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MAS$. H'.1.13R! DIZAT!Ot1 
BH!Tifo'EEM Ti,"]() SPECIES OF CYPRIHID F!Smjs 
!OTROPI;S OAtnJRUS 1\1:;fD UOTROPJ.t; WIIIPPLEI 

1 

~Motropis, ¢~urus ( Jordan nnd Meek) and l!_gt1~op~"!? whipple1 

(Giral"'d) $.J::e aJ.lopat;r"iC speci-es, oecur•i:ng together nowhere, to 



s Resettlement Ptioje.et dttri.ng the y&al"s 1935-1937 . ., 

lfo "1Ybrid1zat·1ou ha$ been noticed 'bah.teen th$! spe·o!e:s 

in question in Bey<:Jl.t Ii.'I!!tnard, but in Big -G!':eenl:e11tf Creek 

aboV$ the lake collect:L¢ns indie#ilte a high ino1c1eMe of 

hybPid.1.za.t1on. ·!fhe population of. hyb~1i.:liz1ng minno,.1.1:i., NotX!O• 

21,! ( e~s X 'Wl)ippl-e1) 1, was di.atM)vered during th,e sum:me~ 

of 1950 by sn :!Chth,-ol0v°1' class diveoted by ~" o. A., 1troo~e., 

JEotroJ!1S t1h1nnl~i au.d Hotrox,is cai11url1S ·oooup"" adjae$nt· 
...... \ .ii (I~-.! . ...,.. .!.r,J•. . .}c 

occurs from Southeastern OklS"µ.o-.na ( type lc.eality1 , Sug~loat' 

G~ek, a tributary of the Pot:eau Hive't'). etW.tward to \''Jest 

V.!rginia~ south to Ale.ha.me and north~d ·to Indiana,, Ohio •nd 

New Yo!Jk., !'e.t:i:.o:eiJJ oaniuru:s does not enjey such a wid~ d1s­

tr1but1on but.1, as now known. ls r.estl:"1ete-d to the Arkansas 
... ~ 

River System of' Cili::lah~~, Coloi-ado ( t-ype 1-oo&l!ey,. Fo:rt Lyon},,. 
o,( , ' : • w 

Kansas, Jitissourt,. antt Al°"~nsas., 

An interesting di-s~iJ:)utional pattern of the two spfiloies 

exists i11 th . .e &l"ISG. sur:rounding Big G1""'ee11J..eaf O!J-eelt. .!~ 
Whinnlai 1a known in Oklahoma from the Poteau Mve1"' B1t;f .• .a..,-_ i ~-

Greenleaf Crealr and Bayo11; .l.fannl:'d .( tr1bu.t:~ies of the Arkansas 

River} and some trlbutar1es of the Red.River in Scru.t.heastexin 
. ~-- . 

. · Oklahoma. N,ot:roois tamu..t'Us is unknown in the Pote.au and the 

Red River eyat~ bu.tis eommon in same Arkansas. River t?:>i.btt• 

taries sueh as the Noooho ( 01-.and), Illinoio~ and 0hikaskia 

R1v&:r aystems., Both -of the parental spee1e-a were co11.eoted. 

in Big Greenleaf Creek below the lQke in the aumm~ o-f' 1950,-. 

wheJre they trema1n el.early d1stincrt from eaeh other. Unf~ ... 



tu:na-tely these speo:unens ware d:lsca1,.d.ed before their in1por• 

tsnce was realizes,., ibe sunm.t.e.l? of' 1951 was so ·,1et tl'l&t Big 

Greenleaf Cl?eelr bel.ow the dam we.a f1lled With Arkan-sas Hiver 

bac!(t!rater- during most of the months of June and Jul.y.. It 

hae thffrefore been 1ntposs1ble to check futithe-ri the two species 

in lower Big Gresn1eaf Creelt,., :6otl1. of t..1'1E1 parental speo:les 

were ·ala.o eo1.leeted in :Bnyou ftianartl,- about ter1 miles west of 

Big Greenleaf' Creek,. in tlxe su.nrr.iezt ,of' 1950., 1rl:1ere is the~e­

fore some oveI>lapping in the range o:f these species. The 

eo11ection ~CBTI abo~re the lake was preserved and ba?oug,ht to 

Stillwater ,and has become the obj,aot of t:bia study •. 

