, but occa- 
sioilally slcndcr ; more 
c~ompressecl (width about 
cqual to distance from 
ridge of back to lateral 
line, or slightly greater) 

1.4 to 1.7 (usually 1.5 or 1.6) 

Moderately oblique; curved 

l ~ i t t l c  expanded a t  mid-line 

6 to 8 (usually 7, seldom 6) 

. Lcss dcvclopcd ; in half 
grow11 and adult scarcely 
devcloped on lie:~d ; gen- 
crally replaced on snout 
by a b1:~cltish spot below 
nostril, near preorbital 
cdge 

Alniost tot:llly devoid of 
l~ igment  

Wcalicr, broader, more diffuse 

Nearly round 

Less conspicuous 

Blackened ill crotch of rays 
(except in young) 

Less blacltmied over main 
arca, but with front edge 
b1:rck (exccpt for a tr:iec of 
light on extreme margin) 

Blaclc pigment lacliing or 
confined to outer part  of 
fin near axil; without 
definite light border 
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Cc t nticsliIhc/s perspictlzis Ce~crlrc7~tl~?ys tenelltis 
Group : Gronp : 

C. pel spic?itcs and i G. tenellus aud 
C. wi(j~1a.l; C. callarc7~u.~ 

(Sccx :rlso 'I'able V ) (Sccl also Table VI)  

.iiial fin in  nuptial male 

Light 111ar1~ 011 enlldal in I n  connected blotchcs, oile a t  I n  a vcrtie:ll streah* 
nuptial niales base of each lobe 

I il:~ck pigment laeltiny or 
col~fiiled to  a blotch near 
base anteriorly and a malli 
near posterior edge 

1,argely black, with clear 
anterior lilargin and light 
outer margin" 

Nuptial tubercles of head 111 1 or 2 rows (2  in I n  3 primary rows' 
(confined to  snout) gerspiczius, 1 ill wigilaa) 

Light border on head 
along gill opening in 
liuptial males 

Nuptial tubcrclc~s on Obsolescent 
1)cctoral rays 

Ty~)ienl habitat ... ...... ..... 

Uistl.ibuti011 (Maps 1-2) 

S o t  veiy conspicuoiis: partly 
s~iffused 1vit11 dusky 

\Vcll developed, in 1 row* 

Rriglit and rlear* 

( 'c .~it~al Valley and Gulf I O ~ k i r n  Upland and ad- 
tiibutaries lacent region to noi t l~nes t  

'I'rilbid, slugyislr, lowland 
rivers and oxbow lakes, 
generally with no 
vegetation 

Through errors in  taxonoiny and identification tile ~uanges 01 "Cliola" 
and "Cochlognatl~z~s" have bee11 ruidnly extended nortl~\l-ard and westward. 
Since this revision aims to prescnt an  accurate pictrirc of the distributio~l 
as well as the taxonoilzy of the species ~beferred to Ccl~a t i c l~ i l~ys ,  an  effort has 
been made to collate and correct those errors. 

Clear, swift, n~ountaiil ci cehs 
and sn~a l l  i ivrrs, generally 
in vege t :~ t io~~  

1. ITyDopsis tuditalaz~s corn = Hybos-7t?j~~clizcs ~ao la lu s  

After a re-examination of the types, Hubbs (1926 : 48, lootnote) ant1 
Hubbs and Ortenburger ( 1 9 2 9 ~ :  37) indicated that  Ix!jbopsis tzcditanus 
Cope ( 1 8 6 6 :  381) was based on specimens of H?jborl~ynchus notatzcs. This 
corrected determination is in line with present knowledge of the characters 
and the raages of Ccratickthys perspicuus and of H?jborhynchz~s notal~ts .  
Cope ~nentioiied that the types of tzcdita?z?is, fro111 the Detroit River, as well 
as the specimens froin "the St.  Josephs" (St. Joseph River, tributary to 
Lalre Michigan), had a well-marked lateral band-\vhich is a character of 
Hyborlzynchus nolatus as contrasted with Ceratichthys perspicuus. Cope's 
other specimens, from the Wabasli River a t  Lafayette, Indiana, were obvi- 
onsly based on the Cerntichth?js, for he describes them as not showing such 
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a band. That part of the literature on tz~clitanus which pertains to Ceratich- 
thys perspicuus is included i11 the synonymy of that species. 

Much confusion has arisen through the reference of Bybopsis tuditanus 
to Hypargyrus, Cliola, and Ceraticktlzys. Jordan and Gilbert (1883 : 165- 
66) described the northern Ceratichthys as Cliola tz~ditana, and Gilbert 
(1884: 200-201) introduced Forbes' generic name Hypargyrus for this 
species, as thus misidentified (for subsequent references to Hypargyrzu, 
refer to the synonymies of Ceratichthys and of C. perspicuus). Fowler 
(1918: 18-20, P1. 7) gave a lengthy redescription and a figure of a cotype 
of Hybopsis tuditanus and reported other specimens from the Detroit River 
at Grosse Isle, under the erroneons heading of Ceraticlztlzys vigilax. The 
figure clearly represents Hyborlzynclzzu ?totatus. Some of Cope's Detroit 

TABLE V 

COMPARISON OF Ce~.at.ichthys p e ~ s p i c u u s  AND G. v ig i lax  

Ceraticlbtlbys v i g i i a ~  

Consistently in 1 row 
snout ............................... 

Jawboncs in breeding 
males ............................................ 

River specimeiis in the Philadelphia Academy collectioiis, labeled Cera- 
tichthys vigilas, were found in 1924 to be poorly preserved, but apparently 
referable to Hyborhynchz~s notatzu and hTotropis hudsonius. 

Unwarranted northward extensions of the range of "Cliola vigilax" (i11 
the sense of Ceratichthys perspic~cz~s) followed. "The St. Josephs" sooil 
became "Lake Michigan" in the loose zoogeography of the last century, and 
on this basis Hoy (1883: 432) includecl Ilybopsis tudinatus (sic) in his 
list of Wisconsin fishes. The Michigan records for Hybopsis tz~ditanzcs led 
to the inclusion of Cliola vigilax in the lists of fishes from the Great Lakes 
(Evermann, 1901 : 95 ; and Beaii, 1903 : 740), Michigan (Micliael, 1906 : 
14), Ontario (Nash, 1908 : 39), and lielice Canacla (Halkett, 1913 : 18).  

Distribution (Map 1) ...... 

2. "Cliola vigilaz" FROM MISSOURI ( I N  PART) 

= Hybor7zync7zus notatus 
Records of Cliola vigilax fro111 Grand River at  Clint.on and Tabo Creek 

a t  Calhonn, i11 Missouri (Jordan and Meek, 1885: 16; and Everiilailil and 

Less sharpened and barely 
exposed, bat incipiently 
lilodified in same direction 

Sharpened and exposed to 
form very strong biting 
jams resembling those of 
Diodon 

Alississippi River system and 
other Gulf streams from 
the Alabama to the Trin- 
ity, excluding the upper 
Red River maters 

Gnlf of Mexico drainages 
froill the San Jaeinto to 
the R.io Grande; also the 
upper Red River systeni 





REVISION OF CERATICITTHYS 23 

TABLE VIS 

SCALE COIJNTS I N  Ceratichthys 

I Scales above Lateral Line 

No. I Ave. 

-- - -- 

I Scales :\long Lateral Ijine 

40.33 

. . 41 .0 8 

Scales belo~v Lateral Line 

Cox, 1896 : 362, 400), have recently been shown to liave beell based oil mis- 
identified specinieiis (U.S.N.M., No. 36228) of ITyborhynchw notatus. 

3. Cliola snzithii EvEnMANN AND C O X  = Pi+nephales 
psonzelas pronzc1a.s 

The description of this iiomiiial species led to erroiieous northwestern 
recorcls for the genus Clioln (= Ceraticlzihys) and to a supposed increase in  
the number of species of the genus. A11 examination of the types has led 
the senior writer to regard Cliola smithii as a synonym of Pinzephales 
yromelas promelas. The literature refel-eiices are as follows: 

Cliolu smithii.-Evermann and Cox, 1896 : 400-401, 424, 427 (original description ; records, 
South Daltota) . Jordan and Evermann, 1896 : 253 (after Fvermnnn and Cox). 
Coclterell and Cnllawny, 1909: 189; and Coclterell, 1913: 129 (scale structure and 
otlicr cliaraeters ; relations) . 

Ceratichtkys s.mitki.-Jordan, Evermann, and Clark, 1930: 145. Churchill and Over, 
1933 : 43 (characters). 

Ceratichthys smitkii.-Schrenlicisen, 1938 : 151 (characters). 
Pimephales promelas.-Hnbbs, 1933: 108 (Ceratichthys sn~ i th i  a synonym). 
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4. "Cochlognathus ornatus" FROM COLORADO = N o t ~ o p i s  
deliciosus nzissuriensis 

Fowler (1924: 404) recorded Cochlognathus ornatzcs from "Colorado," 
far west of any other record for Ceratichthys. As pointed out by Hubbs 
and Ortenburger (1929~: 36),  this record was based on speciinens of Notropis 
deliciosus. 

TABLE VII I  

DEPTH or  BODY AND LENGTH OF I I E ~ D  IX Cerattc71thys 

5. "Cliola vigilax" PROM IOWA LAICES = Piwzeplzales 
promelas promelas? 

The records of Cliola vigilax from West Okoboji, East Okoboji, Spirit, 
Welch, and Center la.lres, Iowa, given by Larrabee (1926: 12, 20, 21) and 

- 
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repeateil by I'otter and Jones (1928 : 3 4 9 )  are allnost certainly ei.rboneous. 
Tl~osc reports probably refer to l'iwtcphales prontelas promelas Rafincsque. 
IZccvc i'E. Bailey, 1\7lio has recently conrluctecl ail ichthyological survey 01 
tllcse glacial lakes oL' ~ ~ o r t h e r n  Iomra tells us that Ceratichtlzys is apparently 
cntircly laclring there, whereas Pinzephales p. promelns, not listed by 
Ltxrrabec, abounds. Farthermore, the distinctive characters ascribed by 
that a l~ lhor  lo C. vigilan; are those of P. 22. pronzelas. 

The recent cxte~lsiol~ of tlie range of C. parspicuus t o  the north shore 
tribtttal-ies of Lake Sul~crior in Minnesota was based on a misidentification 
of specimens of R h i n i c h l h y s  atratzrlzcs nzeleagris Agassiz (references given 
below, iindcr " Ceml  iclr t h y s  persp icz~us" ) .  

BULLHEAD MINNOW 

(I(:~.aliclill~ ys p e r s l ~ i c z ~ u s  (Girard) 
II!~~J~Y~LIJ?~CILILS p~~spic t /~~~.-Cr i rnrd ,  1856: 179 (original description; comparisons; Arlran- 

sns Rircr near Fo r t  S~nitll') ; 1858: 231, P1. 52, Figs. 16-20 (description; coin- 
pztrisoiis ; sariic i~i:~terial;  " gcncric name misprinted Hybo~hinchus) ; 18598 : 53 
(Cliagnosis ; snmc ~riat,crial). 

