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\ ABSTRACT B
Pr1ncipa1 co-ponents and canon1ca1 variates analyseS'ef

8

hybridxzxng Couesxus ;ln-beus (lake chub) and Rhini chthys s
gataractae (longnose dace) from Upper and LovenzKananaqkls
Reserv01rs, Alberta, usan 21 lorphologlcal characters,

-

revealed tvo parental qroups bridged’ contlnuously by an
9

lnternedlato hybr1d group. Th1s %prpholoq1ra1 overlap

betveen the hybr1ds and the parontal spec1es 1nd1cates that

1t is not always p0551b1e to p031t1ve1y 1dent1fyA'pure'

parental 1ndlv1duals from the Kananaskis. Neither backcross
.nor hybrid F2 1ndlv1duals could be 1dent1fled from the

nalyses, althduqh the Kananaskls R, cat ctae shoued

effects sUggestlve of 1n+roqr0551on, relaf1ve to known R.'

catarac;;e from Hldespread Alberfa localltloq. R, cataractae

DSBS —2 2l e e e e e e

has also decllned in numbers rela*1ve to C. glnmbeus 51nce

— . > oo

o e —— o —

last studxed in 1961. 'C, plumbeus doeq not shou s;mllar
ffects suggestlve of introgr e551on.

Ce glunbens, R, catarac g_g} and their*FT hybrids were
electrophoretlcaxly examlned for f1ve different prote1n
syste-s. Only the seruu prealbulen bands proved fo be a
rellable blochemlcal marker for ‘the dlstlnctlon of ‘the tvo
spec1es. P1 hybrlds can be identified by the presence of‘
both parental prealbunen bands. A |

\, The effectéveness of the species! reproduetiVe'
1solat1ng lechanlsls vas studled An Loverﬂxananaskls
Reserv01r. Segregatlon in spavnlng time and hablbat vae not

'»apparant. There was conplete overlap in fhe sprlnq spavnlng'“’



O
perxod of the tvo species, ‘and hablfaf isolation was absont.
'1n ‘all areas studied except one inlet strean. Artif1c1a1
crosses of the spec1es, exanxnatlon of hyhtld sex products,_
and life history dafa shoved no effective. pos*latlng
isolation. The. exxstence of distlnct species' qpec1f1c
'nating Uéhaviors vas not conflrned HSvevor, etholog1ca1
1solat10n is inferred to be 1mportant 1n n1n1n1zxng this,
hybridization;'3ybrid‘fértility was not experimentally

¢
confirmed.

A1l of théﬁfééoghized environmental faCtors uhich'
facxlltate ‘the dlssolutxon of ;pec1es' 1solat1on appear to
be 1mportant in causan this" hybrldlzatlon. This 1nc1udos
[env1tonnental d1sturbance, pauc1ty of spaunlng areas,
spec1es 1ntroduct10ns, and rarlty of one parpntal species.
It does not appear possxblp to single out any of theqe

factors as~hav1ngatha major role in facilitating

‘Ahybridization.
~ . .

o




‘ PREPACE ~ A
- : ) . ) .

"That old and true metiod of Natural Hié{bry -
observatlon - nust ever have a larqe share in the study of
living th1nqs. Together they aré onn1pofent- dlsjo1ned they

\gbecone 1npotent fet1shes. Bloloqy of today, as we are

'beglnnlng to r9a11ze, has not . too much 1aboratory but too

little of 11v1ng Nature.,

/

'C.0. Whitman (1902)
Biological Parm.
BiOl. Bullo ."at. Biol. Lab. A

-Hbods Aole 3: 21&-22u;
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(r=0.99) Cxr - 33 C: plumbeus x R, cataractar

hybrids (r=0.98) from LéﬁerHXQnanaskiS‘ReSefvoit

.. Pecundity reégessipns for 25 Couesius piugbeus'
7 (C) (r=0.80) and 20 PRhinichthys cataractae (R

—— s - o S e S e o - — .

{r=0.70) from Lower Karanaskis ReServoiCececsss.

/

~
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LIST OF PHOTOGRAPHIC PLATES
Description

Pale Coue51us plumbeus capfured at helght of
spavning period, mid-June, 1978, from Lower
Kananaskis Reservoir. \

Ve
e

\ I

—— s — o  o— - —— v ——

spavnlnq .period, mid- June, 1978, from Lover
Kananaskis Reservoir.

Male ﬂhlnlchthys cataractae captured at helgh*
of spavning perlod, »id-Jure, 1978, £rom Louer
Kananaskis ResetVO1r (Infnrlakes ¢+ream).

N

Pemale--Rhinichthys cataractae capturcd a* helght

of spavning perxod, aid-June, from Lower
Kananaskls Resetvoxr (Interlakes G*r@am) it

‘adult male, Couﬂ§1us g_unbaus x PhlnlChchS

—— e e o

cataractae, captured at height of spawning

—— ————— A ——

" Page

period, mid-June, 1978, from Lower Kananaskls

Reservoir.

Top: Couesius plumbeus (male);. Middle: Couesiu
plumbeus x Rhinichthys cataractae (male); '
Bottom: Rhinichthys cataractae (ma!&). All
spoc1mens captured in*1977, in Lover Kananask1
Res¢rv01r. - - , "

e

4

Electroshocklng the 1ower reaches of ‘
Smit h-DorFien Creek near its mouth on Lower
Kananaskis

east).

Interlakes Stream ‘at.south end of Lower
Kananaskis Reservoir (look1ng soufh), in early
June prior to cyprinid spawning peak. .

us

S

~.,

Reservoir, early May, 1978 (looking .
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I.,,(.«GEIEKA'L INTRODUCTION

PN

fnterspec1f1c and 1ntergen°r1c hybrldlza*lon -are
frequent pheno-enzkalonq northern tenpnraf freshvaf;c fish
" species, espe01a11y the cypr1n1ds (Hubbs, ﬂ?%%).
Hybt1d1zat10n -~ defined here as the sucégssful rOproductlon
betaeen-two species (sensu Mayr, 1069)_follov1ng secondary
cong;ét - poses iﬁterestinqiprobléms and makes contgibhtions
to séieral.lévels of study, tanqing‘%ron systematics and
évplution to,ecpquy and~habi£at hgnaqement. ,

»At‘{he taxonoﬁic levél pﬁfative hyﬁrid individuals
pose a uethodologlcal problpm of 1dsnt1f1ca*1on,
Traﬁltlonally, hYLrldS have boen identified by tholr
1nterned1acy in those characters vhlch d1scr1m1nate the
.parental spec1es (Hubbs, 1955). HOther,‘the wild-c auth
hybrld 1nd1v1duals arevnot aluays sfr1c+1y 1ntermed1afe
"betveen %haf of the parental Spec1es. Certain morphologlcal
_ characters of hybrlds nay be 1dent1ca1 fo, or approxlmatn
those of One.pa:ental-type, or they may be bcyond the range -
‘of eithecfba;ehtdl type (Hubbs and Stravn, 1957). The
difficulty of discfininatiﬁq hybrids in é viid¥caught
‘-.collection from bcssiblé uncommon parenptal variapts'is

 qaditiocai1Y chpiicated bycthe possible‘presencevcf

~béckcrosses‘and fncéher hibrid generatioﬁs. Thesé
difflcultles have been largoly 1gnored 1n most pfev10us
taxonon1c 1nvest1gatlons. The 1nadequdry of tradltlonal

v'hybtid index;statlstlcal techn1qnes (Sn1th 1973) may have

contributed to this.situation. Hu1f1vafiat9 staflst1ca1



' nhave not yet been subiected to intens

'technlques have been advanced to overcome these problens of

\

hybrld 1dent1ficat10n, by naxlnlzlng the Separatlon of

parental taxa, and by revealing the\possible presence of

backcrosses (Colgan _; al.,1976- Smith, 1973). Such claims
qL scrutlny. : !

Apart fron a purely norpholoq1ca1 1dent1f1cat10n of

\

‘hybrld Lndlviduals, the taxonomist is preson*ed'wi%h’*ho
p0551b111ty of. dlscrlmlnatlng hybrlds ujlng single isoanzyme

characters, ThlS offers a second set of dafa vlth whi?h\*o\\\\‘

test the 1n1t1a1 1dent1f1caf10n.
At thevevolutlonary level of study, two hybrldlzlng

populatlons may be expected to underqo observable and

>

stathtlcally 51gn1f1cant evolutxonary chanqes if hybrld

fertility occurs (1 e., fus1on or character dispTMcennnt),

- The investigator is presented with the prqblem of
. ‘determining the magnituﬁe and direction of such changes if:

t hey exist. Such an apordach can contribute to our
undets+and1ng of evoluflon, but only wlth the avallablllty
.of adequate past spec1lens from the area of hybridization.
fAt the ecological leVel it is necessary to. determlne_
1f and how enz&ronmentalhfactors were respon31b1° for ‘the
dlssolutlon of the. spec1es' reproductlve isolating
nechanlsus. HybridiZation lay indic te a vide overlap in

"

those conponents=of the soec1es' nlches concerning habltat

{

preferences and spavnlng hab1ts. Also, the long-tern

viabil1ty of hybrld 1nd1116uals has implications for fhe
<

strength of conpetltlve 1nteract10ns betveen the spec1es 1n




an area of hybridiza*ion. Accunulating evidence suggests
that hybrlds succoed in en11ronnents vhere conpot1t1on from
parental phenotypes is veak (Hooro 1977).

