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MASS H‘.ZBE-- ZATION
BETWEEN ”ﬁu SPECIES O“‘fY?hT
HOYROPIS CAMURUS AND HNOTROVLS

‘."IF"': ™ g
o WL ”ij.u.u.x.

IﬁTRO TUCTION x

-

orinid fishes has recelived consider-

Hybridization in o

v<;

r

able attention {rom ichih "OlO&lutS as indieated by Hubbs, Hubbs,
and Johnsen {1343) who 1listed the works of many writers in
Buragia ond fmerica, Interspecific and intergeneric hybrids
havs been descrlbed, discussed and analyzed, HNass hybridizas

tion between the cyprinid genera Gila end Siphateliec was ably

treated vy Fubbs and Miller (1042) wiho abtiribuited that phenow
menon to g changing envirerment cecasioned by ﬁnﬁural acologle
ecal events, The wrlber iz not awere of publlshed works

»

concerned with natural bhybridizetion of eyprinid fishes abirlie

-

butable o the influence of envirommental changes brought

about by man's ackivities,

Notropiz camurus {(Jordan and Meek) and Wobtropis whipplel

(Girerd) sré allopstric apecles, ocouring together novhere, to

my knowledge, sxeept in Big Grecnloeal CUrechr and Bayou Manard,
tributarics of the Arkansas Hiver and lpcatsd In Cherolee and

\ Ty N ¥y Pt ey VT o i T2 em (Amnpey B « 60 11 S

i ; i) LR A Jiore F X0 B G 4 g : i »«u aL e 4
Muskozee Countles, Cklahoma. Big Ursenleal Crecle bout 30
miles in lengt th oand is & typical stream of the westera edge of
the Ozarlk uplift., I1is waters flow rather rapidly cver a bed
replete with aslbternating peols and riffles, JOrsenleafl Lake,

located four wmiles northeast of Braggs, Oklsehoma, g en artie

ficlal impoundment of about 900 surface ncras constricted as



o

s Resettlement Project durlnf the years 1935-1937.
Ho hybriﬁizatlon ba" bewn noticed D&tmﬁﬂﬁ the snecles
in questlnn in Bayou Hanard, but in Bilg (Greenlieaf Crsey
above the lake collections indiecate a high iucldence of
hybridization, The:gopulatian>@f‘hyhridizing.minnews,‘ggxggg

pils (camuzus X whipplei), was discovered during the summey

of 1950 by an ichthyology class Givected by Dr, G, A, Foore,

Eaded

Hotropis whivplel and Hobropls camurus occupy adjacent

=7

.-4}4;

to slightily overlappiug vanges (Fig,I). Hotropis whipplel

Loy

occurs from Southeasbern Oklahona (type localiby, Sugariocaf
Creck, a tributary of the Poteau liver) eas stuard to Yesh
Virginia, south to Alabema and ﬂOPtIﬁﬂrQ to Indiana, Ohlo and

Hew York, Horrmmis’camurua does not enjoy sueh a wide digw

tribtution buu, as now knawn, is restricted to the Arlremsas
River bvsteu of Otlalona, b010ra&0 {type loeslity, Fors Lfen),,
Kansas, Missourl, and Ar’anuas.

S

An interesting dist pitubi enal pattern of the two specles

e

exlsts In the arvea surrounding Blg Oreenleal Creek. Hotropls
whipplel is known in Ckleboma from the Poteau River, Big
Creenlsal Cresk and B;ycu\Maﬁarﬂ (tributaries of the Arlkansas
»R;veri'and some h?ibatarieé of the Red River in Sauﬁheasterﬁ

