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Abstract

Fundulus catenatus and Fundulus stel-

lifer are recognized as valid allopatric (with
the exception of a problematic syntopic
record) species differing in pigmentation,
male breeding coloration, distribution of

male contact organs and pharyngeal denti-

tion. On the basis of meristic and mor-

phometric differences eight populations
(Ozarks, Ouachita, Homochitto River, Ten-
nessee R., Virginia, Cumberland R., Green
R. and Indiana) of F. catenatus and six

populations (LIpper Coosa R., Middle Coosa
R., Alabama R., Cahaba R., Tallapoosa R.
and Chattahoochee R. ) of F. stellifer are

recognized. The Homochitto population
seems to be dwarfed and no black-banded
males were recorded. In both species,
males occur in two breeding color forms:
those with and those without a black band
on the caudal fin. Fundulus sicllifer males
with the black caudal band have black
terminal dorsal bands also. The black
caudal band is usually subterminal in F.

catenatus and terminal in F. stellifer males.
The more massive pharyngeal bones and
teeth of F. stellifer are regarded as evi-

dence for further specialization for snail

feeding. Fundulus catenatus probably orig-
inated in the Eastern Highlands and the
Ozarks and Ouachita populations may be
the result of separate invasions of the In-

terior Highlands. Fundtdus stellifer was
derived from a F. catenatus-like ancestor
isolated in the Alabama River system by
minor stream capture.

Introduction

The northern studfish, Fundulus catenatus

(Storer) 1846, is a large active killifish which

inhabits the clear sand and gravel bottom
streams draining the upland areas of the cen-

tral United States. It is known only from

streams ultimately tributary to the Mississippi
River and is one of a number of animal spe-
cies distributed disjunctly in the Interior

Highlands of Missouri and Arkansas west of

the Mississippi River and in the Cumber-
land and Appalachian uplands east of the

Mississippi River (see Conant, I960, for a

discussion of this distributional pattern).
With the exception of an isolated population
in the Homochitto River drainage in Missis-

sippi, F. catenatus is absent from the inter-

vening Mississippi Embayment of the Gulf

Coastal Plain to the south and the predomi-

nantly prairie state of Illinois to the north.

Fundulus stellifer (Jordan) 1876, the south-

ern studfish, has its main distribution in the

upland tributaries of the Alabama River in

Alabama and Georgia and few of the head-

water tributaries of the Chattahoochee River

in northern Georgia. With the exception of

a single problematic syntopic record dis-

cussed below, the two studfishes appear to

be completely allopatric. Though extensive

comparative life history data are nor yet

available, they occupy similar habitats and F.

stellifer may be thought of as replacing F.

catenatus in its range.
The studfishes are quite similar morpho-

logically ( Figure 1 ) and were even con-

sidered conspecific by Garman (1895, pp.

107-108), but presently (Moore, 1968;
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Figure 1. A. Male Futidiihis catenatus (SL 86.6 mm), and B. female F. catenatiis (SL 69.4

mm) from SIUE collection JET 66-10, Ozarks Population. C. Male Fundulus .stcUifer (SL 68.5

mm), and D. female F. siellifcr (SL 68.8 mm) from TU 37703, Cahaba River Population.

Bailey, et ai, I960) they are considered dis- patric species. The purpose of this study is

tinct species. However, Miller (1955) has to describe and compare variation in the two

reasonably suggested that further study might forms and to clarify their relationship. The
show them to be subspecies rather than alio- problem is simplified in that the studfishes
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Figure 2. Distribution of studfish collections listed in Material Examined and peripheral lo-

calities in Kansas and Oklahoma.

have not been described several times, con-

fused, or misidentified as has so often hap-

pened to members of the genus Fundulus.

Even though the two forms show consider-

able overlap in meristic and morphometric
characters, consistent differences in pigmen-
tation, male breeding colors, and pharyngeal
dentition lead me to regard F. catenatus and
F. stellifer as valid allopatric species.

Key to the Studfishes

Eight to ten continuous rows of lateral

dots centered on each scale; dots brown or

olive in females and juveniles, orange to

orange-red in nuptial males; scale outlines

not sharp, particularly in males; males with-

out black margin on dorsal fin but some
males with black subterminal caudal band;

pharyngeal teeth of large individuals at most

peg-like; nuptial males usually without con-

tact organs on dorsal fin or caudal peduncle;
lateral scale rows usually 12-14. In streams

ultimately tributary to the Mississippi River

_ Fiindaliis catenatus.

Dots randomly distributed or at most in

six to nine irregular rows on upper sides,

dots not centered on each scale, size of dots

irregular; dots brown or olive in females and

juveniles, orange to dark red in nuptial

males; scale outlines sharp, particularly in
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females and juveniles; some males with black

margins on both dorsal and caudal fins; some

pharyngeal teeth in large individuals molari-

form; males often with contact organs on

dorsal fin and caudal peduncle; lateral scale

rows usually 14-16. In streams ultimately

tributary to the Alabama or Chattahoochee

Rivers Fundulus stellifer.

