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Abstract
Western populations of Fioidnhts )io-

tatiis ( (.Juadalupe, Colorado, Brazos,
San Jacinto, Trinity, Neches and Sa-
bine rivers) tend to have more dorsal
(average 9.9) and anal (average 12.8)

rays. Eastern populations (Mississippi
Valley, Lake Pontchartrain drainage,
Pearl River and Tombigbee River) tend
to have fewer dorsal and anal rays
(average 9.2 and 12.1 respectively).
Trends in caudal ray number are
roughly parallel. Lateral-scale number
is generally 34 or 35. Northern fish

tend to have broader heads and shorter
snouts than southern fish. Dorsolateral
spots, if present, are irregular, or dif-

fuse, or both.

The westernmost population of Fitv-
duh(s olivaceus (Navasota River, Tex-
as) has fewer dorsal and anal rays
(9.4 and 12.0 respectively). Popula-
tions from the Ti'inity River east to

the Mississippi Gulf drainage average
9.8 dorsal rays. Dorsal ray number de-
creases clinally to the east to a low
average of 8.9 for Choctawhatchee Bay
drainage samples. Trinity and Neches
river populations average 12.5 anal
rays. Anal ray number decreases clin-

ally to the east to a low average of 11.2

for Choctawhatchee Bay drainage sam-
ples. Caudal ray numlier tends to be
high from the Alabama River west, and
loA' to the east. But average lateral-

scale number is greatest (35.7) for the
Chattahoochee sample. Northern fish

tend to be more robust than southern
fish. Dorsolateral spots are the best
character to separate F. uotatiis from
F. olivaceiis. With rai'e exceptions, F.
olivaceuji has discrete, regular, black
dorsolateral spots.

Reproductive isolation is primarily
ecological and is reinforced by homo-

1 Present address: Faculty of Biological
Sciences, Southern Illinois University, Ed-
wardsville, Illinois.

specific mating preference. The two
species are interfertile and produce
fertile and distinctive hybrids in the
laboratory. Only two natural hybrids
are known. The two species have broad-
ly ovei'lapping ranges but are seldom
syntopic. Syntopic associations are un-
stable and character displacement is

not demonstrated. Ecological prefer-
ences are not uniform throughout the
ranges of F. olivacens and F. )iotatii.H,

but F. iinfatiis seldom occurs in "black-
water".

Introduction

Funchihts notatiis ( Rafinesque ) and F

.

olivaceus (Storer) are two of the most
widely distributed species of the North
American cyprinodontid genus Fiindidus

( Fig. 1 ) . Both sexes of these two species

have a single black, more or less solid, lateral

stripe originating at the tip of the snout and

terminating at the distal end of the caudal

peduncle or on the caudal fin. This char-

acter separates them from all other presently

recognized species of Funduhis.

Both F. notati/s (personal cominunication,

Clark Hubbs ) and F. olivaceus ( Miller,

1955) have been reported from brackish

water near the Gulf of Mexico, but they

ordinarily swim at the surface of the water

near the margins of freshwater lakes, rivers,

ponds and streams. Both species occur in

many different types of environment and

both are quite variable. Almost all char-

acters that have been used to separate them
have considerable overlap and are unreliable

over large parts of their sympatric range.

Most early workers considered them to

be conspecific (Carman, 1895; Jordan and

Evermann, 1896; Forbes and Richardson,

1920; Hubbs and Ortenburger, 1929).
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Figure 1. Known ranges of Fiindiihts no-

tatiis and Fundidns oliraccns and distribu-

tion of material examined. The dashed line

outlines the range of F. notatus and the
dotted line outlines the range of F. oliva-

ceus. Solid circles are F. olivaceiis locali-

ties and open circles are F. notatus locali-

ties. Solid triangles are F. olivaceus locali-

ties and open triangles are F. iiotatus lo-

calities plotted from data given by Brown
(1956).

Kuhne (1939) used F. n. notatus and F. v.

oUi'aceus as subspecific names in his study

of the fishes of Tennessee.

Moore and Paden (1950) considered F.

notatus and F. olivaceus as separate species

and presented evidence that they can occur

together without interbreeding in the Illi-

nois River of Oklahoma and Arkansas. Jur-

gens and Hubbs (1953) and Knapp (1953)
recognized both species in Texas. Brown
(1956) compared specimens from several

areas and concluded that both species are

valid. Braasch and Smith (1965) reached

the same conclusion from their study of the

two forms in the upper Mississippi Valley.

Their paper includes a synonomy for both

species.

This study was undertaken in an attempt

to answer the following questions: How do

various systematic characters vary from

population to population? Do populations

in the area of sympatry exhibit character

displacement (Brown and Wilson, 1956)?
Are F. notatus and F. olivaceus capable of

hybridizing? Do they hybridize in nature?

If the two forms are in fact valid species,

what isolating mechanisms keep them sepa-

rate? The results of this study indicate that

F. notatus and F. olivaceus, though complete-

ly interfertile, are valid species separated in

nature primarily by different ecological re-

quirements and secondarily by behavioral

reproductive isolation.

Range
Fundulus notatus

The westernmost Gulf drainage inhabited

by F. notatus is the Guadalupe River system

in southern central Texas. Hubbs, Kuehne,
and Ball (1953) considered Landa Park

Lake in Comal County as closely defining

the upstream limit of the species in the

Guadalupe River. It is abundant in the

mainstream of the Colorado River at Austin

in Travis County and is known from tribu-

taries from Colorado County ( Clark Hubbs,
personal communication ) upstream to

Llano County (TU uncatalogued). Fundulus
notatus is distributed generally throughout

the Brazos (upstream to Palo Pinto and
Eastland counties), San Jacinto, Trinity, and

Neches rivers (Clark Hubbs, personal com-
munication). It also occurs in isolated bayous

and creeks draining into the Gulf between

the Brazos and Sabine rivers. I have no rec-

ords of F. notatus from any of the rivers

between the Sabine River and the various

eastern tributaries of the Mississippi River.

