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INMODUCTTON

lbny specles, subspectes, races, and. populatlons of flshes

are d.escrlbsd on the basle of anstonleal featurcs. the lerLetLc

charactors of flshes a^re tbe countable and Eerlblly repcated

characters such aar vertebnaer fln rs1nsr fln eplnes, and scales,

Varlatlon ln nerlEtlc clnractere le utlLlzed ln ttre claselflcatlon

of flshos (Sctrntat, L9]l?t Hubbs, L934t Schaffer, L952t l& Hrrgh,

I91\ Vladykov, L95\ Balley and. GoEllne, I955i ilelsel, J.96J-t

Iagler, ot. al. , L)&; Buctranan, L9?3t ad flalLaee, ]r9?3). fhe

varlatlon ln nean nerlstLc counts ald,s the flsherT btologlat tn

deternlnlng recos, populatlone, and subpopulatlons of flshee

(HEuts, lr9ilBt }lc Hugh, L95\ Vlad,ykov, f960l and Bryan, L969),

IntereEt tn the stuily of rerlettc va,rtatLon follored, the

aplreclatlon of raclal Etutllee, Saclal stud.les a,rE ugef,rrl to

the flsherT blologlst and lchttryologlst tn d.eterntnlng llfe
hlstorles, dgratlons and lovcnpnts, fecdlr-rg hablts, and, ranges

of populatlone of flEhes.

Iohthyologlgts oncE thought tlut slgntflcant nerlsttc

d.lfferencee betrreen popul.atlons of flsh rere d.ue to geaetlc

d,lfferences betneen popuJatlons. the ttrought tiren folIofled, thst

d.lfferencee !.n the nunbers of nerlstlc elenents- betneen populatl.one

rere probably due to envlronnental effccte on gene actlon ualega

a genetlc basls for the dlfferencee oould be d,cuonetrat€at

erperlnentalty (ninfne, Lg52). It ls nor bellened, espcclal\r

for ftehce rlth d,leJunat lnpulations, tbat norphologlcal cllaee

ane due to envl:ronmnta1 rodlflcatlon of geae aotlon coupLcd,



wlth actual

1g?0),

genetlc dlfferences (narfowr 1961 and, Fowler,

The ralnbow d.arter, Etheostona eaenrleun ( $torer) , ls a

wlde ranglng specles and. ras flrst recognlzed' as a specles by

Storer ln LEr8 (fnapp, tg6l+). It ls found ln parte of the

lllsslselppl Rlver systen to lforthern Alabana, ln the Ohlo Slver

systen, and parts of ttre Great laksE dralnage basln of ttre

Unlted. States and Canada, Populatlons of the ralnbow d'arter

are also found. ln the upper St. Ianrence and 0ttawa Rlver systens

of Quebec (ttutUe and. lagler, 1958).

Xhe ralnbor darter connonly lnhablts cool, clear water

streans, preferrlng the fast-florlng waterE of stony or gravelly

rlffLes (Scott, L96?).

The obJectlve of thls etudy ls to d.eternlne the honogenelty

or heterogenelty of elght populatlons of the ralnbor darter,

Etheogtona caeguleunr fron f,our tllfferent geographlc reglons.

Thls study 1s based. on the analysls of ten nerlEtlc elenents of

340 ralnbor darters ranglng fron Arkaneas to Ontarlo.

Ibls lnvesttgatlon, ear'rled out wltb the eooperatton of ttre

Unlverslty of 'rlleconsln-stevens Polnt urd,er t{re dlreatlon of

Dr. George C. Becker, ProfeeEor of Blology, lnvolvee four phaeesl

1. Procurenent of opeclnene of @@ g,aemleun (storer).

2, Iaboratory analysls lnvolvlng x-raylng speclnens and.

the countlng of nerlstlc ele[ents.

3, The statlstlcal analysis of nerlstlc characterE,

t+, t?re lnterpretatlon of results.

2



lbgt of thc lltorattrn sutvcy ras done at ttrc Unlvcslty 3

of Arkencac ard. Unlvqrslty of flseongln-l{adlson llbarles.



FiATERIAIS AND HEITHODS

OrlsE of Sapples

Elght collectlons of ttp ralnbow darter were obtalned fron

four d,lfferent geographlc reglons (taUte 1). All colleetlons

wlII be referred, to by sanple nunber (fUUfe f) fn the followlng

d,lscusslon and analXrsls,

Sanples one and. tro were obtalned by conventlonal setnlng

uslng a 10 foot nylon selne rlth f lnch nesh, The seine vas

placed ln the chute of a rtffle rhlle the nrbble and gravel were

klcked and, d,lsturbed, upstrean. The eu:rent th6n callrled, the

speelnens lnto ttp Eelne. Ttrls nethod, eeened. to be verl effectlve

for collectlng aII snall flehes lnhabltlng ttre rlffle 8tr€asr

$peclnene wenE f1xed, Ln Lq6 forual.ln solut!.on for 10 d,ays

and pemnently preeenred, Ln l+q6 leopropyl al.cohol.

I took sanples one a,nd, tro ln October and Septenber of
:

Lg?3, respectlvely, fron titre Uhlte Eiver dralnage of Norttrrestern

Arkangas. SaryJ.e one raa taken fron the Eatst Fork of ttre tlhlte

Rlver located approxlnately f5 nlles fron tlre ette of

sanple tro rhlch was taken fron t*re lfest Fork of tJre lJhlte Blver.

Ttre Eaet and $eet forlcg of the Uhlte River flor together to

forn the Hhlte Rlver rhlch ls ttre naJor dralnage systen of the

Boston l4ountaln lenge. Ttre i{hlte Rlver flows lnto the t{losteelppl

Rlver.

Itre l{lsconsln Rlver sanplee, tbree and four, ileI€ obtalned fron

the Unlverslty of flsconsLn-Stevens Polnt, lfueeun of Natural

Hletory. sanqrres ttrree ard four were ta&en fron ttre Prover and
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i'lew l{ood rlvers, respectlvely, both of whlch are trlbutarles

of the tllsconsln Rlver, the lllsconsln illver flors lnto the

lilsslsslppl rllver.

fianpJ.es 5, 6, /, and I were obtalned, fron ttre Unlverslty

of lllchlgan, lluseun of Zoology, wlth the cooperatlon of

Dr. Reeve Ealley. Catalog nunbere of collectlons are llsted, ln

Table 2.