Disturbance of the aqua%ic‘envitonment, either

naturally .or man-induced, is a prlmary cause of fish

v

“hybridization (Hubbs} 1955). The oscalat1ng manlpulafaon of
our lakes~and rivers for reservoirs and other dovelopmonr
Vpurposes poses a threat to .the inteqrity of the resident
fish species. At the pracfical level then, hyhrldlzafion
studies 1nprove our understandlng of how environmental
changes dlrectlv anecf spec1es, anﬁ may contrlbuto fo tho
mltxqatlon of e}fects of future development,

Se{/ral problems at these levels were nndcrtakpn in -

‘this study of hybrldlzatlon between Couo51us Qlumbeus

(Aga551z) angd Rhlnlchthys cataractap (Talonc1ennes) in Unper

ang Louer Kananaskls Reserv01rs, Albarta. At tﬁe taxonomlc

level, thlS study presants the first nultlvarlatp

.statistlcal analy.es of external morpholo 'cal»dafa; it
vexamines hybrid variabiiity‘and invégzzégzls fhe“poscibglity
.of hybrld fertility, In so d01ng, the effecflveness of J
nultlvarlate technlques to yield quch information can bhe
“practlcally evaluated. To corroborate the‘hybrid
identification byvnorphologf; an. elec*rophoretlc analy51§ of -
.the populatlon vas 1n1t1ated The p0551h111fy of phenotyplc
changes in the Kananaskls populatlon, evolv1ng over 17 years

‘of known hybtldlzatlon, ‘is also exanlned. The ecology of

spavnlng populations, the effectlveness of the 1soraf1ng



nechanlsIQ, and the results of art1f1c1a1 Cross experiments

are descrlbed in” order to ascertain the causes of

hybtldlzatlou. As a consequence, this research prov1des the
“First thorough reprodu;?ive and life hlsfory data for these

species from Alberta. , \\\

.



II. STUDY SITE

-

The Upper and Lower Kananaskls Reserv01rs are located

‘appr011nate1y 50 km south of the confluence of the

Kananaskis and Bow Rlvers, and vithin 5 km of the headwaters
of "the Kananaskis River at the contrnenfa] d1v1de (?1q. .

Both reservdirs~cover original mountain lake basins. The

-Upper Lake was the flrsg to be modified vith the

constructlon of tvo hydroelectrlc dams (Inferlakes) in.1936
and 1942. The Lower LaKe was 1mpounded in 1955, by thé
Pocaterra Dam. A detailed descrlptlon of the hls*ory of
hydroelectrlc development and the storaqe characterlstlce of
these reservoirs is provided hy Nelson (19A7).

Water is stored during the sprlnq and summer run-off

and released through the fall and winter to qenerare

electr1c1ty. The Upper Peserv01r is fthe last to be filled

and the flrst to be dravn down, \Both reservoirs follov the7

'Sane.annual cycle of level fluctuations: extreme h1gh in

OctOber and extreme‘lov'in April. The amoun+'of vater dravn

down in late vinter is regulated accordlnq to %he amount-of

\\\\sngg\all accunulatlon. Thus, the amplltude of reserv01r R

level\\Iuciua+1ons may be qulte varlable from year to year
and may dlffer between the two reserv01rs

mhe surface area of “the Louer Feser701 variee/from 283

—
e

hectares at. loﬁ supply level to 638 hectares at full supply

RS
level. The surface area of the Upper Feservolr varles from

633-tov855 hectares (data froa Nelson, 1962). The exten51ve
area of flooded shoreline is littered with the stump and. T

T



-

oA

Figure 1, Map of Upper and Lower Kananaski%\reservoirs‘(l cmt= 0.55 km).

»

The stars in' each reservoir nark positions of water
quality sampling stations. .Fish sampling sites are marked

with dots and site numbers ( corresponding to the numbers in

Appendix Tables 1. and 2.). The inset'photo is copied from
. . + : .

a Landsat I false color image-shot on' 5 October 1972, at an

altltude of 920 km and processed by the Canada- Centre for
4
Remote Sensing, Ottawa. The image format centre is Lat.N,

51°15', Long.J ;ﬁ 155° 00' and corresponds to the National

Topographlc Survey (Canada) Map 820.



. Upper’ Kananaskis .
* -~ Reservoir R



. root remnants of trees renoved prior to dam constructlon.
The Government of Alberta began partial’ removal of stumps

and roots in June, 1978. The substrate of thls 'fluctuatloé*“

3

zone con51sts of unconsolldated gravel and boulders k
xnterspersed wlth large areas of thick eroded silt (Plate

-
8) . The only benthic fauna to. utlllze this 'flurtuatlon' : .
- zone are the chironomids (Fllllon, '96?).
In the spring, as the reservolrs f111, the Spauninq

fish are presented with flooded shorellre areas and Hlth

(“.

upstream areas of or1g1nal 1nlet creeksL By the time N
‘spavnlnq commences 1n 1ate Hay (surkers) or early June T

'(cyprlnlds), the presuned'orlqlnal spavning beds have'been

flooded.

s

hll 1n1et streans of the Upper Kananaskis Reservoir

2

flow unrestrlcted ‘in. thelr natural bedq. The flow of Bou]ton
Creek and InVancxble Creek 1nto the Lower Reserv01r has
'renalned unchanqed since pre 1mpoundneht days. However, due

to dam constructlon, Smlth—Dorrlen Creek and the dlverted

Kent Creek uhloh fornerly dralned into the Kananaskls

Piver, nov draln 1nto the Lover Reservg}r. All four streams
flow unregulated V1th sprlng and: or

- The orlglnal outl
the‘Lowen Reserv01r),,fr01 the Upper Lake 1nto fhe Louer

//

fnner/run off.

flov j at the extreme south ‘end of

' Lake, has been reduced to seepage through the earthflll dam::;:;
(here desxgnated as Interlakes Stream). Slnllarly, the .

nau/iade outlet of the Upper Reservolr into the Lover

Reserv01r at Interlakes Dal is controlled so that tbere is

RS



s

-9

- nho flow during the épring and sunmgr.(i;é;, fréﬁgénd of

drawdown in April, to its reqqmpenqénehi in October).

° 4 .
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~ JII. PAST STUDIES L

L Previoué ére-'add‘post-injf“ndnent studies on fhe
vlilnélogy, ptoductivity, and'fishes:of the Upper and Lower

" Kananaskis Resefvoirs vgfé revieved by Nélson (1962) in

.order to eStablfﬁh the Chronologf of biological cchanges.

"Nelson deducéd *ﬁﬁ_ both CL glulbcus and P, cata ggélgg were

~/

ylntroduced to the Upper and Lower Kananasqu Qesarv01rs as

_ bait fishes, probably from Bow River populaflorq (R.\
_ g_&é;ggg_e probably in the 1930'5' C, g_unggus probably 1n

the lafe 1950'5). The. occurrence of hvbrldlzatlor bo*voen

these two spec;es in OUpper Kananask1s Rese;voir vas noted by

, : L . : .
" Nelson (1962). Thé-égie%na1 lorpho]ogy of hybriis from Upper
Kananaskis ReSe:xbjr.was déscribedfh?'Nelson (1956). The
hybr1ﬂq fron both- resnrv01rs were lafor examined using
osteologlcal cha;gct;rs and a hvbrﬂd index technlque
(Nelson, 1973). 0gg Juvenlle specxnen appeared to be
;:ter;ediateybetvgen the majority of hybrids and oné.
parental pherotyigl |

Hybr1d12at1on betveen Cs 21

——————

eus and B. cataractae heb
beeﬁ noted 1n_Sejeralllocalltles‘ontside.Alheffé (Sinon,
1946, in.Wyohing: Hub;s and taglof, 19“9, in Lake Suparior;
iaylbt, iésu “in Xichigan), but vlfhout tho subs+ant1at1ngv
évidenge pfov;ded by Nelson (1966,,1973).

Identification of C, plumbeus x R, cataractae hybrlds

'by numerical taxonoiic or'électtophoretlc techniques has not.

been reported. Additionally, the Teproductive ecology of the

Kananaskis population% has not been studied.

0.

sy
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IY. PISH SAMPLING _~

METHODS

/

// Fish were collected between ¥ay 10 and A_uq.ust_Qg"‘ 19‘-’7'

/

from Upper and Lover Kananaskis Reservoirs anrd between May 1

and July 27, 1978, fror@Lover Kananaskis Reservoir.