11.he n1a.nifea:tation of· apparent nature:l h:ybridization 

lends evidence to the bel.ief that el.ose1,· l?a.latad s.peeies are 

part-:ty interf.'ertile, (Blair-, 1951). ~. o. A. ll/lool"e has in.for ... 

med me that collectlons .of Uotronis lut'.remeis {Ba.ired and 

Urirard) and Notron'is venustus (01.ra!-d} {in Oklahoma. restrio­

ted to the Red River System) :f'rom the same localities show· 

that. interbz;eeding betr:reen these two otb:erv11a~ di$tinot f'.orms, 

is common. The eilllen1ar blitolc f.\lpot of' iotrQPi~ venust1.1sii' the 

intenf{e black picm:ent in tho posterior interra,d1a1 memb~anes 
' 

of the dorsal fin,. and eight t:tn:al ra-ys ape ,charnete!:"'S that 

elea:rly separate that apee:te.s fi>'om Notropis lutrenst,s l'lhich 
sq • ....... • • 

has niue anal rays and no 'black pienent eith&r in the do?Lsal 

fin 011 .Qt the caudal base.. In all col.leetions containing 

botJ:1 of these species~ t:roub1asonte specimens ar,e eneounte~ed. 

'fhes·e specimens have a poo:rily do.fined c:audru. s-pot, 11 ttl.e 
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. . . 

or nine ana:1 rays., Dr, .• Clf!:\!'k Hubbs (pe1,.sons1 communication 

wi tJ:1 <}. A1' r~roore) has mentioned ha.v:tng .1nt1:de the a.amE) obaerva'"'", 

tions in co11ections fX<Or,1 Te.xas-. 

Not:riopi s aantt.1!'t1s and N ., ,spilonte.r-.is (Cop$) a.t:tS also 
l . . ""'" W.,lf!~ -k· ... l 4 . ...... ,fl l.f ,P - J. .... .. # 

close r-elati ves and yet' 1-;I1e two species oceur together "in the 

Illinois River W1 thou t interbt-eedlns;- Extensi.ve coll.eeting 

O!oore and Paden, 1950) yi.e·lded m&ny specimens of both sp&cles., 

all of' which were easil;1 determ1noo (except young),. ?h.G 111-

inottl flQws in:co the Arkan.sa:s ll:1vep J.eaa than t~r1 l"f:ve-:r 1nlles 

from the 1nouth of Big G-x,eenlea.f C1"'1eelt ... and yet lit.} wh1:~n-le1 . 
,.,.. ..._ '"" ~ tiru_ L Ja t 

does not ocour in the Il1tno1.s., 

1J:h$ hyb:t:1'id specimens used weve la:1:ge.J.y :~om tl1e l9S0 

collection t-aken from Big Greenleaf' C:Pe:ek' Gb:ove Gt.1'eenle~f' 

L.ake ·t,y Dr,. G_. A •. Moore and claes.. Add1t1onal small&r speci­

mens were ooil.ec,ted t'rom the seme ON,ek 1.n the S'Um!ter of 1951. 

by- Dr-. Edgar M. Leonard ftnd elaas during a poisoni:ng demon"" 

.stzta'ld.on. llfany of the latter had been tlea.d for soma time 

bef'ore they we~ fixed in · f'ormtalin and: we?*e the.re-fo:r,e l·es-e 

d.esi11able r·o~ sti-1dy., 

~e: 1950 c·olleotion was made by means of 111.:.r~ious se:ines,,, 

fi.xed in 10?6 f'ormnlin,, wssbed in v,trtor and stored in 65% 

1S<,p:r-opyl aleohcl.,, 



The methods employed 1n this investigation are, shrdlar 

to those of Hubbs> Hubbs and Johns<!ln (1943) and Hubbs and 

Miller (1943) . Specimens f the pare11tal epe,eies used for 

eomparison with trie, hybrids are: N .. cs.murus., from the Illl-
- . ... . ~ 

5 

noi.s River in Oklahoma" and ! • ?P1PJ;1,e1"' from the t~om1tain 

fork River or McCurtain County, Oklahoma., In order to esta'b., 

iish the identity of the· suspected eybrlds.- the method rof 

ca1cu10ting the hybrid index, as int~oduced 1',1j7' Hubbs a.nd 
, 

Kuztonuma (1942: 291) , was employed. The method involves the 

uae of the f ollowing formula: 

