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The

darters (Etheostomatini), with over 110 recognized species, comprise the second largest group of North
American freshwater fishes. At present, the most widely
accepted classification of darters is a proposal of Bailey
progressively formulated in Bailey (1951), Bailey et al.
and Bailey & Gosline ( 1 955
( 1 954 )
The latter paper lists three darter genera (Percina,
Ammocrypta, Etheostoma) and 22 subgenera and arranges them according to evolutionary advancement.
This classification is based on years of study by Bailey
and reflects to a high degree the true relationships among
,

)

However,

documentation was presenthas been presented subsequently, for the classification.
Thus some of the
groupings and arrangements deserve closer scrutiny.
the darters.

little

ed in the 1955 paper, and

Collette (1965)

among

all

darters

little

compared breeding tubercle patterns
and used the same genera and sub-

genera as had Bailey & Gosline except for the recognition
of Villora as an additional subgenus of Etheostoma.
More recently Deration and Vaillantia have also been
recognized as valid subgenera of Etheostoma (Cole 1967,

Howell 1968).
Systematic

studies

of

darters

have

been

mainly

Few attempts have been made
to elucidate relationships among species.
Although
recent descriptions of new species include remarks on
similarities between the species novum and the assumed
descriptions of species.

closest relatives, they

more than two or

A

letic origin, attests to
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and P. macrolepida deserve separate
generic status and assign the remaining species to
Hadropterus (Hubbs & Lagler 1958, Hubbs 1967, Minckley 1963, Stevenson 1971, Winn 1958) or to Hadropterus
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The decision to combine the species of Percina and
Hadropterus in the same genus was based primarily on
the ubiquitous presence of modified (enlarged and strongly toothed) scales on the breasts of males of all species in
ologists believe Percina
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both groups (Bailey et al. 1954).
Darters in other
genera do not have the modified scales.

Data are herein presented on another characteristic
that is seemingly ubiquitous among, and nearly unique to,
the species of Percina.
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The

characteristic

is

the electro-

phoretic mobility of a readily distinguishable homopoly-

meric lactate dehydrogenase

(LDH)

isozyme.
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METHODS AND MATERIALS
The head

Some

the genetic continuity of the group,
relegation of Hadropterus to the

and strongly supports
synonymy of Percina.

seldom contain analyses involving

controversial aspect of Bailey's classification

WhiH

ence of a unique morphological characteristic and a
nearly unique enz,matic characteristic among species
of Percina is considered strong evidence of a monophy-

three species.

been the acceptance of the genus Percina.

S.

of each darter

|

was homogenized by hand

in two volumes of tris-HCl buffer (0.1 M, pH 7.0) at
4°C. The homogenatcs were centrifuged for 30 minutes
in a Sorvall RC2-B centrifuge at 4"C at 48,200 g.
The
supernatant was recentrifuged under the same conditions.
The final supernatant fraction was immediately subjected
to

starch

gel

electrophoresis.

procedure was described

in

The

immunochemical

Whitt (1970)

Vertical starch gel electrophoresis

(Biichler instru-

ments) was accomplished in a 14 percent gel at 8V/cm
for 16-20 hours at 4°C.
Two different buffer systems
were employed. The tris-citrate pH 6.8 stock buffer
contained 0.75
tris and 0.25
citric acid (mono-

M

hydrate)

chambers was

EBT

M

Dilution of the stock buffer for both electrode

.

stock

1

:

7

and

buffer

for the gel

contained

it

was

EDTA

1

:

20.

The

(tetrasodium,

X 10-^M), boric acid (2.5 x lO'^M) and tris (4.5 x
10"-M) and had a pH of 8.7. Dilutions of the stock buffer
for gel, cathode chamber, and anode chamber were 1 20,
1

:

1

:

5,

and

LDH

1

:

7,

respectively.