' l'irr nr:rtc,rinl clcsigrr:rtc~cl in t l~ i s  sy~lorryny 1)y an  asterisk (") has hcen re-cxmninctl. 
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Ilybognal7~1r.s pmspiccilis.-Gii~~tllcl', 1868 : 185 (dcscriytio~~, aftcr Gir.:rrtlv) . 
Ceralicl~lhys per.spict~t~s.-TTubbs and Laglcr, 1941 : 48, G 1  (noinei~elaturc and range, 

froin manuscript of present paper; comparisol~s; 1iabit:rt). Snrber and Eddy, 
1942 : 36 (Minnesota) . Eddy and Surber, 1043 : 143, 148 (charaetcrs ; range ; 
distribution in Minnesota and Wiseonsill-erroneously recorded froin north 
shore stre:r.ms in Lalre Superior drainage of Minnesota* ) . ITuhbs, 1945 : 18-19 
(st:ltns in bricf; i~ortl l  shore records based on R7linic7~17z?js alratulzts n~eleag- 
ris'). Gcrkisig, 1945: 16, 68, Map 54 (distriblltiosl, ecology, and records in 
Tndiana..) 

V?jbopsgs tz~tlitczrc?ts (n~isiilcntifieations) .-Col~e, 1866 : 381 (slot t l ~ e  description; speci- 
mcns from the W : L ~ : L S ~  River : ~ t  T~afayettc, Indiana, but not the types from Detroit 
Rivcr" nor tlie ' 'o t l~ers  from thc St. Joscphs,"-as shown hy Hubbs anil Ortcn- 
burger, 1929a: 37).  Jordan and Gilbcrt, 1877a : 2 ; and K l i p p : ~ ~ t ,  1878 : 152 (Indi- 
ana. part  of range, "Indiana no r t l~ '  '). 

Leuc%sc?ts t.c~tl%ta~ztrs.-(iiintlrcr, 1868 : 259 (Wabash River record only). 
Alburnops 1'1~dilan7is.-.Jordnn, 18785 : 366 (Indiana part  of range,  indi dim^:^ north "). 
Cliola tnt€itana.-<Jordan and Gilbert, 1883: 165-GG (1ndi:~na part  of rangc, "Miehi- 

gall to Indiana"). 
V y p a ~ g y r z ~ s  l?arlilanz~s.-Gilbclt, 1884: 200-201 (description; White ltiver 11c:rr Bed- 

ford, Inclia.n:~, ; Illinois) . 
Coc l~ logna t J~~~s  big,~lttal~cs.-' 'Cope MSS., " i n  Jordan, 1878c: 419 (nomen auduns; 

Texas). Jordan a.nd Gilbert, 1883 : 161, 884 (aftcr Cope). Jordan, Evcrmann, 
and Clarlt, 1930 : 14G. Selironltcisen, 1938 : 154 (charaetcrs) . 

Cochlognalll7a.s 5iguttatcl.-Cope, 1880 : 37-38 (original descriptioii ; Trinity River, 
For t  Worth, Texas;" this narnc is regarded :IS prc-ernpted by Ceratic7~th.ys 
bigzrltat~ss (Kivt1:ind) Girard, 1856 : 21 3 ) .  Jo~d :n l  : ~ n d  Evcrinann, 1896 : 252 
(after Cope) . 

illbrrrnops tauroccpl~a1tt.s.-my, 1881: 503 (original description; Chicltasa~vlra Rivcr a t  
Enterprise, Mississippi ) ; 1882 : 69, 74 (distribution; Mississippi Rivrr in Arlran- 
sas opposite Memphis, Tennessee," and in Louisiann. or Mississippi near Vicks- 
burg," Mississippi; Pearl ltivcr systeiri near J:reltsoii" and Yalahaslia Rivcr near 
Grenada," Mississippi). 

Cliola ta?~roccphala.-.fordan :inti Gilbert, 1883: 166 (ciescriptiol~). 
Cerat%clltlr?ls vigilax tccnrocep7zal~1r.s.-11ubbs and T~agler, 1939: 19 (Great Lakes 

k):r.sin; charnctcrs) . Kuhne, 1939 : 50 (Tennessee). Trantman, 1940 : 19 (dis- 
tribiltion in Ohio ; characters) . 

CeralicT~l7~~la taurocep7bolzis.-Brenltelm:in, 1940 : 381 (Neosho and Osage river sys- 
tcms, lcansas) . Shoup, Peyton, and Grntry, 1941 : G9 (records, Tennessee). 

Cliola vagalax (misidentifientions) .-Forbes, 1884 : 78 (small streams th ro~~ghou t  Illinois ; 
resembles and has been confounded with Parnephalcs uotatns). Graham, 1885: 73 
(in Kansas list, without records). Jordan and Meek, 1885: 3-4 (synonymy and 
eharaetcrs, in par t ;  Dos Moines River a t  Ottumwa, Iowa*). Evermann and Boll- 
man, 1886: 336 (Monongalrola River" a t  Monongaliela City and a t  Loek Nine; 
Pigeon Creek near Monongahela City). Jordan and Gilbert, 1886: 7, 15, 17 
(Poteau River a t  Slate Ford, Olrlahoma," and Lees Creek near Van Buren,' Ar- 
ltansas, both in par t ;  Sabine River a t  Longview* arid Trinity River a t  Dallas," 
Texas). Gilbert, 1886 : 209 (Neosho River, Oswego, Ransas-perhaps C. tenellus). 
IIay, 1887: 246-47, 249 (taurocephalus a synonym; charactcrs; should probably 
be referred to Panzephales). Jenkins, 1887: 94 (Wabash Rivrr a t  Terre Haute, 
Indiana). Evermann and Jenkins, 1 8 8 8 ~ :  46, 53, 54; and 18885: 112 (Wabash 
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Ri-vcr a t  Delphi, Indiana).  IIensliall, 1888 : 78 ( 0  'Balmon Creek, IIarniltoll 
Coi~nty, Oliio). Garman, 1889: 18; and 1890: 143 (Long Lnlie and Willow and 
Wood sloughs, on Mississil~pi River bottoms near Quincy, Illiuois) . Jordan, 1890 : 
162 (Wabash Rivcr a t  Vinecnncs," New Harmony," 2nd Macltey's Ferry,' Black 
Cl'celi a t  New Harmony, and Big Creek 6.5 miles north of Mt. Vcrnon," Indiana). 
Gilbert, 1891: 147, 152, 154, 157 (Spring Branell a t  Tuseumbia," North River 
a t  Tuscaloosa," and tributary of Coosa River :it Att:llla,' Alabama; Riclrland 
C~,cclr, Pul:~slti, Tenncsscc") . Jordan, 1891 : 17 (Arliansas Rivcr a t  Wichita, I<an- 
s:rs") . Mcclr, 1891 : 109 (Ccdnr Rivcr basin a t  Pnlo and a t  Cedar Itnpids,* TO\\,:L) ; 
1.892n: 221, 223, 226, 228, 233, 239, 244 (mouth of Mud Creek near Mnscat,inc,' 
Mississippi Rivcr n.t I)nver~port, Wa111ut Creclc near Dcs Moiircs, Dcs ilfoiiies Rivcr 
:rt Dos Moines :~nd  Esthcrvillc, Itneeooir River a t  Pcrry, Bearer Creeli ne:rr Des 
Moiues, Middle River :~ t  Adel, Slilmlc Rivcr a t  Anies, Io\sa River a t  Iolva City, 
Codar Rivcr a t  Palo and a t  Ccdnr Rapids," Wapsiljinicon Rivcr a t  Wlicatland, and 
IJpper Iowa River a t  Cl~cstcr : ~ n d  :~ t  I)ecorah, Ion'a) ; 1892b: 12 (IoTv:~).  C:iIl, 
1892: 43 (Middle River, Raccoon Rivcr a t  Des Moirrcs, Pcrry, and Adcl; Ilcs 
Moincs River a t  Dcs Moincs; clraraeters; ecology). Everiiim~n, 1892 : '76 (Nccllcs 
Rivcr 14 miles cast of Palestine, Trinity River :rt Magnoli:~ Point," and Long 
L:r.lie nenr Magnolia Point, Texas). Woolman, 1892: 251, 262, 283, 287 (Rolling 
Fork of Salt 12iver : ~ t  Boothc, lower C~unberland River near Kutt:rma, B1:line Crecli 
near Catalpa, :~ird Little Sandy 12ivcr, Rentucky). Eigel~inailn :lnd Beeson, 18!)4(~: 
86; and 1894b: 9 (WR~:ISII Rivor a t  Delphi, T e n e  JTaute, Vineenncs," Ncw 
f-Iarmo~ry," aud : ~ t  Macltcy's Ferry,' Hnccoon Crcclc a.t Mcecn, West Fork of Urliite 
Itiver :rt Gosl)ort,' East  Fork of White Xiver ne:ir 13edford, Ulacli Crccli a t  Ne\v 
IX:lrmony, and Big Creeli in Poscy Co~~ilty," Iirdiairu). 1':vorm:nln :rlrrl I<cndall, 
1894: 80, 83, 100 (Snl)irre River : ~ t  Longvic\\~" mid '1'1inity River a.t Uall:~s,' also 
Long Lalie, Trinity River,* a i ~ d  iYec:lres River i i ~ : ~ r  P:rlcst,inc, all in Texas). 
Gnrman, 1894: 53 (lientneliy, liig Snrrdy, and Cumbcrl:rnd rivers, Rc~ltuclty). 
Tray, 1894: 204-5 (Poscy," I l a \~~re~~ce , '  Carroll," 011-en," :~nd  Vigoi counties, 
: ~ n d  Vineenncs" and New IT:r~.mony," Indi:~nn; appears to prefer clear strcnlns). 
Mcck, 1894a: 240; and 1804b : 76, 84, 90, 92 (For t  Smith, i ~ i  p :~r t ;"  Wlritc Rivcr,' 
S:~lado Creelt, and Cailey Creek, a t  Rntesville; Black River a t  I<laelr Rock; 
Ar l ia~~sns  a t  Litt,le RockY and Mulberry; and Enst l<'orlc of Clladron Rivcr 
: ~ t  Conw:ry," a11 in Arkansas) ; 1895: 135 (Waterloo, To\\,a) ; 1896: 342, 347 
(rocky tributaries of the l'oteau, Ol~lnliorn:~; Arli:~nsns :~nd  Poteau rivers a t  For t  
8111ith and St. Frailcis R,iver :1t Big Bay, Arliansas, in part  possi1)ly C. t .  tencl l~ts  
:iltd C. t .  p a ~ v i c c p s )  . Eigenin:inn, 1896 : 254 ( Ind i :~n :~ .~  ) . Everlnann and Cox, 

1896: 400, 427 (Floyd Rircr a t  Sioux City, Iolva; Norfolli Creelr a t  Norfolli 
Jnnction, and Ellthorn River a t  Norfolk Junction and a t  Ewing, Nebr:lsk:r). 
Jordan and Evcrmnnn, 1896 : 253 (description, range, and synonymy, in 11:lrt). 
Moenlilra~rs, 1896 : 160 (Patolia. River noar TTuntingburg,+ Indiana).  Osbnrn :~nd  
Williamson, 1898 : 13, 19 (Big Walnut Creck, Franlilin County, Ohio) . Evermalrn, 
1899: 307 (Angelinn Rivcr a t  Michclli* and Nechcs Rivcr a t  Beaumont, Tcsas;  
c l~xac t c r s ) .  Jord:~n, 1899 : 54-55 (description; range). Osbnrn, 1901 : 50 
(tlcscription; O'Bairnon Crcoli in Ilamilton County and Big Walnut Creeli in  
Franlili~l County, Ohio). Largc, 1902 : 15 (characters; distribution in Illinois). 
Eigenrrlairlr and Beeson, 1905: 128 (reprint of 1894b). Meek, 1908b : 149 
(Jndia~la").  Forbes, 1909: 386, 396, 402, 41.7, 428, 437, Map 32 (range; distri- 
bution :ntd ecology in Illinois). Forbes and Richardson, 1909: 128-30, Fig. 28 
;tnd 2 col. figs. 011 pl. opp. 1'. 128, Map 32 (description; biology; Illiriois records). 