Po,si tion of' :the Hybrid {P) :: 

M2 ,..., J'..il 

in which Vh :represents the value of the eh&Heter or the 

hybrid, 1JI1 the mean val:ue f'o.r one parent and m2 that of the 

other parent .-

The hybrid index ( I) equttls 100P·., In a comparison of 

each individual an average index 1s acxpressed as a figu.re on 

a s:eale of 1001 a value for one of the p,arental types is set 

at O ar..d the value of the othe1" pa:t"ent at 100. 

In a paper by Hubbs, Hubbs and Johnson (1943) :relating 

to hybt>1dization in suckel::ls, M1 was applied to the parent 

that seemed to be the most p-,:.imitive. I have applied M1 to 

! • !'1!1:gll,le~ and M2 to !_., cam:uros,, since the range ·of ! • 
camurus 1s on the periphen or that of!• whi;t?J.)lei . It • 
seems that there ts some basis for application of the theory 
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which as recentl applied by Hubbs and Bailey {1950) to the 

basses of Florida , that mos t differentiation occurs at the 

periphel'y of ranges . ! • 1hip12le1 may thus be regarded as t he 

more pr1:rn1 ti ve. 

The suspected hybrids have been checked closely for all 

characters of structure, form, and color that might show 

relationship to Notrop1s rhipple1 and 1~otro:p1s camurus, the 

presume parental species. The procedure f or counting and 

measuring a.natorn ical featu1"'es conforo to those outlined by 

· Hubbs and Lagler (1 949 ) . All measurements were made ths.t 

were thought t o be critical and obtainable with accuracy • . 

X-ray pictures we:re ade, or the determination of skeletal 

differences, but failed to yield positive results . 

A fruit less effort VtS.S made to u3e t he arm protractor 

method of Hubbs (1946} . Al though angles ax•e doubtle ss i mpor-

tant, it is often difficult to precisely locate the three 

points ne ce ssa17 for accurate measuremont . The results ob­

tained were so inconsistent that the method was abandoned. 

FREQJE CY OF HYB IDIZATION 

The Notropids of Di g Greenleaf Creek a.re an interesting 

mixture of Great Plains and ozarki n forms . In this creek 

the Great Plains Region is represented by N. lutrensis, N. u. .... - ... 
umbratilis (Girard) and N. camurus whereas N. zonatus nils-- - .... ........_. 

~ Fowler. ! • rubellus ( Agassiz), ! • greenel Hubbs and 
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Ortenburgerl and!• boops {G11bert) represent the ozar Up1and • 
. 

Notropis ,hiPolei is noither a Great Plains nor an Oznrkian 

fo ,. bu. t r thor be ongs to the Oun.chi ta f'nuna i O clahoma,. 

e.l though 1 t has found its wny into the Poteau and n ew other 

Arkansas River tri utaries . 

re not 

numerous (except as horein discussed) in the above-mentioned 

regio1s in O 1 om . Ho eve~, ~oore and Pa en 1 ~50 did 

recognize a hybrid, Iotroo1s (rubollus X !O a~ a pilsbr:r) 

and reported another unidenti.fied specimen. Since b th F . -
camurus and N. ~hipplei are known to occur below the Greenleaf 

La' e Dam, 1 t may be assumed that the ti. o species occur natur-­

al1 in Big ree11leaf Creek. Since the eonst ction of the 

da~ the two species are nable to move freely up and down the 

stream to find spavming sites . It may, therefo e, be sumed 

that son e congestion and nrtial iso1 tion front other popula-

tions exists. 

{umorous attempts ere made to observe acts of s,;>a\ nlng 

but frequent rains during the months of Juno and July of 1951 

created conditions quito inimical to success . Unsuccessful 

attempts 1er~ also nde to secure eggs by setting a nylon net 

at the foot of riffles . It 1s assumed that bo h s ecies 

spawn below riffles since the largest and · o t ma re in 

viduals were talren in such rs.bi ta.ts . 