C. plumbeus, and R, cataractae and their hybrfds qere‘
sampled fronm éhe reservoits proper, usinq»monofiiament
gillnets (18 mm, 26 mn; and 38 mm stretch mésh),‘beach'
seines (B mm,mésh), dionets; and baited minﬁou traps. This
vafig}y of sanplihg methoﬁs assured'ﬁhe capthre of all sizes
of specimens. Sampling sites are shown ianiqure 1 and site‘
deSériptions provided in Appendix Table 1 and Table 2. The
relative abundance of the hybridizing species vas
establisheﬁ for all localities. ﬁé*a on depth, substrate
tyée;>and:distanéé‘frdm slore ware recorded for ail”_
captﬁrgg.'The study of the breeding‘hioloqy of fhe cyprikids
in 1978, involvéd iqteﬁsive sampling of only the Lower
Reservoir. The_Upper Reservoir presenteé boaffaécess”

problenms in the early spring.

Inlets of Lover Kanamaskis Reservoir vere

. electroshocked (Smith-Root Electroshocker Model VIT)

beginning in late April 1978, when the majority of the .

- reservoir wvas ice-covered (95%). A beach seine was stretched
i X .

o

across each inlet strean pouth and the stream was
electroshocked and ‘the bottom disturbed downstream into the
seine'(refer to Plate 7)._Snith-norrien Cregk,,Boulton

Creek, Kent Creek, and the ori?inal outlet stream of Upper

< “ v

1
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T

Kanénaskis Lake (here deshégg;;d as Interlakes Stream) were
S ~ : -
sampled in this manner. As spring run-off inc:-ased, it

became impossible to sample inlet streanms (ekcept Tnferlakés

»

Streah), and’ gillnets were placéd across the.stream mouths
and m;nnéw traps placed along the edges. '

Standard length and sex verevreéorded for all fi;h
sampled. A repfésentative sample vas'refurneﬂ tovthe
laborat;ry for veigh_ng, éonad and scale removal, and -
preservat1on in .10% fornalln. Samples of the two qpec1ps and

4

their hybrids were deposited in the Oniversity of Alberta

!useum of Zooloay {(0AnZ). : v ’

GENERAL CATCH REéULTs

Cyprlnld catch data fron 1977 and 1972 for Upper.and
Lover Kananaskls Reserv01rs are summarlzed in lppendlx
tables‘1 gnd 2. Capture lethod logallty, date{ depth, and
nu‘bers of‘spe¢1lens are provided.

Therratios of parental species to'hyﬁrid individuals
captured in each year were as follows: 1077, 533 C. E;ggggg§ .
to 7<F.vcatagggggg to 1 putative . glgggggg-xvg;v

gg;aragggg' 1978, 174 c, g;ggggg§ to 12 R, cataractae to 1

"pptAtive C: plumbeus x R, cataractae. A_totQI of.56‘putative'
hybrids vere captured in>1977 and a total of 9 putativb
hybrids were captured in 1978. A dvsproportlonate cyprinid
”spec1es' :atlo 1p-favour of Z, glg!gggg_vas also recorded'by'
"lelson (1962). He found C, plumbeus to be 4.0 to 5.6 times
as hu-erous as R, gg;g;ggﬁég in éillpe# catches for Lovek

P



.
o

and Upper Kananaskis Reservoirs, respectively. Results of
. o ' -
‘the present study (C, plumbeus 14 - 19 times as numerous as

‘Rs cataractae) may indicate an increase in fhe disproportion”
of specfes' numbers over the interveniné 71\ye;fs. It f$ nét
known if C, glggggg§ iéxnumericglly increasing,'oggif R.
’-gggggggggg is nﬁnerically declining, -
Suspectgd cyprinid hybriﬁs ufreicaptured throughout .
hoth reserﬁoirs and vere not concentrated in aﬂlimiieﬂ |
~numbenp_f'loc‘:ations. Rélatively 1arqé hybrid oapture numtbters
(AP;eniianablé#i‘and Table 2) at certain sites éfé"due to
more infensive'sampiinq at fﬁese sitéé;‘ﬂyﬁrids were
céptuféd-aléne»and vifh indifidpals bf each spedies.;Capfﬁre
oflihe'hjbrids wag both inffeéﬁent/and unpfedic£ab1e;_ | |
. The qyprinids spdtadically_swaried in large éqhoois
-vith_juvenile'sucke;s.oéef teCeﬁtl&:fIOGHeﬁ inshore éfeas.
The‘schools qeréiobsthed only in‘uidsumﬁer on suﬁny days
)ﬂieq the vater_teipefature'exéeeded 15°C:.schddiinq did not
'o&cur,on cloudy,'iindy, or cool Qafsf The majority of the
large seined‘collections éame from thé ihfréquenf oééa;ions‘
on which sﬁchdlatge schools were obséfiéd.’ﬁybfids vere
often colleéteﬁ\fron such'Schéolﬁt Except fbr-thése.
gccasidné, the éyprinids qenerélly renained‘oﬁfshbfe. Thei
c-i;éd schools were involved néithe; with reproduction (sin;é‘
théf'occurted.after spawniﬁg) nor with feeding (sin;efthe ;
flboded‘areés.ate assumed‘noé to‘héve a dpveiéped'bottom

-fauna). The‘reasons for this uixedechooling renaigsjl

-pnstudied.v
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IRTRODUCTION _

.'Changeé‘in environnental_fic+ors canvtriqger fish!
hybridization (Hubbs;'1955). The nodifiqation}of“i;igie to a
reservoir is accompanied by'én §bvions~annua1 cﬁanqe in.
surface wvater eievation'and bdsin-norphOmefry.vfhis change
may direétlY'affect fish spawning_habitét so ;hat'
liscegeﬁation résults.

.Less visible are fhe poséible_ihdirecf éffects 6f
ichanges in vafet §ua1ity‘and tﬁe thermal regime. Small

changeé'in these factors may upset the competitive balance }

.existing betveen’the,species andifesuit in a disp:oportion
of one species (é possible pfécursor to hybridization).‘An
-alfered tenpetatgre reqgime may afféctvthe timing éf speci
spavﬁing activities théreby desﬁroyinq a temporal barrief
rep;oduétivé iéolation; Changes ?n thése environmental

-faCtors‘may contriﬁute to'ghat lndefson'(1949) termed.éh
,FhYbridizatioﬁ of the enviroﬁnent" (Anderson, 1§u9).."

Apart from accurate vater level statistics, ther

are
only fev and rudimentary limnological data available for

Upper and Lover Kananaskis Lakes prior to impoundment

~s

(Ravson, 1937, +948; miller, 1954; Thomas, 1955).

.’ The purpose ofjthis.Seétion is'to:'1)’docunent'the
' deéfée,bf‘vaégrflevel fluctudtipns:'Z).docuqent presént‘
'vater chelisfgyﬁand temperature conditions:'anﬂ 3) to |

speculate as to Hhether the‘1atter have nnderqohe

significant changes since impoundment, -~ » o -

14 '
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METHODS o ,

Physico- chellcaf/para-eters vere npasurpd nld mon*hly

,dhtlng June, ‘uiy, and August, 1977 from three depths

(surface, mid- depth, and 1;m off bottom) at. one éanpiing
. &%‘ -

‘station on each of the Upper and Lover Kananaskis Reservoirs

(Fig. 1). The wvater samples were shipped within 24 hours to

‘Environment Qanada; Inland Waters Branch, Calgary, Alberta,

ke

for analysis of alkalinity, color, pH, teSidue
{non-filterable), turbidity, total Kjeldahl\uitroqen, tofal

phosphorus, and total carbon. Water quality samples were not

%aken during the summer of 1978. Water temperature profiles

vere recordeduvhen vater samples were collected,'and also
sporadically through the suymmer. The dates on which uafe:v'
temperature profiles were taken fronm Louer;xananaékis

Reservoir ih"1977, are as folloﬁs: HaY 9,17, 31; June 20,29;

July 15; RAug. 8,16; Sept. 3,17, vatef'femperature vas

measured at 1 m intervals using a YQS.I, telethermometer.,

ﬁReser#oir elevations were provided by falgary Power Ltd.

Wb

RESULTS AND DISCUSSION

Results of the water quallty analysxs for Upper and

Loué:.Kananaskls Reservoirs are,presented.ln Appendix Tables

-3 and 4, Most of these vater quality\parahefers'are reported

for the flrst tllP fron these resnrv01rs.

Both reserv01rs have qlnllar ba51c pH valuas. These do

not appear to have changed since last stud1pd by Fllllon

.(1963) -and Felson (196&). Accordlng to Relson, no pH change
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-

accompanied construction of Lyyer Kananaskis Reservoir. - -

S

Specific conductance values are high for each reservoir
as a result of spring rﬁn-off. The valﬁes for the Lowver
vKanapéskis Reservoir are coﬁsistently higher thanithose of
the Upper Reservoir, a;ﬁrend’showh by ?iiiiop. Inorganié
‘carbon values are also hi%}er for‘the Lower kananaskis

I
Reservoir, -

S
hY

_ The remaining parameters - color, residue, turbidity, -

nitrogen, rhosphorus, and organic carbon - show no

t .
~.

difference_betveen the reservoirs. An examination of all the

above parameters- does not reveal any change attributable to

v
Teservolr construction. Both reservoirs are characterized by ’

" the ciarity ana ﬁutrient-poot'state expectéd for that of the
original,lakes. - - |
| Spring and suammer isotherms‘froﬁ‘Lo;er Kaﬁa?askis

Beservoir, 1977, are shovn‘in ?igure 2. These'vere'
'>¢onstfucted-ffon.thé vater temperature profile data.