CARL L. l IUHBS AND JOEIN D. U I A V K  

SIahir, 1909: 549 (outlet of Slr:xn.nee C:rvc near A1litc~l~ell, Indiana; pcr11:lps 
Z~~borh?jnchu.s notat,us). Meclr and Hildcbr:n~d, 1910: 266, Fig.  31 (description; 
r:Inge; iiicludcd ~vithout records in list of fishes kno\\,n to occur within 50 irliles 
of Chicago). Forbos and Richardson, 191 3 : 531., 526 (Jllinois River a t  31:1rscillcs 
and mouth of %'ox River, Illinois). IIunlrinson, 1.91 3 : 104, 106 (abund:riic:c; c~oii- 
fined to large streams; Embarrass nnci Rask:rski:r rivers near Cliarlcston," Illi- 
nois). Everm:~nn :ntd EIildcbrand, 1916: 443 ( E d 1  Creek ne:n Tazencll" iriid 
Clinch Rivcr a.t W:~llrers Ford,' Tennessee; Cl~icltmn:~ug:~ Crccli a t  Lee and Gor- 
don's Mill, Goorgi:l*). Evermann, 1918 : 321, 32G, 34 L (Clinch Rivc'r near Clinton' 
:~ntl  a t  Walkers Il'ord,' Ball Creelr near 'I'azcwcll," Stone liiver near Naslivillc,* 
:md Richland Creek near Pulaski," Tenncssco; Sprilig Br:~ncli a t  'l'usc1unl)ia, Ala- 
baina;" Rolling Porli of Sa.lt Rivcr near I?oothc, Lower Cumberland Rirer near 
JCr~t,t;i.wa., Rlainc Creoli near Catalpa, and JJittle S:mily IZircr, Iienturlry; Cl~icka- 
1n:ruga Crecli a t  I ~ c c  and Gordo~i's Mill, Georgia'). Forbrs :1nt1 12icl1ardsoa, 1920 
(reprint of 1909). Fowler, 1922 : 22, 24 (rocords fro111 Alahania; not mappcrl). 
Pra.tt, 1923 : 74 (clral.:letn.s ; range). C:ahn, 1927 : 37 (locally colninon in Menomi- 
i ~ c ~  :tiid Asl i ip l )n~~ rivers, 1V;~ulic~sha County, Wiseoi~sir~ ;l food). Clrurchill, 1927 : 
(i (Cliotcau Crccli :rnd James, \'crmillion, Big Sioux, Little Minnesota, and Wlict- 
stono rivcrs, S o l ~ t l ~  D:~ltota).l .I'ottm ant1 Jones, 1928 : 349 (review of Io~vn  
records--tl~osc of I,:~rra.bcc in error) .  T l ~ o n ~ p s o ~ i  and Jluiit, 19:30 : 23, 44, 64, 
Map 16 (~ I I~ I~ :L( :~ ,CJ~S  ; Ira bits ; rcc:ords iris pped for Sal~gairioir IXirer a.nd E :~s t  Hr;laell 
of Salt E'orli, Clinmp:~ign County, Illiiiois). 

Ccraticl~th?ys vigi1uz.-J'owlcr, 1908: 530 alid 1919: 60 (l':vcr~n:r~nr :rnd Bol1in:cii's 
Monongalrela rcc:ords") ; 1924: 404 (ehar:rctcrs; Mi:~iui [= W:lb:rsl~l Eivcl. a t  
Lafnycttc:, Ol,tr~lnrva" and am an:^, Jowa; Cnrtlinge, Missouri; For t  Sinith, 
Arkansas). TTubl)s, ]!I26 : 26 (may occur i l l  Grcxa t L:~kcs basin). Grecnc, 
1.927: 306 (Wisconsin"). Wiebe, 1928: 1 G 1  (St .  Crois liivcr a t  ju~~c.t.ion ~vitli 
14ississippi ltircr, Wiscoi~si~l") . .Torclan, 1929 : 87 (dcseription and r:111g1', in 
par t ) .  .Tordan, EVCI.JII~IIII ,  :rnd Cla.rk, 1930: 1.15 (synonymy a l ~ d  ~ : ~ n g c ,  in 
par t ) .  Colicr, 1930: 201 (Mississippi lZivcr nntl Sugar and Price crceks, near 
I<eolrulr). Chr~rcl~ill :i11(1 Orcr, 1933 : 42-43, Fig. 27 (characters ; ecology 
(erroncons) ; South Dnlrot~a' ) . Fowlor, 1933 : 58 (Lnlie Ch:~rlcs, Clear IJalie 
:~.t Rccvps, H:~l)inc Rivcr a t  Mc~.ryuille, niid 21 milcs soictli of Sulplrur, Loiiisi- 
ana) .  O 'l)oniiell, 1935 : 483 (distribntion and h:~l)its in Illinois). Prnt,t, 
1935 : 73 (clr:xractcrs; range). Blatcl~ley, 1938 : 66 (c1ia.gnosis; Walnut Crcek 
nnd literatnrc rccords from Ilny, 1894,India.na.). P:~rks, 1938: 21 (Big 'J'hielict 
:Lrea, of east Tcxas, on basis of records in I':vcrinann and Keiidall, 189.1"). 
Schrenlrcisc~~, 1938 : 151 (cliaractcrs ancl ra.nge) . Driver, 1942 : 27 1 (c1ia.ractcrs 
and range, in par t ) .  E'owler, 1945: 23:;, A f i f i  (rccords in Georgia-re-ideutifi- 
catioii of Lytlrrzc~~i.~ lirzis Fowler, 1935-:mtl in Louisi:~na; publislicd too 1:~tc to 
be ad(1ed to distrihntion map).  

P i~r~cphalcs  notattcs (nlisidcntifiaations) .-Jord:~n :111c1 Gilbcrt, 1883 : 1 G O  and Jordan, 
1.885 : 1.21 (identification of 75. per.spicuzrs). .Jordan and Gilbert, 1886 : 11 (Saline 
River a t  Rcnton, Arkansas" ). Evcrma.nn :lntl lCcird;rll, 189(i : 21 8 (fl. ~?crspic?c?is, 
in synonymy). 

Coclr lo,qnttll~~~ts ornal7r.s (misidcnificatiol1) .-Evermann and Jicnda.ll, 1894 : 78, 83, 86, 89, 
91, 100 (references to C. bigzcttatzcs only-'). Fowler, 1924: 404 (noto on types 
of C. hi,grcllnlnn;' dcseription in par t ) .  

B?jpar.qyrus velon (iiiisidentifieatioi~s) .-Osburn, Wickli ff, and Trnntmau, 1928 : I 74 

1 Some clor~bt is attaclrcd to tlicsc ~ceo rds  (see p. 31) 
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(Ohiov). Hubbs and Ortenburger, 1929a: 36-37 and 192971: 92-93 (Ce~atzc71thys 
bzguttatz~s Cope a synonym; characters; nomenclature; Arlransas River 5.5 miles 
sauth~vest of Fort Smiths). Hubbs, 1930 : 431 (izomenclature; Great T J ~ ~ C S  
drainage basin in Wisconsin and Lake St. Msrys, Ohio) .2 Greene, 1935 : 1 2  1, 221, 
Map 51 (Wisconsin records*). Aitken, 1936 : 33 (Iowa). Parks, 1938 : 21 (Big 
Thiclrct area of east Texas, on basis of records in Evermann and Kendall, 1894+). 
Rancy, 1939 : 275 (Ohio River drainage of Pennsylvania'). 

Ceratic7alhys ve1ox.-Fowler, 1945: 342-43 (records in Alabama; published too late 
to be added t o  distribution map). 

Lythrtcrus lirz~s (misidentific:rtion) .-Fowler, 1935 : 72 (Arniuchee, Georgia; re-identifi- 
cation by Fowler, 1945 : 233). 

Fewi of the common species of American cyprinids have had as varied a 
nomec1:ztorial history as has this species. Fortunately, we have now traced 
its nomenclature bacli to Girard's paper of 1856, almost surely to the first 
proposcll of a specific name. Girard's description and figure of Hybo- 
rhynchus perspicaeus very clearly represent this species, and this identifica- 
tion is confirmed by the type locality (Arkansas River near Fo r t  Smith). 
The alcoholic type specimens appear to have been lost, but the pharyngeal 
arches and teeth are still preserved i11 the National Museum, where they 
were ercamined and slietched for us by Leoiiarcl P.  Schultz in 1941. The 
formul:~ is 4--4, and all ol the teeth are strongly hooked, as in  other speci- 
mens of Ceratichthys. Girard's name persplczczLs passecl nilnoticed for more 
than half a century, after Joadan (1885: 121) synonyinized it with Pi~neph-  
ales nolatzu. I n  this connection we may note that IIyborhynchus puniceus 
Girard (1856: 179; 1858: 232, Pl. 52, Figs. 1-5, 11-15) is obviously a 
synonym of Dionda plumbea Girard (1856 : 178 ; 1858 : 228-29, P1. 52, Figs. 
21-25) = Campostoma anomulu+n plz~mbezcm (Girarcl). 

The status of IIybopsis tudilanzls is treated on pp. 20-21 and in  the 
preceding syiioiiyrny. It is properly a syiioiiym of Hybo~.hynchzu notattu.  

The type locality of Trinity River, Texas, fixes Cochlognathzcs biguttuta 
Cope as a synonym of Ceralichlhys perspiczcus. Cope's types prove on re- 
examination to have been based on specimens which do not exhibit the nuptial 
characters, but  only perspicztus is known from the Trinity River. 

Alburnops tazcrocephalz~s IIay has properly been treated as a synonym 
of this ,species. Until we learned that the older name perspicuus applies to 
the bullhead minnow, we identified this species as tazcrocephnlus (for i-efer- 
ences see synonymy). 

That the name vigilax Elas been misapplied to thr nortl~ern species was 
made clear by Hubbs and Orteaburger in 1929 and has been abundantly 
confirmed in the present stucly. Now it  is clear that the name velox also 
belongs with the sonthern species. 