'f~otropis whiFJ2lei d:1.ffe11 s f 1"om its very clon 1~e1at ve, 

.!!• camurus., in having a sharper- pointed snout, a slenderer 

more compressed body, a 1 c_ of a c~eam ,hite basieau ~1 

bar, a s1ightly larger eye (Fig. II-III} and a lower average 
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·~------------------ ···------.-·----

Figttre I. Collection Stations. 

Wotropis eamuru.s collections are indicated~ half 

solid circle~ Notropis whi12plei by solid e1rcle, hybrids 

by arrow. 
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number of scale ra¢lii •. Of all eharaote.rs studied onlf those 

concerned with head and body shape and the presence ol"' 

absence of the cren:my bas:teaudal bar are regarded as c1iagnos .... 

tic, Therefore, those ehattaetera were use-d to arbitra:r.ily 

separate repr•esentatives of the two species from the hybrids .. 

By inspection the collection was div1.ded into thr>f.H?s 

groups, one each for the parental species, lfotrpp:ts v1hipp1e1 

and lfotropis esmurlHJ; a.no one for the hybrids .. , From this 

division of adults, ranging fl'om about 50mm to ,9lightly ove.r 

lOOn.ntt., 15 percent v1ere regal."ded as !• w,h1ftple1, 13 parcent 

!• camurus,. ap.d 71 percent hybr:tds.. Assuming that the a,rbi-

trary separ-e.tion has not resulted in a considers:ble rrumber of 

m1sident1fieations, the ·abo11e pet"cent~ges ·1.i10uld seem to indi-.. . 

cste that the two species freely interbreed. It is also 

quite possibl& that the hybrids are: pe.:rtly .fe1,tile. 

!• wh1ppl·e1 and. !+ .oamurµs unquestionably have aimilar 

eeologieal .requirements fol' 'both may be found in relatively 

clear or someWhat turbid water, Fo:r example, !• :m,_p.,1ppl~1 is 

abundant in the Poteau Rivel'· ( eonsistantly rather turbid) 

and has even been taken from roadside swamps in MeC--u.rtain 

County. Oklahoma,.. w. eamurus is a eonunon species in tbe e1ee..r -
.· Illinois and G:rand Rivers., ia less common in the muddier 

Chiksslda:,, and hn-s: been taken from Cedar Crest Lake in Mayes 

County, Okla. 
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EVIDDNCE FOR B.YBRID UPJ:ERPRETATION 

Basis f.or the belief that 1'1otropis whip:plei and· NotropJ.,.! 

eamurus: hybridize in Big Greenleaf Creek is ei!'cum.stant1al. 
. . 

Similar evidence r'.tSs 't.aen discu.saed and validated: in pap~:rts 

$Uch e..s Hubbs, Hubbs anc1 Johnson (1943), .Hubb.s and liil:ler 

(1943} and others., In those publications the1"e ls mu.ch 

deta1.led ex-pls:nation and d.iscusslon of the hybrid index and 

other anE\lyt:tcal methods now being used in the interpretation 

of natural 'hybr1ds.. Al though the picture is not cleaf', in 

:regard to the exact csuse s 1)r1ng1ng about ·the breakdown of 

the isolating mechanisms betweem Notrouia wh1pp1~! and!• 

camurus, 1.n Big Gre.enlee:f Creek, 1t is believed that ecologi­

eal factors are responsible. Since hybrids have not been 

:found below Greenleaf Lake, thore e1dsts tho tempting suggest­

ion th$t one of the eaus~s of the breakdo,vn of isolating 

· .. meehanisr1s may be attr1buted to man's influences,., Th.e da:m 

eonstitntes an effective barr1et• to free n:1ovE1ment of both 

species to and from their former s.pa:i1ming sites and forees 

them to spe.vm 1.n the rn..ore lirn1 tad area above the leke. 

The fact that adults of these species in br•eeding color 

s.ra ts.lean. on. riffl.es and at tb,e foot of rifflEH:1., leads to t.he 
.. 