Range

Distribution of Material Examined and

Peripheral Records ( Figure 2 ) gives a good

representation of the range of the studfishes.

A few of the apparent distributional gaps
are not real but reflect that no material from

those areas was studied.

Fundidus catenates

Moore (1968, p. 112) gave the range of

Vunduhis catenatiis as:

"Upland tributaries of the Tennessee,

Cumberland, and Green Rivers in Ken-

tucky, Tennessee, Virginia, and Ala-

bama: clear streams of the Ozark region
in Kansas, Missouri, Oklahoma, and Ar-

kansas; Red River tributaries in south-

western Arkansas; the Homochitto River

in Mississippi; and the upper part of

the East Fork of White River, Indiana."

Previous records of F. catenatus in Kansas

are probably not valid (Cross, 1967, pp. 230-

231), however, Bass and Triplett (1967)
have taken a single specimen from Drywood
Cr., Crawford County Kansas, a stream ulti-

mately tributary to the Little Osage River.

The populations cited in this paper represent

geographical areas from which samples
seemed to me to be reasonable homogeneous
and statistically distinct from those of adja-

cent areas.

The "Ozarks Population" inhabits the

small creeks draining into the Mississippi
River on the Missouri ( western ) side of the

river from just north of the confluence of

the Missouri and Mississippi Rivers south

to Cape Girardeau Co., Missouri. Smith

( 1965 ) included F. catenatus as a hypotheti-
cal addition to the fish fauna of Illinois be-

cause of its occurrence in these small tribu-

taries in adjacent Missouri counties. The

populations north of the Missouri River in

the Big Creek system seem to have crossed

the river from the south and established

themselves in historical times (W. L. Pflieger,
in litt., 1966). It thus seems possible that

pioneers from the Ozarks population in Mis-

souri may someday cross the Mississippi River

into Illinois. The specimens included in the

Ozarks population are generally distributed

throughout the Missouri Ozarks and south

into central Arkansas where samples from

tributaries to the Arkansas River were re-

ferred to this population. I have not exam-

ined material from the Neosho R. in NE
Oklahoma (Branson, 1967).
The "Ouachita Population" includes sam-

ples from the Ouachita River drainage in

Arkansas and one sample from the Saline

River of southwestern Arkansas, a tributary
of the Red River.

The "Homochitto River Population" is

confined to the Homochitto River system in

the southwestern corner of Mississippi.

The "Tennessee River Population" in-

cludes samples from the Tennessee and Duck
Rivers and their tributaries in Tennessee,

Alabama, and Georgia. CU 50009 (22 speci-

mens) from Powell River, Claiborne Co.,

Tenn., just south of the western tip of Vir-

ginia ( see Figure 2 ) clearly belongs with

the Tennessee River population and not

with the Virginia population.

The "Virginia Population" includes sam-

ples from the Clinch River and the North
Fork of the Holston River in Virginia. Al-

though several of the collections I examined

had locality data simply as "Holston River,

Va." or just as "Va.," I assume that they came

from the North Fork of the Holston River

or the Clinch River. Ross and Carico (1963)
listed 25 localities for F. catenatus from the

North Fork drainage and none for the Mid-

dle Fork or South Fork of the Holston River.

The "Cumberland River Population" in-

cludes samples from the Cumberland River

and its tributaries in Tennessee and Ken-

tucky. The "Green River Population" in-

cludes samples from Green River drainage
in Kentucky and Tennessee. The "Indiana

Population" is a relict population in tribu-

taries to the East Fork of the White River

in Indiana (see Gerking, 1945, p. 22; Map
69, p. 78).

Fundulus stellifer

Fundulus stellifer occurs in Alabama River

tributaries in Alabama, Georgia and Polk
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Co., Tennessee, but is not known from the

Tombigee River wliich joins the Alabama
River from the west just north of Mobile

Bay. It also occurs in several of the upper
tributaries of the Chattahoochee River in

northern Georgia ( Figure 2 ) . There is a

problematic record of one specimen from

West Fork Chickamauga Creek, a Tennessee

River tributary in northeastern Georgia ( see

Material Examined). This record is of con-

siderable interest because it is from the range
of F. catenatus and an F. catenates was pres-

ent in the collection. I believe this is a valid

record of F. stellijer syntopic with F. cate-

natus rather than the result of mixing of

specimens from two different localities or

some similar mistake. However, intensive

collecting of this locality 17 September 1967

netted a single juvenile F. catenatus. All

other easily accessible sites in the small drain-

age were visited also; two offered no stud-

fish habitat, one seemed suitable but no

studfish were present and F. catenatus only
was present at two other sites. One party of

fishermen was present at the syntopic locality

when we arrived at 0900 and another party

came before 1030. Perhaps the record of F.

stellifer at this locality indicates bait release

rather than a natural population, but it seems

doubtful that fishermen would transport bait

from the sparsely populated Alabama River

tributaries of the area when bait fishes are

so abundant in the Tennessee River tribu-

taries.