Dlfflculty ln obtalnlng speclnene froru the Great la.kes

dralnage basln of lllsconEln was erqlerlenced. resultlng ln smller

nunbers of speclnrens per saqrle (laUte Z),

Sanp1e flve nas taken fron a snaLl trtbutary of i{eenah

Creek rhlch fLors lnto ttre Fox R!.ver. Sanrple sLx was taken fron

the old channel belor Park lake Dan whlch Is part of the Fox

Rlver. the Fox Rlver florls lnto Iake illnnebago then lnto lake

Mlchlgan.

$anrple seven was takbn f,ron the Crand 81ver, a trlhrtary of

the firanes Rlver, near Breslau, 0ntarlo. Sample elght was

taken fron the Thanes R!.ver near Thamesford., Ontario. the thanes

Blver flows lnto the iit. Larcence Seanay betwEen Iakee hrron and

Erte.

Detalled geographlc d,eecrlptlonE of saqtJ.es f,lve ttrrorrgh

etgbt rere deterrnlned by t*re author (fUUfe 1) fron lnfornatlon

glven by t}re collectorg. ltap I shors the general geographlc

locatlons of the collectlon sttee.
.

A total of 3l+0 ralnbow d,a:cters, representlng four rnajor

d.ralnage systens, was exanlned, wlttr respect to I0 nerlgtlc

charactere (see page 10).
:
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TABIA 2

SAT.TPI,E DATA

Sanrple
Nunber

Nunber of
Speclmens

Da,te
Colleeted

Catalog
Nunber

I
2

3

4

5

6

7

8

5e

tn

46

53

L8

?9

t+g

39

16rIXr L973

7tXtL973

26tVI r 1958

7 tIX tL973

?LIVIII tL925

ZZtvII tL925

27 rVr 1928

2 rVIIItL927

.--r-

ulrsP lrl*
tJldsP 4335

vura 7353L

Urr6rz T].58L

uvr{E 856a7

uwflz 89033
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x-ray Photography 9

X-ray photography rag utlllzsd. ln d,eternlnlng ttre nunbers

of vertebrae ln the ralnbor darter. Tlre uge of vertobral nunberg

ae a tarononlo charaate: has been lestrlcted bccauge ttre neceeearlr

dlsseatlng reeultcd. ln aevene aariag€ to nrscun apeglacns (neffy

and, Gosllne, L955). ltre x-raX ehp[fteg vertebal countlng,

nakee nore ctaracterE avallable for claesiflcatlon, and. avolds

speolnen dana6e (GoeUnc, 19/+8).

$lncinens ln earples I tlrru 4 nere x-ral€d by the author.

ltre technlgues rEre d,eveloped by e tcial and cr1or procedure,

The flve vz^rlables tnvolved. !.n r-ray photography arer expoauro

tlne, d.lstance fron x-ray aouroc to f,lIn, kllovoJ.ta6c, nllllaqprTagr,

and fllu type (Bartlett ant llacdrlah, 1966). lbe ,x-ray rrnlt rhloh

nas uscd,, thankg to the Unlvcralty of, Arkansae, Departnent of

Physlcs, lc a lfegtlnghouec I50 Ktf Irduetrlal Unlt no, 5?-986

(see Ibble 3).

Ilrc x-ray flln raE loaded lnto a black llghtproof eartcldge

ln a dartmsn. Celloplune xae pleced, over {fie eartrLtge to

Lnen nag ntrnbcrcd.
'

and, eevenal speclnene rere placed in Eerteg on the,oartttdgc

uslng lead nunberg to ldcntlfy eaeh sarplc. Slrclncns nune

x-raled ln elze groups to obtaln best resulta, Ttre beelo

photog$p[y end. devclopnent proaedure follored, ls glvcn ln

Table J. Developracntal tlne rrarled, and, rlas d,epend,ent on slght

d.eternlnation as the negatlveE nere processed..

Sanples 5 tbru I rere r-trJ€d rlth the aselstance of



Ronald Rlgans and Gary tslsplng, of the X-ray Technology staff 10

at St. l,llchael's Hospltal, Stevens Polnt, Lflsconslnr who suggested

the use of soft tlgsue technlque to obtain greater d.etall on

snall epeclnens, Nunbered speclnens welia placed on ceLlophane

ln serLes on the x-ray cartrlfue. Iaad. nunbers rere used. to

lctentlfy each sarple. Speclnene rere placed. lnto elze groups

for the photography proced,ure. Table 4 ltsts cletalls of x-ray

photography and deveLopnent procedure used for sanples J through

8, The soft tLssue x-ray proced.ure Ls far superlor to nornal

proced.ure (fUtfe 3) ln obtalnln6 detall for observatlon of vertebnae

and other charactere

AIl x-ray negatlves were properly Jabeled and stored. in large

envelopes for future use.

Me lstlc Elenents Enunerated

fire nerlstlc elenents counted. reret vertelrae, dorsal eplnes,

d,orsal raFr anal splnes, anal EyBr pectoral rays, pelvlc roXar

pored lateral llne scales, lateral llne scales, and obllgue bod.y

batrs. Countlng technlgues for all nerlstlc elenents excJ.udlng

vertebrae and. obllque body bars rere taken frou Hubbs and la61er

(1958) .

Itre countlng of vertebnae wEul accoltpLlshed by transnlttlng

Ught ttrrough a froEted. glass plate through the x-ray negatlve.

A convex lens ras used to ald ttre oountlng of vertebnae of snall

ep,eclnene. fhe flret vertebna te short€r than tlre followlng

vertebarae but poseesaes a relI developed. neural eplne (ragler, et.

aI,, I)62), The urostylar vertebra was not lnclud,ed. ln the
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TABI,E 3

X-ray photography and developnent procedure

sanples L, 2, 3., 4,

Unttr lfestlnghouse IJOKV Ind,ustrlal Unlt No, 5?-986

locatlonr Departnent of Physlcs Unlverslty of Arkansas,

Fayettevllle, Arkansas

Fl}nr l(odak HPI4 nedlcal x-ray flln (10x12")

E:cposnre | 35KV
?MA

J Second.s
32 Inch He1ght

Developnentl At ?0oF

Developer
Stop Bath
Ftxer
Photoflow rash

4 nlnutes
20 seconds
l+ nlnutes
2 nlnutes
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TABI,E 4

X-ray photography and deveLopnent procedure

for samples 5r 6, ?, 8,

Unltt General Electrlc a00 lrA Medlcal J(-ray Unlt

Iocatlonr St. Mlchael's' Hospltal, Stevens Polnt, l{isconsln

Fllnr tod.ak nf/m-X-O lbt !{a,nnography FlLn

E:qroeurer 10014
5KIll0 Seconds

40 Inch Helght

Developnentr Xbdak 14-6-l{ Autonratlc Developer



vertebral counts, Fbsed, vertebnae were observed. in two speclnens 13

whlch were rejected. Verteborae were counted. twlce at two d.lfferent

tlnes, lf dlsagreenent reeulted a thlrd. and. fourth count was

taken. If dlffe:rences coul.d, not be clearly resolved the speclnen

was reJected. Appnoxtrna+rJ'J IW of the specLrnens photographed

rere dlscarded d.ue to d,lsagreenent ln vertebnal nunbers,

A11 remalntng nerlstlc counts

separate oecaslons. tieeounts were

If dlfferences renalned. ln questlon

taken twlce at two

to resolve any dlffersnc€sr

speclmen Has d,lscarded.