The range of this specics was defined by IIuhbs a ~ i d  Lagler (1941 : 61) 
on the lbasis of our Map 1 as follows : 

2 These records are discussed bclow. 



MAP I. Geographical distl-ibution of Gerutichihys vigi laz and Ceratich- 
2hys perspiczczcs, as ilidicatctl by  record stations. 

Litcmt,nrc reports :LS well as  origi~ial  records are inel~tdcd, all :IS solid dots. Nen.rly 
all the publisl~ed records (sce synonyinics) have been verified by :L re-examination of the 
speeilnei~s or have bcc~r confirmed by a st,udy of iiew collcctiolls a t  t11c same or near-by 
localities. 'I'l~c status of :L few far-nortlrcrn records is discusscd on page 31. The slrarp- 
ncss of t l ~ c  line bet~vccn tho ranges of the 2 sl>ecies is  treated on page 33. Tllc records 
givcn 117 Fowler ill 1922, 1935, and 1945 (see Literatr~rc Cited nad tllc synonymy of 
Ce~aliclrt7~~ys perspiclurts) corlld riot hc cntci,cd on the map. 
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From the eastern borders of Nebraska and  South Dalrota and  the southern parts  of 
Minnesot:~ and  Wisconsin to  the Ohio River and  i t s  affluents of Indiana, soutflern Ol~io, 
western VCTest Virginia and  Pennsylvania (rare)  ; southeast to  tlie Alabama River systcin 
in Alabama and  soutliwest to  the Arliailsas River system in  Oklahoma and the Trinity 
Rivcr system i n  Tcsas (avoiding the upper pa r t  of the Red River system in Oklahoma 
and Texas). I n  t l ~ e  Great Lnlres tributaries recorded oilly once from Lake St .  Marys i n  
Ohio and  once from soutlicastcrn Wisconsin. 

Some doubt is attached to tlre northwesternmost rccouds (those of Chnrcl~ill, 
1927 : 6, and of Churchill and Over, 1933 : 4 2 4 3 )  for South Dalrota. Calin's 
record (1927: 37) for tlre Lalie Michigan clrainage oS Wisconsill needs con- 
firmation, but lies in an area of cross-overs ancl may well have been correct. 
The one other record froin waters tributary to the Great Lakes, that of 
Hubbs (1930 : 431) for Lalw St. Marys, Ohio, is regarclecl as valid, for i t  was 
based on a specimen collected a i d  identified by Milton B. Trautman. He  
suspects that it was an escaped bait minnow, for the local bait dealem 
liabitnally go southward for their supply and fishermen bring in  bait fro111 
soatheril Ohio. The one lrno~vn locality recorcl for this species in  the Osage 
River system of Kansas (Brenlrelnian, 1940: 381), bared on material in the 
Maseunl of Zoology collectecl by Breulrelman in  Jones Pond, Coffee Connty, 
no clottbt represents an introduction from the Neoslto River system. 

The preferred habitat of C. perspiczczcs appears to be the shxggish muddy 
baelrwal ers and bayous of large ancl medium-sized streams. We have found 
the species comnionest in  such habitats along the Mississippi River and 
Milton B. Tra~l tman  rcports similar observatioiis in  Ohio. I n  testimony of 
its avoidance of the main current in the large rivers he wrote, on Augnst 22, 
1940, that he had taken only 1 specimen, obviously a strap, from the Ohio 
River proper. 

The clistinctive f e a t ~ ~ r e s  of this species are bronght out in  Tables IV-V 
and VIT-IX. In 118 specimens the eye is contained i n  the head 3.1 to 5.3 
tiines (average, 3.83) ; the snout, 2.8 to 3.8 times (average, 3.31). 

Some local variations, as j11 depth of body anrl size of eye, are ratllcr 
strilring, but no clear-cut evidence was fo~ulcl to jnstify a divisiou of C. 
21e7.sy1ic~czc.s into subspecies. 

PARROT MINNOW 

CeratichLllys 1iigi1n.z Baird and Girnrd 
Cc~aticlllh?ys vigilax.-Bnircl mlcl Girarcl, 1853n: 391-92 (original description; "Ottcr 

Creeli, Arlmiisas" I= Ottcr Creeli, southwestern Oltlal~onin, a s  indicated by  I-Iubbs 
:111d Ortenburger, 1929n: 36 and 431). Fo\vler, 1920 : 404 (Wichita Elver, Texas). 
O~ t rnbu rgc r  and I Inhl~s ,  1927: 133 ( t r i l~utary  of Washitn, River near Doughcrty, 
Murray Comity, Ohlal~om:~*).  Tinbbs and  Ortenhnrgcr, 1 . 929~  : 35-38 and  1929b : 
93 (recorils, Rrd  R,ivcr sy~tenr ,  Oklahoma.;' typo locality; Cochlognath?ts ornntvs 
n synonym;" cl~nracters of Cochlognatl~t~s those of breeding males). Jo rdn~ i ,  

' 'I'l~e mntcrial designated in this sylionymy by a11 asterisk (") llss bee11 rc-examii~cd. 
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1929 : 87 (description and range, in par t ) .  Hubbs, 1930 : 431 (nomenclature). 
Jordan, Evermann, and Clark, 1930: 145 (synonymy and range, in par t ) .  Orten- 
burger and Bird, 1934: 56, 58 (West Carter and Eas t  Carter salt plains, Olrla- 
lioma"). Driver, 1942: 271 (characters and range, in par t ) .  

Leucisczcs vigilax.-Baird and Girard, 18532,: 248-49, PI. 14, Figs. 1-4, and 1854a: 
219-20, P1. 14, Figs. 1 - 4  (description; same material). 

Cliola cigi1ax.-Girard, 1856: 192 (references; same material) ; 1858: 237 (descrip- 
tion; same material). Jordan and Copeland, 1876: 147. Jordan, 1 8 7 8 ~ :  423. 
Jordan and Gilbert, 1883 : 169 (description, after Girard; synonymy). Jordan 
and Meek, 1885: 3-4 (synonymy and characters, in par t ) .  Jordan, 1 8 8 5 ~ :  
122 (synonymy, including velox and vivaa) ; 18852, : 810 (in par t ) .  Jordan 
and Gilbert, 1886: 19-20, 22-23 (Rio Lampasas a t  Belton," Rio Colorado a t  
Austin," Rio Sari Marcos a t  Sail Rlarcos," and Rio Comal a t  New Braunfcls," 
Texas). Evermann, 1892: 76 (San Marcos Rirer a t  San MarcosX and Guada- 
lupe River a t  hTew Braunfels," also Hunter Crcelr, Big White Oak Bayou, and 
Buffalo Bayou, near Houston," all in Texas). Evermanil and Icendall, 1894: 
67, 69, 73, 75, 80, 83, 86, 100 (references; Otter Creelr, L'Arkansas"; Sail 
Pedro Creelr and Leon River" (tributaries of San Antonio River), Lamp:~sas 
River a t  Belton," Colorado Rirer a t  Austin," San Marcos River a t  San Rlarcos,.* 
Comal Creelr" and Guadalupe Rirer" a t  New Braunfels, also Hunter Creek, 
Buffalo Bayou, and Big White Oak Bayou, near Houston," all in Texas). 
Meek, 1894a: 240, and 18942,: 89, 92 (references to Girard) ; 1896: 342 (Fla t  
Creelr near Goodland, Olrlahoma*) . Jordan and Evermann, 1896 : 253 (descrip- 
tion, range, and synonymy, i n  part) .  Coclrerell, 1913: 129 (scale structure, 
from Girard's figure). 

Ccra-tichtliys vigilax.-Lamb, 1941: 44 (records, San Jacinto River system, Texas). 
Cocl~lognathus o~natus.-Baird and Girard, 185471 : 158 (original description; Brovns- 

ville, Texas") ; 1859a: 46-47, P1. 35, Figs. 12-17 (description; same material"). 
Jordan and Copeland, 1876: 147. Jordan, 1878c: 419. Cope, 1880 : 38 (char- 
acters). Jordan and Gilbert, 1883 : 161 (description). Jordan, 1 8 8 5 ~ :  121 ; 
18852,: 810. Evermann and Iiendall, 1894: 83, 86, 89, 91, 100 (references, 
except to C. bigzcttatzis; notes on types of C. ornatzcs). Jordan and Evermaan, 
1896: 252 (description; Rio Grande). Meek 1904: xxxi, 58 (synonymy and dc- 
scription). Regan, 1908: 163. Fowler, 1924: 404 (note on type of C. ornatus; 
description in par t ) .  Jordan, Evermann, and Clark, 1930 : 146. Schrenkeisen, 
1938 : 153-54 (characters). De Buen, 1940 : 22 (Brownsville, Texas ; 'LMBxico, 
on Rio Grande Q ") . Driver, 1942 : 271 (characters ; Texas). 

Cliola ve1or.-Girard, 1856: 192 (original diagnosis; San Pedro Creelr, tributary of Rio 
San Antonio, Texas); 1858: 258 and 1859a: 51, PI. 31, Figs. 21-24 (diagnosis; 
same material). Jordan and Copeland, 1876: 147. Jordan, 1878c: 423. 

Cliola zr~iuax.-Girard, 1856: 192 (original diagnosis; Leon River, tr ibutary of Rio Sari 
Antonio, Texas") ; 1858 : 258, and 1859b : 55 (diagnoses; same material"). 
Jordan and Copeland, 1876: 147. Jordan, 1878e: 423. 

Pi111 epl~ales notatus (misidentifications) .-Jordan and Gilbert, 1886 : 20 (Rio Colorado 
a t  Austin, Texas).s Evermann and Eendall, 1894: 80, 83, 91, 100 (in par t ;  Rio 
Colorado a t  Austin) .3 Meek, 1908a: 154 (Rio Sabinas, a t  Sabinas, Coahuila*) . 

3 Jordan and Gilbert recorded both Pinbephales notatus and Cliola vigilm from the 
Colorado River a t  Austin, Texas, but there are no other records of Hyborhynchus notatus 
from Texas, and this species has not been included in extensive recent collections from 
that  state. It is thought, therefore, tha t  the Texas record of P. notatus x7as based on 
part  of the material of C. vigilax collected a t  Austin. 
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The status of this species was elucidated by I-Iubbs and Orteaburger 
(1929 : 35-38)? who showed that Cochlognatltzcs ornatus was based on iinptid 
males of the true Ceratichthys vigilax. I t  has since become evident that the 
types of Cliola vclox and Cliola vivax must also have been specimens of the 
southwe~tern species, since they came from well within the exclusive range of 
that forni (Map 1 ) .  The northern form, therefore, cannot take either name, 
v i g ~ l a x  or velox. As indicated on p. 29 i t  is properly called C. perspic~czis. 