. supposition that they are l"ifi"le spawners. Hyl>r1.d combina-

. tions bave arisen f1"'om species tbat 'J.se ecologically oontig• 

uous spawning apeas, such a situation was noted by Hoore 

and Pa<len (1950),.. · Thes-e writers believed that sperm cells 

· fl"'om the rif'fle b.reed.ing !·!otx•opis zonatus drift into the 
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poo1s below the riffles to rartil.ize the eggs of Dionda 

nubtla (Forbes). The adults of Notropis whiJ2Rle1 an.cl !fotronis 

ca:m:urus in bzo,eed:tng cond1 tion a:r.>e most c·ormnonly tak:en on 

r1.ff'le.s and a:: .. e believed to havl:I eoologiea.11.y similar re­

quirevnentn. 

The breeding color of the adults is eompli1110ntary., The 

operccJ.e$ :!H1c1 gill·membr~,n~s a1:1e Q. light sh:nde of pink, the 

anal, pelvic e.nd pectoral fins having a more intensified 

shade. The dorsal and cttudal fins have a. pale shade of -p:tnk 

bu. t have 'bl1;1ck 1:iunctu.lations on the in terrs.dial membranes. 

The body is p~le blu:lzh uhi te.:i darke,r above and white beneath. 

It :t.s 1:,el:teved that the species m8Y not recognize their own 

kind m1d, therefore, breed tndiserim:tnately ,r1hen confined 

above Greenleaf Lake.. 11In some a,pecies,, at lea.st, males will. 

coul:'t im1nimato objeets irrespective o.f their general spJ;>ear-.... 

anee uhen. they al:*e man:l:pulated somawhs. t to i-eaemble the ac­

tions of a female ready to spawn,ll B1air (1951) ., 

The main re~son fo,r consider:tng this situation to t,e 

one of' h;,r"bridizatior1 lieo in tl1.e fact that many characters 

show intel'.'!nedtaoy. In the phRr:ynges:l teet"n and gillrake:rs 

there is little or no evidence to indicate in.terroediacy, for 

these charaetertS a.re qi..ii te s:trnilar in both parental s-peeies 

and the hybrids. At the beginning of the atudy·there appea~­

ed to be a :zligb.t dif'ference in the structure of the pharyn-­

geal a,:,;ohes of the t"Vto forrris, but this character was later 

abandoned,, because dii'ference waa discernible in only e. few 

exampl,es., The pharyngeal t.ooth fo,nn:ula is ocea.sionslly 4-,4j 
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generally 1"4-4,1 in the parental species as well as the 

hybrids.. The number of gillrakers shov1ed similar variation,. 

usually 15 to 18 on the .fourth arch. 

Intermedi.acy in scale cheraeters is displa-yed, a situa­

tion commonly encountered in h:ybr-ids of other sealed fishes. 

The differences 1n the features of the se·ales of the paren:­

tal species 'Not:r:opis wh1pple1 and Notroois camurus are slight., 

1;3cales of camurus are generally a little higher than long, 

the upper end lower edges somewhat more eurved. than those of 

wh1pple1. The scales of both species are shield-shaped,. 

though not conspi.cuo:usly so~ · The seal.es of camurus have a 

greater number of radii which extend more into the lateral 

fields than do the scales of wh1pple1,. The seale radii of 

Notropis whippJ..ei are f'ewe:r and weaker and also more regular 

than those -of Not:r-opi.s eamurus-. In the above mentioned 

characters the hybrids shoi~i guite consistant inte:rmediacy •. 

Counts of the ttadii of twenty adult specimens of each of' the 

parental speeie.s and h:ybrids are sbown in Table II. 

In the various scale counts the differences between the 

pa::rental species are not great. The a.ver,age number of scales 

1n the lateral line ·end above the lateral line is higher in 

Notropi s whipplei. Below the lateral line and around the 

body the average numbers are greate.r for Notro;::ris camurus. 

In these counts the hybrid.s are quite intermediate~ 

The fin rays showed_ very little variation,, numbering .for 

both species s.s follows: dorssl,- 8; anal,_9;- P1. 12 to 14; 