Additional temperature data from'1978,'aré.provided in

Appendix Table S. sone thermal strafificationfoécurs during.‘.

the summer. There have been no thermal'chéndgs,since the

sfﬁdies by Nelson anﬂi?illion;.rhis probably’réprésentS'éhe
‘origihal thern;l situation invfhe Lower Lake Eor thé‘spring
‘ and'sﬁnner months. Since Calgary Pouér Ltd..does not lower

‘4

the level of Upper Kananaskis Reservoir in the summer, there

is no‘ﬁnnatutallinput of cool hypolimnetic waters into the

Ty 2 R . .
Lover Reservoir in the summer. There is no reason to believe/
‘that the vater temperature cue for spawning has been
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Figure 2.  Spring and summer, 1977 isotherms (in °C) from the -water

quality Sampling site, Lower Kénanaskis Reservoir.
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altered 'However, the effects of hypblinnetic input froﬁ
‘Upper Kananaskis Reservoir durlnq fall dravdovn on fish
biology remains unstudied. & |

Annual vater 'level fluc?uatlons for 1977 and 1978, are
shown graphlcally in F1gurps 3 and 4 for Uppor and Lowpr
Kananaskis Reservoirs, re;pectlvely. There is much
vunpredlctablllty in vater lpvol from year to year; the
amount of . drawdown is adjusted accordlng to the amount oF
isnowfall accruing through the winter. Of moro 1mportance,
there is significant annual variation in uater levels at
spauning'time: in Upper Kdnanaskis reservoir a 0.hA m

'dlfference and in Lower Kananaskis Reservolr a 2.0 n

difference. These differences are onough to radlcally alfor

shoreline charactéristics from year to year. Permanent

spawniﬁg araas cannot be established under this.reéime;
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Fig&ré 3. Annual water level fluctuations in the‘Upper Kananaskis
CReser%dif during 1977 and 1978. Elevation is given as above

sea level. Data<pr6vided by Calgary Power Ltd.
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Figure 4. Annual water level flucfuatibns in the Lower Kananaskis
Reservoir during 1977 and 1978. Elevétion is given as above

sea level. Data provided byICalgarnyower Ltd.



23

LELLEREL I

AIAWIAON

4380100

YIIWa143S

) Y 1snony

-
. - «

AVW sy HOavw ANYNIe34

ANVANYT

}

SIS

; B

e~

- .
7 e

<

o
%
(w)  NOILYAIZ

S0

Zrem

‘W‘

11I0NJaSSY -SDHISEUBLE) JOMOT



&

2u

YI. IDEITIPICATIO! OF HYBRIDS USiNG NMOLTIVARIATE ANALYSIS
INTRODUCTTOW
Although the Kananaskis cyprinid hybriﬂq vere

identified and lorphologxcally examinad by Nelson (1966

' 1973), ‘including ana1y31s by hybrid 1nd°x, there have Been

no numerical taxononic studios at*emp*pd.
The advantages of nultivariafo s*afisfical techniques
‘.

relative to traditional nethods have been‘rQV1ewod-by Snith

(1§73j;‘0f'singular inportahCe is elimination of the

Vne09551ty to prejudge hybrid. or paron*al origir of thp
n

N

'fspec1mens. This ‘is of particular VaTue vhen hybriﬂs are

variable and hybrid fertility is po<51b19. In such cases, 1*
nay be 1np0531b1e to discrilinato hyhrids from parental
individuals.

o

This section of‘the study describes principal

componepts and canonical variates analyses of numerous

lorphologlcal charactors of;both'ﬁybridS‘and‘parental

cilnleIGUQIS. Thp methods do not redﬂlt° aqsumptions as to

the identity of any Kananaskis spec1mens. Hybrid

variability, p0551b1e hybrid fPrtllltY, and the effpcts oi

hybridization over time_on. tho oopulations are dpscribed

(=]

‘WETAODS .

SPECIEENS EXAHINED -z

The extegnal lotphology'ﬁf»robresnntafive Kananaskis

specinens was conpared to~ 1) thaf of luqeum spec1mens from -

Alberta localities where hybridization is presuned not to

" |
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occur; and to 2) that oflhﬁseu- specimens collvcted from
these reservoirs in previods years;
All‘Kananaskis4speeimensrexanined»in the norphological
' stﬁdies vere deposited in the University of Alﬁerta Museum
of 2001097 (UA%Z numbers u1u%»6201). | |
here wvas a collectlng b1as in the field dlrected
equally toward the less common spec1nens, i.e., typlcal P.
being hlthy abundant, were ran@omly collected. A randonm
saiple of 137 speeinene wvas chosen frem the field
_ collectlons of'each reserv01r, 1rresport1ve of sex and
‘presumed 1dent1ty, and vere used in the analyses (d951gnated
here'as.the Kananaskls spec1mens). The sex ratio for the
entire Kananaskis éa(ple vas 62 females to 75 males.
Pifty CL glunbeus and flfty R.vcataraétae;were selected
fron vldespread Alberta 1oca11t1eslin OANMZ collectlons
enconpassxng several dralnage systemq (deexgnated here as
the Alberta speclnens). These control spe€cimens  wvere
selected sueh*that the size (standardflengthl range vas
similar to that of the Kananaskis specimens. The catalogue
nulbers, locatlons, ‘and sex tatlos of these collectlons are
- glven in Table {‘ Unfortunately, due to the scarc1ty of‘
large ‘male R, gataractae in the UAMZ collectlors, the sex

ratio of Alberta Ry catar ctae was predomlnantly female. The
sex ratio for the entire Alberta sample was 73 females to 27

males. 'f

Past collectlons of C, pluabeus from Upper and Lower
T

. .
“



TABLE 1. Locations and University of Alberta Museum of Zoology catalo

specimens of Couesius plumbeus and Rhinichthys cataractae.

<
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[N

gue numbers for Alberta control

» . R . Numbur of
Species Locality Lat. N/lLong. W UAMZ/
Specimens Examined
. C. plumbeus Brazeau Reservoir '52°57" 115°35" 566 8 )
' ' Red ‘Deer River. 52°19" 113°06", 3326 8
Abrahan Reservolir 52°‘1e' 116°23' 3350 8
Little Smokey R;ver 5444 1 10;‘ 1654 8 -
Pothole Creek 49°25' 112°54" 3843 8
Winefred River 56°02" 110°36° 3451 2
. Bare Creek 49°14" 110°00° 3231 3
. McIvor Biver 58°18" 118°03" - 3418 3
K. Saskatchevan River 52°25° 116°04" 3325 )
Total sex ratio of 27 ?:23 of
A. .c'at'amctae N. Saskatchewan Ri\;er 52°16° 116?23' 3381 7
N. Saskatchewan River $3°30" 113°34° 2044 ! 2
‘N. Saskatchewan River -52°16" 1i6°25' 3322 1
Graburn Creek 49°38' 110°01° 1620 7
Cutbank River 54%43" 118°32' 3903 2.
Horse River . 56%43' 111°23" 3435 2 .
. Abreham Reservolr 52°16" 116°23" 3369 5
Gregoire River 56°29¢ 110°48° 3614 6
Pothole Creek 49°25" 112°54" 4000 2
- Pothole Creek . 49%25* 112%54' 3843 5 (
‘Bare Creek 49°14" 110°00° 323 5
Willson Creek 519" 115°13" 1873 4
Wapiti River 55%8' 118°18° 269 .
*54°58' 119°28' 2% 1

Total sex ratio. of

Pinto Creek -

46 g:4 -
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Kananaski's Resergoirs vgre'sﬁbjected to .ofphological study
to determine any gffécts Qf Bybridization over'tine. The
1961 collection of 1i”g;.glgg§gg§ from Upper Kananaskis
ﬁeservoir (UAHZ'@63) uere ana1yzed7 Tventy-fifevgg plumbeus
vere examined froa the 1939 éo;lectioné (UHAZ 5706, 2707,
2518) and 25 from the 1973 9011¢Ctioﬁs-(UAnz 3345, 33u6)
including specimens fcdﬁvboﬁh Upper-aﬁd Lo;er Kananaskis
Reservoirs. Only séécimens.;ighin the éize range of the
Kananaskis specineﬁé vere selected, S
‘Past Alberta collections of R 'ggi_g‘cfgg in the UANZ
holdings Qere few and cohtainéd only gmall spedim@nsibeyond
thé éize.tange comparablébto'the]KananaSkis specimens; These
.vefeAdeeled inadequate for comparison to recent Kanahaski§
coliéctidns. Thus, it;vaé 6n1y possible:td étudy the effects?