This area is hereafter referred to as "western

Louisiana drainage".

The southernmost record of F. notatus in

the Mississippi Valley is approximately 20

miles west of New Orleans, Louisiana (TU
387). The species ranges north to south-

eastern Wisconsin, southern Michigan,

northeastern Iowa, and western and central

Ohio; west to eastern Oklahoma and Kansas

(Brown, 1956); and east to Jackson County,

Tennessee (UMMZ 125113).

A few specimens have been taken from

the Lake Pontchartrain tributaries: Amite

(TU 35697), Natalbany (UMMZ 182345),

and Tangipahoa (UMMZ 182344) rivers.

Fundulus notatus has been collected from

the Pearl River from the vicinity of Jackson,

Mississippi (UMMZ 170728) and down-

stream.

The species has not been recorded from

I
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any of the small drainages between the Pearl

River and the Tombigbee River ( hereafter

ealled Mississippi Gulf drainage), but is

known from the Tombigbee drainage of the

Alabama system (Brown, 1956). I have no

record of f. natat/is from the Alabama River.

Vnndiiliis oil I acelis

The range of l\ oil vacens overlaps the range

of T\ notatus in large part but is displaced

to the east (Fig. 1). The westernmost popu-

lation known is from the Navasota River,

lexas (see Material Exaiuined) . an eastern

tributary of the Brazos River. No records

are available from the rest of the Brazos

system. '1 tie species is abundant along the

Uulf Coast eastward to the Choctawhatchee

Bay drainage of western Florida and Ala-

bama. In the Apalachicola (Chattahoochee)

drainage F. olivaceus occurs in a limited area

south of the fall line in Alabama and

Georgia. This distribution is strikingly simi-

lar to that given by Suttkus (1955) for

Notropis euryzonus. Fowler ( 1945 ) re-

,

corded F. notatus ( :=F. olivaceus ? ) from

the Okefenokee Swamp. Since I have been

unable to verify this record or obtain addi-

tional records of F. olivaceus east of the

Apalachicola drainage, I doubt that the spe-

cies occurs east of that drainage. In the

Mississippi Valley, F. olivaceus ranges north

to southern Missouri and Illinois, west to

eastern Oklahoma, and east to western Ken-

tucky (Brown, 1956) and to Anderson

County, Tennessee ( Cornell University

19148 cited by Brown, 1956).

Geographic Variation

Methods

i

Dorsal and anal rays were counted at their

I
bases. All rays were counted, rather than

considering the last 2 rays as a single ray as

is often done. This is the same method used

by Brown (1956) and I have incorporated

Brown's counts into my data. Caudal ray

count is total branched rays plus 2. Since

both species show early ontogenetic increase

in the number of branched caudal rays this

character was not recorded for individuals

smaller than 30 mm standard length. Lateral-

scale counts were made as described by

'Brown (1956). Head width was measured
at the rear of the orbits, and body depth

was taken as the vertical distance from the

origin of the anal fin to the dorsal surface

of the body. Caudal peduncle depth and

length of depressed dorsal fin were taken as

described by Hubbs and Lagler (1947).

Color pattern was recorded for specimens

over 30 min standard length. No attempt

was made to quantify such patterns in more

than a general manner except to estimate

the number of dorsolateral spots for F.

olivaceus. This estimate was obtained by

counting the number of spots on the lett

side of the dorsum, above the lateral stripe,

below the dorsal midline and within the

standard length. Dorsum pattern was re-

corded as uniform, intermediate, or cross-

iiatched. Lateral stripe shape was recorded

as smooth, rough, or with few, several or

many vertical extensions. Tone of the band

and extensions was recorded as dark, inter-

mediate, or light. Dorsum spotting in F.

notatus was recorded as none, few, many, or

blotched. Spots in the dorsal, caudal and

anal fins were recorded as many, normal,

few, very few, and none. Predorsal line was

recorded as absent, light, dashed, partial, or

complete. These categories were not par-

ticularly satisfactory because of the high

variability in coloration from sample to

sample. However, their use helped guard

against forming false impressions of the dis-

tribution of color patterns in a given sample.

Methods of statistical comparison follow

those given by Cazier and Bacon ( 1949)

and Mayr, Linsley and Usinger (1953).

Meristic characters were compared with the

use of a standard 2 x n Chi square test in

addition to graphical comparison following

Hubbs and Hubbs (1953).

FundIIIus notatus

Number of dorsal rays (Table 1, Fig. 2)

and number of anal rays (Table 2, Fig. 2)

serve to separate F . notatus into two groups:

a western group which includes populations

from the Guadalupe, Colorado, Brazos, San

Jacinto, Trinity, Neches, and Sabine rivers;

and an eastern group composed of popula-

tions from the Mississippi and Great Lakes

drainages, Lake Pontchartrain drainage. Pearl

River, and Tombigbee River. The differ-

ences between these two groups do not war-

rant the recognition of subspecies.

Samples from populations making up the

western group have 10 as the modal dorsal

ray number and an observed range of vari-

ation of 8 to 12. The modal dorsal ray num-
ber is 9 in all samples from the eastern

group and the observed range of variation
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Table 1

Number of Dorsal Rays in Funduliis notatas
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Fig'ure 2. Distribution of dorsal and anal
ray numbers in Fnndiilus iiotafns. Each
bar represents 100';^ of the sample and is

alijjned on the break between 9 and 10

,

(dorsal rays) and 12 and 13 (anal rays),
ithe most common numbers. Numbers above
'each bar are total sample size. The samples
are arrang-ed in order from west to east.