- TABLE I 

. CO!ffPARISON: OF !Q!ROPI3 WHIP'.PLEI,, HYBRIDS AiiD !l011'RQPIS CA!rorms 

.··_ Based on ·ten adults of each parent species and ten of' tl'l:$ 
hybrids_. T.b.e largest spec1rnens of each were us·ed.1J 

~~~~~~~"""',..,, .... ~~~~~"'!!!~~:-,:::,:,,::~· 

!<t whip;elei Hybrid 

Range.mean R . __ an.ge~m.ean 

Iiybrid. 
Index 

?!. c ai:nu:rus -- . 

Range ... mean 

Standard length, mm~ · .9&,r.84-('76,.158} 95-...63( 80,.37) _ 103 ... 51'( 74.51) · 
P:redorsa1.1_ength ·. 459.:5J;Q(509) 494-528(511) 29 .505 .... 529(516) 
P-repelvie length 449~11(.487) 4'71--506(491) 33 ·. .48$-518(499) 
Body depth _ · _ .242..,28~(t62} 272-304(285) 88 · __ - Sel-320(288') 
Dorsal origin to tate~al lln<t 152~195(168) 186-~14(194). _ · 114 · --173-228( 191') ·-
Pel vie insertion to lat. line .- s1..;,1os(98} B9-11o·c 99) 50 89-115(100') 
~Ody Width ·.· 133•142(137) 150-182(16:S} i52 . 137•17'7(153) 
Caudal peduncle depth 105 ... 120(112) 118•143(129) 89 ll8wl86(151) 
Head length 225-247(238} 228 ... 275(269) 80 254-276(264) 
Head deptl:l 149-1,68(157) 102-203(178) 65 172-205(189) 
Snout length _ 64•87(74} '75-91(86} 133 . 69 ... 94(83) 
Eye length 48-63(55) 47-62(54) ... 33 50-73( 58) 
:Fleshy interar'bital 78--94(89) 93-118(105) 123 91-110(102) 
Upper jaw length • 55•66(61) 52-78(68) 70 57-'77(71) 
Ospe width _ 45-56(4-9). 51-'78(63) 93 5$ .. 68(84} 
Dorsal ray heigth 2oe .... 357(24l) 267 ... 325(295) 98 225-355(296) 
Anal ray helgth 159-214(180) 169-188(1'79) .... 14 186 •. 231( 203) 
Anal base l~ngth . ll 7•142(129) 126-143(134) 83 llS.146(135) 
Pectoral ftn length 151-1'73(1G5) 173-189(181) 76 l'75 ... aQO(l86) 

.. Pelvic fin length 147-193(164) · 1e2 .. 1a3(l75) ea· 1.so-194(177) 
Thousands of Bead Length _ 

Head __ depth I eo_s I 585 I so I 7tl7 
Eye length 230 205 · -227 219 
Gape · . . 201 242 -151 240 

Seale Counts: 
In lateral line I 34•40( 39 .• l) 37,.40( 38.Q) 67 36-40( 38,.8) 
Above lateral line 7~8('7,.l) 7 (7} 50 e.17(13,~9} 
Below 1ate~al line 4-5( 4,.8) 5-5(5) 40 5 ... ,6(5.3) 
Around bod7 , 24 .... 26( 25.35) 24-27( 25.4) 1.4 24-2'7( 25, 7) 

Total Ave~age Index 68 

r' 
~ 
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fragile :thvn those of eitheJ:> the hybrid or '.No!r9p!! ~u'.r'Us, 

as shoYm. by their condi t:ion after hav:tng been stored end 

snbjecbsd to handling. The f'ins of whipple-1 became more 

frayed and bent,. principally the caudal .fin, than el ther the 

hybl"id or csmurus. In other respects the hybrids seem to 

tend toward camurus, since the values for some chsre.cte:rs 

exceed 100 end few·er are belov1 O ( 1rable I). rine average 

hybr:la: index value (68) reflects a stronger influence of 

camurus. 

Other m.easurement~1 of the hybrids do not follow the gen-

eral rule that interspecif:tc fish 11.jfbrids are intermed:tate in 

the:lr characters .. Table I shows a hybrid index of 114 for 

the character of the distance from the lateral line to the 

origin of the dorsal fin, but for the distance f:Por,1 the pel ... 

vie inserti•;)n to the lateral line, the index is 50.. Ynis is 

poss:t bl~ because tho h.jrbrids have slightly wider bodies. The 

body <.'rid th in tho1 ; sandths of standard length of' 'the hybrids 

was 10/1000 g!"eater than Notrnnis camurus and 26/1000 g1"eater 

than Notronis :vhip:£.lei. Th.is is only a slight amount,, yet 

signiftcsnt. 

The position of the pelvic fins o:f' the hybr1.d as indi ... 

cated by tl,e prepel vie length shows iriJ:;ermeclio.c.y, hybrtd 

index; 33,. As s. diagnostlc charactet' there is such a sl::i.ght 

ditference between the perent fN"'l:ns that it ls di:f':E':teul t to 

detect.. In the original aescr1ption (Jordan a.11.d tl:eek, 1884) 

the or:te;in of the dorsal fin was noted to be sligb.tl:ir behind 