Ry

- of hybridizafion over time on C. plumbeu

CHARACTERS\@SEb
The folloulng 21 morph010g1ga1 tnﬁ_néristiérchafacters
'vere recorded for a11 298 Spec1nens. These vere~chp§en
" because all werg.goodvdescrlptors of thé‘fiéﬁes; shépe éég
 bé¢9use1sdue are knoyn'(géLSOnr 196F) %0 be efficient
disCrilinatprs Qf-fhe.paren;al syéciésiénd of the putative
hybrids._tounts And'meQShrements foilovlihe descriptions and
diagrans‘in Hubbs.énd Laqlef'LiQGH)';jcept as"Othervise
deflned. Heasurenents vere nade ﬂ°1ng needle p01nt dial

calipers, read to the neafest 0.1 nm, !1croscope-

-agnificatidn vas used vhen requitédg‘ﬁbbréviations for each

P
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character follow in parentheses.

1.
2.
-3,

4.

9.

10.

11.

12.

3.

14,
15,

16.

‘ 117.

18.

standard length (SL)
head‘length (41)
orbit length {OL)
snout léhgth,(su)b

interorbital width (IN) - (the least fleshy width of
theﬁinterorbital) '

head depth at nostrii‘(HDN),- the distance from the . |

nostril downwvard to the ventral contour of the head.

head width at eye (HWE) - the greatest dimensicn
from one lateral side of the head to the other
lateral side on a line below the orbits. '

‘mouth length (ML) - (length of upppr jaw)

mandible Width (MAN) - (width of gape) -

snout overhang (SOV) - the distance from the tip of 

“"the snout along the midline to the most anterior
portion of the lower jaw. » :

frenum width (PRE)‘-vtheidistance between the
grooves separating the upper Jaw from the snout.

isthmus width (IW) - the‘disfance between the gill

membranes at point-of attachment to isthmus,

body width at dorsal fin origin (WDO) - the maximunm
distance from one lateral side of the body to the
other lateral side on a line below the dorsal fin
origin. B U L

snout to dorsal fin origin (SD0) - (pre-dorsal

blength)

o

caudal peduncle length (C?)

snout to anus (STA) - distance from the tip of the
snout to the anal opening. - . ‘ »

pectoral fin origin to anus (PTA)

depth of Caudalufinvfork (cry - the'dis;ance_from.'
the apex of the caudal fork outward to a straight

line connecting the tips of each outstretched caudal

fin lobe. =~ =

e ROTARENRART = T A e A T e

LRI A



19. nunber of lateral line scales (LS) ‘3

20. nuamber of scales from dorsal fin origin along

diagonal to lateral line (lLS) - (number of scales
above lateral llne). :

21: oumber ofvscales around caudal peduncle {CPS)
'This is the‘order in vhich the characters were used in all
foilowino morpholoqicol anaiyses.

Ratios”uere specifically avoided in order to elininate
problens v1th allometry and compoundeﬂ variance ("arr, 1°55

V4
Atchley et al., 1976) « Hultlyar;ate analysesvvere run with

untransforhed'data and square-root_fransformation, since-’
size differenCes,cthd 1eao to,ﬁecﬁors not’beinq‘coplanar' B
(Pimental, 1975). Frenuﬁ width for knowh C. plumbeus was : I
‘élwajs 0.00, and'since several other characters also had A”f  ”,
values < 1.0, a loqarlthllc fransformatlon of the data set
vas lnapproprlate. The effectlveness of usan transformed
data was assessed. |

These 21 characters_vere chosen'from‘ah original 31
characters,because of their significaht contribution toward ; f
group dlscrlllnatlon. The 10 characters discarded prlor to
in~- depth ‘analysis 1ncluded° nouth.to~eye 1ength (dxstance
rfron corner of - the mouth along nldllne to a vertlcal line -
narklng the anter1or larqln of the orblt), cheek depth
dorsal fin orlgln to ﬁ51v1c fin origin, dorsal fin helghf
anal f1n he;ght, pelvlc f1n ax111ar7 process (absence
'presence), nuaber of g111rakers, number of pectoral rays,

number of anal rays, and nuaber of dorsal rays.

Sone'of‘these characters, e.q., dorsal fin origin to
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.
pelv;c fin origin, number of glllrakers, and nuamber of f1n

”T"rays_uere discarded because they ve ere 1neffect1ve at qroup
discrimination. The rest were removed because they_vere
cohfoundinqhsources of variatgon. The characrers,:aOuth'to
eye length, and cheek depth could nct be accurately
measured, pelvic fin-axiilary process could rot‘be
accurately scored, and the fin heiqht'characters are .
se;dally dincrphic (Wells, 1978). Since each sex was not
-separately'analyzed, Characters-of‘knoﬁn‘sexual dinorphism

were eliminated.

STATISTiCAL‘TRCHNIQUESv
-érincipal Cohponents Analysis .
Principal conponents'anaiysis (PCA) fﬂorrison, i967;
’Cooley and Lohnes, 1;71- Piaental, 1976) vas used to dlsplay
patterns of morpholog1ca1 51111ar1t7 of 1n61v1duals(from' -
rixed species' populations with hybrids, relative to
popuiations vithoﬁt ﬁybrids. Thisbrethod finds the
' orthogonal axes through the nodllen51ona1 character space in -
d1rect1ons of greatest varlance. The ney.axes;prov1de new..
dlrectlons froq.vﬁlch to-v1egutheVgroup relafibnships,,if
~any, rithin the data..The pict of rhe specimens on the firsi
' “2hree components will usually displaj a qrear}alounf of_the-
tctal variance vithin the.data'setk
- PCA scores vere”calculated fron the charac&er

correlat1on latrlx 051ng the Clustan AcC conputer progran

b

(Hlshart,=1975) for the follovan tUO‘separate data’ sets:_1)
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\
all 137 Kananaskis specimens; and 2) 100‘¢QﬁtrdliAlﬁér£a
épecilehs.‘The projection écores of the specimens in the two
data sets vere ‘plotted aqalnst the flrst and second ‘axes and
“also agalnst the second and thlrd axes.,” Untransformed and
square-;oot transforled data were analyzeg,.Tﬁe'assunption
Qf a single luitivarLat?.nanal population for a PCA‘has
been ingred.for_these reagbnéz.1)-n§ StAtisfical infetehce;ﬁ
'vere~draun'ftomvthesevénalysés; and 2)7departureé fronm
, , . o , v
nof;alityla:e not thought to invalidate the results

(Dudzinski et al., 1975).

6
Canonical Var1ates Ana1y31s
The éame tvo data sets (untraanormed and square—root
,ttansformeaf uére subjected}to.canbnical variates analy51s
(CVA) 1n order to guantlfy the relaflonshlp befupen

-

;ndlv1duals (leental,_1976). ThlS method requlres thc a
vég;gg; ideﬁtific&tioﬂ of tvb or more knogn groups vithin the
~data sgt.-ixes are Calculated wvhich naxiné}ly separate these
gtonps_uhile”miniiizing1the within-grodps variance
Specimens of unknovn otigin can'tﬁep be;assigned a_po$ifioh
on this axis (calculated using the disctininant.fgnétioh)'
relative to tﬁeir siniiarit? to eifhér qroub.

. The~BHD 07& cOnputer progran (Dixon, 1973) vas used to
assess the rela*10nsh1p betveen the Kananaskls spec1mens
(the g 2_1_;1 unknovn qroup) and the control Alberta
specinens (the a grlorl known qroup). The canonical scores

;—’-

vere plotted agalnst the flrst canon1ca1 axls and graphed as

JE S O s at T
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fréquency histogrdis,'An»éiamination of further canonical
“axes'did not discriuinate,nore groups'thanbwas revéaled"by‘
the first canonical aiis.

| In addition to correct a gg;gg; 1den*1f1cat10n, CVa
assumes a multlvarlate normal dlqtrlbutlon with equal
varlance-covariance matrices., A Bartlett's test of : -
honogene;ty of dispérsioﬁs (DERS program; Bay, 1969) on the
two knowﬁ groups showed a siqnificaﬁf'difference'hatveeﬁ tﬁe
matrices (F = 2. 6, f.05(21o;29352) = 1.00). However, it is
generally held‘tpat CVR has. sufficient robustness, sobthat
‘departures from the as;umptions ¥ill not be ‘serious |

[ on

Pgimental;A1976);

RESULTS
 PRINCIPAL conPONBNTS;ANALiSIS

| The principal éqlponent scores fot‘thé Alberta 
specimené;.calcuiéted using untransformedvdata, were plotteqd

agalnst the first throe axes. (Flg. 5). The resultS'coﬁfirm

-._the'1n~t1a1 1dent1f1cat10n>of !pnre' specimens répresenting'
thé_tuo spec1es, with no norpﬁold@ical intermediates.
Cdmponent I represerts overall siée differenceé dmong
che specimens, ranqlng from small on the lnf* to 1arq° on
~the right, Conponent II represents betwepn soacxeq
disc;ilinatlon‘and‘Conppnent III-represents the largest
component: of yithin-species vdriétion (perhaps‘due to éexual

:

dinorphiém or popﬁlatioﬁ'hiffefenées). The variation_s

expressed by .the three conponents~represéhts 91.3%'of tii’qw//f\\



Figure 5. PCA Using Untransformed Data; Frenum Included

B A. Plot of first and second_principaf—component scores for
Alberta, 'control' specimens. Couesiua plumbeus, top
cluster; Rhinichthys cataractae, bottom cluster.