Qklahoma, Notropis camurus 1s unknown in the Potesu and the

Red River systema, but is common in some &?kaﬂsa* River bribne
taries such as the ¥eosho {fvand), Illineic, and Shilkaskia
River systems. Boith of ths parental species wers collected
in Big Greenleaf Creek below the lake in the summer of 1950,

vhere they remalin clearly dlstinet from each other, Unfor-



tunately these gpecimens were ddscarded before thelr lnpore
sonce wag resligdes, The suwmer of 1881 was se web that Big
Greenleal Creclk below the danm was filled with Arkansas Miver
backwater during most of the months of June and Jﬁly. It
has therefore been impossible bto check further the twe spacies
in lower Blg Creenleai (reel, E@th of the parental species
woere also collected in Bavou Wamard, about ten miles west of
Big CGreenleatl Creck, in the sumor of 1950, There is there-
fore some overlapping in the range of these speecies. The
collection froam above the lake was preserved and b:ouﬁﬁt o
3tillwater and has beeome tho object of this study,.

3

The menifestation of apparont natural hybridization

ey
¥

lends evidence to the beliel that closely relabed snecies are

-

nfor-

#

partly interfertile (Blair, 18561), Ir. 6. 4, Hoore has

med me that collections of Hotronis lubrensis (Balra and

firard) and Hotronis vonustus (ﬂﬂrawd) (in Oklahoma, regtrieu

ted to the Red River System) from the same localities show
that interbreeding bebtween these two otherwise distined forms

-

is common. The clrceular black spot of Holropls venustus, the

intense Plack pigment in the posterior interredial membranes

of the dorsal fin, and eight anal rays ave chapracters that

clearly separate that snecies Trom Hobropis lutrenslis whnich

has nine anal rays and no black pigment elther in the dorsal
£in or at the candal base, In all cellectlions conbaining
both of these species, trouvblesome specimens are encounterved,

Theae specinmens have a poorly defined cavdal spot, 1ittle
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tlack interradial dorsal plgment and a count of either elight
or nine anal rays, De, Glark Hubbs {(personel csmmunicanxon
with G, A, Heore) has mentioned ¥ ’ax¢n@ made the same aoserva»

tions in coliections from Texasg,

Rolronis camurus and Y. splloplerus (Cope) are also
*1039 relatives and yet the two species occour together iu the

Illinoia River without interbresding, Extensive collsching
¥oore snd Paden, 1950) yielded many sneeimeﬁs of both specles,
all of which woere sasily '@Lermincﬁ (exoept young), The Ille
inois flows inlo the Argamsas River 1es3 than ten river miles

from the mouth of B i Oraenleaf Cre 9}{’ and vet ! . Sow W&li.'ﬂ?} lai

wd
&
{3

dooag not ccour 1in I1linolis,

The hybrid speeimens used weyre lavgely from the 1980
colioction baken frem Big Greenleafl Cresk ahove Greenleaf
Lake by Drs G, A, Yoore snd ciasss, Additionsl smaller speci-
mens were collected from the same creelk in the summer of 1851
by Dr. Bdgar M. Leonard sand class during a polsoning demonw
stration., Many of the latter ha& been dead for some time
before they were fixed In Tormqlﬁn and were therefore less
desirable for study.

The 1950 collectlon was made Ly means of various @eineb
fixed in 10% : formalin, was ned in water and stored in 65

isopropyl aleohol,



The methods employed in this investigation are similar
to those of Hubbs, Hubbs and Johnsen (1943) and Hubbs and
Miller (1943), Specimens of the parental species used for
comparison with the hybrids are: N, emms,' from the Illi-
nois River in Oklahoma, and ¥, !higgl_ai; from the Mountaln
Forlr River of McCurtain County., Oklehoma, In order to estab-
lish the identity of the suspected hybrids, the method of
calculating the hyb?id index, as Introduced by Hubbs and
Kuronuma (1542:291), was employed, The method involves the
use of the following fornmla:

Vy = My
Position of the Hybrid (P) =

gy
in which V;, represents the velue of the character of the
hybriéd, ¥ the mean value for one parent snd Mg that of the
other parent.,

The hybrid index (I) equals 100P, In a comparison of
each individual an average index is expressed a&s a figure on
a scale of 100; a value for one of the parental types is set
at 0 and the value of the other parent at 100,