The "Upper Coosa River Population" in-

cludes samples from northern Georgia, ex-

cept for those from Chattahoochee tributaries.

Included were samples from Walker, Mur-

ray, Whitfield, Cobb, Gordon and Pickens

Cos. The "Middle Coosa River Population"

comprises all samples from the Coosa River

and its tributaries in Alabama and in Chat-

tooga and Cherokee Cos., Ga.

The "Alabama River Population" included

samples from the Alabama River proper and

its small tributaries. The "Cahaba River

Population" and the "Tallapoosa River Popu-
lations" included samples from tributaries to

those streams respectively in Alabama and

Georgia. The "Chattahoochee River Popula-
tion" includes all samples from the Chatta-

hoochee system.

Methods

All rays of the dorsal, anal and left pec-
toral fins were counted at their bases. Caudal

ray number is total branched caudal rays plus
2 and counts were made only on large indi-

viduals since the number of branched rays
increases with ontogeny. Lateral scales were

counted as described by Hubbs and Lagler
( 1947). Lateral scale rows were counted on

the left side only in a zig-zag fashion from
and including the scale on the dorsal midline

at the anterior of the dorsal fin base vcn-

trally to the last scale before the ventral mid-

line.

Standard Length measurements were made
to the nearest mm for the fish discussed in

the section on contact organs. All other mea-

surements, including Standard Length, were

made with Helios mm dial calipers to three

figures. Standard Length (SL), Predorsal

Length (PDL), Caudal Peduncle Depth
(CPD), Pelvic Fin Length (P2L), Depressed
Dorsal Fin Length (DL), Depressed Anal

Fin Length (AL), and Anal Fin Base Length
( AB ) were taken as described by Hubbs
and Lagler (1947). Body Depth ( BD ) and

Head Width (HW) were taken as de-

scribed by Thomerson (1966). Head Length
(HL) was taken from the rear of the bony

operculum at the dorsal terminus of the gill

slit to the tip of the snout. Head Depth
( HD ) was taken at the level of the posterior

margin of the preopercle.

Color descriptions were made from 35

mm color slides of live and preserved speci-

mens, from field notes and from live speci-

mens kept in aquaria. All adult males in the

collections listed under Material Examined

were examined with a dissecting microscope

and sketches were made showing distribu-

tion of contact organs. Notes on pigmenta-
tion were also made for these males.

Variation in Meristic Characters

Meristic data are presented in tabular form

(Tables 1-6). Populations are not con-

sidered to have significant differences for a

given count unless the sum of 2 standard

errors (2SE) of one plus 2SE of the other is

less than the difference between the two

means. This interpretation and that of Fig-

ures 5 and 6 presenting morphometric data

follow Hubbs and Hubbs (1953).
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Table 1. Number of dorsal rays in Fundiilus catenatus and Fimduhis stellifer.

POPULATION



No. 1 Variation and Relationship of Two Studfisbes

Table 3. Number of left pectoral ra>'s in Fuiuhilus cateuatti.s aiul Fuudulm stellifer.

POPULATION
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Figure 5. Geographic variation in morphometric characters in Fiindiilus catenatus and Fiin-

diilus stellifcr. Samples are 10 indix'iduals except where nunilDcr is given. PDL-Predorsal Length,
BD-Bodv Depth, CPD-Candal Peduncle Depth, SL-Standard Length. Drawn following Hubbs
and Hubbs (1953).

Lateral Scale Rows—There is considerable

overlap in range of variation in this charac-

ter (F. catenatus, 11 to 16; F. stellifer, 13 to

18), but it is the most divergent of the

meristic characters studied. The highest

average for an F. catenatus sample ( 14.4,

Virginia Population ) is significantly lower

than the lowest F. stellifer average (15.0,

Chattahoochee River Population ) .

Lateral Scales—The range of average num-
ber of lateral scales for F. catenatus samples

(42.4 to 46.4) includes the range of varia-

tion (42.7 to 45.9) for F. stellifer samples.

Morphometric Characters

There is considerable variation in body

proportions in both species of studfish. Sev-

eral characters also exhibit marked sexual

dimorphism. In addition to the characters

shown in Figures 5, 6, and 7, other propor-
tional measurements involving characters

mentioned above in the section on Material

and Methods were made but showed only
random variation and are not presented.