Component I = 59.4% of total variation in 21 character

correlation matfix;:Compoﬁent IT = 28.3% of variation.

B. Plot of second dnd third principal component scores for -
Alberta 'control' speciﬁens. “R. eataractae on left;

. plumbeus on right. Component III = 3.5% of variation.

I3
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Aspec1mens, cal&ulated/381nq untransformed da*a, were plotted

35

~variance in the toﬁal‘@ata>natrix. Investigation of

, ' : o :
additional//onpbnentS“vould have been redundant. A summary

\

\.
of the onputer results on which’ these plots are based, is

given 1P Appendix Table 6

The prlnczpal couponent scores. for all Kananasqu

\

agalnst ‘the f1r§§ three axes (Flg.lﬁ); The pro;ectlon of

o soores on coypgneth I and IT show the elonqafe clusters,. as

.expefted from the E ntrol qroup. but w1th a dissimilar

brldglng of the two

\pec1°s' clusters. The spec1mens of thlS

bridge represent the putative hybrld specimens., The absence.

-of 1arger hybrid spec1mens fron the‘Kananaskls>sample

- accounts for the clear ‘discrimination betueen the two

species"clusters to the right of the;oriqin, Large hybrids

_were ayailabie'infthe colllections, and if included in the

analysis vourd presumaﬁly océdpy this spaoe

The varlatlon expressed by the. three couponents
represents 91.5% of the varlance ir the total data matrlxr
The dlfference in % var1at1on represented by component I
between the Alberta group (59. u%) and the Kananaskls group

(66.4%) is due to the difference 1nnrqnge of standard

lengths betveen the Alberta group (u;ﬂéji;Qéom) and thé

Kananéskis'qroup'(33&-12.3 cm).
The‘interveningdhybrid_conplel, shown on the Kananaskis
projeCtion5of the second and third axes,vobscures

discrimination betveen the two species. This analysis

provides eiidence that the putative hybrgds areanog,ail'
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Figure 6. PCA Using Untransformed Data; Frenum'lncludéd
/

- A: Plot of first and second pfincipal componéent scores for
S a ' S L
all Kananaskis specimens. Couesius plumbeus -like

specimens towards bottom; Rhinichthys cataractde -like
: el - : B . ) . ,.'\-,‘J
" specimens towards top, with a hybrid complex bridging -

the 2 species clusters. Component I = 66.4% of bériation.‘ .
B. Plot of secondand third ﬁrincipal compdneﬁt scores for
all Kananaskis specimens. (. pluwmbeus ~like towards
left; R. cataractaé“—likeﬁtowérds3right. "Component III =
4.9% of variation.

rd
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_stricfly interlediate..fhey cover the entire phenotypic
range betyeen\the farentale squesting pixed genetic
d:iéins}ii.e., backctoésinq of P1 hybtids to'eacheparental
'epecieSQ l*;ulmary of the eOpputer resﬁlts on vhiéh these
‘plots are based is given in Appenﬂix Table.7
Jlmllar”analyses vere agaln performed . separafely on

‘ Alberta specimens, and Kananaskls specimens u51nq

square-root transformed da*as The resulting plotsuvere

)
-

similar to those gehetated using untransformed data.
Transformsation produced a s1iqht1y bet te't d§SCrimination
betveeﬁ'thegsnalieét menbers of each species, QUt producede
no new iﬁsights.vfﬁe KananaSkis parentai sperieé remain

contlnuously brldged to the same degree by the hybrxd‘ﬂ

ec01plex. Conputer results for theqe analyses are summarized

in Appendix Tables 8 and 9,

CANORICAL VARIATES ANALYSIS

J—The relat1onsh1p between the Kananaskls specimens

- including hybrids, and the Alberta 'con*rnl' species can be

rexpressed in a quantltatlve mannaer by é frequency

~;&‘.Lstrlbution of thelr canon1ca1 scores. The resulfs of a CVA

us1ng untransforled data vith the full pharacter set are,
glven in ?1gure 7 )

The twvo distributions fo} ead llber+a Speries are
separated by a' large gap of appr011nately 1u standa;d

de!iatxons between their _.anms. The Kananaskls spec1lons

form a cOntihuous distc ipution vith nO'qap between the



" Figure 7. CVA Using Untransfor;ed Data; Frenum Inélu&éd

Freguenéy histograms of'caﬁonical.scdres'dn first canonical
axis of specimens from Alb;rta 'control’ gro;p (upﬁer,histo—
gram) and Kéﬁanaskis ;rou§ (invérﬁed hiétogram).vAlbegta
specieé forﬁed‘Z a pfiori known groupg;‘all-xapanaskis
ééecimeﬁs‘ran as a pribq% unknown groups. Units on z-axis
are in éténdéré:deviaFiPns; yéagisvis‘numbér of spécimens.

Initiéh‘fielq identifications of Kananaskis specimens are

— U _

shaded as’ follows: - s

- /17\-.44 e / s‘t P
L . : %

Aég Couesius plwnbeus

9

-

 C. plumbeus X R. cataractae .

Rhinichthys cataractae

.- 3
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- Untransformed Data, Frenum Character IncIUded

,'  ook

| Alberta - -, N|Aberta
- | Couesius plumbeus Rhinichthys
’ ' [ | cataractae

-
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typxcal parental spec1es.

vKananaskis specinens are conposed of the correspondlng
Kananaskls hybrlds fall 1nto the 1ntermeﬁlate qroup, as

‘origin;;It‘appears from this ana1y51s that the varlance of,

41

The apparent trimodality of the Kananaskis distribution‘

vas confltned 051ng Cassie's (1961) graph1c nethod of

polymoddl ffequency separatlon QXZ test for qoodness of fit,

BN

=_25.0;@d.f.'= 15, P> 0 05).»Th6 tvo outer modes of M%

typ1ca1 parental Spec1es. The 1nterm°61ate mode is composed

of”the hybrld conplex. Althouqh the ma]orlty of sampled

Vg0 .-

expected for F1 hybrlds, the qpeclmens 1ntermed1ate betveen

ot
RS

the parental nodeS'and the hybrld modo are of contentlous‘"
the typlcal Kananaskls Ce glumg and'g; gggggggtgg nodes
{taken as the far left and; far rlgh+ modes, respectlvely)
are greater than the-ran1ances of +he1r tespactlve llberta
control dlstrlbutlons. A,‘:' { |

The shading patterns in, thb Kananaskis: dlstrlbut1on
repre£:nt the ‘initial field 1dent1f1cat10ns of specxnens,-
ptlor to the analysls (qu, 7). All spec1mens 1n1t1a11y
ldentlfled as. "good" Ce 2_ggggg§ fell vithin the outer C.

glunbeus mode. All spec1nene-¢n1t1a11y 1dentlf1ed as!"qood'

R, catar agtg ; except one, . fell within the outer R,

ggtaragggg lode. A re-exalxnaflon of thls one.nlsldentifie?

Re catagact pecxaen conflrned 1ts hybrid appearance. HoFt

SpeC1lenS,u1n1tlallY ldentlfled as pufatlve hybrlds, vete

‘c1assxf1ed in an xnterledxate pos1t10n by tho CVA. Hoveve',

_several putatxve h]btldi fell 11th1n the outer Ce Elumbeu

4 ’ ]
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mode. A re-exanlnatlon of these putat1ve hybrlds (Hlth ax
canon1ca1 score > -3 0) revealed the absence of any freﬁgm

in all specinens,‘snggestlng ‘an 1n1t1a1 nlsldentlflcaqxon.
. P . - 3 . X ’

The 12 characters contributing most to species?
separation in this CVA are given.in Table ? (along with

their coefficients and constants for the discriminant:

-

»funttions and their P ratios). The remaining 9 characters
with F values > 1. 0'cohtributed liftle to the discrimination

and could have been ellmlnated from the analyq1s. The frenum

was the most discriminating chararter vlth a hlqh F value

,

AP = 1048.10). The computer resuLts for th;s-analy31s_are

xsunmar1zed in Appendlx Table 10.

It should be. recalled (see Hethods) that abundaht C.