AnalyEls of Data.

Statlsttcal nettrods lrere used to cotq)ar nertstlc oounts

between the elght sanples of ttre ralnbow darter, : rrean, standard.

d.evlation, and standard, error were calculated (Stee1 and Tomle,

fg6O). Slngle factor analysls of varlance (Sned.ecor, t956 and,

Steel and Tonle, 1p50) ras used to conpare merlstlc nunbers.

A11 tests were nade at ttre ffi end, lS levels e3 s{gnlflcance.

Uhere stgnlflcant d.lfferences rer€ noted by analyrls of

varlance the Seheffee l{uttlple-CorparlEon TeEt (Scheffce , LgSg)

raE ueed to iletemlne elgnlflcant d,lfferences b€tween all noans

of cach nerlstlc elenent. ltre problen here iE to d,etenlne

whether tlre nean nunler of nerlstLc elenents at each locarlty

dlffers fron aLr otzhers. l{hen no slgnlflcant d.ifference is
polnted out by analysls of rrarlance, no furttrer analyels ls
necessary (snedecor, Lg56). Eberhard,t (f96S) auggests the

scheffee test as a stattstlcal baslg for nultlple corparieon

of neans. The Scheffee tsst convenlently ranks the neans

were

made

the



ln nunerlcaL sequence and d.eternlnes where slgnlflcant

d.lfferences occur. A11 dlfferences ln the conparlson of ttre

neans were deternrlned to the fi Levej'- of slgnlflcance.

Sln6le factor analysls of rrarlanc€ waa perforned. on all

nerlstlc elenents of the et6ht sanrples utlllzed. ln thls stud.y.

Utrerr slgnlflcant dlfferencos wene found the Scheffee teEt xas

used to obtaln a compatleon of ttre neans,

Slnce the elght saruples utlllzed represent four dralnage

basins, two samples firon each dralnage bastn were pooled ln

search of d.lfferences betreen speclnens fron thE dlfferent

dralnages (faUte L and ltap 1). Statlstleally the accuracy of

pooled, data ls reduced (ttutts and, PerLnutter, L942). However, ln

a study such as thls one geographle coqnrlaons are nocessarle

A graphtc presentatlon of nean nerlstlc counts ls aIEo

utlllzed to ald ln vlsuallzlng trhe reeults (Hubb,s and Hubbs,

l.lg5r, The graphlc nethod, of presentlng d,ata acconpanled by

statlstlcal analystrs ylelds an alnost ldeaL presentatlon of

nerlsttc aata (ffothschlld, L96il

I?re pse of the IBM Flortran IV corputer and the advlce and

asststance of Dr. lred llllpert, of the Unlverslty of Wlsconsln-

Stevens Polnt, Ilata Proeesslng Center, nad,e the statletloal

anaLysle of ttre data presented, ln thls study much Less tlne

consunlng.



nEsutls

Vertebrae

l?re vertebral nunbers of ttte ralnbow d.arters ln t*rle stud.y

ranged. fron 33 lo 3? wlth sanple neans ranglng frosr 35.12 to

36,22 (faUfe 5). Speelncns havlng loweet nean nunbers of vertebnae

cane fron the East and llest Forks of the ifhlte Rlver rhlle the

hlghest nean nunber of vertebnae ras obsewed ln speclnens fron

Neenah Creek (Ftgure t).

Analysls of varlance polnts out a slgnlflcant dlfference ln

nunberE of vertebae between the elght sanples of ttre ralnbow d.arter

studled (fUUfe 13, p, *), A sunnarlr table of ttre slngle factor

anal3nsls of varlance lE glven ln Append.!.x 1. the Scheffee Multlple -
Conparison Test showe sanples L, 2, and I are slgnlftcantly

d.lfferent from all other saqrles conslderea (r&ure 3).