There is striking sexual dimorphism in

Predorsal Length ( Figure 5 ) in F. catenatus

and to a lesser extent in F. stellifer. Even

though the body outline of males and females

is different ( Figure 1 ) there is no sexual

dimorphism of Body Depth in either species

but males do tend to have deeper caudal

peduncles than females. This character is

fairly consistent from population to popula-
tion in F. catenatus, but there is considerable

variation in F. stellifer. Male F. stellifer from

the Coosa River and Alabama River popula-
tions tend to have deeper caudal peduncles
than most F. catenatus males. The Cahaba

River population resembles F. catenatus in

this character and the Chattahoochee River

population appears most slender.

Head Length ( Figure 6 ) varies consider-

ably within populations but there does not

seem to be a consistent pattern of either

sexual or geographic variation in F. catenatus

except that Tennessee River females have

significantly shorter heads than males. The

Alabama River F. stellifer also show signifi-
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Figure 6. Geographic variation in morphometric characters in Fiinduhis catenatus and Fun-
dulus stellifer. Samples are 10 individuals except where number is given. HL-Head Length, BL-

Body Length, DL-Depressed Dorsal Fin Length, AL-Depressed Anal Fin Length, SL-Standard

Length. Drawn following Hubbs and Hubbs ( 1953).

cant sexual dimorphism in this character and

difference between the Alabama and Cahaba
River populations is significant when males

are compared with males and females with

females. There is also a significant difference

between Cahaba and Chattahoochee River

populations.
Dorsal Fin Length ( Figure 6 ) shows a

high degree of sexual dimorphism with little

overlap between the sexes in either species.

With the exception of Ozarks population F.

catenates, there is little variation in female

dorsal fin length. Part of the variation seen

in the males is seasonal. Nuptial males have

slightly elongated dorsal fins.

Male studfish have dorsal and anal fins of

approximately the same length but anal fin

length averages 17% greater than dorsal fin

length in female F. catenatus and 13% greater
in female F. stellifer. The anal fin of the

female digs into the substrate during spawn-

ing and her anal rays are stouter than the

dorsal rays. In female studfish longer anal

fins tend to be elongate and pointed but

shorter anal fins tend to be rectangular. The
Tennessee River females have significantly

shorter anal fins than those of other F. cate-

natus populations. The Homochitto River

females have significantly longer anal fins

than females from other eastern populations
of F. catenatus. The means for F. stellifer

samples, except the Middle Coosa River sam-

ple, are significantly lower than those of F.

catenatus samples except for the Tennessee

River population. None of the F. stellifer

samples can be separated from the Tennessee

River F. catenatus sample using this charac-

ter. The Cahaba River sample mean is sig-

nificantly lower than the other F. stellifer

sample means except for the Upper Coosa

River sample mean.

Both species show sexual dimorphism in

Pelvic Fin Length. The observed range of

P2L/SL for F. catenatus females is 0.102 to

0.136, for F. stellifer females 0.106 to 0.131,

average for both 0.115. This average ratio

is compared with the distribution of P2L/SL
for males in Figure 7. Large males and
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smaller males in breeding condition tend to

have proportionately longer pelvic fins in

both species.

Male Contact Organs and
Breeding Colors

During the breeding season, males of F.

catenati/s and F. stellifer develop contact

organs (Newman, 1907, 1909). These are

particularly noticeable on the anal fin rays,

and the presence of contact organs on the

anal fin of F. stellifer was noted by Fowler

(1916, PI. 1). The distribution of contact

organs is similar in the two studfishes ( Fig-

ure 8 ) ,
but usually F. catenatus males are less

"prickly" than F. stellifer males, and contact

organs on the sides of the body are confined

to an area between the bases of the dorsal

and anal fins. Figure 8A shows the distribu-

tion of contact organs usually seen on breed-

ing F. catenatus males, but there are often no

contact organs on the dorsal or pectoral fins

in this species. In both species a few anal

fin contact organs may be present in males

taken at any time of year. As the fish come

into breeding condition, the anal fin organs
are proliferated and contact organs on the

cheeks and opercles develop concurrently or

soon after. Development of the lateral con-

tact organs begins at midbody between the

bases of the dorsal and anal fins and in gen-

eral proceeds further anteriad and posteriad
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Figure 8. Sketches of stiidfish males; dotted area represents extent of development of contact

organs. A. Usual extent of contact organs in Fundulus caienatus. B. Unusually extensive devel-

opment of contact organs in Fundulus catenatus. C. Usual extent of contact organs in Fundulus
stellifer.

in F. stellifer than in F. catenatus ( Figure
8A and C ) . I have seen only two specimens
of F. catenatus with contact organs on the

lateral scales of the caudal peduncle; one of

these is sketched in Figure 8B. Development
of contact organs on the pelvic rays, on both

sides of the fin, is seen in most high males

but presence of contact organs on the pec-
toral fins is less common. About half the

breeding males of both species have a few

organs on the anteroventral surface of the

pectoral fin. Occasional males have one or

two contact organs on the posterodorsal sur-

face of the pectoral fin. Less than half the

F. catenatus males examined had contact

organs on the dorsal fin, and these were

generally confined to the anterior half of the

fin. Almost all F. stellifer males had dorsal

fin contact organs with the greatest concen-

tration in the posterior half of the fin. I

examined a number of breeding female stud-

fish and found no contact organs.
Female studfish do not show seasonal color

changes. The patterns shown in Figure IB

and D are seen in live specimens in varying
shades and intensities of brown. Nonbreed-

ing males resemble the females in drab color-

ation and pattern, but nuptial males are

spectacularly colored.