'These data are tabulated in tables 1 and 2.

scale number is 32 to 37 (Table 4) ; Braasch

and Smith ( 1965, Fig. 2), however, reported

a variation of 30 to 38 in their samples from
the upper Mississippi Valley. Their method
of counting gave counts 1 scale greater than

the method I used. Most samples are modal

at 34 or 35, but tiie Colorado River sample

is modal at 36 and the Mississippi River

sample is modal at 33. There is no broad

pattern of geographic variation, such as those

seen in ray number for the dorsal, anal and

caudal fins.

Specimens from the upper Mississippi Val-

ley and Great Lakes drainage tend to have

broader heads, shorter snouts, and deeper

caudal peduncles in comparison to specimens

from other populations, but these characters

are highly variable in all samples and do not

seem to warrant the recognition of northern

and southern groups. The Mississippi Valley

and Great Lakes drainage populations seem

to be similar throughout on the basis of dor-

sal, anal, and caudal ray numbers as well as

lateral scale number.

In general, F. notatus may be divided into

an eastern group characterized by a high

percentage of low dorsal, anal and caudal

ray numbers and a western group character-

ized by a high percentage of high numbers

of dorsal, caudal and anal rays. No such pat-

tern is seen in lateral scale number. The

Mississippi River populations are character-

ized by low dorsal and anal ray numbers,

high caudal ray number and low lateral scale

lateral scale number.

FtinduU/s oli i 'aceus

Differences in dorsal ray number ( Table

5, Fig. 3 ) may be used to divide F. olivaceus

into three population groups. The most

common dorsal ray number in samples from

Table 3

Number of Caudal Rays in Fundulus notatus

Populations 11
Number of Caudal Rays

12 13 14 15 16 17 N M S.D. 2S.E.

Guadalupe R., Tex.
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Table 4

Number of Lateral Scales in F^indulus notatits
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give a mean dorsal ray number between 9.6

and 9.7 for upper Missis.sippi Valley F.

oliiace/is. This suggests that Mississippi

Valley populations arc reasonably liomo-

5—WW O
a.
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IfiO

100 i^

in

II n

8^

n™
DORSAL RAYS

ANAL RAYS
Fijjure ']. Distribution of dorsal and anai

ay numbers in finidnlns olivacetts. Drawn
ks in fig:. 2. These data are tabulated in

tables 5 and 6.

genous for this character. Further study is

needed to clarify this point.

Samples from eastern tributaries to the

Mississippi were compared with those from

tlic western tributaries. No significant dif-

ferences were found.

The total observed range in variation in

anal ray number is from 10 to 14 (Table 6,

Fig. 3). Number of anal rays shows a pat-

tern of variation similar to that seen in dor-

sal ray number, but the samples from the

Mississippi Valley do not differ significantly.

The sample from the Navasota River is

modal at 12 as is the sample from the Trin-

ity River, but a line drawn between 12 and

13 anal rays separates 86% of 100 Navasota

specimens from 48% of 100 Trinity speci-

mens; average separation 67%; coefficient

of divergence 0.48.

Average number of anal rays drops from

a high of 12.5 in the Trinity and Neches
samples to a low of 11.2 in the Choctaw-

hatchee Bay sample. This trend does not

continue to the east. Although the average

number (11.6) of the Apalachicola popu-

lation is low, it is higher than the Choctaw-

hatchee Bay average. The difference be-

tween the Choctawhatchee Bay and Apala-

chicola populations are probably real; Chi

square (2 x 4, 3 d. f.) 13.0, P less than 0.01.

Two different rates of clinal intergrada-

tion are involved: ( 1 ) a change of average

number of anal rays from 12.5 in the Trinity

and Neches rivers into an average number
of 12.1 for samples from the Mississippi

Gulf drainage. This change in average num-
ber is the result of an eastward increase in

percent of specimens with 12 anal rays and
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Table 7
Number of Caudal Rays in Fundulus olivaceus

Vol. H
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modal at 35. The western Louisiana drain-

age sample is modal at 34 as is the Missis-

sippi River sample. The Lake Pontchartrain

drainage sample is almost bimodal at 34 and

35 (26 and 28 specimens respectively).

These 3 samples have significantly lower

means ( 33.9, 34.0 and 34.2 respectively

)

than the 4 western samples. There is a clinal

decrease in average number of lateral scales

from the Pearl River ( 34.5 ) east to the

Alabama River ( 33.7 ) and a clinal increase

in average lateral scale number from the

Alabama River to a high of 35.7 for the

Apalachicola River sample.

Brown (1956) contrasted Mississippi Val-

ley specimens with specimens from the Gulf
Cioast. The former were said to have deeper
and wider bodies and deeper caudal pe-

duncles than the latter. He did not examine
specimens from the lower Mississippi Val-

ley. Southern Mississippi Valley fish resem-

ble Gulf Coast drainage specimens and do
not have the deep, wide body and deep cau-

dal peduncle characteristic of northern speci-

mens.

The following generalizations may be
made. There is some correlation in variation

in fin ray number in the unpaired fins. With
the exception of the Navasota River popu-
lation, western populations have a higher

percentage of high fin ray numbers than

eastern populations. The average dorsal ray

number is nearly uniform from the Trinity

River population east to the Mississippi Gulf
drainage and drops off clinally to the east.

Intergradation from high average anal ray

number in the west to low average anal ray

number in the east involves a low rate of

clinal intergradation from the Trinity popu-
lation to the Mississippi Gulf drainage popu-
lation followed by a rapid rate of chnal

intergradation eastward. Western popula-

I

tions (Navasota included) have high aver-

I

age caudal ray number and populations east

of the Alabama River have low average cau-

dal ray number. The Alabama River sample
has the lowest average lateral scale number
and the Apalachicola River sample has the

highest, a reverse trend to those shown by
fin ray numbers.