Ccrai ichthys vzyzlax and C .  perspzcuzcs are allopatric species, whlch diffev 
trenchantly only in the characters of the i i~~p t i a l  males. Throughout the 
wide range of perspicuus the iiiales develop 2 rows of tubercles around the 
snout, whereas C. vigilax has but 1 row of 5 tubercles (11. 16). Fortunately, 
i t  is possible to discern the tubercle pattern in unripe iiiales and even in 
large feinales, by using strong nzagnification and bright illuinination while 
a jet ol' coliipressed air is directed on the position of the iiul~tial organs. 
Geographically, the distinction is a very sharp one, for all tuberculate 
specimeils from the Trinity River system have biserial tubercles, and are, 
therefore, C. perspicz~zcs, whereas all frolii the immediately adjacent San 
Jaciiito aiid Brazos systems, as well as froin all streams thence sonthwest- 
ward to the Rio Grande systein liave only the 1 row of pearl organs. C. 
vigilax also occupies the entire Red River system ~vithiii Texas aiid Olrla- 
homa, and here again specimens from across the stream divides, in the 
Arkaiisas and Trinity systems, have 2 rows of tubercles. 

This distribi~tioiial pattern suggests that the parrot ininno~v foriiicrly 
occupied the entire lied River system and all streams to the southwest~vard, 
but that the bullhead minnow, perhaps with floodwaters, extended its range, 
from the Mississippi River as far  as the lower Red River and other waters 
to aiid including the Trinity River in Texas. As i t  became establishecl in 
the new waters C. perspicuus probably extirpated C. vigilax, either through 
coinpetition or through hybridizatioii. I t  is not evident whether the 2 forms 
are capable of natural intergradation, for no intermediate or mixed popula- 
tions are known. If  intergradation occurs, i t  must be in the middle part of 
the Red River or near the mouth of the Trinity River. No critical material 
from the inonth of the Trinity is a t  hand, but from farther upstream all 
specinlens showing tubercles are clearly perspicuzcs. All tuberculate fish 
froin the upper Red River system, in Oklahoma and Texas, are G. vigilax, 
but the one critical specimen froin the Red River in Arkansas (Map 1)  is 
referable to pcrspiczbus. 

The further striking difference between breeding niales of perspiczcus 
and vigilax, in the structure of the jaws (Table V),  makes one wonder 
whether the 2 forms will be found capable of intergrading. Since the known 
trenchant differences between the forms are confined to the nuptial males, 
intergradation may prove difficult to test. 
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Tllc eye in C .  vigi lax avrrages slightly smaller than that of C.  perspicz~us in  
spec~iiiiens of like size and sex, but coi~trary to the indication by EIubbs and 
Ortenburger (1929: 37), the difference cloes not provide a reliable criterion 
for identification. I n  79 subadult to adult  specimens of C. vigi lax the leilgth 
of tlie eye elitem tlie heacl length 3.3 to 5.6 times (average, 4.04), whereas 
in  118 of C. 2~e1.spictiru the proportion varies froin 3.1 to 5.3 (average, 3.83). 
The eye becomes sinaller with age, particularly in  the larger males, aiicl 
f ~ ~ t h e r l i i o r e  exhibits inarlreil though irregular geographical variation. I n  
other proportions the 2 species appear to agree. T11.e snout length ill 77 
specimens ol' C. vigi lax enters the head lengt l~ fro111 2.8 to 3.7 times (aver- 
age, 3.30). 

011 the average vigi lax differs from pe~splc~rzrs  in tlie larger number of 
radii 011 the scales (Table T ) ,  but the number varies locally in vigt lax (Table 
11). 1x1 the Brazos and Sail Jaciiito systems, where the range of vigi lax 
abuts that of perspiczcz~s, the radii are riot very much higher in  vigilax than 
in  perspic~c~cs,  aiicl the frequencies overlap so widely as to render this 
character of very little value ill the ideiltificatioii of single specimens. A 
gene flow inay be indicated. 

I n  the average number of scale radii there is a niarked difference between 
the obviously long separated races of C. vigi lax that vespectively occupy the 
upper Red River system aiid the Brazos and Sail Jacinto drainage basins 
(Table IT). By iliaximiziilg the differences in the frequencies for the counts 
of radii, within each 10-inm. size class, that is, by fixing lines so as to give 
the shaspest separation, it is indicatecl that 81 per cent of the Red River 
specimens are identifiable as of that form and that 77 per cent of those from 
the Brazos and Sail Jacinto waters are typical of that race. Since a per- 
centage idcntiiiablity of 75 for each form is coiiventionally regarded as the 
approximate lower liinit for the separation of subspecies, we might distin- 
guish these 2 races of C. vigi lax snbspecifically-if they were tlie only mces 
lmown. We find, however, that interiiicdiate races inhabit; the stream sys- 
tems south of the Brazes. Subspecies sel~aratioii on the basis of scale char- 
acters therefom appeal-s unwise, ancl no other characters seem more 
treneltaut . 

BfOUNTAIN MINNOW 

Ccrat ic71  thys t e n e l l u s  ( G i r a r d )  

We find tliat a secoiid species group of Ceralichlhys exists. I n  this 
group, which occurs in the region of the Ozark Upland, me recognize 2 
species, C. tenellzcs, with 2 subspecies, and C. callarchzis. Since the time of 
the publications on sonth\vestern fishes by Girard (1856 to 1859) 110 one 
has recognized any of these forms. His accounts of Hyborhynchzu  tenellus 
seem to have berii based on the form we call C. t.  t(~~zellzcs, and his types came 
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from within its range, "20 miles west of Choctaw Agency" (approximate 
location marked by the double circle on Map 2) .  The specimens are no 
longer extant, except for one of the pharyngeal arches. This was found 
by Dr. Leonard P. Schultz to bear 4 well-hooked teeth, indicating that 
Girard had a species of Ceraticlztlzys rather than Hyborhynclzzcs notatzcs, 
as Jordan thought in 1885. A study of Girard's description, which included 
a comparison with his H .  perspicz~zcs, indicates that his tenellus was the 
species with which we associate this name, rather than C. perspiczczu. More 
significant features are: the smaller head, contained 5.5 rather than 5.0 
times in the total length, ('very much depressed, subpyramidal were the 
snout not, rounded"; the depth of the body less than instead of nearly equal 
to the length of the head; the eye and mouth proportionately large; and 
the scales large. 

The tenellus and vigilax groups are contrasted in Table IV. The 3 forms 
recognized in the C. tenellus species group are compared in Table VI. Com- 
parative counts and measurements are given in Tables VI I  to IX. 

I n  form and coloration the species of the C .  tenellus groups closely re- 
semble Hyborhynchzu notatus. They may be distinguished from that species 
not only by the short intestine, silvery peritoneum, and hoolied teeth, aiid 
by the fewer nuptial tubercles (p. 15) aiid the lack of a flap a t  the end of 
tlie maxillary in nnptial males, bnt also by the more shield-shaped (less 
oval) scales, with fewer radii (Table I) and by the expansion of the upper 
lip oil the mid-line. The members of the C. tensllz~s group differ further 
froin Hyborhynchzu in the vertical elongation of the black spot a t  the base 
of the caudal fin, in the dark lines along the base of the main rays of each 
caudal lobe (forming with the spot an indistinct vertical bar), in the more 
distinct dark spot on the dorsal fin, aiid in the paler gronnd color, provid- 
ing a stronger contrast with the dark lines bordering the scale poclcets. 

NEOSHO MOUNTAIN MINNOW 

Ceraticlztlzys telzellz~s tenellus ( Girard) 
(Pl. I, Fig. 1 ;  P1. 11, Fig. 1 )  

Hybor7~ync7~us tenellus.-Girard, 1856: 179 (original description; comparisons; 20 miles 
west of Choctaw Agency4) ; 1858: 231-32 (description; comparisons; same mate- 
rialH ; 1859b : 53 (diagnosis; same materialX ). 

Pi?nephales notatus (mis~dentifications) .-Jordan, 1885 : 121 ; Evermanil and Xendall, 
1894: 69, 72, 80, 83, 86, 91, 100; and Jordan and Evermann, 1896: 218 (identifica- 
tion of H. tenellus). 

Cliola vigilax (misidentification) .-Jordan aiid Gilbert, 1886 : 7 (Lee's Creek near Van 
Buren, Arkansas, in pa r tx ) .  Meelr, 1894a: 240, atid 18948: 90 (reference to  
Jordan and Gilbert's record*) . 

' AIaterial designated by an  asterisk has been re-examined. 



3 6 CARL L. HUBBS AND JOHN D. BLACK 

Hypargyrus veloz (misidentification) .-Hnbbs and Ortenbnrger, 1929b : 92-93 (Brazil 
Creelr 3 miles north of Red Oalr* and Ellr River 7 miles north of Grove," Olrla- 
homa; 3 rows of tubercles). 

The typical subspecies of C. tenellus is commoii in the waters of the 
Neosho and Verdigris river systems, in southeastern Kansas, southwesterii 
Missouri, and northeastern Oklahoma. Most of the streams i t  inhabits drain 
the northwestern fringe of the Ozark Upland, and the hills west and north 
of the adjoining Cherokee Plains. The 1 record station for the Osage River 
system of Kansas doubtless represents an introduction from the Neosho 
systeili into an artificial pond, in which C. perspicz~us also was taken out of 
range (p. 31). I t  occurs i11 other tributaries of the Arkansas, in northern 
and eastern Oklahoma and in extreme western Arkansas. I t  has freqnently 
been collected with C. perspicuus, but in general appears to prefer the tribu- 
taries aiid headwaters, rather than the main streams, which perspiczcz~s 
frequents. 

Ceratichthys t. tenellus is obviously a small form. Among the 406 speci- 
mens in the Museum of Zoology the largest is 59 mm. long to caudal fin, and 
few are more than 50 mm. long. The high nuptial male illustrated on Plate 
11, Figure 1, is only 51 mm. in standard length. This is the 1 known nuptial 
male of the species. The nuptial characters outliiied for C. tenellus in Table 
I V  are taken from this specimen and from the subnnptial male holotype of 
C. t. parviceps. 

Characters which C. t.  tenellus shares with other forms of Ceraticktlzys 
are give11 i11 the generic diagnosis (p. 8) .  Certain features in coloration 
arg described above (p. 35). The important generic aiid specific characters 
of the nuptial males have already been stressed, especially in Table IV. 
Other specific and subspecific differentiae are outlined in Tables I, IV, and 
VI-X. Counts and proportions other than those tabulated seem to be of 
little significance. Freshly preserved adults from Fall River, Kansas, 
showed considerable orange on the rays of all the fins. Within its circum- 
scribed range C, t .  tenellz~s is consistent in its characters. 

Ceratichthys tenellus: parviceps x tenellus 
ClioEa vigilam (misidentifications) .-Jordan and Gilbert, 1886 : 7 (Poteau River a t  Slate 

Ford, Olrlahoma," in  part) .  Meelr, 1894a: 240, and 18943: 90 (reference to 
Jordan and Gilbert ,s record*) ; 1896: 342, 347 (rocky tributaries of Poteau River 
a t  Poteau, Olrlahoma., and Arlransas and Poteau rivers a t  Fort  Smith, in part  8 ) .  