Fundulus catenatus males occur in two

color forms. As given in Table 7, various

percentages of males exhibit a subterminal

black band in the caudal fin. This band in-

tensifies during the breeding season but is

discernable in all months of the year. Place-

ment and sharpness of the band are variable.

Some males, particularly those from the

Cumberland and Green rivers, have a wide

( about 2 mm ) yellow to orange band distal

to the black band. In others, particularly

those from the Ouachita and Ozarks popu-
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low. There is a brilliant iridescent pre-ocular

patch as in F. catenatiis, but it is yellow-green
rather than bluish. The iris is also yellow-

green, and there is a light blue-green, diffuse

iridescent patch on the gill cover behind the

eye. The orange spots on the head are ir-

regular in size and arrangement like those of

F. catenatiis and the body pattern is similar

to the head pattern. Dark orange spots are

concentrated on the dorsolateral region of

the body with only a few scattered on the

lower sides. The spots on the caudal pedun-
cle are linearly arranged but not so consist-

ently as those of V. catenatiis.

Other Characters

Male studfish average larger than females

in most collections; however, the largest ¥.

catenatiis I have seen was a 118 mm SL fe-

male from the Ozark population. Dr. David

A. Etnier kindly informed me of an unusu-

ally large 98 mm SL male F. stellifer from

the Conasauga River in Polk Co., Tennessee.

The largest males in the collections listed

under Material Examined were 86 or 87 mm
SL. With the exception of the Homochitto

population, a large F. catenates male is over

100 mm SL. The Homochitto population
seems dwarfed and the largest specimen (of

768 ) from there was an asexual individual

76 mm SL.

Fiindidus catenatus has regular rows of

spots on the sides of the body. These dots

are red or red-orange in breeding males but

an alcoholic male specimen appears plain
because of leaching of pigment by the pre-
servative. The pattern in F. stellifer is simi-

lar but with fewer spots not necessarily on

the centers of the exposed scale fields nor

arranged in the orderly manner seen in F.

catenatus. The few Tallapoosa River speci-

mens seem more F. catena!us -\'\ke than speci-

mens from other F. stellifer populations in

the arrangement of their lateral spots. In

addition to the difference in arrangement
of the lateral dots there is a consistent differ-

ence in the pigmentation of the scale borders.

As seen in Figure 1, F. stellifer has a regular
cross-hatched appearance in contrast to the

more uniform background pattern of F. cate-

natus. The cross-hatching extends to the base

of the anal fin in F. stellifer and stops a few

scales short in F. catenatus. The differences in

development of scale border pigmentations al-

low identification of juveniles, although they
are more similar than are the adults ( Figure
9 ) . I have not seen enough very small speci-
mens of the two species to point out differ-

ences between them at sizes below approxi-

mately 14 mm SL.

The intestinal contents of F. stellifer seem

finely ground in comparison to those of F.

catenatus, probably as a result of chewing
with the stout pharyngeal molars ( Figure
10 ) . The pharyngeal bones of F. stellifer are

massive compared to those of similar size F.

catenatus and molars are developed both on

the inferior pharyngeal bones and on the

pharyngobranchials. The corresponding teeth

in F. catenatus are pegs with hooked tips.

They resemble the hooked blade-like teeth

of other species of Fundulus, for example F.

notatus, but are stronger with an expanded
circular cross section. Snails form an impor-
tant item of diet for F. stellifer (J. D. Satter-

field, personal communication ) and I have

seen snail shells in the feces of F. catenatus.

One might guess from its comparatively
more massive pharyngeal bones and denti-

tion that of the two, F. stellifer eats more
mollusks.

Discussion

Fundulus catenatus is an aggressive and

adaptable small-stream fish widely distributed

in the upland areas of the Mississippi Valley.

It probably originated in the eastern uplands
where I have recognized four distinct popu-
lations in roughly a third of the range. The
distribution of F. catenatus crosses a number
of zoogeographic barriers. Particularly strik-

ing is the uniformity of the Ozarks popula-
tion over an area approximately equal to the

eastern uplands. Many Ozarkian fishes have

been sufficiently isolated in the White River

system and the Missouri Ozark streams trib-

utary to the Missouri and Mississippi Rivers

to diverge even to the species level (Gilbert,

1964, pp. 104-5), but F. catenatus samples
from the two areas are not significantly dif-

ferent.