In & paper by Hubbs, Hubbs and Johnson (1943) relating
to hybridization in suckers, My was applied to the parent
that seemed to be the most pﬁmitim I have applied li; to
N, whippleil and M5 %o N, camurus, since the range of N,
camirus is on the periphery of that of N, whipplei, It
seems that there is some basis for appliecation of the theory



which was recently applied by Hubbs and Bailey (1950) to the
basses of Florida, that most differentlation occurs at the
periphery of ranges, N. whipplel may thus be regarded as the
more primitive,

The suspected hybrids havye been checked closely for all
characters of structure, form, and color that might show

relationship to Notropls whipplel and Notropis camurus, the

presumed parental specles, The procedure for counting and
measuring anatomical features conform to those outiined by
‘Hubbs and Lagler (1949), All measurements were made that
were thought to be criticel and obtainable with accuracy,.
X-ray plctures were made, for the determination of skeletal
differences, but falled to yleld positive results,

A frultless effort was made toc use the arm protractor
method of Hubbs (1946}, Although angles are doubtless impor-
teant, it is often difficult to precisely locate the three
points necessary for accurats measurement, The results ob=-

tained were so inconsistent that the method was abandoned.

FREQUENCY OF HYBRIDIZATION

The Notroplds of Big Gresnleaf Creek are an interesting
mixture of Great Pleins and Ozarklan forms, In this creek
the Great Plalns Region 1s represented by N, lutrensis, N, u,

umbratilis (Girerd) end N, camurus whereass N, zonatus pils-

bryl Fowler, N, rubellus (Agassiz), N, greenel Hubbs and



Ortenburger and N, boops (CGilbert) represent the Ozark Upland,
gggggg;g Ihlgpioi is nelther a Great Plains nor an Ozarkian
form, but rather belongs to the Ouachlta fauna in Oklnhama;
although it has found 1ts way into the Poteau and a few other
Arkansas River tributaries,

Interspecific hybrids in the genus Notropls are not
numerous (except as herein discussed) in the above-mentioned
regions in Oklshoma, However, Woore and Paden (1950) did
recognize a hybrid, Notropis (rubellus X zonatus pilsbryi)
and reported snother unidentified specimen, Since both I,
camurus and N, whipplel are known to occur below the Greenleaf
Lake Dam, 1t meay be assumed that the two specles occur nature
ally in Big CGreenleaf Creek, ©Since the construction of the

dam the two species are unable to move freely up and down the
stream to find spawning sitea, It may, therefore, be assumed
that some congestion and partial isolation from other populse
tions exists,

Numerous attempts were made to observe acts of spawning
but frequent rains during the months of June and July of 1951
created conditions quite inimical to success, Unsuccessful
attempts were also made to secure eggs by setting a nylon net
at the foot of riffles, It is assumed that both species
spawn below riffles since the largest and most mature indi-
viduals were talken in such hablitats,

Notropis whipplel differs from its very close relative,

N, carmurus, in having a sharper-pointed snout, a slenderer
more compressed body, & lack of a creamy white basicaudal
bar, a slightly larger eye (Fig, II-III) and a lower average
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Figure I. Collection Stations,

Wotropls camurus collsctions are indicated by half

golid circle, Hotropis whipnlei by solid circle, bhybrids

by arrow,,




number of scale radii, Of all charactkers studied only those

concernsd with head and body shape and the presence on

absences of the creamy basicaudal bar are regarded a3 AlagnosSe

tie, Therefore, those characters were usad bto arbitrarily

-separate representatives of the two specles from the hybrids,
By inspection the collection was divided into three

groups, one each for the parental gspecles, Hotropis whionlel

mnd Wotronls comurus, and one for the hybrids, From this

division of adults ranging from about 80mm Ho glightly over
100mm, 15 percent were regarded as N, Whimglei, 13 percent
N, csmurus, and 71 percent hybrids, Assuming that the arbi-
trary separation has not resulted In & considerable numbér of
misidentiflcations, the ebove percentages would sesm to indi-
cate that the twe species freely Iinterbreed., It is also
oulte possible that the hybrids are partly fertile,