Ecology

The published information available on
the ecology and distribution of F. olivacei/s

and F. notatiis is somewhat confusing, in

part because each statement has been based

on a study of either or both species in a

limited area. In a study of the fishes of

Tennessee, Kuhne ( 1939) stated, "Two sub-

species occur in Tennessee, the nortliern

( and more upland ) V. n. notatus and the

southern lowland V. n. oUvacens (Putnam).
The latter has a flatter head and the body is

marked by strong blackish spots." Moore
and Paden ( 1950) noted that the two spe-

cies sometimes occurred together in the Illi-

nois River. Knapp (1953), in regard to

F. olivaceiii in Texas, stated: "Where its

range overlaps with F. notatus the two are

usually ecologically separated, F. olivaceiis

being typically a quiet water form. Near
the coastal plain this species inhabits swifter

water." He also stated, "In Texas F. notatus

is to be expected in headwaters and fast

streams." Braasch and Smith ( 1965) stated

that F. notatus is more likely to be found
in still water and F. oUvaceus in fast water
in the upper Mississippi Valley, and that

the two seldom occur together in that area.

My examination of the hundreds of col-

lections of the 2 species catalogued at Tulane
University, University of Michigan Museum
of Zoology and the Texas Natural History

Collection at the University of Texas shows
that in fact the two species are seldom col-

lected at the same locality at the same time.

When collections lumping specimens from
several different habitats are excluded, it is

clear that F. notatus and F. oliraceus are

rarely syntopic (Rivas, 1964: 43).
Braasch and Smith (1965) reported mixed

collections from the same general area taken

6A years apart, but my observations of two
areas where syntopy has occurred indicate

that syntopic associations at a particular lo-

cality are unstable and transient. One area

is in the mainstream of the Amite River in

Louisiana and the other is in a small tribu-

tary of the Navasota River in Texas. The
first area was visited 4 times and the second

3 times (Table 9). Where numbers are

given, all Funduliis seen were collected and
the sample is probably an accurate reflection

of the Fundulus population at that time.

Where catalogue numbers are not given,

specimens were retained alive and mixed
with specimens from other localities for use

in another study.

The differences in ecological preferences

that are responsible for this separation of

the two species are not clear at present.

Fundulus oliraceus is abundant in the
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Table 9

Variation in relative abundance of Fundulus notatus and Fundulus olivacens in
2 areas of occasional syntopy

Drainage and Date F. notatus F. olivaeeus Water Level

Ainite River
28 Nov. 1968
14 May 1964
3 July 1964
25 Oct. 1964

Navasota River
30 March 1963
19 June 1964
19 Nov. 1964

abundant— about equal numbers —
2

19 (TU 35697) 22 (TU 35691)

abundant
1 (TU 37114)

5

7 (TU 37116)

low
high
high, rising-

low

low
low
high, dropping

' blackwater" streams along the Gulf Coast

and F. notatus is rare in this type of stream,

but neither species seems to show any pref-

erence for a particular type of habitat over

a large area. Knapp (1953) has character-

ized F. notatus as a headwater form, but in

the Guadalupe and Colorado rivers it is ex-

cluded from the headwaters. In the Pearl

River drainage F. notatus is generally ex-

cluded from the small tributaries and is most

abundant in the main channel of the river,

but all the records I have from the Tombig-

bee River drainage are from small tribu-

taries. Clark Hubbs (1957) pointed out

that F. olivaeeus in Texas is an eastern ele-

ment of the Texas fauna whose western lim-

its correspond primarily with the western

limits of the Mixed Pine Oak Region. Ex-

ceptions to this statement are the records

from the Navasota River in Brazos and

Grimes counties (see Material Examined).

These records are slightly west of the Mixed
Pine Oak Region but from a drainage with

previously recognized eastern faunal affin-

ities (Knapp, 1953 ).

Where only one of the two species is

present, it is able to occupy suitable habitats

along the margins of lakes, rivers, ponds, and

streams. Either species may inhabit large or

small bodies of water and in the southern

part of their ranges either F. notatus or F.

olivaeeus may be found at the edges of still

or rapidly flowing water. Ordinarily neither

species is found in riffle areas, although

either may occur in quieter areas at the

margins of riffles. In the area of sympatry

the suitable habitats are divided between

the two species and contact between the two

is rare. With the exception of the general

exclusion of F. notatus from "blackwater"

areas, it appears that the macrohabitat occu-

pied by F. notatus does not exhibit any con-

sistent difference from the macrohabitat oc-

cupied by F. olivaeeus.

In general, F. notatus is abundant in Texas

and in the western and northern Mississippi

Valley, and relatively rare in the southern

Mississippi Valley and east of the Mississip-

pi. F. olivaeeus may be less abundant than

F. notatus in Texas, but is by far the more,

common in the south, and is about as abun-

dant as F. notatus in the middle Mississippi

Valley. The abundance of F. olivaeeus in

the southern tier of states from Louisiana!

to western Florida is to some extent cor-

related with the occurrence of "blackwater'

streams and swamp lakes in that area, but

F. olivaeeus is also abundant in other typej:

of habitat.

Experimental Hybridization

In reference to F. notatus and F. olivaeeus i

Bailey, Winn, and Smith ( 1954) suggested:

"It is possible that a more thorough stud)

may prove them to be the genetic variant;

of a single species. ' Many individuals oi

both species have an intermediate appearj

ance suggestive of either hybrid origin o'!—^

introgression. The spotted individuals of f i J
notatus and the individuals of F. olivaeemi

^
which have very few, or very small spot."

y,,

could be interpreted as hybrids if opposing]

evidence were not available.
\

The most fruitful approach to this typt|

of problem seemed to be the production oij

known hybrids for comparison with susj

pected natural hybrids. These experiment;!

were intended to help determine the nature

of the isolating mechanisms (if any) exist-jj

ing between the two forms in question. At'

the beginning of this study I believed F

notatus and F. olivaeeus to be conspecific

but the results of these experiments rendei

this position untenable. w

ll

k

ig|

Iv
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Materials and Methods

In February, March and April, 1964, 3

sets of hybridization experiments were per-

formed: ( 1 j a female f. oltvaceiis, from the

Bogiie Falaya River at the Delta Regional

Primate Center near Covington, Louisiana,

was crossed with a male F. notatiis from the

Colorado River at Austin, Texas; (2) a fe-

male F. notutiis, from Hildebrandt Bayou
near Beaumont, Texas, was crossed with a

male ¥. olivaceus collected with the ¥. oli-

laceiis female used in experiment one; and

( 3 ) a female F. olivaceus from a tributary

to the Cahaba River in Alabama was crossed

with a male F. notatiis from Hildebrandt

Bayou. The choice of fishes used in these

experiments was governed by the necessity

of using individuals unquestionably belong-

ing to one species or the other.