In coqlarlng nean vertebnal nunbers frorn the for.rr d.ralnage

systens Etudled the htghest nean nunber of vertebrae r{as observed

ln speclnens fron tlre Fox Blver dralna6e rhlle the lorest nean

nunber of vertebrae ras obeervEd, ln the lrlhlte Rlver d.ralna6e of

Arkansas (naUfe 5 and Flgrrre 2). Anal.ysis of vailance lnd.lcateE

slgniflcantly dlfferent nunbers of vertebrae betreen ttre etght ralnbor

d,artsr sanples fron the fotrr dralnage eystens consld,ered. Itre

Schaffee l,lultlpl.e-Couparlaon Tcst Shore t}te i{hlte Rlver d,rafura6e

sanples have slgnlflcantly fewer vertebnae than sau;rles fron ttre

Fox, Ifleeonsln, or thanes Rlver dralnages (flgure 3). Ilre Fox

Rlver dralnage sauples exhlblted. a st6nlflcantly greater nunber

of vertebrae ttnn sarnples fronr the l{hlte and, TtraneE Rlver dralnages,

v
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FTGUnE 3

Results of the Scheffee test on nean vertebral nunbers of the
ralnbow darter

Sanple
Nunber Rlver

Sample
Flean

35,80

35,8L

35,00

36,O0

36,22

$lgnlflcance *

2 East Fork l{hlte 35,L2

1 l{est Fork lfhlte 35,22

8 thanes

3 Plover

7 Grand.

4 New Wood,

6 .Fox

5 Neenah

1 & ? t{hlte

7 & B Thames

3 & 4 lllsconsln

5&6 Fox

35,r7

35,75

35,90

36,08

* A11 means lndlcated by ttre sarne rlne are not sfunlflcantly

dlfferent.
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TABTE 5

Vertebral, numbers of the ralnbor darter

Sample
Number Rlver 3334353()37 n x s

I l{est Fork tJhlte 1 13 ?O 22 3 59 35,22 ,90
+'24

2 Iiast Fork llhlte ? 28 11 1 4? 35,V .5?
: +r20

3 Plover 2 LI 2? 6 46 35,80 ,?L
+.10

t* New t{ood 11 3L LL 53 35.00 ,64
+.18

5 Neenah 3 I ? 18 36,22 ,?L
!,74

6 Fox 7 L5 ? ?9 36.00 ,69- 
+,,26

? Grand 1I+ 30 5 39 35,8I ,5g
+,16

B Thanes 3 12 Ig 5 39 35,66 ,?g
+'26

I A 2 Whlte 106 35.t7 ,8I

3 & 4 }Jlsconsln gg 35,90 .68
+.14

5 & 6 Fox 4? 36.08 ,?a
+,20

? a 8 thames 88 )5,?5 ,69
+.14



lrlo slgnlficant dlfference ln vertebnal numbers was polnted out 20

between ttre thanes and illsconsln Rlver d.ralnages or between the

lllsconsln and Fox Rlver dralnages.

Dorsal Splnes

ltre d.orsal splne nunbers of tJre ralnbow darters ln tlrls

study ranged fron elght to ll rlth sanrple means ranglng fron

9,69 onspeclnens fron the thanes Rlver to 10.0J on lieenah Creek

speclnens (TaUfe 6 and F16ure 4).

Varlance analysts polnts out no sl6n1f1cant dlfference ln

dorsal splne nunbers between the etght sanples lncluded ln ttrls study.

Ttre tnterrlralnage corparlson of the dorsal splne nunbers of ttre

natnborr d,arters 1n ttrls etudy lndlcates the F'ox Rlver dralnage

has the lowest nean nunber of dorsal splnee, 9,95, whlle ttre

hlgheet nean nunber of dorsal splnes, L0,05r was fo.und on speclnens

fronr ttre thanes Rlver dralnage (fUUfe 6 and Flgure J).

Analysls of varlance polnts out no slgnlflcant d.lff,enence

ln d.orsal splhe numbers between ttre ralnbow d.arters fron the fonr

dralnage baslns sanpled. (taUfe J3, p, *),
Dorsal RayE

. Ttre dorsal ray nurnbers of ttre ralnbow d.arters i.n thls study

ranged. fron 10 r.o IJ wlth ttre sanple fron Neenah Creek having

the lowest nean nunber of L2,21+ rhlLe the htghest mean nunber of

d,oreal raysr I3.??, was observed. ln the East Fork of the Uhlte

Rlver sanrple (faUfe I and. F'tgure 6).

Analysls of varlance Ehors a slgnlfleant d.lfference In dorsal
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Dorsal splne

Sanple
Nunber

1

2

3

4

5

6

7

B

nunbers of

TA3IA 5

the ralnbow d.arter

23

xs

9,9I ,49
!,12

g ,82 ,59
t. 18

9,Bo .&
t'18

9,92 ,)z
t, oB

10.05 ,40
t'18
g,8g ,66
!.24

9,97 ,37
+.10

9,59 ,46
+.14

River

t{est Fork Whlte

ilast Fork

Plover

t\ew l{ood

I'ieenah

Fox

Grand

thanes

lfhlte

B9
10

L3

11

5

t

13n

59

4'/

1 Lt6

5)

1B

zg

t+g

3e

l0 11 L2

L+t+ 5

74

t+7

29

L5

I

22

t+s

L2 27

1&

3&

5&

7&

I{hlte

Wlsconsln

Fox

Thanes

106 g,B7 ,*
t.i0

gg g.B5 ,50
1.10

t+7 g ,95 .58
1.16

88 9,85 .llg
+.10



ray numbrs. The Scheffee test shors that sanples 3r 4, ?, and 8 ?4

have slgnlflcantly ferer d.orsal rays ttren the renalning sanples

(rgure B).

Ihe conparlson of nean dorsal ray nunbers between dralnage

baslns shows the rlhlte itlver d,ralna6e ralnbow d.arters havlng

13.69 d.orsal rays follgwed by l3.tll dorsal rays on the Fox Rlver

dralnage speclnens, M,36 on tdre thames iilver dralnage spectnens,

and, I?,25 on the l,Jlsconsln Rlver dralnage speclnens (UUfe ?

and Flgnre ?),

Analysls of varlance lndLcates a slgnlflcant dtfference tn

dorsal ray nunbers between the ralnbor darters ln thls study (IUUU

L3, g, 54), The Scheffee lhrl1tple-Conparlson Test lnd,lcates no

slgnlflcant dlfference ln dorsal ray nunbers between the Tbanes and

i,IlsconsLn ltLver dralnages whlle signlflcant dlfferences exlst between

the renalnlng dralna€es (f'lgure 8).

Anal SpLnes

anal

Anal

All ralnbow darters exanlned ln thls study poseessed two

splnes

Rays

Ihe anal ray numbrs of the rainbow d.arters ln

ranged fron flve to elght, fire lowest nean numbr

6,?6, Has obser:rred. ln the lhames Rlver sanple whlle

mean nunber of anal f"J'S r 7 ,0t*, was observed, on ttre

the bthlte Rlver sample ( fUUfe B and, Flgure 9) ,

thls study

of anal x?ys,

the hlghest

Itast Fork of

Varlance analysle potnts out a slgnlftcant dlfference ln anal

ray nunbers between the ralnbow darters ln thls study (IaUle J3, p. *),
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Results
ralnbow

of the Scheffee
darter

F'IGURE 8

on mean d.orsal ray nunbers on thetest

$ample
Nunber

4

3

I
7

6

5

2

1

rtlver

New i{ood

Plover

Thanes

Grand

Fox

Neenah

East Fork

ntest Fork

l{hlte

ilhlte

Sanple
llean

L2,24

)2,?8

L2,35

72,35

13,T3

L3,16

L3,67

l-3.72

lilgnlf lcance

3 & 4

7 & B

5&5
1&?

l{lsconsln

Tlranes

Fox

lfhlte

L2,26

L2,36

13,14

L3,59



2B

TABLE 7

Dorsal rays on the ralnbow darter

Sanple
Nunber Rlver

1 rdest Fork llhlte 1 3 L5 35 5 59 13,6? ,76
' +'20

2, East Fork l{hlte t 14 29 3 t+? L3.?2 ,60
1.18

3 Plover I 32 IL 2 t+6 12.19 ,&
: +r].8

4 Ner t{ood, 3 36 12 2 53 )2,2t+ .5L

5 Neenah 4 ? ? 18 I3,L6 ,?6
+,36

5 16 7 r ?g t3.L3 .?26 Fox 
+,26

? Crand 30 L? I t+g 12,36 ,56
!.]6

8 thanes 2l L6 39 12,35 ,5?
+.18

L a, ? i{hlte 106 L),69 .?o
t'llf

3 & t+ t{lEconsln 99 L2,26 ,62
!,12

5 & 6 Fox t+7 13'll 
'?t++12?