The

staining procedure for

isozymes has been described in

Shaw &

Prasad

The control for nonspecific reductants or "noth(1970)
ing dehydrogenases" was accomplished by incubating
.
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one-half of the gel in

all

the staining components except

for the substrate, L-lactate.

f

The

LDH

isozymes of 494 specimens of 68 species

Patterns of 67 species are illustrated in
Ammocrypta (Ammocrypta) beani: Leaf River,

were examined.
Fig. 1:

Jones Co., Miss.; A. (A.) pellucida: Middle Fork, Vermilion Co., 111.; Etheostoma (Allohistium) cinercum:
Big South Fork, Scott Co., Tenn.; E. (Boleosonia) longimanum: trib., James River, Botetourt Co., Va.; E. (B.)
nigrum: trib., Gasconade River, Maries Co., Mo.; E.
(B.) olmstedi: Tar River, Franklin Co., N. C; E.
(Catonotus) barbouri: Brushy Fork, Casey Co., Ky.; E.
(C.) flabellare: Maries River, Osage Co., Mo.; E. (C.)
kennicotti: Big Creek, Hardin Co., 111. ;£. (C.) obeyense:
Ferguson Creek, Livingston Co., Ky. E. (C.) squamiceps: Sugar Creek, Livingston Co., Ky. E. (C.) virgatum: Harpeth River, Williamson Co., Tenn.; E. (C.)
species: Cypress Creek, Wayne Co., Tenn.; E. (Doration)
stigmaeum: Little River, Blount Co., Tenn.; Clarks
Fork, Marshall Co., Ky. E. (Etheostoma) blennioides:
;

;

;

Embarras River, Cumberland Co., 111.; E. (E.) histrio:
Leaf River, Jones Co., Miss.; E. (E.) rupestre: Cahaba
River, Bibb Co., Ala.; E. (E.) tetrazojium: Gasconade
River, Maries Co., Mo.; E. (E.) thalassinum: trib.,
Saluda River, Pickens Co., S. C; E. (E.) zonale: Gasconade River, Maries Co., Mo. E. (Hololepis) gracile
Clear Creek, Union Co., 111. E. (H.) serriferum Collie
Swamp, Martin Co., N. C; E. (loa) vitreum: Tar River,
Franklin Co., N. C. E. (Litocara) nianguae Big Tavern
Creek, Miller Co., Mo.; E. (Microperca) microperca:
Coon Creek, Kane Co., 111.; E. (M.) proeliare: Alcorn
Creek, Pope Co., 111.; E. (Nothonotus) bellum: Brushy
Fork, Casey Co., Ky. E. (N.) camurum: Middle Fork,
Vermilion Co., 111.; E. (N.) jordani: Conasauga River,
Bradley Co., Tenn.; E. (N.) maculatum: Big South Fork,
Scott Co., Tenn.; E. (N.) rufilineatum: Little River,
Blount Co., Tenn.; E. (N.) tippecanoe: Big South Fork,
Scott Co., Tenn.; E. (Oligocephalus) asprigene: Clear
Creek, Union Co., 111.; E. (O.) caeruleuni: Embarras
River, Cumberland Co., 111. James River, Webster Co.,
Mo.; E. (O.) ditrema: Sugar Creek, Bradley Co., Tenn.;
E. (O.) exile: Otter Creek, Winnebago Co.,' 111.; £. (O.)
juliae: James River, Webster Co., Mo.; E. (O.) spectahile: Stony Creek, Vermilion Co., 111.; E. (O.) swaini:
Leaf River, Jones Co., Miss.; E. (Psychromaster) trisella:
Conasauga River, Bradley Co., Tenn.; E. (Ulocentra)
coosae: Sugar Creek, Bradley Co., Tenn.; E. (U.) duryi:
Cypress Creek, Wayne Co., Tenn.; E. (U.) simoterum:
Little River, Blount Co., Tenn.; E. (U.) species A: Flat
Creek, Maury Co., Tenn.; E. (U.) species B: trib., Perdido River, Escambia Co., Ala. E. (U.) species C Clarks
Fork, Marshall Co., Ky.; E. (Vaillantia) chlorosomum:
;

;

:

;

:

;

;

:

;

Clear Creek, Union Co., 111.; E. (Villora) edwini: trib.,
Perdido River, Escambia Co., Ala.; Percina (Alvordiusy
crassa: Tar River, Franklin Co., N. C; P. (A.) maculata: Clarks Fork, Marshall Co., Ky.; P. (A.) peltata:
Tar River, Franklin Co., N. C. P. (A.) notogramma:
;

trib., James River, Botetourt Co., Va.; P. (A.y roanoka:
Roanoke River, Montgomery Co., Va. P. (A.) species:
Conasauga River, Bradley Co., Tenn.; P. (Cottogaster)
;

copelandi:

Big South Fork, Scott Co., Tenn.; Shoal
Creek, Cherokee Co., Kan.; P. (Ericosma) evides: CJas-

conade River, Maries Co., Mo.; P. (E.) palmaris: Conasauga River, Bradley Co., Tenn.; P. (Hadropterus) lenLeaf, River, Jones Co., Miss. P. (H.) nigrojasticula
ciata: Leaf River, Jones Co., Miss.; P. (H.) sclera (eight
specimens): Embarras River, Cumberland Co., 111.; P.
(Hypohomus) aurantiaca: Little Pigeon River, Sevier
Co., Tenn.; P. (Itnostoma) shumardi: Main Ditch, New
Madrid Co., Mo.; P. (I.) uranidea: Main Ditch, Mississippi Co., Mo.; P. (I.) species: Conasauga River, Bradley
Co., Tenn.; P. (Percina) caprodes carbonaria: Big Tavern Creek, Miller Co., Mo.; P. (P.) c. caprodes x semi;

:

Embarras River, Cumberland Co.,

fasciata:

111.;

P.

(Swainia) phoxocephala: Embarras River, Cumberland
Co., 111.; P. (?)^ cymatotaenia Gasconade River, Pulas:

Mo.

ki Co.,

E. caeruleum: Embarras River, Coles Co.,
E. flabellare: Gasconade River, Pulaski Co., Mo.;

Fig. 2:
111.;

Union Co., 111.; E. nigrum: EmCumberland Co., 111.; P. caprodes: Embarras River, Cumberland Co., 111.; P. cymatotaenia: Gasconade River, Pulaski Co., Mo.; P. maculata: Gibbons
Creek, Pope Co., 111.; P. phoxocephala: Embarras River,
Cumberland Co., 111.; P. sclera: Embarras River, Cumberland Co., 111.; P. uranidea: Main Ditch, Mississijjpi
Co., Mo.
E. gracile: Clear Creek,

barras River,

Fig. 4: E.

clnereum: Little River, Blount Co., Tenn.;
Wayne Co., Tenn.; E. edwini:

E. duryi: Cypress Creek,

Perdido River, Escambia Co., Ala.; E. flabellare:
Cypress Creek, Wayne Co., Tenn.; E. microperca: Coon
Creek, Kane Co., 111.; E. proeliare: Alcorn Creek, Pope
Co., 111.
E. trisella
Conasauga River, Bradley Co.,
trib.,

;

:

Tenn.; P. caprodes: Maries River, Osage Co., Mo.; P.
sclera: Leaf River, Jones Co., Miss.

RESULTS

The

AND DISCUSSION
data for assessment

suitability of elcctrophoretic

of evolutionary relationships

onstrated by Tsuyuki et

al.

among

fishes

(1965),

Ohno

has been demet al.

(1968),

(1969), Lush et al. (1969), Koehn
As specific gene
(1969) and Whitt & Horowitz (1970)
products, isozymes (multiple molecular forms of an en-

Markert

& Holmes

,

.

&

M0ller 1959) are useful as taxonomic
isozymes of fishes have proven to
be excellent gene markers (Markert & Faulhaber 1965,
Goldberg 1966, Morrison & Wright 1966, Odense et al.
The following analysis includes
1969, and Whitt 1970)
only those isozymes formed by the assembly of LDH subunits encoded in the LDH A and B loci (Markert &

zyme, Markert
characters.

LDH

The

.

LDH

E locus was
Faulhaber 1965)
The activity of the
too low to employ the retinal-specific E^ isozyme (Whitt
.

et al. 1971,

LDH
the

494

specific

Horowitz

&

Whitt 1972) as a genetic marker.
For
examined, intra(68 species)

patterns tended to be highly conservative.

specimens
variation

morphism,

was

limited

to

infrequent

poly-

indiof
activities
low
vidual bands, slight geographic variation in a few
species, and marked geographic variation in Percina
copelandi (Page & Whitt 1973).

occasional

was precipitated by the anti-B serum but not the anti-A
serum (Fig. 3) indicating that it contained only B subunits and was the B^ homopolymer.