Each cross was carried out in a 5 gallon

Metaframe brand aquarium filled with aged

New Orleans tap water. Some of the water

used in changing or adding water came
from a temporary rainwater pond near Lake

Pontchartrain. This was necessary because

New Orleans tap water was lethal to these

fishes during late January and February,

1964. A nylon yarn mop weighted with a

lead sinker was placed in a bottom inside

corner of the aquarium to provide a spawn-

ing site. Both green and white mops were

used with good results. Filtration and

aeration were provided by a standard small

inside box filter in each aquarium. These

filters were charged with glass wool, char-

coal and fine gravel. The fish were usually

fed twice a day and at least once a day with

Tetra-Min brand flake dry food, frozen raw
beef liver, or frozen adult Artemia. Live

mosquito larvae and cladocerans were fed

when available. Each aquarium was illumi-

nated with a 1 5 watt incandescent bulb in

j

addition to daylight from an east window.
'A timer turned the lights on at 0530 and
off at 2030 to simulate a 1 5 hour day.

The fishes spawned readily, generally in

the late afternoon. Each morning the mops
were removed from the aquarium, .squeezed

partially dry and inspected visually while

running the strands of the mop through the

fingers. Eggs were removed with the fingers

and placed in clean aged aquarium water
in a plastic container ( 1 1 cm square and 2

cm deep). Acriflavine dye was added to

the incubation water to serve as a fungi-

cide. Dead eggs were discarded and newly
hatched fry (F-1) were transferred to small

rearing tanks and fed twice daily on live

newly hatched Artemia nauplii. Dead Ar-
temia and detritus were removed from the

rearing tanks periodically and the water was
partially replaced with aged aquarium water.

When the fry began to show signs of

crowding (differential and decreased growtli

rates) they were transferred to 10 or 20
gallon Metaframe brand aquaria and liad

scraped frozen beef liver, frozen adult Ar-
temia and Tetra-Min added to their diet.

The fry were distributed at the rate of about

one fish per gallon of water.

The F-l's were transferred to outdoor

concrete pools. The fry from experiment
one were transferred on 28 May and the fry

from experiments two and three on 22 July

1964. They were from 4 to 5 months old

and averaged about 30 mm total length when
transferred. The offspring from experiment

one were removed from the pools on 20

September 1964, 21 were preserved on 21

September, and 5 pairs were retained for

further experiments. The fish from experi-

ment two were removed and preserved on 7

December 1964, and the fish from experi-

ment three were transferred to a laboratory

aquarium on 2<S September 1964 and pre-

served 13 December 1964.

While in the pools, fish were fed daily

with Tetra-Min or frozen adult Artemia to

supplement natural foods present in the

pools.

Results

Experiment one resulted in 34 F-1 off-

spring; 2 died before reaching maturity, 1

was lost in transfer, 2 have been kept alive

and 29 preserved for study. A comparison

of the F-1 hybrids from experiment one
with samples from the parent populations

is given in Table 10. These hybrids are in-

termediate and distinctive in general appear-

ance (Fig. 4). F-1 hybrids from experiment

one were able to produce F-2 hybrids and

backcrosses to both parent species with no
sign of reduced sex drive or fertility. These

experiments will be discussed furtlicr in a

later paper.

Though the liybrids are intermediate in

general appearance, analysis of individual

characters (Table 10) sliows that they are

intermediate only in pattern of the dorsum
and in number and shade of dorsolateral
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Figure 4. A. male F/(»f/»/Hs oliraceus (SL 54.9 mm) and B. a female F. oUvaceus (SL

47.8 mm), from the Bogaie F'alaya River. C. a male, and D. a female F-1 hybrid from ex-

periment one (SL 54. (5 mm and 45.0 mm respectively). E. a male, and F. a female Fnv-

dnhtfi tiotatns from the Colorado Rivei' (SL 49.4 mm and 42.S mm respectively). Photo-

graphs by Fori'est Jack Hurley.
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spots. Other characters resemble one parent

species, both parent species, or neither. The
parent population samples and the F-1 hy-

brids do not show significant differences in

dorsal ray number, caudal ray number, body
depth, caudal peduncle depth of both males
and females, or male dorsal fin length ( see

Fig. 5). The F-1 hybrids resemble Colo-

rado River F. notatus in anal ray number
and lateral scale number, but resemble Bogue
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Fig-ure 6. Two natural hybrids, both males. UMMZ 161253 (SL 39.5 mm, above) was
the only Fiindnliis in the collection. TU 37120 (SL 31.2 mm, below)) was taken with
both F^Hiididus )hofati(s and F. olivaceus. Photojiraphs by Forrest Jack Hurley.

the dorsum. Females are often more heavily

spotted than males. Usually individuals with

spots or blotches also have strong develop-

ment of the predorsal line, which may be

broken up into dashes or spots which com-
plement the rest of the dorsal pattern. In

contrast, F. olii'aceus seldom has strong de-

velopment of the predorsal stripe.

As has been pointed out by Clark Hubbs
(1963) and others, closely related species

generally are easier to cross than more dis-

tantly related ones. The ease with which
these two species hybridize in the laboratory

supports the idea that their close morpho-
logical similarity reflects close phylogenetic

relationship. As the hybrids are intermediate

in several characters and resemble one parent

or the other in other characters, it is clear

that the hybrids are not of gynogenetic

origin nor are they "false hybrids" in which
the paternal chromatin has no effect. The
sex ratio of the hybrids (experiment one),

10 males to 21 females, is not sit^nificantly

different from a theoretical 50:50 sex ratio

of 15 males and 15 females. Hubbs and
Drewry (1959) have discussed the pitfalls

encountered in interpreting results of hy-

brid experiments.