88 J2,36 ,55
+'Lz

? & I Thames



the Scheffee l4ultlple-Conparlson Test shows no slgnlfleant 29

dlfference ln the rnean nunbers of anal rays b*:tween the ei-ght sanples

lncluded ln tJrls study (Flgure 1I).

In conparlng anal ray nunbers of ttre ralnbow d.arters ln

ttrls stud,y between dralna6es sanpled varlance analtrrsls polnts

out a sl6nlflcant d,lfference ln nean nunbers of anal rays (faUfe

L3, p, *), ltre ralnbow d.a,rters from the Thames Illver dralna6e

sanples had the lowest nean nunber of anal rays, 6.82, whlle ttre Fox

Rlver dralnage speclnens had the greatest nean anal ray nunrber,

5,96 (faUle 8 and, Ftgure I0), the Scheffee Multlple-Corparlson Test

lndlcates a slgnlflcantly hlgher nean nnnber of anal rays on

speclnens frosr the Fox Rhrer dralna,ge and no slgnlflcant d.lfferencee

between the renalnlng dralna€es (ffgr:re I1).

Pectoral Rays

iio slgnlflcant dlfference between rlght and left pectoral

rays on the ralnbow darters ln thts stud.y was found. the hlghest

nean nunber of pectoral rays, L3,33, was observed. in ttre l{eenah

Creek sanple and ttre lowest nean peetoral ray nunber, 12.58,

was observed on ttre Grand Rlver sanple. Pectoral ray counts

ranged from 11 to ]4 on the ralnbow darters ln thls study (Ibtfe

9 and Flgure 12).

Analysls of varlance lndlcates a slgnlflcant d.lfference ln

pectoral ray nunbers between the ralnbow darters ln thls study

(tatte 13, p , 54). The Scheffee trrultlple-Compa.rlson lbst lndlcates

no slgnlficant cl,lfference ln mean pectoral ray nunbers between
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Results of the Scheffee
ralnbow darter

FIGI.'RT] It

test on mean anal ray nunber of tlre

Sample
Number

B

7

1

3

4

6

5

2

Rlver

Thanes

Grand.

lrlest Fork l{hlte

Plover

New i,Iood.

Fox

Irieenah

East Fork Hhlte

Sa.mpIe
Flean

5,76

5,87

6.88

6,93

5,94

6,96

7,0a

? ',Qu

Slgnlflcance

7 & I
3&4
1&2

5&6

.

Thanes

l{tseonsln

Whlte

Fox

6;82

6,93

6,g j
6.9?
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TABI,E 8

Anel rays of the ralnbor darter

SarpIe
ilunler Rxver 56? 8 n ; 3

I lleet Fork flhltc 7 52 59 6'88 ,32
+.08

2 ;,EaFt Forlt lfhlte ]. 43 3 t+? ?.ry ,28
!.08

3
+.oB

l+

i +.10

5 . n""* ' : 18 18 1:33 .oo

'. 
' 

i 
.' ' 

' 
';---

6 :Fox 2 26 t 4 6,96 ' ,3L

? Grand 6 t+3 t+g 6,g7 ,32
+.08

I '' ', ,'ihanes
.,. i-:.... , :, , : i +rL6
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Resultg of ttre Scheffee
ralnbow d,arter

f'ICttRE lll

teet on noan pectoral ray nunbers on t$e

Sanple
Nunber

7

t+

I
6

I
2

3

5

Rlver

Grand.

Ner tlood

thanes

Fox

HeEt Fork

East Fork

Plover

ileenah

Sarple
I{ean

L2,58

L2,73

12,79

L3,A3

L3,06

L3,07

L3.L6

L3,33

Slgnlfi,canee

t{hlte

l{hlte

7

3

I

5

&,8

&, l+

&,2

&6

Itranes

l{lseonsln

tfhlte

F'ox

L2,67

12,93

L3,07

13.ltt



Pectoral rays

TABTE 9

of the ralnbow

37

ig

L3,06 .ll8
!,w

1.3,0? ,63
1.18

L3,r6 ,46
1,14

u.73 .53
t.14
L3,33 ,W
!,20

L3,03 ,6L
t,22

12,58 ,45
!,L2

12,79 ,I+6

1.14

d.arter

SanpIe
Nunber

1

2

3

l+

5

6

7

B

lllver

tlest Fork t{hlte

East F'ork Hhlte

Plover

Ner lfood

Neenah

Fox

Gmnd

thanes

11 J2 L3 14

5 rll 13 59

30

28

?0 28

11

L5

z5

25

11 47

14 46

553

?18

829

4g

239

24

12

1&2

3&t+

5&6

7 & I

Whlte

l{lsconsln

F'ox

Thanes

106 L3,A? ,55
t. 10

99 JA,gj ,ru
t'r0

l+T r3,lll ,57
+.15

88 L2,67 ,47
+rl0



Baqples, 4, ?r Bl 1, 21 41 8; Ir 21 6, 8l and. l, 21 3, 5, 6 38

(rreure 14).

Interdralna€e nean pectoral ray nunbers ranged ftom 12.67

on speclnens fron ttre I?pres Rlver dralnage to 13.11+ on Bpoclngns

fron the Fox Rlver dralnage (tUUfe ! and Flgrrre 1l). the Scheffee

Mu1tlple-Conparlson Test lndlcates ttre only slgnlflcant dlfference

ln nean pectoral ray nunbers ls between the ltrames Rlver d,ralna6e

sarples and {:he ttrree other dralnages saupled. (ffgure f4),

!_elvlq Rgys

$lx pelvlc rays rere obsenred. ln bottt the rlght and left

pelvlc flns of all ralnbor darters tn thls study.