¥. whipplel and M. camurus uncuestionably have similar
ecological regulrements for both may be found in relatively
clear or somewhat turbld water, For example, N, whipplei is
abundant in the Poteau Rilver (consistantly rather turbid)
and has even been taken from roadside swamps in MeCurtein
County, Oklahoma, N. camurus is a coumon species in the clear
- Illinois and Grand Rlvers, is less common in the muddier
Chikaskla, and hes been taken from Cedar Crest Lake in lNayes

County, Clls,
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hVIk“AQm ﬂ’ﬁ EYBRID INTERPRETATION

Basis for the belief that Wotronis whipplei and Notronis

-

camayus hybridize in Big CGreenleal (reek is circumstantlal,

i)

Similer evidence has teen discassed and valldated in papers
such as Tubbe, Fudbhs and Johnson {1943), Hubbs and Miller
{1243) and others, Tn those publications therse is much
“detalled exvlenation and discussion of the hybrid index and
other anslytical methods now belnz used in the interpretation
of naturel hybrlds, Altheugh the plcture 1s not clear, in

regard to the exsect couses bringing ebout the breskdown of

- the isolating mechanlsms between Notropnls whipplei and X,

camprus, in Big CGreenleaf Creek, 1t is believed that ecologi-
sal factors sre responsible, Since hybrids have not been
found below Greenleaf Lake, theore exists the tempting suggest-
ion that one of the causes of the breakdown of isclebing
mechanismns may oe attributed to man's influences, The dam
constitntes an effective barrler Lo free novement of both
species %o and from thelir former spawning sites and forees
them to spawn in the more limited area above the lake,

The fact that adalts of these speciles in breeding color
are taken on rifiles and &% the foot of rifiles, leads to the
supposition that they are rifile spswners, Hybrid combinae
tions have arlsen from species that use ecologically contig.
uous spawning areas, such a situzation was noted by Hoore
and Paden (1950). - These writers believed thal sperm cells

from the priffle Lreeding Yoitropls zonatus drift into the




pools balow the riffles to fertiliszse the eggs of Dionds

nubila (Porbes), The adults of Votronis whipnlel and Hobropis

camurus in breeding condition are most commonly taken on
riffles and are belleved Lo Lave ecologieally similar ree
quirementso

The bresding color of the adulis is complimentary, The
opercles and gill membrenes sre & light shede of pin%, the
anal, relvic and pectoral fins heving @ more intensified
shade, Tho dorssl and caudal fins heve a pale shade of aiﬁk
but have bleck punctulstions on the interradisl membrénés.
The body is pele Dluich white, darker above and whiie beneath.
it is believgd.that the specles mey not recognlze thelr own
kind and, therefors, bresd indiscriminately when confined
sbove Greonleaf Lake, "In some species, at least, males will
court inanimate objects irresnective of their general appear-:
ance vhen they are manipulated somewhat Lo resemble the ace
tions of a femsle ready to =pawn," Blair (1951).

The main resson for considering this situation to Le
one of hybridization lies in the Tect that many enaraeters
show intermedisey. TIn the oharyngeal teeth and gillrékevs
there is little or no evidence tc indicate Intermediacy, for
these characters are guilte of Q?J.r in both parental species
and the hybrids, 4L the beginning of the situdy there appear-
ed tc be a slight difference in the structure of the phearyn-
geal arches of the two forma, but this character was later
ebandoned, because difference was discernible in only 8 few

examples. The phiaryngesl tooth {ormula is occaslionally 4~-4,



generally 1,4-~4,1 in the parental species as well as the
hybrids, The number of gillrakers showed simllar varietion,
usually 15 to 18 on the fourth arch,