That F. notatiis and F. olivaceus are inter-

fertile in the laboratory is not necessarily

evidence that they are conspecific, but is

evidence that isolating mechanisms (if any)
which separate them in nature are ecological

or behavioral rather than cytological.

My examination of some 12,000 speci-

mens of F. notatus and F. olivaceus has un-

covered two natural hybrids, both males

(TU 37120 and UMMZ 161253, Fig. 6).

The extreme rarity of F. notatus x F. oli-

vaceus hybrids in nature is evidence of the

effectiveness of isolating mechanisms. Pau-

city of natural hybrids may be due to hybrid

non-survival but several lines of evidence

point against this. M(X)re and Paden (1950)

collected breeding pairs of F. notatus and

F. olivaceus from an area of syntopy and

found no heterospecific pairs. This observa-

tion indicates that when the ecological bar-

riers which ordinarily separate the two spe-

cies break down, isolation is maintained bv

the preference of the fish for mates of their

own species. Heterospecific matings are

easily obtained in the laboratory but seem

to occur rarely in nature. The robust nature

of the laboratory hybrids suegests that nat-

ural hybrids are probably able to compete

with either or both parent species.

The paucity of natural F-1 hybrids sug-

gests that introgressive hybridization is not

at present an important contributor to vari-

ation in either species. Thus F. olivaceus

with small spots, or few spots, or both, are

probably not of hybrid origin. The same is

true of heavily spotted or blotched F. no-

tatus.

The two species are similar in range of

variation in dorsal, anal and caudal ray num-
bers and in lateral scale number. Although

there is considerable intraspecific variation

in average number of caudal rays, popula-
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rions of F. notatiis are not significantly dif-

ferent from populations of F. olivaceus

from the same area, with the exception of

the populations from the Pearl River ( com-
pare Tables 3 and 6 ) . Populations of the

two species have significantly different dis-

tributions of lateral scale numbers in the

Trinity, Mississippi, and Pearl rivers. Lateral

scale number does not show a coordinated

pattern of geographic variation in the 2

species. It is thus probable that local inter-

specific differences in this character are for-

tuitous and of little importance.

With the exception of the Navasota River

population of F. olivaceus, western popula-

tions of F. notatus and F. olivaceus tend to

have high dorsal ray number, and this char-

acter does not serve to separate them. The
trend to high dorsal ray number extends to

the Mississippi Gulf drainage in F. olivaceus.

High dorsal ray number "western group" F.

olivaceus and low dorsal ray number "east-

ern group" F. notatus show statistically sig-

nificant differences in the Mississippi River

(see also Braasch and Smith, 1965), Lake
Pontchartrain drainage, and Pearl River. In

the Alabama system populations of the two
forms are not distinguishable on this char-

acter because F. olivaceus dorsal ray num-
bers are beginning to drop clinally toward

the east.

With the exception of the Navasota River

F. olivaceus both species tend to have high

anal ray numbers in the west and low anal

ray numbers in the east. Although there

seems to be a slight difference in pattern of

variation between the two species, this char-

acter serves only to separate the Navasota

River F. olivaceus population from the Bra-

zos River F. notatus population.

Fundulus notatus and F. olivaceus are two
closely related species which are sympatric

and occasionally syntopic over a large area.

Both species have completely allopatric

populations, F. notatus in the west and F.

olivaceus in the east (Fig. 1). In this kind

of distribution the phenomenon of character

displacement is often seen. Brown and Wil-

son (1956) defined character displacement

as follows: "Character displacement is the

situation in which, when two species of ani-

mals overlap geographically, the differences

between them are accentuated in the zone

of sympatry and weakened or lost entirely

in the parts of their ranges outside this

zone." The probable causes were said to

be reinforcement of reproductive isolating

mechanisms and ecological displacement.

Character displacement would thus be the

result of a long term process, and would be

most pronounced where it was the result of

relatively stable contact of populations of

two closely related species over a period en-

compassing a large number of generations.

My observations on areas of occasional syn-

topy do not support the hypothesis that F.

olivaceus and F. notatus populations main-
tain stable contact over the period of time

necessary for character displacement to oc-

cur. I suspect that individuals or populations

of both species may migrate considerable

distances. Individuals collected syntopically

were perhaps allotopic the day before and
vice versa.

Braasch and Smith (1965) were unable

to show statistically significant differences

between allopatric and sympatric samples

from the upper Mississippi Valley, but they

felt that apparent parallel divergence of two
independent characters (dorsal ray number
and lateral scale number) indicated some
interspecific interaction between sympatric

populations. My data do not support this

conclusion because the patterns of geo-

graphic variation in either species seem to

be independent of the presence or absence

of the other species. I have been unable to

see evidence of character displacement,

either between syntopic populations and

allotopic populations in the same drainage

or between populations of one species inside

and outside the range of the other. The pos-

sibility of character displacement in species

recognition ability is presently being studied

but results to date are inconclusive.

Material Examined
Complete locality data are given for only those

collections which represent range extensions or other

significant distributional data. Other collections are

listed by drainage, state, county and museum number.

Complete data on most collections are given by Thom-
erson (1965). The following museum abbreviations

are used: University of Alabama Ichthyological Col-

lection, UAIC; Florida State University, FSU; Private

collection of William Smith-Vanez, WSV; Texas Nat-

ural History Collection, University of Texas, TNHC;
Tulane University, TU; University of Michigan, Mu-
seum of Zoology, UMMZ. In addition to standard

abbreviations for states and compass directions, the

following are used: Co(s).—County(ies), Par(s).—
Parish (es), Cr.—Creek, Dr.—Drainage, Hwy.—High-

way, mi.