Pored lateral tlne Scales

Pored. lateral Ilne scaLe nunbers ranged. from lJ +n 35 Ln

the ralnbow darters observed ln thls sttrdy. A mean 1or of

25,75 pored. lateral llne scaLes was found. ln the Fox 81ver eanple

rhlle a nean hlgh of 28.43 nas found ln ttre Plover Rlver sanrple

(fatfe 10 and Fl€ure 15),

Analysls of varlance lndlcateE a slgntfloant dtfference ln

the nnnbers of pored, Iateral ltne seales betreen the ralnbow darters

1n ttrle study (feUf" L3, p, *), the Scheffee Multlple-Conparlson

Test lnallcates that sLgnlflcant d,tfferenees ln mean pored Lateral

llne scale numbers exlst between sanples 3 and 5 (Ftgure U).
Itre lnterdralna6e nean number of pored. lateral 1lne scales

rangeif. ftom 26,21 ln the ['ox Rlver dralna6e to 2?,9t ln the

'dhlt€ RLver dralna6e (fUtfe L0 and Flgure 15). Analysls of
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Results
nunbere

of the
on the

FIGT'RE L7

fieheffee test on trcan pored lateral Ilne
ralnbor d,arter

SanpIe
Nunber

6

5

I
4

?

2

I

3

Rlver

Fox

Neenah

thanes

New tlood

Grand,

East Fork tfhlte

Hest Fork t{hlte

Plover

Sanple
!{ean

25,7 5

26,9t+

27,O?

27,39

2?,t+6

2?,80

28.00

28,1+3

Slgntflcance

5&6
7 & I
3&4
1&2

Fox

firanee

llleconeln

l{htte

26,2L

?7,29

27,87

?7,9L
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Pored lateral llne scales of the ralnbor:darter
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varlance lndlcates a slgnlflcant d,lfference ln pored Lateral l+3

Ilne scales on an Lnterdralnage conparlson (taUle 13, p, 54). Ihe

d.lfferences ln nean pored. lateral llne scale nunbers exlsts between

the Fox Rlver dralnage, the l{hlte Rlver dra1na6e, and ttre l{lsconsln

Rlver dralna6e (Ffsure 1/).

IateraL tlne Sca1es

Iateral Ilne scal.e counts on the raLnbow darters ln tbls

stud.y ranged fron 37 fo 52 wLtlr nean lateral 1lne scale nunbers

ranglng fron 4),28 ln the Plover Rlrrer sanple to 46.08 tn ttre

$est Fork of the i{hlte Rlver eanple (taUte 11 and. Ftgure 18).

Varlance analysls lndlcatee a slgnlflcant dlfference 1n

nunbers of lateral llne scales between tJre el6ht sarpLes of the

ralnbor darters ln tlrls study (natfe 13, p, *'), the ScheffeE

Multlple-Conparison Tegt lndlcateE that elgnlfleant dlfferences ln

nean lateral 1lne seale nnnbers exlEt betreen sa4lle 3 and L, ?, 6,

?, 8t and between sample 4 and 1, ? (F$ure 20),

Interttralna€e nean lateral llne scales on the ralnbow d,arters

ln ttrls study range fron 4),55 ln tlre hrlsconstn Rlver dralnage

speclnens to I+J,75 ln the Uhlte Rlver dratna6e speclnens (faUfe

11 and, f'Uure 19). Analysls of varlance lndlcatEs a elgnlflcant

d.lfference ln laterel ltne ecales on the ralnbow darter sanples

stud.led between dralnages (feUfe 73, p, *). ltre Scheffee ilultlple-

Conparlson Test lndtcates a slgnlflcant dlffer€nce ln nean lateral

llne scale nunbers on the ralnbow clarters sa^rnpled betneen ttre
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rlctrnB 20

Restrlts of tlre Schcffee tert on rean lateral lLne ecale nurberE
on the ralnbor darter

SaryIe
Nunber Rlver

3 Plover

4 Ner llood.

5 Neenah

I lhanes

5 Fox

Saaple
llean Slgnlflcance

")Lrj,z8 t

43,81+

L*,33 |

t+5,00

45,t?

2 East Fork tthlte tr5,34

7 Grand 45,95

1 l{est Fork t{hlte t6.08

t+j,SB

tt4,8S

t+5.5i

l+5,?5

3 & t+ Hlsconstn

5&6 t'ox

? & 8 thames

I & 2 Hhtte
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Wlsconsln Blver dralnage and, t[e renalnlng draltrages stid'ted'

(rrerrne eo).

ll8

Obllque 8o+J Barg

Nqnbers of obllque body bars on the rainbor d'arters of thls

stud.y ranged fron seven to 13 wlth neane of 9.?L on the Plover

Rlver speclnens +n LO.?? on the Neenah Greek specLnens (fUtfe

12 and FlgurB 21).

varlance analysls lndlcates a slgnlflcant dlfference ln

obllque body bar nunbers between the ralnbor dartere ln ttrLe etrrdy

(faUfe ]::', p, *), The Scheffee ltl!.t1p1e-Corparison Test lnd'lcates

tlrat slgnlflcant cLlfferenceE !.n nean obllgue body bar nnrbers exlst

betreen eanples LrZ, 3, b, ?, I antt 5, 6t and betreen samples

L, 2, 5, 6, 8 and, 3, 4, ? (rfeure z3).

An lnterdralna€e Coqrarlson on nean obllque body bar nunbere

on tlre ralnbor darters ln thls stgd'y ranged' fron 9.?1 ln the

11lsconsln R1ver dra!.na6e speclnene to 10.65 ln t*re fox Rlver

ii1ralnage speclnens (fUtfe 12 a16. Flgure 22). Varlance analysls

EhOrr a slgnlf,lcant d.lfference ln obllgue body ba^r nunbere betneen

ttre ralnbow dartere ln ttrts study (naUU 13r P. 54)., the Schef,fee

l{ultlple-Conparlaon Test lnd,lcates the nean obllguE body bar

nunberE ls slgntflcantly dlfferent betneen the ilhlte and' flgconsln

Rlver dralnages, between the Fox and. tllsconsln R!\rer dralna6es,

and. betneen tlre Fox and, lbenee Rlver drafuuges (f'Urrre Z3).