The broadly-ranging Ozark population is

the most divergent in terms of meristic char-

acters studied ( Figure 3 ) . It seems closest

to the Cumberland River population, than

to the Tennessee and Green River popula-
tions. Not only does relative morphological

uniformity over such a large area suggest
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Figure 9. Juvenile studfish—Fi/rirf«/«s catenatus: A. TU 15132 (SL 24.6 mm), B. KU 6661

(SL 24.1 mm), C. KU 11550 (SL 24.2 mm). FuuduJus stellifer: All from JDS, D. SL 22.1

mm, E. SL 25.4 mm, F. SL 17.2 mm.

that the Ozarks population is of recent origin

compared to the populations in the eastern

uplands, but there is evidence that Ozarkian

F. catenatus are still rapidly moving into

suitable habitats around the margins of the

Ozarks. As mentioned above, F. catenatus

seems to have crossed the Missouri River and

become established in the Big Creek system
in recent historical time. The recent Neosho
River records may be from a population es-

tablished naturally from the White River

(Branson, 1967) or from bait releases (Hall,

1956). In any case, F. catenatus is common
there now. It seems significant that F. cate-

natus is absent from the Flint Hills region
of Kansas, even though several other species
with Ozarkian affinities occur there (Cross,
1967 ). Probably F. catenatus was not present
in the Ozarks when access to the Flint Hills

was possible.

The Ouachita population shows surprising

divergence from the Ozarks population, is

most like the Tennessee River population
and is not particularly divergent from the

other eastern populations. It thus seems

probable that the Ozarks and Ouachita popu-
lations originated from separate invasions of

the Interior Highlands by fish from the east-

ern populations.
The widely disjunct Homochitto popula-

tion does not show as much divergence in

meristic characters as the Ozarks population
but seems unique in the absence of black-

banded males and the small maximum adult

size. Conditions in the Homochitto drainage
are considerably different from those in the

Interior Highlands or eastern uplands and

the characters mentioned above could have

strong adaptive significance. The small size

of the Homochitto fish may be correlated

with reduced food supply. In any case, the

numbers taken in the collections I have ex-
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Figure 10. Pharyngeal arches of studfish; A. and B. from a 71.4 mm SL Fundulus stellifer

(TU 35029), C. and D. from a 70.0 mm SL Fundulus caienaius ( SIUE, JET 66-10). A. Right
lower arch, dorsal view, anterior down. B. Right upper arch, ventral view, anterior to the upper
left. C. Left upper arch, ventral view, anterior to upper right. D. Left lower arch, dorsal view,
anterior down.

amined indicate that F. catenati/s is success-

ful in maintaining relatively dense popula-
tions in the Homochitto River system. The
small fish and southern location of this pop-
ulation suggest a similarity to F. stellifer, but

their pharyngeal teeth, lateral scale row count

and pigment patterns show no such similar-

ity. Perhaps gene flow with other popula-
tions of F. catenatus is maintained even

though there is a broad expanse of unsuit-

able habitat separating the Homochitto River

from the F. catenatus populations in the cen-
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tral highlands. The Homochitto fish may
represent a postglacially isolated relict of a

population distributed through the Lower

Mississippi Valley during glacial periods
when lowered sea level caused rejuvenation
of small tributaries of the Lower Mississippi
River. Alternatively the population could

have been established by individuals tribu-

tary-hopping during interglacial periods
when the Mississippi River was cooler,

clearer and swifter flowing than it is today.

If this were the case, the Homochitto popu-
lation might have received immigrant indi-

viduals from both eastern and western

populations.
The major observed differences between

F. catenates and F. stellifer are: general pig-

mentation, distribution of contact organs,
male breeding colors and pharyngeal denti-

tion. F/nid/d/is stellifer could be duplicated

by relatively slight changes in an F. catenatiis

stock and indeed a few F. catenates individ-

uals, as noted above, show tendencies toward

the F. stellifer condition. Pharyngeal denti-

tion is very similar in small individuals of

the two species. Greenwood (1964) found

differences of approximately the same mag-
nitude between the pharyngeal bones and

associated structures of wild individuals and

an aquarium-raised specimen of the snail-

eating cichlid Astatoreocbromis alluaudi. The

aquarium-raised specimen had an adequate
diet but did not receive snails until late in

life. Its pharyngeal teeth and bones were

less massive (Figure 3, p. 5, Greenwood,
1964) than those of any of the wild indi-

viduals. The differences between the pharyn-

geal teeth and bones of larger F. catenatus

and F. stellifer ( Figure 1 ) may thus be cor-

related with difference in food habits rather

than with difference at the genetic level.

Whatever their cause, differences between

the two species seem to be consistent.