Small series from the upper Poteau River i11 Arkansas and Oklahoma 
and from Horsehead Creek, a direct tributary of the Arkansas River i n  
Johnson County, Arkansas (Map 2))  appear intermediate between Ceratich- 
thys  t. terzellus and C. t. parviceps and are interpreted as intergrades. I n  

" Material designated by an  asterisk has been re-examined. 
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proportional measurements (Table X) as well as in the other differentiating 
characters (as stated in Table VI) these specimens bridge over the gap 
between C. t. te?zellz~s and the typical race of C ,  t. parviceps. Even greater 
overlap in proportions would result, had we been able to use fully adult 
specimens of parviceps. 

Further intergraclation in characters between C. t. tenel lus  and typical 
C. t .  parviceps is exhibited by the atypical race of parviceps that inhabits 
the Black and St. Francis river systems in northeastern Arkansas and sontli- 
eastern iVIissouri. This race occurs in an area that is rather distinct from the 
range of either of the extreme forms (Map 2 ) ,  though still within the 
boundaries of the Ozarkian fish fauna. I n  fact the members of this atypical 
race might be regarded as nongeographic intergrades, 011 the basis of their 
intermediate characters. In proportions (Table X) they are approximately 
like the specimens we call intergrades, except that they rather closely 

TABLE X 

C. t .  t cne l l i i s  Intergrades Atypical Typical C, t. 
(58-61 speci- parviceps parviceps ) 11111s) '"'PY (16) 1 (16) 

neptli of body . 
Caudal pc?dunclc : depth 

in to  length . . ... 
Head: doath in length 
Lcngtli oi! head 
Lengtli of eye 
Lciigth of snout 

approach typical parviceps in the especially important character of the 
slelicler body. They diverge from parviceps proper and approach or a t  times 
equal C .  t. te~zellzcs in the more definite thickening of the lips, in the more 
nearly to quite terii~inal position of the upper lip, and in the less gibbous 
s11out. 

The intermecliacy of the geographically off-center populations of the 
Black and St. Francis, as compared with C ,  t .  t e ~ z e l l z ~ s  and typical C. t ,  parvi- 
ceps, may well have an ecological rather than an historical basis. C .  t. 
t e~ze l l zu  is a form of the northwestern margin of the Ozark Upland and the 
hills to the west of the Cherokee Plains, whereas typical parviceps is a 
mountain-stream form of the Ozarks. Since the streams of the Black and 
St. Francis lie at. a lower elevation and have a lesser gradient, the habitat 
they offer is more comparable to that occupied by C. t. tenellus. The occur- 
rence of C ,  t ,  tenel lus  in the lower waters of the Potean River system ancl of 
intergrades in the upper waters provides another correlation between liabi- 
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tat  and subspecific charactc~rs. These interpretations confir111 recently ob- 
tained indications that ccology often plays a more significant role than 
geography i n  the speciatioll of fresh-water fishes (Hnbbs, 1940: 198-202; 
1941 : 185-87). 

The St. Francis-Black race is represented in  the University of A'licl~igan 
Mnseum of Zoology by ~ln~l ierous speci~nens, raiigi~ig in  standard length nl) 
to 52 iiim., from the localities in  Missouri spotted on Map 2. The record 
Sor northeastern Arlransas is for a speeillle~i h o m  Old River near Greenway, 
recorded by Meek and iio~v in tlie Chicago Natural History Museunl. The 
(lot on the Fonrche la  Fave liiver, 11 miles south of Waldron, A~.kansas, is 
for a young speciilie~i recorded by Hubbs and Ortellburger, and aow in  the 
TJniversity of Oltla1ioina Museum of Zoology (for refereaces see following 
syl~ol iy~ny) .  

SLENDER MOUNTAIN lllINNOW 

Ceratichthys tenellus parviceps, llew ,subspecies 
(PI. I, Fig. 2 ;  PI. 11, Fig. 2 ;  Fig. 1 A )  

Gliolir, vigilax (misiilcl~tifieation) .-Meclc, 1896 : 347 (Old 12ivor about I 0  milos (,:(st of 
Grecn~t~ay, A ~1,:r~s:)s' ) . 

I l , y p n r g y ~ u s  veloa (misidentification) .-IIubbs and Ortenburger, 1929b : 92-93 (tribn 
tnry of Ouncl~ita River, G n~ilcs north of MenaX and Fourche la Fave River 11 
miles so~ltlr of W ; ~ l t l ~ o n , ~  Ai1tna~:rs; c11al:rcters of o1111g, 11ke J ~ ~ ~ o T ~ I ~ I I c ~ ~ z L s ) .  

'l'ypical popnlations of this subspecies inhabit Ozarl; streains in the upper 
White River syste~li in Arliansas and extl.eme southern Missouri, and in  
headwaters of 1 he Arlra~~sas, Onachita, ancl Red river systems in  west- 
cc~itral  Arlransas (Map 2). An aberrant race, approaching C. t. te~zellzrs, 
occurs i a  the St. B'rancis ailcl Blaclr river systems. It is cliscnssed above, 
along with the more co~lveiltioiial i l~te~graclcs bet~veen the 2 subspecies. Tile 
typical Ilabitats are provicletl by moderate-sizecl streams wit11 a goocl grw- 
client. Clean, cool ~vatei*, gravel bottoili and weed-becls appear to br 
preferred. 

TYPE  ATERI RIAL.-^^'^^ holotype, Univel.sity of A'lichigan Museum of 
Zoology No. 142073, is a subnuptial male 51.5 111111. long to the caudal fin. 
It was collected cluring the state fish survey by George V. Harry in  Wliite 
Eiver 3 miles sonth of IZissee h'lills, Taney Cololty, Missouri, on August 4, 
1940. Paratypes Croiil thc White River in Missouri comprise 2 specimcus, 
Ui~iversity of Michigan Mnseum of Zoology No. 142074, collected ~vi th  the 
holotypc, and anotller (U.M.M.Z. No. 142009) which was seiiied by a slu.vey 
party of tlie Missouri Consei.vation Del>artmeut near Eaxter, Stone County, 
on e T ~ ~ n e  24, 1942. All otlrcr paratypes were obtained in  Arkansas, and of 
Ilrese lots, all but 2 were seined by the junior author during llis state fish 
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MAE' 2. Geographica.1 distributioii of the forms of the Cera,tichth?js 
l c?~c lkcs  group. 

i\l l  ~,c%corrls are I):rsc>cl on sllc.cai~l~cl~s csaniiilcd. Tlic t ~ - p c  loe:~lilics are encircled. 
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survey i11 the suiillilers of 1938 and 1939. Data follow for the i l~~ l r a l~ sa s  
paratypes, with 1J.M.M.Z catalogue numbers and, in parentheses, the num- 
ber of specimens: 81048 (1)  Fourche la  Fave Giver, 11 miles ~011th of 
Waldron, Scott County, collected by Uaiversily ol Oklahoma nluse~ul? of 
Zoology expedition on Ju ly  3, 1927; 123004 (2) ,  Booneville Crcck near 
Booneville, Logan Couiity ; 123029 ( G ) ,  poiid a t  Ola, Yell County, ))ear Petit 
Jean River; 123255 ( I ) ,  Gulpha Creek a t  jnnctioil with Lalre H:nnilton, 10 
iniles east of EIot Springs, Garland County; 123371 ( I ) ,  P1.ai13ie Creek near 
Murphreesboro, Pilre County; 123394 ( I ) ,  Icings Eivei., 3 miles east of 
Alabani at Dcniiy Cave, Maclisoil Coulity; 128077 ( I ) ,  Hole Creelr, 15 miles 
oast oi' DeQueerl, Sevier Count)-; 128096 (2 ) ,  Holly Creelr, one-lialf rliile 
southeast of Dierlrs, Hornat-(1 County; 128128 (2 ) ,  Prairie Creel< at  Bl~lr- 
phrceslooro, Pike County; 128404 ( I ) ,  Frog Bayou, 1 mile south ol Moun- 
tainburg, Ci.;~wforrt County ; 128708 (3) ,  West Fork of White River, 1 mile 
north of Crcatwood, Wasllingtoll County ; 128040 (1, photographed) ;~ild 
129705 (24),  West Fork of T'lrllite Giver a t  Baptist Ford, 1 mile south of 
Greenland, Washington County ; 141984 ( I ) ,  North Fork of Ouachita River, 
about 4 miles northwest of Blaclrville, Garlaiicl County, collected by Trut  
IIolder, May 1, 1940. The localities for all of the type specimens are plotted 
as solid circles on Map 2, but the dots i n  the Blaclr and St. Francis systems 
are for thc atypical race. 

DESCRII~T~ON 01. THE JIOLOTYPJC --The botlj , ;IS s l ~ o ~ r n  Plate I t .  Figure 
2, is marlredly elongated throughout, though the holotype is one of the i~iost 
robust of all the specimeils (its depth enters the standard length 4 9 t imcs). 
The caudal peduncle is particularly long and attenuate; its depth nieasltres 
2.6 in its Ienglli. The body is l~l.oportiorrally wicle; t l ~ c  greatest width enters 
t l ~ c  heat1 lel~gtlt 1.5 times aut1 equals the distal~ce Pro111 the origin of the 
dorsal to the lower end of the first scale below the lateral line. The dorsal 
contour is some\vhat more arched than the ventral ; it is gently convex from 
the origin of the dorsal fi11 to the nostril and  thcu descends inore abruptly 
to the tip of the snout, which projects very slightly beyond the upper l ip 
(i l  ].,rojccts 111ore c ~ n s p i c ~ ~ ~ s l y  ill h a l f - g r o ~ n  a i ~ d  sllbadult specimens). 
As seen from below the approximately seil~icii.ci~lar snout projects on a11 
sides around tlie semioval niouth. I11 side view the niouth is very wealrly 
obliqne, and has a rather strong upward curvature; anteriorly, the gape 
slopes baclrn~arcl and slightly upward; posteriorly, it slopes baclr~vard and 
downward. The npper lip is very thin a t  the sides, but is rather iliarliedly 
expanclccl near the mid-line, where its maximurn width is about one-fourth 
its length. The width of the heact is about one-tenth greater than its depth, 
which is contained 1.7 times i11 its length. The average snbadult 11:~s the 
head about 0.1 narrower than deep. The leilgtli of the short head enters 
the stanclard length 4.3 times. Following are proportional meas~~~-cinents  
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of the head parts, stepped into the head length : eye length, 3.8; snout length, 
3.1 (much longer than usual) ; fieshy interorbital width, 2.8 (about 3.1 in 
average subadult) ; length of upper jaw, 3.4 (about 4.4 in some less devel- 
oped specimens). I n  the subnuptial male the jaws show only an incipient 
modification toward the extreme conditioll exhibited by C. vlgdax. T11e 
internarial flap is coaspicuous, as i t  is in other nleinbers of the genus. Tile 
width of the isthmus is containecl 4.5 times in the head. 

The thin scales number 6--40-5. Those in the dark predorsal strip are 
markedly reduced in size, numbering about 32 (maximum count) along the 
midline, although only 22 dorsolateral rows intervene between the shoulder 
girdle and a point below the origin of the dorsal fin. Around the narrowest 
part of the cauclal peduncle there are 15 rows, 7 above and 6 below. The 
breast is scaleless. 