Sunna,ry

No var!.atlon in anal. splne numbers and. pelvlc ralr nunbers

ras found atnong ttre ralnbor dartere ln ttrls sttrd'y. Regults of
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Results of, the Sehsffee tcgt on ran body bu nunbcrs on the
ralnbor dartcr

Sarrple Sanple
Nunber Rlver l{ean Slgnlflcanee

3 Plover 9,7L

U New l{ood 9,?L

7 Grand. 9,73

10.15I ftrares

I lfest Fork Uhltc 10.20

2 East Fork fhlte l0.l+2

6 Fox r0.58

5 Nccnah L0,??

3 & lr flseoneln 9,?l 
I

?&8 l'hance g,g2 | |
IL&2 Uhltc 10.30 ' I

5&,6 Fox L0,65



Body bam

TABIA V

of the ralnbow darter

52

nxs

59 10.20 L,zL
!,32

4? 10,42 1.oo
t,28

t6 g,?L 1,a5
t'30

53 9,7L 0 ,95
!,26

1.8 LA,?? 1.I8
!'56

29 10.58 0.89
!,92

trg 9,73 r.l2
!,32

39 10.15 0.6
+ r1g

Saryle
Nunber 81ver

Hest Fork
l{hlte

East Fork
I{hlte

Plover

New lfood

Neenah

Fox

Crand

thanEs

910

820

9L7

lrl L5

2t+ 18

22

3 1.1

L3 18

718

lt 12

L97

1l+ 6

g2

5Ll-

93

105

102

lt2

78
32

6

2

I

?t+

tI

I&2

3&4

5&6

7 & I

Uhlte

I{lsconsln

thanes

106 10.30 1.13
!,*

gg 9,7L 1.00
t,20

tt? L0,65 1.0L
t,3O

88 9,92 1.03
!,22



analyBlB of varlance (s,Ute 13) hllcateg ttrc nost el'Snlflcant 53

d,lffcrencas found ln tlro ralnbor ilarters tn thle sfidy oocur ln

tlre dorsal ray ntrnbere and. lateral llne scale numbers. No

slgniflcant dlfference ls ldlcateal ln dorsal, splne nunbers of,

the ralnbor darters shrd,led.

Xhc hlghest rean nrrabr of nerlstlc elenents on t{re ralnbon

darters ln thle stucty nae obeeryeal ln specloens fron Neenah Creek

Ln three out of Bcvcn Derlstic elensnts ahorlng elgnlflcant va,rlatton

rhlle tfie hlgfteet rcan nunber of rerLetlc elenents fles obeereed

ln speclnens froa ttre leet Fork of the Uhlte Rlver ln tno out of

the geven nerlgtlc elenents shorlng algntflcant varlatlon.

Ttre lorleet nean nunber of nerlstlc Elelents ras obgswed ln ttre

Ploverr Rl.ver speclneas ln tro out of seven nerlstlc elenents

showlng slgntfleant dlfferetlcse r

In an lnter{ralnage cyste! aoqprLson the Fox Rlver dralna,5e

sarylcs of tzlre ralabor al?fi€r ln thls etuily hail tlrc hlghest ncan

nunbor of nerlstlc elemnts ln four out of ttre aEvsn nsrtsttc

elensnta shorln6 elg4lfleant varlatlon and the l{hlte Rtver dralnage

speolnene sholted the hlgtrest neanB ln tfirec out of seven mrlstlo

elerents Bborln6 Etgnlf,loant dlfferene€sr Both the }Ilsconeln ard

t{hlt€ Rlvor eUralna,ge qpecttnens had thc lonest nean Deirietlc elercnt

oounts ln tlrree out of scyen rnertstlc el.erents showlng elgnfleant

diffslences.

ltlftln dralnage sa4l!.ea of the ralnbor da.rter ln tilg study

have nean nerLsttc cturacter nunbers rhlch llc next to eaah oiltcn

ln nunerlaal eequen@ ltr 16 out of tle &2 poeelble sequencsB.



*

TABLE 13

EeEuIte of Analysls of Varlance +

F-Fat10

Corparleon between Coqrarison.betregn
a1t I eauplcs dralnages (4).

Saqtl.ee conblned
Charaoter rlthln dralnagee

vertebrae L[.08** 2l+.50**

Dorsal $plnee L.62 o,t+s

Dorsal Eays tt4.09** l:03,-97r*

Anal Raya 2,55* 3,05*

Pectoral Rays ,5?# IL.lr7**

Pored lateral Llne Sca1es 3,45*x 5,67**

Iateral Llne Scales g,28xx

Obllque Body Bars 5,3O*x I0,?I**

* Slgnlflcant at S% leve1

*'* Sl6nlflcant at W level

+ Ihls table ls a sururary of Appendlx 1



DISCUSSION 55

It ls evLdent that slgnlflcant nerlstlc rrarlatlons exlst

betreen populatlons of tlre ralnbor darter. Theee varlatlons

exlst bottr on a LoeaL level and a reglonal lenel. The anal oplnes

and pelvlc rays app€ar to be verTr eonstant and. only sltght varlatlon

1s noted 1n the d.orsal splne nunberg. Yet varlatlon exlsts ln

the seven renainlng nerlstlc el.enents studled on the ralnbow

d.arter;

Sone gf ttre posslble causes of nerlstlc varlatlon of ttre

ralnbow d.arter are genetl,c gradlents and envlronnental gradlents

such asi teqr,erature, llght, d,lsEolved gaBes, pH, and salinlty

(narror, 1961).

C'enetlc d.lfferences ln popuJatlons of flsh can cause d,lfferences

ln nerlstle characters. Uatll ttre earJ.y 9r0's lt res tlrought

that any nerlstlc d,lf,ferences t{ere dete:mlned by genetlcs. It
nor hae been shown ttrat envlronnent ean change uerlstlc elsnents,

and that nerlstlc dlffenences nay be due to envlronnental changes

(narlor, 1961). lbre rork has been d.one on envltonnental, lnfluencee

ttran haa been d.one on genetlc LnfLuences. Forler (fgZO) says,

"I knor of no genetlc experlnent d.enonstratfur6 d.lrectJg the exlstenoe

of genes goverrrtng a certaln range of vertebal runbers."

He goes on to state that lndlroot evldence ls alL that ls

avallable, bnrt sotr€ of ttrls 1g falrly good,.

t{rny auttrore have notlced a relatlonehlp betreen nerletlcs

of lnrents and, of prngenJr. Gabnlel (fgt*) h hft tenperature

erperlnents rlttr Fur4ulns heteroclltus found tbat offsprtng of
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parents nlth hl€h v€rtebral counts had ht€h Yertoba1 countar 56

and offqrrlng of ltartsnts rlth lor vefrefugl coutlts had lor

vert€foal counta, Sehnld.t (1919) eays tte nuuber of d,orsal fln

rays ln ner born gupples le hlgh or lor dependlng on tlre parentage.