The ancestors of F. stellifer were probably
a stock much like present day F. catenates

which became isolated in the Alabama River

system. Whether this was the result of a

major faunal exchange between the Tennes-

see and Alabama systems or the result of

local stream capture is not clear, but the lat-

ter seems more likely. If F. catenatus had

entered the Alabama system in large num-

bers, stabilizing selection acting on the some-

what generalized and flexible F. catenatus

gene pool would probably have produced

just another population of F. catenatiis, one

perhaps resembling the Homochitto popula-
tion.

If the ancestor of F. stellifer was a F. cate-

natus-Vike fish, the more massive pharyngeal
dentition of F. stellifer is thus probably a

result of further specialization for snail eat-

ing. It is my impression that, even though
the faunas of the Alabama and Chattahoochee

systems are rich in fish species, the density
of small fishes in streams inhabited by F.

catenatus is much higher than in streams in-

habited by F. stellifer. The varieties and

kinds of habitats seem to be similar in the

two areas, so perhaps the greater number of

individual fishes in F. catenatus habitat is

correlated with availability of food orga-
nisms. If F. stellifer lives in a less rich habi-

tat, further specialization of snail eating

would be of adaptive value by increasing

utilization of a food supply little used by
other small stream fishes. The evolution of

F. stellifer may have been relatively rapid

and recent because the characters separating

it from F. catenatus seem of obvious adaptive

significance but characters of less obvious

adaptive significance show little divergence.

Material Examined

Collections are listed by population, state,

county and museum number. Collections de-

posited Illinois Natural History Survey

(INHS) and Southern Illinois University,

Edwardsville ( SIUE ) are not given catalog

numbers. Complete data are given for the

syntopic collection. Other museum abbrevia-

tions are used as follows: The Academy of

Natural Sciences of Philadelphia, ANSP;
Auburn University, AU; University of Ala-

bama Ichthyological Collection, UAIC; Cor-

nell University, CU; Indiana University, lU;

University of Kansas, Museum of Natural

History, KU; University of Michigan, Mu-

seum of Zoology, UMMZ; Smithsonian In-

stitution, USNM; personal collection of

James D. Satterfield, JDS; Tulane Univer-

sity, TU; University of Richmond, UR.

Number of specimens in each collection is

given in parentheses. All specimens were

examined and counts were made on 885 F.

catenatus and 386 F. stellifer from the col-

lections listed below. Distribution of these

collections is shown in Figure 2.
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Allopatric Fundulus catenatus

Ozarks.—Missouri: Lincoln Co.; SIUE (14),

SIUE (44)—Franklin Co.; LXHS (7)—Carter
Co.; UMMZ 104684 (25)—Wright Co.; INHS

(,3)_Osage Co.; INHS (6)—Phelps Co.; INHS

(25)—Morgan Co.; KU 6501 (11)—Camden
Co.; UMMZ 150336 (14)—Dallas Co.; KU
7837 (19)—Hickory Co.; KU 7811 (6)—Craw-
ford Co.; UMMZ 148448 (9)—Dent Co.; INHS

(9), INHS (7), KU 7614 (11)—Wayne Co.;

UMMZ 117246 (12)—Cape Girardeau Co.;

INHS (8), INHS (2), INHS (25)—Madison
Co.; INHS (6)—Shannon Co.; KU 7652 (10),

KU 7674 (2), UMMZ 102491 (38)—Dade
Co.; KU 5503 (50)—Green Co.; KU 7856 (19)

—Taney Co.; KU 10926 ( 112)—McDonald
Co.; CU 42324 (6). Arkansas: Sharp Co.;

UMMZ 116378 (40)—Marion Co.; KU 8012

(53), KU 9864 (31)—Boone Co.; UMMZ
123522 (88), KU 6661 (8)—Newton Co.;

UMMZ 175430 (6)—Madison Co.; UMMZ
123892 (43), UMMZ 123425 (54), UMMZ
123859 (27)—Washington Co.; UMMZ 127769

(7), CU 36506 (2).

Ouachita.—Arkansas: Pulaski Co.; INHS (2)—Sahne Co.; CU 42245 (17)—Garland Co.:

TU 14250 (3)—Montgomery Co.; KU 6166

(25), KU 6143 (7)—Pike Co.; KU 6133 (48).

UMMZ 81112 (8), KU 6135 (11)—Howard
Co.: KU 6115 (5)—Polk Co.; KU 6907 (10),

UMMZ 81110 (2).
Homochitto River.—Mississippi: Amite Co.;

UMMZ 144728 (2), UMMZ 155340 (12), TU
7447 (18)—Franklin Co.: TU 11991 (12), TU
16623 (142). TU 19766 (57). TU 19851 (32).

TU 15132 (141). TU 23952 (78), UMMZ
161204 (4), TU 7208 ( 176)—Lincoln Co.: TU
32916 (32). TU 28895 (60)—Copiah Co.;

UMMZ 154371 (2).