\and,all putatlve hybrlds capturod vere kept in the field

\
collect;ons_(éEECIneQSN!gte jdéntified in the field as
putative hybrids by:their‘possessiEﬁ\of\a\partial.frenum).

e

;The ob]ectlon might be raised that the formation of the — -

interlediate peak on the hlstograg is an artlfacf of

selectlve collectlng of hybrids. Tt is true that the
relative number pf typlcal Cs™lumbe eus in the populatl n is

far greater thad indicated b}'the histogram. Hovever,‘lt

'unllkely that the dlstinctlveness of the 1ntern°d1ate ‘hybrid

group vas exaggerated 51nce only a random sample.of the

o~

tield collections vas,analyzed. Moreover, the.
_disfinctiveness of this group relative to C. g;ggggggrvasn

likely minimized since possibie backcrbss“indiiiduals (in
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The 12 most discriminating characters in a CVA using

untransformed data, including.frenum. Characters are in order

~ of decreasing importance with F ratios (1, 98 df) for inclusior

and coefficients. and constant for canonical variablesv(lstv

canonical axis).

&

. Rank Chatacter F Coefficient
1 FRE 1048L10~ - ~6..65
2 oL 60.69 130.74
\ 3 1w 41.81 -12.41
4 "HWE 14.27 7.88
5 " CF T 13.24 © 6.08
o 6 STA 12,09 -2.29 _—
7 HL 3.18 -3.10 .
8 cp 2.00 -1.76
9 CPS 1.53 - -0.07
A10' ML S 1.41 : 9.14
RO 11 SN 1.06 ©  5.88
A : :

WEE 12 ALS 1.05° 0 0.09

| Cohstant ;i;97
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the dlroctlon of C, Qlumbeus) ware collected more rlqorously
than typlcal Ce Ql beus. IR

Alt hough the frenum character is an e£££c1ent

P ]
¥

discriminator, its-regdvaiﬁfroq the ana1y51$ does not
seriquSly affect the’fésﬁi@s. The CVA histogram using
untransfbrmed data without the frenﬁm character shown in

Fiéure 8, is eésentialiy idenfical'to the histogram in - ’
Figure'7. Again, tﬁere‘appears to be qreater variance in the -

modes of<the;typicalxﬂanahaskis parentai species\gggyared to

the control distributibns. The cohputer-resulté for ;;;;\\\\\\\\\

4

ana1y51s are summarlzad 1n Append1x Tahle 11, 4The:12 most'
dlscr1m1nat1ng characters in thl< analys1q are given in
‘Table 3. * comparlson of Tables 2 and 3 111ustrates that CVA
is_heavily we1qhte¢ to a dependeace on;@nly a few ‘

- characters. \

Tha results of a CVA using square-root trahsformed
data, with frenum ‘character in the data snf aré giﬁen in-
Flgure 9. Transformatlon of the character data results. 15
1ncreas°d dlscr1n1nat10n hetveen the tvo sp9c1es. The means
of the two Alberta spec1es' dlstrlbutlons are snparated by
approxlnately 23 units of standard dev1at10n. Although an
f1nterned1ate hybrid node rpnalﬂw, 1fs mear is z/standard

a

dev1at10ns to the 1eft of strict 1ntnrnpd1acy (toward R, %

gatggac e). This is due to a heavy we1ght1nq on the
transforaed frenum character e = 3893.55)Q(Tab1e'u).'The
:tronghs between the hybrld ‘and parental nodes are spread

thinner along the first qanonical axls than seen preV1ously.



Figure 8.

histogram) and Kananaskig¥%

s . F
3 , BN
CVA Using Untransformed Data; WighoqtiFrenum

t
- -

" Frequency histograms of ganonical‘scorés on first canonical

aﬁis of specimens from Alberta 'control' group (upper
RIS )

’6up*(inverted.histogrém);’ Albérta

e

species formed 2 a priori known groups; all Kananaskis
specimens ran as a priori unknown groups. Units on x-axis

are in standard deviationsj y-axis is number of spécimens.
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Untransformed, Data, Without Frenuigd
Alberta; ;- | /
| Couesius plumbeus /

/

Alberta |
Rhinichthys
cataractae

Kananaskis Specimens
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(=4 . .
TABLE 3. ‘ The 12 most discriminating characters in la CVA-using‘%' -
- untrénsformeﬂ data, without frenﬁm; Characpers are in ordeg
of decreasing importance with F gatios‘(l, 58 df) for |
inclusién and coefficients an& cgnstagt for canonical
s .variabLQSUlet canonical axis). . ' j &%
/“ /". . . :
§E" ~ Rank . Character - F Coefficient

o | ' . 1. COIW - 682.35 -13.53
) 2 oL 207.69 32.87
3 CF - © 13.65 6.93
4 PTA . 12.92 ] © 0.04

5% &  HL o 8.41 2366 ¢
6 HWE .00 8.88

7. ML " 495 a 11;59 '
g cp | 3.30 - -2.07
9 ' cPs E 1.58 -0.08
10 _ STA . B 1.52 -2.04
o wAN  0.84 | 448
12 oy 0.51' ~ -2.58

~993§£§B§u;:l;99m




Figure

9.

CVA‘Using Squzre-root TranSfdrmed Data; Frenum Included

Frequency histograms of canonical scores on first canonical
x1s ofﬂgpecimens from Alberta ‘control' group (upper

histogram) and Kananaskis group (1nverted histogram)

- Alberta species formed,2‘a prtori known groups; all

Kananaskis specimens ran as a priori unknown groups.
: P

s . . ) [

Units on x-axis are in standard deviations; y—axis;is

numbet- of specimens.




Square-root Transformed Data, Frenum Character Included -

; -
208 ‘Alberta . Alberta
v ‘Couesius plumbeus : Rhinichthys

cataractae .

10

Kananaskis Specimens -

s Ot . /

- Jok s
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TABLE 4. The 12 most discriminating characters in a CVA using

a

square-root transformed data, including fremum. Characters

are in order of decreasing_impdrtance with F ratios (1, 98 df)

<

for inclusion and coeffic

-

R

variables (lst cgﬁonital axis).

Ly

ients and constant for canonical

Rank .

»

. Character

Coefficignt
1 FRE 3893.55 26.36 T
© 2 oL 49.3Q*v1 -26.%2
)3 ™ 20. 49 :T 1031 '
4 CF 17.34 --9.33 . %
s HWE 13'i2g ~13.82
~ STA 7:94 14.96
SOV 3.98 5.82,;
o " cp 3.10 346
9 g < 2.72 ~12.63
10 © ALS 1.63 -0.13
s pra 1.39 -9.24
- ,izU' SDO 7.68

1.15 .

Constant_ ‘6.39’
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there nay be spec1mens vhlch cannot be
ther good parenfals or 91 hybrlds.

ults v1th%3ntransformed data, the CVA
ata does not\show as_great a dlfference

es of the typlcal Kananasﬁls species’

\
nces of thé Alberta control spec1es’

distributions. Computer resulfs for ‘the CVA u51nq

ﬂtransformed data ar

Have the’ two K

hyhrxdlzat1on relat

» assumed that the Ka

" the troughs (ta11s

becomes apparent th
have greater Warlan

2) the neans of the

‘ tovard each other,

ppc1es' d15tr1but1

cause of this could

parenta}s, i.e., in

&n- VARIARCE 'rrs'rs

The dlfferenc°

to deterﬂlne if thi

E lntrogre551on. It i

the vithin-group va
the expense of the

1976). To determine

o

e sunnarlzed in hppendxx Table 12.
ananaskls speC1es been modified by this
ive to the 'control' snec1mens7 Tf 1t is
nanaskls parental modes (”1q..7).end‘at
of the node) next to the ‘hybrid mode, 1t
at' 1) the Kananasqu parental species .
ces than the tcontrol! poc ies; and ‘that
Kananaskls speC1es' modes are shifted
relatlve to tho neans of the 'con+rol'
ons. This'leads to speculatron that the

be backcr0551ng betveen hybrids and

trogre551on (sensu Hayr, 1969) .

.ﬂ'-
o

s in varlance vere 1nvest1gated in order
S - could be a rellable 1nd1cator of

[ knovn that the CVA procedure minimizes
riance of the a pri i; knovn group, at
varlance of ‘the unknown group (leental,

¢
.

hou this affected the varlances, the

‘
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o

known and unknowvn groups were switched: the assu-ed -
Kananaskls parental species (without orequmed hybrids) wvere

run as the g pEiori knogn group. The results of Variance
N

Test I (Fig. 10) show a far nprrovef variance for the

Kananaskis parentals, relative to the Alberta parentals,'

than.prev1ously seen (Table 5). Thus, the varlance of the

-1
‘

- a ggiggi unknov¥n group cannot’ be directly compared to the‘
variance of the 2 pri § ri known qtoup. The difference in
;ariance.(Fig. 7y is an artlfact of CVA ptocedures.

‘What fhen is an accurate estimate of fhe Kananasqu
speoiesﬁ'variance vhich can be compared to the Alberta
Species'_verianoe arrived at in the otiginaIICVA (Fio. 7?2

“Are the-Kanenaskis species' variances significantlyf
'~dxfferent from the Alberta spec1es' varlances’ The var1anoe
-for the Kananaskls parentals from Tes* 1 are not tru’y-
representatlve because:'1) the Kananaskle qroup-1s’the a.
_priori unknovn group. and because 2) there 1is litfle
‘dlfference between the varlanceq of the Alberta'ané
Kananaskls groups in Test I, even though the Kananaskis
varlanoes are being n1n1n1zed - 1ndlcat1nq that the
Kananaskls variances are vider than the Test T° eqtlmates.