Intermediacy in scsle characters is displsyed, & situse
tion commonly encountered in hybrids of eother secsled fishes,
" The differences in the festures of the scales of the paren-

tal specles Notropis whippleil and Notropls camurus are siight,

scales of camurus are generally a little higher than long,
the upper and lower edges somewhat more curved than those of
whinnlei, 'The scales of both specles are shield-shaped,
though not conspicuously so, The scales of camurus have a
greater number of radii which extend more into the lateral
fields than do the scaleg of whipplel., The scale radil of

Notronls whipnlel are fewer and weaker and also more regular

then those of Notropls ecamurus, In the above mentioned

characters the hybrids show cuite consistant intermediacy,
Counts of the radli of twenty adult Spegimens of each of the
narental species and hybrlds are shown in Teble II,

In the various scale counts the differences between the
parental species are not great, The average nmumber of scales
in the l2teral line and above the latersl line is higher in

Notropis whipnlei. Below the lateral line and around the

body the average numbers sare greater for Notrowls camurus,

In these counts the hybrids are gulte intermedlate.
The fin rays showed very little variation, numbering for

both specles as follows: dorsal, 8; andl, 93 Py, 12 to 14;



_TABLE I

. COYPARISON OF NOTROPIS WHIPPLEI, HEYBRIDS 28D NOTROPIS CANURUS

Razed on ten adulis of sach parent species and ten of the

hybrids, The largest mpa@imens of esch were used.
- - e . e . .
N, whipplel uybrid Hyorid | N, camurus
— Index A _—
Fan&evmean Rangs-mean Bange-mean
btandard 1emhth, . | 0R=B4(76,53) 25-53(80,37) 103-51(74,51)
Predorsal 1ength 450+8530(509) £494-528(511) 29 B05.522(518)
Prepelvie length 449«517(487) 471-506(491) 33 488.518(499)
Body depth 242.255(262) 275-304(285) 88 261~-320(288)
Dorsal origin to lateral line | 1852.195(168) 186-214(194) 114 173-228(191)
Pelvic insertion to lat. line 91-108{93) 89=-110(99) 50 884115(100})
Body width 133«142(137) 150-182(163) 162 - 137=177(153)
Caudal peduvcle denth 108-120(112) 118-143(129) 80 T 118«186(131)
Head length ‘ 205.247(233) 228~.273( 259) 80 254-276(254)
Head depth 149«168(157) 102-203(178) 85 178-205(189)
Snout length  B4«87(74) 75-91(86) 133 29-04(23)
Eye length 43.83(55) 47-62(54) ~33 50."73( 53)
Fleshy interarbital 78+04(89} 93-118(105) 123 91-110{102)
Uppey 3aw length - 55«86(61) 62-78(88) 70 BY-TT7(71)
Cape width 45-56(49) 51-78(63) 93 B55.68(84)
Dorsal ray heigth 206-357( 241} 267325 (295) o8 226-355(296)
Anal ray heizth 159-214(180) 169-188{179) | ~14 186w231(203)
Anel base length 117«142(129) 1268-143(134) 83 118-146(135)
Pectoral fin length 151-173(185) 173-189(181) 75 175-200(186)
Pelvie fin lenbﬁh 147.195(184) 162-183(175) 86 180«194(177)
Thousands of Head Length - ' : _
Head depth E06 685 G0 737
Eve length 220 205 207 219
Gape 201 242 ~151 240
Scale Counts '
In lateral line 34-40(39,1) 37T=40( 33,9} 87 38-40( 38,8)
Above lateral line Tw8( 7.1} 7 {7) 50 6=7(6.9)
Below lateral line 4.5(4,8) 5-5(5) 40 Bwf(B,3)
Arcund body 24.26(25,358) 24-27(25,4) 14 24.27(25,7)
Total pyerage Index 68

21
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and Pp, 8, The fin rays of Notropis whioplel seem to be more

fragile then those of either the hybrid or Notropis camurus,

as shown by their condition after having been stored and
subjected to handling. The Mins of whipnlei became more
frayed and bent, princlpally the czudal fin, than either the
hybrid or camurus, In other respects the hybrids seem to
tend toward camurus, since the values for some characters
exceed 100 snd fewer are below O (Teble I), The average
bybrid'indexzvalue {68) reflects a stronger influence of
camurus,