Although data herein presented are expressions of
only one character (the

LDH

isozyme pattern), they are

LDH

especially significant at the generic level. The
B^
isozvme of 19 species of Percina possessed an identical

electrophoretic mobility; that mobility

was absent

in

LDH

Electrophoresis of
isozymes in EBT buffer (Fig.
sho\\ed more clearly the unique mobilities of
isozymes of certain species of Etheostoma (E. cinereum,

45

Etheostoma and in the 2 species of Ammocrypta examined (Fig. 1). Although not resolved for
the specimen of P. uranidea in Fig. 1, in a separate run
using another specimen the band was as prominent in
of 46 species of

this species as in

LDH

4)

E. microperca, E. edwini, E.

trisella, and E. duryi) which
appeared in tris-citrate buffer (Fig. 1) to possess a band
with a mobility possibly identical to that of the B^ of
Percina species. As demonstrated in EBT buffer, E. cin-

other Percina (Fig. 2). In addition to
1, E. punctulatum was

ereum does posses a band with the same mobility as the
Percina V,^, the other species do not. The most anodal

the 67 species presented in Fig.

examined and was without the B^ mobility of Percina.
Isozymes may be selectively precipitated by the addition of antisera to the enzyme extract prior to electrophoresis. The anodal band of Percina (designated B^)

band of E. squamiceps also appears in Fig. 1 to have the
same mobility as the B^ band of Percina: ho\vever, electrophoresis in other gels demonstrated

it

to

be different.
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dehydrogenase isozymes from head extracts of 67 species of darters. Percina sciera is present on each
between gels. Electrophoresis was in pH 6.8 tris-citrate buffer.

to facilitate comparisons

CS

1,

'i

gel

fi

A

may

be defined as a "monophyletic group of
separated from other taxa of the same
rank [other genera] by a decided gap" (Mayr 1969) The
enz)matic (LDH B^ mobility) and morphological (modi-

genus

species,

which

is

.

fied scales)

evidence for a monophyletic origin for all
Although the subgenus
is persuasive.

species in Percina

Percina is quite distinct in several ways from other subgenera, to grant the subgenus Percina separate generic
status (as suggested by

Hubbs
Origin

t % ^
-

\^ %

^

&

« » %

?>

2.

'S.

—

Fig. 2.
Lactate dehydrogenase isozymes of six species of
Electrophoresis was in pH
Percina and four of Etheostoma.

6.8 tris-citrate buffer.

shows more detailed patterns of species poorly

resolved in Fig.

1

(E. flabellare

Percina characteristics

and E.

—such

proeliare).

as less elaborate

spawn-

ing behavior than in Etheostoma, the presence of a gas

bladder in most species, generally larger

—leave no doubt that

size,

and a com-

genus includes
the primitive darters, and the distinctive B^ isozyme mobility is probably an expression of genetic conservatism
absent in species of the more advanced genera (except E.
cinereum)
The genetic continuity demonstrated by the identical
mobility of the B^ isozyme band in all 19 species of
Percina examined is strong evidence of relationships
plete lateral line

among
19

this

the species currently assigne'd to the genus.

species

1967,

Hubbs & Lagler

1958,

and Winn

1958) because of its distinctiveness from other Percina
negates the criterion of monophyly (Hennig 1966) for the

•

•^

Fig. 4 also

Curd

1967, Minckley 1963, Stevenson 1971,

analyzed included

recognized subgenera (Bailey

representatives

&

of

The
all

8

Gosline 1955, Collette

genus containing the remaining species.
If the subgenus Percina were to be recognized as a
separate genus, it would be a monophyletic group of four
species, and the remaining species presumably would be
put in Hadropterus as outlined by Bailey (1951). Of
this composition, Hadropterus would not include all species descended from a common ancestor (Fig. 5), and
therefore would not be a valid, monophyletic genus. The
subgenus Percina shares with most other Percina subgenera (Hadropterus, Swainia, Alvordius, Ericosma, Cottogaster) the presence of a row of modified scales on the
midbelly. The row is lacking in the subgenus Hypohornus
(Fig. 5).
Since it is extremely doubtful that a midbelly row of modified scales independently evolved twice,
the separation of the subgenus Percina from the other
subgenera with the row of modified scales almost certainly occurred after the separation of the subgenus without the row (Hypohornus). Therefore if Percina is to be
a genus of four species, and genera are to be monophyletic, there also must at least be a genus Hypohornus and
a genus Hadropterus (containing the subgenera Hadropterus, Swainia, Ericosma, Alvordius, Cottogaster, and
Imostoma) The morphological gaps among the species
within the latter two genera are in some instances larger
than that between genera, although the genera would
probably be monophyletic.
.''

.

1965).

Origin

Fig.

3.