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the inse:rtion of the pelvic fins. Wo.tropis whip:plei { GiJ?ard~ 

1856) was described as having· the dorsal origin opposite.the 

p,e1 vie 1nse:rtion. This character has not been used for 5.den. 

tificetion in this study~ The cr,,eamy- white basicaudnJ. bar of 

Notrm:,is ca1nurus i11as not mentioned by Jo:rdan and Heek but is 

no\v :regarded as a strong diagnostic ohiaPaeter of eamurus. 

Also in. the hybrid certain characters of the head show 

e.:irtrBme development; that is~ their indexes either rise above 

· 100 or fall below o. lf'l1e e,1erage hybrid index values for 

snout length and. fleshy interorbttal distance ere 133 and 123 

respect! vely. The eye length yielded a minus average inde:t 

value and. :ta,the only eh.a!'act~r, taken in thousandths of 

stande.:r.d length, to do so. 

The eharaeters of heaa length" head depth ano. length of. 

upper je.w gave indexes that are·close to the average index 

for all characters.. T'.ne depth of the caudal peduncle shows a 

tendency towaPd llotrop1s wh1nrile1, whereas. body depth tends 

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

EXTRET>lfE CHAR.P.CTERS DJ HYBRIDS 

In the preceding paragraphs :lt has been ~oted that the 

Notrop:ls .!12:ipplei X Notrop.is oam.t.trus hybrids tend to have 

some extreme chax-acters. The body tends to be slightly wider 

and the eye length less than in either parent. Other writers. 

(Hubbs ~.nd Miller, 1943; Hubbs and Kuron.uma, l.942; 'and others)• 



TABLE II 

FRE(ftTENCIES or COUNTS OF SCALE R14DII 

IW 

}TOTROPIS TIHIPPLEI,_ HYBRIDS,- AND !:10TROPIS CAEIDRUS 

Besed on -adults used in Table I.. Only those :r-·ad:ti reaching 

the seal.a margin ?JEn!"e counted. The sesl.e seleeted was the one 

1-n the next row above the late:Pal line,, dil"eetly above the 

i!lsert:ton of the pelvic fin,. 

hybrid 
Hun1bi:n:> ,:,f scale r,adii no • range ave. ir1dox 

.. 

5 J 7 f 9 11 13 f].5 17 
toi. toJ to to. to ·b·Q to 
t7 t 9 11 ,13 15 !J.7 19 

·-·-- ~~"--"""" -- -
5 a 3 3 l 20 5-18 8.25 

Hybrid 4 5 5 5 1 2v 7-17 10.85. 87 

l 4 51 6 2 1 19 ·-8-.18 12.10 l\T. cf!:murua -
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t r eating hybrid fishes involving characters with excessively 

higl or lo 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 consider tion. 

The fact thnt the eye is small also may be explained as 

an e ression of hybrid vigor. Analysis o some head charac­

ters, such as eye size , snout length and interorbital width, 

also ma be explained on the basis of hybrid vigor. Large­

eyed condition in species 1hich normally have smaller eyes, 

is regarded es evidence of stunting end m.nlnutrit1on . On the 

ot er hand, a fish that is well fed and vigoro s never has 

excessively large eyes . The average hybrid index v l ue for 

eye size is - 33, indicating a tendency toward de crease in eye 

size beyond that of Notropis Nh1Eplei . Snout length and 

fleshy interorbital ~idth ielded average hybr d index values 

of 133 and 123 res ectively and therefore are beyond t he rang 

of Not:rop1s camurus . The fact that some characters yield 

hybrid index values beyond the range of both parents supnorts 

the identification of the sup osed hybrids . 

In regard to the sex of the hybrids little can be re­

ported f r om this study. All specimens of 40mm and up show 

considerable develo~ment of nu tial tubercles, indicating a 

high inci ence of males . owever, in both parent species the 

females have tubercles, but the tubercles re fewer in number 

and less highly developed th n in the males . A considerable 

number of hybrid spec mens were opened in a search for females 
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1i th eggs . None ere found in the collection,, but not all o:f 