Fin ray counts follo~v: dorsal, 8 principal, 9 total; anal, 7 principal, 9 
total; caudal, 19 principal; pectoral, 14--14; pelvic, 8-8. The clorsal fill 
has its origin over the eilcl (often over the nlidclle) of the pelvic base, mid- 
way between the base of tlie caudal a i d  the front of the nostril. The length 
of the depressed dorsal is contained 1.4 times in the distance forward to 
the occiput (about 1 . G  times i11 less developed specimens). The anal, as  
usual in the subfamily, is a small sq~xarish fin, the length of which, when 
depressed, is contained 1.4 times in the head (the anal of less advanced speci- 
mens i;; a rounded fin, with a depressed leiigtli that enters the head about 
1.8 times). The upper cauclal lobe is about one-tenth shorter than the head. 
The pectoral fin extends about two-thirds the distance to the pelvic insel.tion 
and enters the head 1.3 times. The length of the pelvic fin is contaiilecl 1.3 
times in the distance from its insertion to the origin of the anal, aiid 1.8 
times in the length of the heacl. 

The narrow but rather coiispicuous dark lateral bancl 011 the body follon-s 
the lateral line anteriorly, then runs immediately above the lateral line on 
the posterior part of the trunk, finally descending on the caudal peduncle 
to a position immediately below the axis. I n  the snbnaptial male the band 
is somewhat reduced in conspicuousness, because tlle general body ~1x1-face 
is also darkened. The band is some~rhat dilated posteriorly and fades out 
in advance of the basicaudal spot. In  other specimens the band ends ab- 
ruptly a t  the light bar preceding the caudal spot. This spot lies on the 
base of the caudal rays and is somewhat expancled vertically. Together 
with the duslqy color on the extreme bases of the caudal rays this spot forms 
a dark streak around the base of the caudal. I n  half-grown fish this basal 
streak is much weaker. The tail fin is also darkened on the interradial 
membranes, where the nuptial male is presumably black, but is clear of 
pigment on the upper and lower edges, including the anterior extensions. 
This color contrast is evident on close inspeetioil i11 the half-grown, and 
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no cloubt becoines sllarper iu fnlly nuptial males. I n  another approach 
to~lard  the nuptial coildition the holotype shows a light vertical bar just 
beyond the blaclr basal spot. The dusky spot of the dorsal fin, near the front 
margin close to the base, is conspicuoas and rather large in the subiinptial 
~llale holotype, and occurs on the membranes as well as along the rays, but 
i11 subadults is represented merely by strealrs along the subbasal parts of 
the anterior rays. The lroiit margin of the dorsal is clear of pigment. The 
extreiiie base is black posteriorly but clear anteriorly. A dusky blotch im- 
niediately precedes the dorsal fin aiid a very fine streak, requiring inagizifi- 
cation to follow, runs froin this spot to the occiput. The anal fin sIio\~7s 
sonze blackening where tlie nuptial inale is presumably black, but the front 
edge is clear of pignicnt and the onter edge light. The pectoral fin shows 
sollie blackish edging along the main rays, and in the subnuptial male the 
swollen interradial membranes are blackened, so that the darlieiied iiiajor 
part of the fin contrasts strongly with tlie broacl whitish outer edge. No 
doubt this contrast becomes sharper in i'l~lly nuptial males, as it does ill 
C. 1. tenellus. Iii the subnaptial male the pelvic fin is blackish in a triangu- 
lar area toward the base and toward the clear outer edges, b ~ l t  in less devel- 
oped fish is clear thvonghout. 

The general color of the body approaches the almost uniform blaclr of 
tlic breeding male, as is seen in the one fully nuptial nzale of C. t .  tenellns 
(Pl. I T ,  Fig. 1). The body is dusky except on the lower surfaces of the 
head and trunk, ant1 even in these inferior regions snzall melaiiophores are 
appearing. The sooty sides of the head, over the cheelrs as well as the 
opcrcles, are separated sharply from the dusky body by a bright, melano- 
pliore-free crescent along the borcler of the gill opening. The dark color 
of the back merges into that of thc sides. The dark margills of tlze scale 
poclrcts are conspicnous aiid are particularly broad on tlie back posteriorly. 
On each scale of the sides, at  the apex of the border, the pigment is intensi- 
fied to form a spot, and these spots are aligned into lengthwise strealrs. 
The light areas bounded by the dark scale-poclret inargiizs are dusted with 
iizelanophores, except postcroventrally. Thcrc is a nearly blaclr band 011 

the sicle 01 the snout, aiid some especially large inelaiiophores on the uppcr 
part of the opercle, bat otherwise the lateral hancl of the head is suffused 
into the general dark color. 

Other specimens not showing nuptial Inale characters, are nlucll lighter 
in general body color. The example shown in Plate I, Figure 2, inay be 
described as Pollows: The back is duslry, beconling rather clear just above 
tlie lateral band. Tlle dark margins of the scale pockets are rather broad 
on the back, about the very light scale centers. Just  above tlze lateral line 
tlle scale borders are faint, but those of the lateral line and the first 
J.OTTT below on thc ti-n~rk (except for the Ion  er end?) are miore consl>icnous. 
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The lateral line pores on the trunk have blackened edges, which form rather 
conspicuons spots Ilear the liead. There is a parallel row of fainter spots 
along the middle of the scales of the row below the lateral line 011 the trnnk. 
The lateral band is continued forward on the sides of tEic head as a cluster of 
large mela~iophores on the opercle, as a small patch of scattered specks behind 
the eye, ancl as a rather definite dusky bar across the side of the snout before 
the orbit. Below the band the head, including the lips, is clear, as  are tlie 
lower surfaces of the trunlr. 

Conspicnous melaliopElores form a small blotch or streak on each sicle 
of the anus, and the base of the anal fin is markedly blackened (Fig. l A ) ,  
but the strilrilig V-sllapeil ruark of C. cnllarclt~rs is laclsing. The anal and 
caudal fins are couiiectecl by a very narrow stripe coizsisting chiefly of 2 
rows of sn~a l l  melanophorcs. 

The range of variation of this subspecies, as  exhibited by the 16 speci- 
mens of the typical race that were counted and mcasnred, is presented in 
Tables I V  slid VI  to X. Variation in the nuillber of scale radii is indicated 
in Table I. Ia these tabulations typical parviceps is compared with other 
species of the genus, with the aberrant race inhabiting the St .  Francis ancl 
Blaclc river systems and with intergrades between C. t .  parviceps and C. t. 
tenel l tu .  

The name parviceps is from parvus, "small, " aird C P ~ ,  "head. " 

CASTOR MINNOW 

Ceratichthys callarchus, new species 
(Pl. I, Fig. 3; Fig. 1B) 

This specics is lcnowii o~ i ly  horn the holotypc, U.BI.M.Z., No. 139613, a 
subadult specirne~i 39 mm. long to caudal fin, colleetecl on Ju ly  30, 1941, in 
Castor River, Bollinger County, Missouri, by Acleii C. Bau~nan  of the 
Missouri Depart~nent of Conservation. This stream enters a low, flat area, 
the Southeastern Lowland of Missonri, which is now drained by a large 
number of ditches, betxveen the St. Francis and l'lississippi rivers. It nras 
formerly tributary to Little River, mlzich drained sluggishly through Big 
Lalie illto the St.  Francis River in Arkansas, with a direct outlet into the 
Mississippi in  the "Bootheel" of Missouri. Now the ~vaters of the Castor 
are led at  normal water levels through the Headwater Diversio~i Ditch into 
the Mississippi just south of Cape Girardeau, Missouri. In great floods, 
liowever, the Mississippi flows across the lower Castor, occasionally as f a r  
westward as the St. Frailcis and Black rivers. A tongue of the lowlands, 
mith cypress trees, exteucls up the Castor to beyond the poiiit of collectiou, 
which was near the month of Bear Creek, south of Highway 34, in Section 
20, To~vnship 29 North, Range 8 East. These 1A1ysiog~aphic data nTere 
lrindly imparted by Mr. Bauman. 
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I t  is presumed that this fish was a stray froin some habitat i11 the hill 
section of Castor River. Reasons for so thinking are: (1) the species was 
not taken in very thorongh seining i11 the river downstream, near the point 
of diversion, nor in  any of the lowland channels and ditches which were 
successfully fished; (2)  the minnows of the C. tcncllzu group are upland 
fishes; and (3) the Castor River has a distilictivelg Ozarkian fauna quite 
unlike that of the ditches of the Southeastern Lo~vland of lV1issouri. C. 
calla~~chzis is uildoubteclly closelj- related to C. te?zellzis, and is to be included 
among the Ozarlrian elements in  the Castor River fish fauna. 

It is possible, however, that tlie changes in  the streams of southeastern 
Missouri, resulting first Prom the great subsidence that acco~lipanied the 
New Maclrid earthqnalre of 1811-12 (Mceli, 1896 : 344) and subsequently 
from very thorongll artificial drainage, may have brought C .  callarchzcs 
close to extermination. It did not appear in  three collectioiis made farther 
up tlle river nor i n  a large collection from near the point of diversion, 
already mentioned, nor in a series from the old clianllel of Castor River 
still farther down. 

The collector informs us that where the type specimen was seined the 
Castor River was a succession of swift riffles and of long pools a s  deep as 
8 feet. There were dense marginal beds of Dianlhcra along the riffles. The 
bottom was of gravel and saucl. 

Ceratichtkys cnllarchzrs dif'l'ers 11-om its close relative C. tcnellzcs most 
strikingly in the V-shaped pattern of large melanopliores wheh diverges 
forward from the anal base, extending to opposite either side of the espe- 
cially large and cleep-blaclr region about the anus (Fig. 1). The piginenta- 
tion of this region has proved to be a very consta~it and valuable character 
ill the distinction of Ainericaii Cyprinidae. Thus, the patch of black pig- 
ment about the anus is one of the surest means of distinguishing Notropis 
volz~ccllz~s volzicellzi.c Si-0111 N. dclzczos~cs slrat?zi?zezis (ITnbbs and Lagler, 
1941 : 52). Ceratrchtl~!~s pef.spacuzcs ancl C. vigtlax differ from all members 
ol' the C. tenellus group in  the almost coniplete laclr of melanophores near 
the anus. 

Another probable difference between C. callarchzis and all races of C. 
tenellzcs lies i11 the number of scales above the lateral line. I n  the type of 
callarch~is 7 full-sized scales intervene on each side between the first dorsal 
ray and the lateral line scales. I11 C. tenellus the number is 5 to 7, usually 6. 
When, rarely, 7 rows are counted in  tenellus, the scale nearest the origin of 
the dorsal is usually reduced in  size. I n  other characters G. callarchus is 
lnost like tjrpical C. tenellus parviceps, the slender, small-headed form of 
the Ozarks (Table TI). 