Other méasurements of the hybrids do not follow the gene
eral rule thatvinterSpgciﬁc( fish hybrids are intermediate in
their characters, Table I shows a hybrid index of 114 for
the cheracter of the distance from the lateral line to the
crigin of the‘darsal fin, but ?or the distance Trom the pel-
vic insertion to the latersl line, the index is 50. This is
possible because the hybrids have slightly wider bodies, The
body width in thovsandths of standard length of thg hybrids

was 10/1000 greater than Notropis camurus end 26/1000 greater

than Notropis whipplel. This is only a slight amount, yetb

significant,

The position of the'pelvic fins of the hybrid as indl-
cated by the prepelvic length shows intermedlacy, hybrid
index, 33, As a diasgnostic character there 1s such & slight
Aifference hetwesn the parent forms that it ls difficult to
detect., In the original description (Jordan and Week, 1884)

the origin of the dorsal fin was noted to be slightly behind
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F{he insertion of the pelvic‘fins. Notropls whipﬁlei (Gir&rd;
1858) was described as having the dorsal or ig in opposite the

‘pelvie insertion, This‘character has not heen used for ldenw
tification in this study. The creamy white basicaudal bar of

Notropls camurus was not mentloned by Jordsn and Week but is

now regarded as s Strong disgnostic character of gamurus,

Also in the hybrid certain characters of the hesd show
extreme development; that is, thelr indexes elther ris e above
100 er fall below O, Tho averege hybrid index vslues for
snout lengih and fleshy interorbitel distance are 133 and 123
respectively. The eye length vielded a mimus average lndex
value and 1s the only character, talken in thousandths of
standerd length, to do so.

The haraetnru of head length, head depth and length of
upper jaw gave Indexes that sre close o the sverage index
for 2ll characters, The depth of the caudel peduncle shows a

tendency toward Hotropls whipplel, wherses, body depth tends

toward Notropis camurus in the same degree (Table I).

EXTREME CHARACTERS T3 HYBRIDS

In the preceding paragraphs it has Dbeesn noted thet the

Notroois vwhipplel ¥ Hotropls csmurus hybrids tend to have

some extreme csﬂvecters. The body tends %o be slightly wilder
snd the eye length less than in elther parent, Other writers

{(Fubbs end Willer, 1943; Hubbs and Furonuma, 1942; and others),



TABLE TI
FRECUERCIES o COUNTS OF SCALE BRADII

I8

NOTROPIS VHIPPLEL, NVBRIDS, AND NOTROPIS CAMURUS

Baged on adults used in Table I, Only those radii reaching
the scale margin were counted. The scsles selected was the one

in the next row above the laberal line, directly above the

fle

insertion of the pelvie fin,

» | bybrid
Humber oF secale padlli no. jrange) ave, ! indox

517 19 [RLIL3 RS AT
tol togto {tolto [bo to
Y09 111 1315 47 19

SRt TR

S 1
<
R
&N
4

20 15-18 8.25

Hybrid

» ‘m
93]
s
4]
=

20 {7=17 {10.,85] = 67
¥, comurus 1] 4581 al2l1 | 19 |8<18 12,10

e




17

treating hybrid fishes involving characters with excessively
high or low index values, consider heterosis as the explana-
tion. This is believed to be the most plausible explanation
of the greater body width in the hybrids under consideration,

The fact that the eye 1s small also may be explained as
an expression of hybrid vigor. Analysis of some head charac-
ters, such as eye size, snout length and Interorbital width,
also may be explalined on the basis of hybrid vigor, Large-
eyed condition in species which normally have smaller eyea;
is regarded es evidence of stunting and malmutrition, On the
other hand, a fish that is well fed and vigorous never has
excessively large eyes, The average hybrid index value for
eye size is «33, indicating a tendency toward decrease in eye
size beyond that of Notropis whipplel. Snout length and

fleshy Interorbital width yilelded average hybrid index values
of 133 and 123 respectively and therefore are beyond the rangs:
of Noiropls camurns, The fact that some characters yield
hybrid index velues beyond the range of both parents supoorts
the identification of the suppnosed hybrids,