—

Origin

—*

Effects

of antisera

on the

LDH

P. sciera isozymes.

The anodal

LDH

band

is

^% %. ^2, '^t %V 5.' \ -^
1
%

dehydrogenase

lactate

isozymes of Percina sciera.
(A) untreated
antiserum alone, (C,D,E) effect of anti-LDH
P. sciera isozymes, (F,G,H) effect of anti-LDH

—-

.\

-S-

isozymes, (B)

serum on the

B serum on

the

Fig.

the Bi isozyme.

darters.

4.

— Lactate

5>

*

°o.

dehydrogenase isozymes of nine species of

Electrophoresis was in

pH

8.7

EBT

buffer.

tubercles in fishes

Museum

R

Curd, M.

Goldberg,
(Hypohomus)

U.S. National

17(3518) :567-614.

1

The taxonomic

1967.

value of retinal structure
(Percidae). Doctoral Dissertation,
100 p.

in etheostomatine fishes

Oklahoma

family Percidae.

of the

Proceedings

State University.

1966.

E.

and

ization in vivo

Hennio, W.

1966.

Lactate dehydrogenase of trout: hybridin vitro.
Science 151:1091-1093.
Phylogenetic systematics.

Urbana.

Illinois Press,

263

University of

p.

Horowitz,

Appearance of midbelly

1972.
Evolution of a
J. J., and G. S. Whitt.
system specific lactate dehydrogenase isozyme in
Journal of Experimental Zoology 180( 1 ): 13-31.

ner\'ous

row of modified scales

fish.

Howell, W. M.

1968.
Taxonomy and distribution of the
percid fish, Etheostoma stigmaeum (Jordan), with the validation and redescription of Etheostoma daiisoni Hay. Dis-

Ammocrypta

sertation .'\bstracts

HuBBS, C.

298:812-813.

and K. F. Laoler. 1958. Fishes
Lakes region. Cranbrook Institute of Science
213

Ancestral

B^

mobility;

Derived B

appearance of modified

.

L.,

hybrids

26.

Geographic variations in survival of
fishes.
Texas Memorial

1967.

between

etheostomatine
Bulletin 13.
72 p.

Museum

scales on breast

Bulletin

p.

HuBBS, Clark,

mobility

(except E. cinereum)

of the Great

Koehn,

R. K.
Catostomus

Hemoglobins

1969.
in

of

western North America.

of the genus
Copeia 1969(1):

fishes

21-30.

Lush,
Fig. 5.

— Hypothetical phylogeny

of Etheostomatini

based on

modified scale characteristics and the mobility of the lactate

dehydrogenase B4 isozyme.

Markert,

C. L., and I. Faulhaber,
1965.
Lactate dehydrogenase isozyme patterns of fish.
Journal of Experimental
Zoology 159:319-332.

If Percina s. s. is afforded separate generic status, the
26 described species of Percina should be in genera
created by the elevation of each of the subgenera, and if
this were to occur the other darter genera should receive
similar analysis. Such splitting of genera seems unnecessary. The genus Percina as treated in this paper contains a
monophyletic group of species (separated from other
genera by a decided gap) and is therefore a valid assemblage. The genus Percina inay be diagnosed by the
presence of modified (enlarged and strongly toothed)

scales

on the breast of the male, the

two anal

distinctive electro-

LDH

B^ isozvTne, a complete
(often extending onto the caudal fin), and

phoretic mobility of the
lateral line

I. E., C. B. Cowev, and D. Knox,
1969. The lactate
dehydrogenase isozymes of twelve species of flatfish (Heterosomala). Journal of Experimental Zoology 171:105-118.

spines.

and R. S.
isozymes of the
,

1969.
Lactate dehydrogenase
Pleuronectiformes: kinetic, molecu-

and immunochemical

lar,

analyses.

Journal of Experimental

Zoology 171:85-104.

and

,

F,

M0ller,

Tissue, ontt>gcnctic

Academy
Mayr,

E.

1959.

and species

Multiple forms of enzymes.
specific patterns.
National
753-763.

of Science Proceedings 45

1969,

New York,

Hill,

:

Principles of systematic zoology.

428

McGraw-

p.

Minckley, W. L. 1963. The ecology of a spring stream Doe
Run, Meade County, Kentucky, Wildlife Monographs II.
124

p.

Morrison.

W

1966.
Genetic analysis
J., and J. E. Wright.
of three lactate dehydrogenase isozyme systems in trout: evidence for linkage of genes coding for subunits A and B.
Journal of Experimental Zoology 163:259-270.
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