the specimens '!fore o enod. 

Interspocific hybrids are ordinarily considered infer­

tile in st least one sex. Notro~is cs.nru.rus X Notronis ~hi;R­

£1e~ males have highly develon-e secondary sexunl car cters6 

at least some individuals r~ robably fertile and• endowed 

with hybrid vigor, could compete strongly in spawning act v­

ityJ Raney (1947) reported six large inter-0 eneric hybr.i.ds, 

Nocomis leptoce2halus (Girard) X £.o,p~s~ ~malum {Rafin­

esque) of which one male and two fem les appeared to be nor­

mslly developed sexually. Hubbs and Hubbs (1931) stated 

that so~e sunfish crosses, endowed v1i th hybrid vigor, more 

than hold their o in competition for food and spawning 

sites. 

Te r ct that the hybrids n proach Notropis camurus, a 

little mor closely in proportional measurements; m~y have 

resulted f rom so e back crossing. ~otrop1s camurus grows to 

larger size than Notropis \'1hip12lei~ but the hy r1 s are still 

large ··hen camurus . There seems to be no ex.plan tion for 

this fact other than heteros!s . Inn study of hybrid flo n• 

ders , Hubbs and .t.1.ronu.ms. (1942) reported cnly t ndency 

to ard the larger arent. 
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SUMMARY 

The considerable amount of recent ork on hybrids empha­

sizes the intermediacy between the parent forms and the 

h'y, rids as shown by the hybrid index {Hubbs, Hubbs and John-. . 
son, 1931; Hubbs, 1940; Hubbs and 111er, 1943; Trautman# 

1948; !tnd others) . Connnonly the hybrid index total average 

1s close to 50 in these hybrid studies , however in others it 

fluctuates oons1derably . Hubbs# Walker and Johnson ( 1943) 

sho total averages for eypr1nodont combinations that range 

fi>om 42 to 66 . The Notro121s eamurus X Notl:'opis whipplei 

hybrids show a total average index of 68, indicating an 

inclination to a.rd Notropis camurus. 

In the years since the completion of G?"eenleaf Lake, 

these two minno populations have been prevented from the 

free movement to ~ome of their previously habitual breeding 

sites and are now forced to breed in a more congested loea-

tion. It is believed that the 1mpoundment of ater on Big 

Greenleaf Creek may be larg.ely responsib1e for the phenomenon 

of hybridization presented here . In so far as known at pre­

sent hybridization between Notropis h11mlei and Notropis 

camurus does not ooeur elsewhere,, in sp1 te o.f' the fact that 

the two forms occasionally occur together in the Arkansas 

River System. Anderson (1949) stated: "The production of 

hybrid swa.rms is limited to times and places in which man or 

nature may have hybridized the habitat . n 



Figure II 

Adult hybrid, Notropis whipElei X Notropis camurus, and 

the parent species . 
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Top: Notropis whipplei , 91 mm., standard length, 

from the Mountain Fork River, c-CUrtain 

County, Okla • . , 
Cente~: Hybrid, 89mm., standard length, from Big 

Green1eaf Ci-eek, Muskogee County, Okla • ., . . ,· 

Bottom: Notropis camurus, 94 :mm.., standard length. 

from the Illinois ru..ver, Sequoyah County~ 

Okla . 
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Figure II 



Figure III 

Immature hybrid, Notropis __ .._p_l_e_i X Notropis ca:murua~ 

and parent species. 
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Top: Notrop1s h1pple1. 51 mm •• in standard length, 

from the Mountain Fork Rivep• cCu:rtain Coun-

. ' 
Cante?-: Hybrid* 5S mm..,. in standard length, from Big 

GreenJ.eaf' Creek, Muskogee County, Okla. 

Bottom: Notropis eamurus, 55 mm •• 1n standard length, 

from the Illinois R1ver1 Sequoyah County. 

Okl.a .. 
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Figur III 
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