In regard to the sex of the hybrids 1ittle can be re=
ported from this study. All specimens of 40mm and up show
considerable development of muptial tubercles, indicating a
high incidence of males, However, in both parent species the
females have tubercles, but the tubercles are fewer in number
and less highly developed than in the males, A considerable

number of hybrld specimens were opened in a search for females
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with eggs, DNone were found in the collection, but not all of
the specimens were opened,

Interspecific hybrids are ordinarily considered inferw
tile in st least one sex, Notropis camurus X Notropls whipe

plei males have highly developed secondary sexual characters,
at least some individuals aré probably fertile and; endowed

with hybrlid vigor, could compete strongly in spawning active-
ity, Raney (1947) reported six large inter-generic hybrids,
Nocomis leptocephalus (Girard) X Compostoma anomalum (Rafine

esque) of which one mele and two females appeared to be nor-
melly developed sexually, Hubbs and Bubbs (1931) stated
that some sunfish crosses, endowed with hybrid vigor, more
than hold thelr own in competition for food and spawning
sites,

The fact that the hybrids approach Notropis cemurus, &

little more closely in proportional measurements, may have
resvlted from some back cfoaaing. 'Netrogls carurus grows to
;lnrger slze than Notropis whipplei, but the hybrids are still
larger then cemurus, There seems to be no explanation for
this fact other then heterosis, In a study of hybrid floun-
ders; Hubbs and Furonums (1942) reported only a tendency
toward the larger parent,
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SUMMARY

The considerable amount of recent work on hybrids empha-
sizes the intermediacy between the parent forms and the
hybrids as shown by the hybrid index (Hubbs, Hubbs ind Johne
son; 19313 Hubba; 1940; Hubbs and Miller; 1943; Trautman;
1948; and others), Commonly the hybrid index total average
is close to 50 in these hybrid studios; however in others it
fluetuates considerably., Hubbs, Walker and Johnson (1943)
show total averages for cyprinodont combinations that range
from 42 to 66. The Notropis camurus X Notropis whipplel

hybrids show a total average index of 68, indlcating an
inclination toward Notropls camurus,

In the years since the completion of CGreenleaf Lake,
these two minnow populations have been prevented from the
free movement to some of thelr previously habltual breeding
sites and are now forced to breed in a more congested loca=-
tion, It is believed that the impoundment of water on Big
Greenleaf Creek may be largely responsible for the phenoméenon
of hybridization presented here, In so far as known at pre-
sent hybridization between Kotropia whipplei and Notropis

canurus does not occur elsewhere, in spite of the fact that
the two forms ocecasionally occur together in the Arkansas
River System, Anderson (1949) stated: "The production of
hybrid swarms is limlited to times and places in which man or
nature may have hybridized the habitat,"



Figure II

Adult hybrid, Notropis whipplei X Notropls camurus, and
the parent species,

-

Top: Notropls whipplel, 91 mm., standard length,

from the Mountaln Fork River, MeCurtain
Gount'y! le_a..' p

Center: Hybrid, 89mm,, standard length, from Big
Greenleaf Gmk;_‘lusk_ogq? Count-y; Okla.

Bottom: Notropis camurus, 94 mm,, standard length,
from the Illinois River, Sequoyah County,
Okla,
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Figure III

Immature hybrid, Notropis whipplei X Notropis camurus,
and parent species,

-

Top: Notropis migglei,' 51 mm,, in standard lcngth;
fm the Mountain Fork River, McCurtaln Counw
ty, Oicla, )

Center: Hybrid, 53 ., in standard 1ensth, frem Big
Greenleaf crock, Hushgea County, Okla,

Bottom: No is camurus, 55 i, in standard langth,
from the Illinols River, Sequoyah County,
Okla,
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