DESCRIPTION OF THE HOLOTYPE.-AS shown in Plate I ,  Figure 3, the body 
is very attenuate; the greatest depth enters the standard length 6.1 times, 
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a i d  tlic Icast depth is contailled 2.7 times in  the leilgtli of the caudal 
peduncle. F o r  its depth the trunk is disproportionately wide; the greatest 
width enters the head length 1.7 times and equals the distance from the 

PIG. 1. Pigme~~ta t ion  abortt anus and anal fin in a subadult specimen of C L ? ( L / L C I ~ L I I ~ S  
lerrell~ls pa?.uaceps ( A )  and in t l ~ c  holotypc of Ccra t~ch th? j s  cnllarclr?ts ( R ) .  

origi~l  of the dorsal to the lower end of the second scale below the lateral 
line. The dorsal contour is wealrly arched in  the nuchal region, thence 
nearly straight from the occiput to above the anterior nostril, from which 



it descencls strongly to a rouncled tip tliat projects slightly bnt distinctly 
beyond tlie upper lip. As seen froin belov, this snout protrudes niore a t  the 
sicles than i t  cloes arouncl the front of the mouth. The month is semi-oval 
~v i th  the sides flattened to1val.d the front, where thc upper lip is expanded 
to a ~viclth ol' about one-fifth its length. 111 side view the gape is horizontal 
a~lteriorly and sorne~vhat oblique posteriorly. The ~vidtli of the head is 
about one-tenth less t l~ai l  its depth, .vvliich is contained 1.7 tinies ill its length. 
'l'he length of the head steps 4.2 tinies in the standard length. Following 
,Ire measareruents into tlie head leulgth: eye length, 3.7; snout length, 3.4; 
fleshy interorbital wicltli, 2.9 ; length of upper jam, 4.3. The internarial flap 
i, conspicnous. The width of the isthmus is contained 7.2 times i11 the head. 

The thiu scales number 741 -5 .  Those ill the dark predorsal strip 
arc much reclneed in size, numbering about 30 along the midline though 
o~i ly  20 dorsolateral rows iiiterveiie between the shonlder girdle atid a poilit 
be1o.v~ the origin of the dorsal. Aroimcl the narrowest part  of the e a ~ ~ d a l  
pednnele tllere are 14 rows, 6 above the lateral line and 6 below. The 
breast is scaleless. The scales oS the mid-sides are some~vl~at  shield-shaped, 
somewhat higher than long, with a narrow posterior field and a broadly 
rounded anterior field. The next scale above the lateral line below the 
clorsal origin has 8 raclii (Table I). 

F in  ray co~ults follow: dorsal, 8 principal, 9 total; anal, 7 principal, 9 
total ; cauclal, 19 principal ; pectoral, 14-13 ; pelvic, 8-8. Tlle dorsal origin 
lies over the end of the pelvic base, midway between the base of the caudal 
ancl the internarial flap. The length of the depressecl dorsal is contained 
1.7 tiilies ill the distance to the occiput; that of tlie depressed anal, 1.7 times 
in thc liead; that of cacli caudal lobe, 1.05 times in the heatl; that of the 
pectoral 1 . G  tinies ill the interval bet\veen the pectoral and pelvic insertions 
ancl 1.4 t i~ncs in the heacl; that ol' the pelvic, 1.25 times in  the distance to 
the anal origin and 1.75 ti~iies in  the lleacl. 

A blacliisl~ lateral band almost as wide as the pupil extends along the 
side of the body froiii the upper encl of the gill-openiag to jnst below tlie 
middle of the caucial Fasc. The lateral line runs near the top of the band, 
but dips down towarad its lower border near the middle of the trunli. On 
the urosonie the band sends out streaks, r~u ln ing  clo\vnrvnrd and backward 
along the myocommata. The band is separated by a clear interval from the 
isregularly shaped, almost jet-blacli caudal spot. Dusky pigment on the 
caudal fin near the edge of the bocly nn~sclrs fornis a faint. cl~rvccl bar 
passing thi.ongh this spot. There js soine dark pigment along the edges 
of the canclnl rays, except near tlic upper and lower niargins of the fins. 
Tho spot on the dorsal fin is repsesented in  the snbadult type nierely by 
dark margins on the subbasal par t  of the anterior rays. The extreme base 
of the dorsal is blaeltenecl posteriorly, but is clear near the front of the 
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fin. A diffuse duslcy blotch immediately precedes tlre dorsal, ancl a very 
irregulalr file of nielailopl~o~es connects this fin with the occiput. The 
baclr is clusky dow11 to the broad and irregular light band that lies above 
the dark lateral band. 011 thc baclr the scale centei-s are light (yellowish 
white i r ~  alcohol). On the upper sicles the margins of the scale poclrets are 
marlred by fine dusky liaes. On the anterior par t  of the trunk these lines 
extend partly around tlre first scales below the lateral line scales. Tlre 
lateral line pores are bordered with blackish. There is no row of specks 
along the next scale series below the lateral band. The lower surfaces are 
whitish The lateral bancl is coi~tinued across the side of the heacl, as a 
dense patch on the ripper part  of the operele, a smaller and sparser gronp 
just beliincl the eye, and a blaclrish streak on the sides of the saout. Below 
this band the head, inclncling both lips, is clear. Black pigment forms a 
conspicuous marl< extending between the anus ancl the anal fin and in a 
triangular patch to eit.her side of the peritroct. F r o ~ n  near the tip of the 
Irianglc 011 each side a vcry conspicuous row of large rnelai~opho~es rmns 
baclrwarcl to the posterior part  of the a~ i a l  basc, the 2 forming a proini- 
lielit V-shapecl inarlr seemingly diagnostic of the slxxies (Fig. 1B). The 
base oL the anal fin is exteiisivc1~- blackcilecl aiicl a nal.ronT blaclrisli streak, 
consisting of 2 fine black lines ant1 some intervening sl>ec.ks, runs between 
the anal aiicl caudal fills. 

The naine callarchtts, referring to the very eonsl>icnous and d i s t i a~ t '  llTe 
pigirieiitation of the anal 1-cgiou, is derived from ~ahhbs, "beautiful," and 
apxbs, "anus." 

SUMRIARY AND CONCLUSIONS 

Ceratichthys, more commonly known as  Cliola, is a genus of American 
cyprinid fishes referable to the subfamily Pimephalinae Hubbs, 1926. 
Although the close resemblance between Ceratichtltys and Pimephales (nom 
divided into Pinzeplzales and Hyborhynchus) was noted by several ichthy- 
ologists, these genera with consistency were widely separated in previous 
classifications. This error in  taxonomic judgment arose from the ~ulclue 
importilncc that was long placed by systematists on adaptive characters 
related to nutrition. As in  other groups of Cypriniclae and in  different 
families of fishes, the true lines of relationships cut across the divisions that 
were erected on the basis of such characters. Independent adaptations to 
an  herbivorous diet have been frequent. 

The Pimephalinae comprise a very compact natural group, circuillscribecl 
by the distinctiveness and the constancy of its specialized characters. This 
subfamily was probably derived from the Notropinae, from which it differs 
i n  a series of characters, exhibited most strikingly or solely by the breeding 
males. Within the Pimephalinae nuptial characters are also of prime 
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significance. The taxonomic importance of sexual characters is thus con- 
firmed. Ceratichthys vigilax and C. perspicuus differ trenchantly only in 
the characters of the breeding males. 

The correlated characters, shape of scale aiid number of radii, are of 
considerable importance in the classification of the Pimephalinae. A sta- 
tistical study, however, demonstrates great individual and racial as well as 
specific variability in these respects and indicates a wide overlap between 
the forms. The number of radii increases as the scale grows. 

I n  line with recent interpretations in phylogeny the 8 recognizable forms 
of the Pimephalinae exhibit difTerent combinations of primitive aiid special- 
ized features. The subspecies of Pimephales, although the most specialized 
pimephalines i11 some respects, are indicated as among the most archaic by 
tlie index of primitiveness, which is derived by summation from the quanti- 
fied evaluation for each main character. Ceratichtlzys perspicuus is rated 
as most primitive by a scarcely significant margin. Hyborhynchus notatus 
1-aiiks as the most specialized. The other kinds show such close compen- 
sation in the combiliatioil of primitive and specialized characters that their 
indexes of primitiveness are of the same order of magnitude. In  agree- 
ment with a principle that is becoming increasingly obvious, all 3 genera 
of Pimephalinae and also the 2 species groups of Ceratichthys appear to 
have originated independently from near the ancestral base of the subfamily. 

The nuptial tubercles are greatly reduced in number in all Pimephalinae, 
and within the group become fewer but increasingly constant in number 
aiid position. A single rectilinear trend, however, is probably not indicated. 
I n  the extreme species, C. vigilax, the nuptial tubercles are reduced to 5 
large cones which develop in constant positions in a single series across the 
front of the snout. I n  this species the jaw bones become sharpened and 
break through the lips, to form biting edges like the teeth of Diodon. 

Ceratichlhys includes not only the previously recognized species, C. 
vigilax (Cochlognathus ornatus) and C. perspicutcs (long known as Cliola 
v ig i las) ,  together comprising the much confused C. vigilax group, but also 
a group of three small forms of the Ozark Upland region. These members 
of the second or C. tenellus group are C. tenellzcs tenellus, with a name 
resurrected from Girard, C. t. parviceps, new subspecies, and C. callarchus, 
new species. The groups are differentiated by habitat preference as well 
as by numerous characters. Between the groups and within the tenellus 
division details of pigmentation are of outstanding significance. Within 
each group the forms are allopatric. The range of C. vigilax has become 
divided, probably by an incursion of C. perspiczczcs. Presumably in corre- 
lation with this isolation sollie differentiation has resulted. An off-center 
population of C. tenellus is intermediate in characters and in habitat but 
not in distribution between the 2 subspecies of C. tenellus. I n  the speciation 



REVISION O F  CER,ATICI-ITIIYS 49 

of this group ecology seems t o  have played a more significant role than 
geography-as it  has in many Western fishes. 
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PLATE I 

FIG. 1. Sonbreeding adult of Ceratichlkys tenelltls tenpllus, 40 mm. in stnnd:~rd 
length, from Ellr River, Delaware County, Olrlahoma. 

FIG. 2. Nonbrceding adult of Ceratichthys te?zellz~s pa~viceps ,  38.5 mm. long, fro111 
West Forlr of White River, Washington County, Arkansas. 

FIG. 3. IIolotype of Cernticl~thys cnllarchrts. A11 photograplis by F. W. 0ru:ldnik. 
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FIG. 1. 1:rocding male of Crt~c~liclrtl~,~l,s le?,cllrrs l(vtc.llrt.s, 51 illm. i l l  st,:~lld:ll.d l o l ~ g t l ~ ,  

f ~ . o ~ r r  Cl~il<:~slti;~ Rivclu, l i : ~ y  Coui~ty, 01~1:1110111:1, ~oI l (~c l , (~J I  by Gc~)rg(l A .  h f o o ~ . ~ )  011 May 
17, 1910. 

Fio. 2. Sul)nnl>tinl 111:~lc l ~ o l o t y l ~ e  of C~ra1icl~t lry .s  lencllrts pu,vviccp.s. 13otl1 plioto- 

g r s p l ~ s  I)y F. W. O ~ ~ r a d i l i k .  
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