Dlffernent palrs of parents rere ralsed nnder ldcntlcal condltlonat

and t5e offsprlng of the d,lf,ferent llerents had d,tffelent vertebnal

1r€€rtrBr $tcam (fp$f) and, ElELer (fggf) bottr found, tnat Proggny

of dlfferent pa,rents shored dlfferent amtlrts of varlatlon whleh

naE attrlbuteal to sUgbt glnetlc d,lfferences. Separate races of,

one apecieE rralsed und.er slnLlar aonttltlons shored dlfferencee

in nerletlc chancters (Heutel- L99). Hyblds betreen tbeEe

races have lntonrealt^ute nunberB of elenents. Ttrls muld suggest

there ls Eone genetlc d.tffcrence betreea races of ttre ea'ne epecles

and thle would' partlally explaln t'lre nerlEtlc varlatlon noted ln

thls sfird,y.

The lltarattrre cOncernlng erqrerlnents deslgned to actually

d,eternlne rhat genee cffcCt cer"taln rerlstlc eharactcra ls

scanty, Ba,rlow (196I) oltee Golovenskiya rho found' a nrtent

gene !n a aa.rl, (Crtffrrue spp.) trhat could. d'ecrease tbe nruber

of fln rurygr acaf,€sr and elll raksrE. Hubbs (I95il elyB hc fourd

a slngle gene ln Ganbrusla afflnl? that controls both the nunbcr

of d,onal fln rays erd, tlre nunber of anal fln rays, Gorrlon

(Aarbr, 1961) questions ttre flndlngp of ltubbs, anil tblnkg lt lE

nultifaoton lnlrerltanee ratlpr tltran actlon of a elngle gen€.

Forler (fg/O) oltee Seluoeder rho etudlcd the tnhcrltance of dorsaL

fln ray nuntcrs ln tlottlenPsli ard conclrd,ed tlPt lt rns lnlygcnlc



inherltance. lfuch none rork mrst be done ln ttrLs area to d.eterulne 5?

tJre genetic lnflucnce on the deternlnatlon of nerlstlc nunbers

ln flehes

Barlow (fgef) cltes Sge rho gave lnforrp,tlon as to Eelectlon

for a spectflc vcrtebml. nulbet. One e:cpcrlnental lnpulatlon

had. lor vertebnral nunberE xhlle a second, popuJ'atlon had' hlghcr

vertehl nunbete. ttrese populatlons were nlxed. and allored to

lntErbeed. Ttre flret faw yea.r classee, resultlng fuon cnoEses

betreen theee two pop'ilatlons, ehored, a elt€ht lnorease 1n ttre

ntrnber of vertehe fron year to f,€oJlr Tlren tltre nean for each

year clase st€rt€d. to decrease and stablllzed. at a lower I'evgl,

He rcallE€d tbat tlrew had bcen a graduel change tn tlre genotJTte

of t*rese flgh. 0bvlously sorctblt€ ras selectlne for the fish t'hat

had lorer vertebral nunbers. l{o epeclflc faetor or factors fl€r€

postulated as tbe cause of ttrlg natural selectlon. Balley aad

Gosllne (tgSil found. ttrat natural eelectlon can reduce tlre

rrartablllty of vertebnal nunberg ln the percld f,lshes.

Soott (lnZ) suggeeta that ttrers nay b a gsnetlc bagte to

nsrlstlc varlatlon. Sand lancee nere collected.,fnom 12 places

ln tlre NorthreEt Atlantla. Slgnlf,lcant dlff,erenoss w€re f,ound ln

dorsal flns, anal flng, and, vertebaral nunbetE. The tcend wae for

nerlstle cluracterE to lncreaEe fron soutrh to north. Scott (tgZZ)

satrns that part of tie va:rlstlon raE d,ue to teqnrature ohanges,

lh,PhelL (tg6il rorked rLth poputatlons of trtre nlnesptne

stlekleback, PunsltluB purultlus, aI1 over l{orth Anerlca. DorEal

splne countE varled, fron Eeven to 12 ard. SlU rakers varled, fron



10 to 15, No north to soutift cllne was d.etennlned for any of 58

t6e nerlstlc cha,racters studled,. He postulat€d that ttteee varLatlons

rere due to separatlon of ttre popul"atlons by glaclal actlons,

causlng allopatrlc foms.

T!flng to separate ttre effects of genetlcs fron the effects

of ttre env!.ronment on ner!.stlc characters la very d'lffleu1t'

These two factors rork together to produce nreristlc dlfferences.

Fowler (fgZO) says ttre range of nerlEtlc d,lffereneeE ls d.eternlned.

genetlcally but ttre actual nurnber ls d.eternlned. by the envlrounent,

I€nfurS OSSZ) says ttre envlronment lnfluences the genottrpe durlng

ttre phenocrltlcal perlod and produceE varlous phenotyplc elq,resslong.

8arlow and, Hubbs (Barlow, 1961) a4rree that a species gene pool ean be

aLtered. by ttre enylronrnent. They also say t*rat an altered. envlronnent

can produce adaptlve changes ln the organtsn, and these ehanges

ttrrogb tlne nray becone genetlcally flxed'.

Vertebnal nunbers of ttre rainbor darters ln ttrls stud.y lncreased.

to the north. No o{:her dl-etlnct latltldlnal c}tne ln uean

nerlstlc nunbers of the ralnbor d'arter le noted.

fn sone cases greater nerlstlc varlatlon ls noted' on an

lntr:adralnage level coqnred to ttre tnterdralnage lerrel, Ieadlng

to the ooncluEion tbat each nerlstlc elenent ls lnfluenced

lndependent of all others

A greater nurnber of d,orsal raln of the ral'nbow d.arter ls

present ln the ithlt€ Rlver dralna€e sarpJ.es. itnapp (196t1) suggests

ttre exlstence of posslbl.e subspecles of ttre ralnbor darter fron

the Oza,rk dralnagee due to d,lfference ln dorsal ray nunbers.



It ls suggested, that ttre phenotype of ttre ralnbow tlarter 1s

lnfluenced. by envlronnental factors, dlrlng ontogenyr and tts

genetlc corposttlon, Spatlal and tlrne sepa^ntlon can also be

postulatect as factors causlng nerlstlc varLatlon in ttre ralnbor

darter.
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