Tennessee River.—Tennessee: Sevier Co.;

KU 8935 (D—Coffee Co.: TU 30299 (61)—
Bedford Co.: UMMZ 121529 ( 1 )—Lincoln Co.:

TU 30289 (7)—Marshall Co.; KU 10684 (12)

—Marshall and Maurv Cos.; UM\fZ 121477

(44)—Lewis Co.: UMMZ 105213 (28)—
Wayne Co.: UMMZ 177703 (4)—Humphrev
Co.: UMMZ 168314 (33)—McNairy Co.: TU
10'=;'?3 (2). Tennessee: Claiborne Co.: CU
K0009 (22). Alabama: Franklin Co.; UMMZ
177723 (6).

Virginia.—Virginia: ? Co.: ( Holstou R.),

ANSP 7304-35 (32)—Smvth Co.: UR 1979 (1),

UR 899 (2). UR 940 (1), USNM 40368 (3),

UMMZ 96899 (11). USNM 102428 ( 1 )—
Washington Co.; UMMZ 130779 (1), UMMZ
130808 (4), UMMZ 130788 (3)—Scott Co.:

CU 50078 (1), ANSP 74207 (4), ANSP 74235

(D—Lee Co.; USNM 104043 (1).

Cumberland River.—Kentucky: Pulaski Co.;

CU 50059 (26)—Wayne Co.; CU 50090 (8)—
Cumberland Co.; CU 50042 (3), KU 11554 (1),

INHS (2). Tennessee: Fentress Co.; KU 11532

(14), CU 50191 (6)—Overton Co.; UMMZ
125196 (2)—Clay Co.; UMMZ 125228 (3),

UMMZ 125258 (13), UMMZ 125341 (3)—
Jackson Co.; KU 11550 (24), CU 50028 (9)—

Smith Co.; CU 49857 (19)—Putnam Co.; KU
8947 (1)—Warren Co.; UMMZ 175257 (5)—
Cannon Co.; KU 11678 (10)—Sumner Co.;

UMMZ 96323 (26)—Wilson Co.; KU 11588

(15)_Rutherford Co.; KU 11482 (7)—Mont-
gomery Co.; INHS (1)—Houston Co.; INHS
(8).
Green River.—Kentucky: Lincoln Co.; KU

5722 (17), KU 7253 (41)—Casev Co.; UMMZ
178028 (17)—Taylor Co.; KU il620 (26)—
Allen Co.; KU 11641 (4), INHS (20), INHS
(13). Tennessee: Macon Co.; UMMZ 165377

(42), TU 14532 (25).
Indiana.—Indiana: Shelby Co.; lU 397 (5)

—Johnson Co.; INHS (2).

Syntopic Collection

Tennessee River.—Georgia: Walker Co.; W
Fork Chickamauga Cr. 1.3 mi. W jet. Hwy. 143

and Hwy. 341 on Hwy. 143, 23 June 1964,

R. D. Suttkus and Env. Biol. Class, TU 34975

(1 (5 F. stellifer, 1 9 F. catenatus).

Allopatric Fundulus stellifer

Upper Coosa River.—Georgia: Pickens Co.;

TU 38346 (9), TU 40732 (9)—Murray Co.;

TU 7334 (4), TU 27974 (5), TU 37542 (27)
—Gordon Co.; TU 35029 (85)—Walker Co.;

TU 27575 ( 1 )—Whitfield Co.; USNM 200704

(4).
Middle Coosa River.—Georgia: Chattooga

Co.; TU 34978 (2), TU 33367 (3)—Floyd Co.;

USNM 31070 (8), USNM 101159 (1), JDS
(2), JDS (140). Alabama: Cherokee Co.; JDS

(73)—Etowah Co.; USNM 43475 (3)—Cal-
houn Co.; TU 40782 (2), UAIC 636 (6), USNM
63136 (4), USNM 200705 (6)—St. Clair Co.;

UAIC 648 (6), UAIC 657 (4)—Talladega Co.;

UAIC 639 (5), UAIC 880 (1), UAIC 890 (1).

Alabama River.—Alabama: Dallas Co.; TU
35357 (39), TU 32640 (28)—Wilcox Co.: TU
40325 (1), TU 2971 (1), TU 3058 (5)—Clark
Co.; TU 35344 (1).

Cahaba River.—Alabama: Shelby Co.; USNM
43504 (8)—Bibb Co.; UAIC 2035 (1)—
Perry Co.; TU 29899 (18), TU 30095 (15), TU
37703 (11), UAIC 962 (49).

Tallapoosa Ri\er.—Georgia: Carroll Co.;

UAIC 1312 (1). Alabama: Randolph Co.;

UAIC 1379 (2)—Elmore Co.; TU 15280 (3),

UAIC 1279 (3).
Chattahoochee River.—Georgia: Fulton Co.;

CU 28249 (2), TU 12167 (1), TU 26125 (1),

AU 718 (24)—Heard Co.; AU 512 (3).
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