—

mile(s), R.—River, and trib.—tributary.

In addition to the specimens listed here all specimens

of the two species catalogued TNHC and TU (to
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May 3 1, 1^6^), most of the specimens catalogued by
UMMZ, and a few UAIC specimens were examined
for verification of identification. Some 12,000 speci-

mens of the two species were examined and counts

were made on 9.^3 /. iKitatiis and 1621 I- . Olivacciis

from the material listed below. Distribution of these

collections is siiown in lig. 1.

Fundulus iiotatus

Guadalupe Dr.—Texas: Medina Co.; TNHC 1865

(12)—Bexar Co.; TNHC 5336 (43 )—Gonzales Co.;

TNHC 301 (5)—Caldwell & Guadalupe Cos.;

TNHC 86 (13), TNHC 177 (1), TNHC 235 (3),

TNHC 330 (3)—Hays Co.; TNHC 3037 (13).

Colorado Dr.—Texas: Bastrop Co.; TNHC 373 3

(11), TNHC 3795 (7), TNHC 5266 (16)—Travis
Co.; TNHC 225 (4), TNHC 526 (2), TNHC 540

(22), TNHC 1078 (1), TNHC 1098 (2), TNHC
1895 (5), TNHC 2552 (2)—Llano Co.; Honey Cr.

on Ray Smith Ranch midway between Llano and

Marble Falls, TU uncatalogued (19).

Brazos Dr.—Texas: Grimes Co.; TU 37115 (1)—
Bell Co.; TNHC 1021 (2), TNHC 3773 (12), TU
35996 (41)—McLennan Co.; TNHC 3467 (1),

TNHC 4165 (4), TU 36002 (17)—Bosque & Hill

Cos.; TNHC 4246 (1)—Bosque Co.; TU 2989 (9)—
Erath Co.; TNHC 1992 (39)—Eastland Co.; TNHC
993 (20).

San Jacinto Dr.—Texas: Montgomery Co.; TNHC
1118 (42), TNHC 1199 (18)—San Jacinto Co.;

TNHC 2377 (36), TNHC 2843 (4).

Trinity Dr.—Texas: Polk Co.; TNHC 5445 (3)—
Madison & Walker Cos.; TU 4891 (13)—Ellis Co.;

UMMZ 92385 (6), UMMZ 92388 (2)—Dallas Co.;

UMMZ 120152 (4)—Tarrant Co.; UMMZ 97503

(7), UMMZ 170048 (1), UMMZ 170060 (5).

Ncches Dr.—Texas: Anderson Co.; TU 3479 (6)

—Cherokee Co.; TU 17686 (46), TU 17788 (11)—
Rusk & Shelby Cos.; TU 3854 (6)— Shelby Co.;

TU 3315 (20).

Sabine Dr.—Louisiana: Sabine Par.; TU 3 3312 (2),

TU 33798 (1), TU 33938 (34), TU 34005 (6), TU
34078 (21), TU 35461 (11), TU 35567 (2)—De
Soto Par.; TU 3 5 544 (11)

—

Texas: Panola Co.;

TNHC 6063 (10)—Harrison & Panola Cos.; TNHC
3190 (6).

Mississippi and Great Lakes Dr.—Louisiana: St.

Charles Par.; Ponds in Bonnet Carre Spillway S of

Hwy. 61, 20 mi. W New Orleans, TU 3 87 (5)—La
Salle Par.; UMMZ 181940 {12)—Oklahoma: No-
wata Co.; TU 15532 {1>9)—Tennessee: Lake Co.;

UMMZ 103367 (2)— Davidson Co.; UMMZ 88106

(6), UMMZ 104498 (3), UMMZ 177568 (7)—
Marshall Co.; UMMZ 121387 (13)—Jackson Co.;

UMMZ 125113 {\Q)—MicI]i^v,an: Washtenaw Co.;

(Huron R.) UMMZ 72255 (19).

Lake Pontchartrain Dr.—Louisiana: East Baton
Rouge Par.; Amite R. at Hwy. 190, 7 mi. E of in-

tersection Hwy. 190 & Hwy. 61, TU 35697 (19)—
Tangipahoa Par.; Tangipahoa R. at Hwy. 3 5, 1.5 mi.

E Amite, UMMZ 182344 (1 )—Tangipahoa Par. (?);
Trib. to Natalbany R., UMMZ 182345 (20).

Pearl Dr.—Louisiana: Washington Par.; TU 37118
(54)

—

Mississippi: Marion Co.; TU 37119 (36)—
Lawrence Co.; TU 26408 (29)—Hinds & Rankin
Cos.; UMMZ 170728 (3).

Tombigbee Dr.—Alabama: Sumter Co.; TU 7497
(3), UMMZ 163741 (12)—Mississippi: Kemper Co.;

UMMZ 157774 (3)—Noxubee Co.; TU 3755 (11),
UMMZ 113885 (6).

lundiilus oliiaeeus

Naiasota Dr.—Texas: Grimes Co.; Trib. to Nava-
sota R. 5.1 mi. NE Navasota at Hwy. 190, TU 37116
(7)—Brazos Co.; Wickson Cr. UMMZ 129747 (3),
Pcachtree Cr. borrow pits 12 mi. S College Station,

UMMZ 129764 (I), UMMZ 129951 (16), and
UMMZ 138235 (5); Peach Cr. at Hwy. 6, UMMZ
129807 (80), Sand Cr. trib. to Navasota R. E of
Kurten, UMMZ 129916 (3), Navasota R. and borrow
pits 4 mi. E Kurten, UMMZ 12993 5 (7).

Trinity Dr.—Texas: San Jacinto Co.; TNHC 1169
(9)—Polk Co.; TNHC 5446 (29), TNHC 2415

(40), TNHC 6039 (20)—Anderson Co.; TU 3792
(2)-

Neches Dr.—Texas: Hardin Co.; TU 216 1 5 (57),
TU 21761 (28)—Tyler Co.; TU 21686 (23).

Sabine Dr.—Texas: Newton Co.; TU 14045 (3)—
Panola Co.; TU 3496 {lO)~Louisiana: Vernon Par.;

TU 777 (6) TU 5136 (6)—Sabine Par.; TU 793
(7), TU 5075 (21), TU 33764 (18), TU 33824
(13), TU 33941 (2), TU 3717 (1).

Western Louisiana Dr.—Louisiana: Allen Par.; TU
1327 (16), TU 14458 (4)—Rapides Par.; TU 1344
(11), TU 2059 (5), TU 2065 (13), TU 3459 (23),
TU 4982 (19), TU 5769 (1), TU 5831 (11), TU
5871 (4).

Southern Mississippi Dr.—Louisiana: East Feliciana

Par.; TU 5231 (19) TU 30884 (4})—Mississippi:
Lincoln Co.; TU 28889 (7)—Holmes Co.; TU 3695
(10). Middle Mississippi Dr., (Arkansas and Tennes-
see rivers)—Arkansas: Garland Co; TU 14249 (12)
—Yell Co.; TU 15487 (73)—Pope Co.; TU 13770
(13), TU 2692 5 (i)—Mississippi: Tishomingo Co.;

TU 4197 {4)—Tennessee: Benton Co.; TU 14715

(5). Northern Mississippi Dr.—Illinois: Massac Co.;

TU 3 530 (25)—Johnson Co.; UMMZ 175870 (7).

Lake Pontchartrain Dr.—Louisiana: East Baton
Rouge Par.; TU 3 5691 (22)—East Feliciana Par.;

TU 4656 (39)—St. Tammany Par.; TU 967 (33),
TU 9811 (14), TU 14512 (18).

Pearl Dr.—Louisiana: St. Tammany Par.; TU
2 5823 (2 5)

—

Mississippi: Pearl River Co.; TU 14107
(20), TU 23549 (40)—Marion Co.; TU 28415 (44)—Copiah Co.; TU 28872 (22).

Mississippi Gulf Dr.—Mississippi: Hancock Co.;

TU 4771 (20), TU 7653 (6), TU 27078 (12)—
Harrison Co.; TU 27094 (3)—Jackson Co.; TU
28087 (7)—Stone Co.; TU 16348 (21), TU 28095
(1)—Lamar Co.; TU 1622 (5)—Perry Co.; TU 1231
(5)—Covington Co.; TU 28582 (9), TU 28593 (1)
—Lauderdale Co.; TU 7484 (3).

Alabama (including Tombigbee) Dr.—Alabama:
Washington Co.; TU 33910 (2), UMMZ 163597
(84)—Clarke Co.; TU 32522 (11)—Monroe Co.;
TU 2644 (15)—Crenshaw Co.; TU 2586 (8)—Wil-
cox Co.; TU 3065 (9), TU 3431 (14) Marengo Co.;
TU 24544 (1)—Perry Co.; TU 25969 (19)—Bibb
Co.; TU 19423 (6), TU 24688 (17)—Talapoosa Co.;
TU 12174 (7)—Tuscaloosa Co; TU 27548 (4), TU
30192 (3), TU 30212 (6)—Blount Co.; UMMZ
168616 (18)—Marion Co.; TU 30235 (21)—Mm/5-
sippi: Lee Co.; TU 2443 (10).

Pensacola Bay Dr.—Florida: Santa Rosa Co.; TU
20941 (7)—Okaloosa Co.; TU 2 3 691 (30)—Walton
Co.; TU 24762 (57).

Choctaiihatchee Bay Dr.—Florida: Holmes
TU 2277 07)-Alabama: Dale Co; TU 234f
—Henry Co.; TU 3902 (60).

Apalachacola (Chatahoochee) Dr.—AUihaina: Rus

Co.;

(28)
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sell Co.; UAIC 1097 (1), FSU 6591 (15), FSU 6656

(77), TU 10717 (3), WSV 6423-1 (2), WSV 6438-

1 (3), WSV 6445-1 (44)—Lee Co.; FSU 6643 (11),

TU 12099 (3), WSV 6414-3 {\)—Georgia: Early-

Co.; UAIC 1134 (1).

FtinJiilus iwtatus x F. olhaceiis

Mississippi Dr.—Louisiana: Jackson Par.; Castor

Cr. trib. to Little River at Chatham, UMMZ 16125 3

(I)-

Viarl Dr.—Mississipl)i: Copiah Co.; Pearl River 3

mi. E Georgetown, TU 37120 (1).

Conclusions

1. F/nnhd//s notatas and F. olivace/is are

highly interfertile in the laboratory and pro-

duce fertile and vigorous hybrids. Their

ranges broadly overlap in nature and they

are occasionally syntopic. The rare occur-

rence of natural hybrids (about 1 in 6000)

indicates that strong isolating mechanisms

separate the two species.

2. The exact nature of the isolating

mechanisms is not known. The rare occur-

rence of syntopy indicates that isolating

mechanisms are primarily ecological. How-
ever, no general statement of ecological

parameters seems to have more than local

validity and either species seems to occupy

all favorable habitats when the other is

absent.

3. Observations of syntopic populations

indicate that strong behavioral isolation is

operative. No evidence is available to sug-

gest intergradation or introgressive hybridi-

zation.

4. Morphological character displacement

is not demonstrated and is probably rare or

absent as a result of the unstable nature of

the syntopic associations.

5. A single character, the presence or ab-

sence of distinct, regular, dark black dorso-

lateral spots, separates specimens of F. oli-

vaceus from specimens of F. notatiis except

in rare instances. Other characters may be

used to separate local populations, but do

not have range-wide utility. There is broad

intraspecific overlap in all characters studied

and the recognition of subspecies is not war-

ranted.
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