Varxance Test I (qu. 11) vas performed in order to
1nprove the varlance estxlate for the Kananaskis qroups. All

|,A

spec1lens "of -the same spec1es vere pooled into tuo gtoups “ i{r

-

‘1trespect11e of nembershlp in the ﬂlberta or Kananaskis

groups. This vas done t relate each spec1nen,to all other

‘specilens of the sasme spec1es irrespective of group

~ . i
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Figure 10. ~Variance iest I. Untfansfgrmed Dat%; Frenum Included.
Frequency histograms‘of caﬁonicai scofes on.first canonical
axis ‘of presu@ed'pure gpecimens éf Kananaskis‘séeciés without
'hybridé (upper histoggam)_and_AlbérEa‘%%ontrol' group
(iﬁverted histogfah)fg'kanaqaskis spéciﬁens formed 2

a priori known‘groupég Alberta speciés‘ran as a_prior?'
unknowns. Units.on x-axis are ih stapdard devigfions;.'

y-axis is number of ‘specimens. ot
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Variance Test1 !
20
| Kananaskis o ] Kananaskis
Couesius plumbeus . . Rhinichthys cataractae
10 —
. \
O i | 1 1 { o~ 1 |
: 2 0 2 : _llo
10~

. 20

| Alberta
|Rhinichthys cataractae

Alberta
Couesius plumbeus
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figure 11. V;fiance Test 11. Untransformed Data; Frenum Included.

s

Frequency histograms of canonical scores on fipsg canonical
: ‘ L. « :\% %

axis of presumed pure specimeﬁs of Kananaskis.spécies qithout,
?hybrids (upper hisgpgram) and Alberta 'cqntrol' 8r0up‘ :
(inverted histogram). Kananaskis and Alberta groups of

same species ﬁere'combinéd,to form 2 a priori kné&n groups;

thefe.was,nb‘uﬁknown group. Alberta and Kananaskis specimens

aie'sépag?ted as upper and lower histograms.
s LI .’%' . . .

(R
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Variénce Test,ll

0

Alberta -
‘Couesius plumbeus

‘1 Alberta

6

Rhinichthys cataractae

4+

Kananaskis
Couesius plumbeus

Kananaskis -

- | Rhinichthys cataractae
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menbership. The two groups were run in a CVA as a ggiggil’;ﬁ
knovns. No a priori unknovﬁs vere included. Oncefﬁomgpted,
the canonical scores of the Kananaskls group vere sepafafed
from the Alberta group and plotted (”10.,11)._The‘varianceé_'
of the Kananaskls species' d15+r1but1ons wern calculafed
separately from the Alberta spec1es' dlStleUtlenS.\Thé
'rnsults of Vvariance Tast IT shovw tha* the van1ance§ of thé

e

Kananaskls parental groups are not 51gn1fxcantlywdr?ferent

a

. '\l 2 K ,V/ B
{p > 0. 05) from the ‘variances of tholr raspertxve controls

el

(see Table 5). There does not appear’ to he a qlgnlflcant1y
greater'varlablllty in the Kananask1s parentals than ‘in “the °
Albefta’parentals, which could be ascrlhed go 1ntroqre5510n.
' {gf&s unsafe to drav conclu51on5 concernzng 1n¥rogr9531ov
'fron direct comparisons of the var1ances of - Sp9c1eq*
canonical score distributions, The CVA must hp‘nanlpulated
in order’fo obtaih cohparable Variance estimates.

The éomputer results for both Varlanre Test .are‘d

L}

'sunmarlzed in Appendlx Tables 13 and 14,

CVA - COHPARISON OF GRQUP FEANS

To av01d the confus1on and dlfflcultlns assoc1ated/uith
.perfornlng variance tests, it nay bp 51mp1er to compare
_g:oup”neans in ofder to deternlne the presence of ’
introg:essive effeéts.:It‘aﬁpears thaf-there has been d
é;gnificint shift of the Kananaskis R. gg&ggggggg group upan\

awvay fronm the control néan (rigs. 7,.8, 9) (zz-=_31.8,P <

0.05). The sean of the Kananaskis C, plumbe u§ group is
. o I
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&
similar to the control gkoup neaq”(?igs. 7, 8, 9) (x2 =
13.1,p > 05). The shlft of Kananaskis P. cataractae toward
b~the hybrid group may indicate: 1) the prese~~z of
'backcrosses.to‘gé gg;ggggggg;wqr 2) phenotypic changes in R,
cataractae due io hybrid‘fegtility, i.e;, intrqqreésion.

Conversély, this woyld indicate an absence of phenotypic -

CVA % PAST COLLECTIONS

*Tﬁe group means of the canonical score’distributions
for-tyﬁical C. Q;ggg 3, collected in 1961, 19€9, 1972, and
1977; vere cdmpareq (qu. 12) to determine if this -
Kananaskis species had peén;ﬁodified by inttogrés§iie
hfbridization over tim®, The teaporal distributions of
canopical Scores indicates a.significant shift in means in
1961, 1969, Cse Qlumbo us toward ﬁ; gggggggggg and a return
ilshift in"1973, 1977, tOuard the c?ntrol group mean. There” 15!
a 51gn1f1cant dlfference betueen txo control distribution
‘and th@ 1961 Kananaskis distrlbution (X2 ¥ 31.0, P < 0.05),'
po 51gn1ficant difference between the q9§1 and 1969
~ Kananaskis distriﬁuti§n5 kxz = 3.9, P> 0. 0%), no.
151gn1ficant difference petveen tho 1969 and 1973 Kananaskis
idistributions (X2 ='2.9,.P > 0 05), and a 51qn1f1cant
'differenCe betveen tH§'1973 and 1977 Kananaskls
:distributioq(/(xz = 58-;, P < 0. 05). One sp@Clmen in -he
1969 UAHZ collection 1S revealed to be of hybrid origin. The

cOomputer results for th;s ana1y51s are given in Appendix

9

¢ . -
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Figure 12. CVA of Past Collections of Kananaskis Couesius plumbeusd.
Using Square-root Transformed Data; Frenum Included.

)

. Frequency his;ograms of_caﬁonicél scores on first’canonical
'/axis of spéciméng.from Albérﬁé 'control' gréup‘l977 (ﬁppér
hiStégram) anq'Kananaskis groups, 1961, 1969, l973,»l977
(invertéd histogram)L“ Aiberta\groﬁp,formed a priori known
group;‘all Kaﬁanaskis.épeCimeps ran as a priori unknowns.
Units on x—a#is ére'invstandard deviations; y?axis-is
‘\nu@ber of specimeﬁs;}iSamplé size énd,groupvcentroid are

shown for each collection.



61

10

Alberta n=50
Control X=-114
1 [ L
Kananaskis n= 11
‘ 1961 X=94
1 | .1' _ -
L Kananaskis n =25
1969 X=8.7
| L
‘ Kananaskis n=25
1973 X =8.8
. .,] | ]
-4 -2 O Kananaskis n=50
, 1977 X=11.8
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Table 15, -

PCA - INTRA-GROUP VARIATION

9

It vas necessary to determine if ¢ ther sex or unknown

intef-population,differences vere confc nding species?

'discrimination. To test this, two PCAs :e.perfdrmed: one

- — - v ——

(control' BRs cataractace. The results shown in Figures 13 and
1U'demonstrate ehat.there are no subgroups vithin-each
sPeciee'Aciuster.’An axamination of the sex and population
membership of each point in fhe c]us+ers did not reveal any

pattern attributable to these varlablos. PCA was not

- performed separa?ely on typlcal 1nd1v1duals of the two

Kananaskis species., The reason for thls ¥as that CVA results
indicate that it 1s 1upossib1e to p051t1ve1y dlscrlmlna*e
some 1nd1v1duals of the Kananaskls parental spec1eq from
variant hybp;d 1nd1v;dnals on a porpholoqlcal basis. '» #
eItvis‘unlikelymthat the inclusion of individuals from.
Upper angd Loﬁer Kananaskis Reservoirs in the Kananaskis
groups uould 1ncrease the wlthln qroupe variability and «
reduce species? dlscrlnlnat;on. The prev1ous 1nclusion of
diverse populatibnsvin the Alberea Qronpe'didlnot result ip
such subgfoups'reducing species! separatiOn. In addition,
the two Kananaskls populatlons analyzed (Upper and Lower
Kananaskls Reserv01rs) have a probably 51nllar "and recent
Bov River origin. Conputer results for these analyses are‘

summarized in Appendix Tables 16 and 17.



' Figure 13. PCA of Alberta Rhinichthys cataratae alone. Using
Squafe—root'Transformed.Data; Frenum Included.
A. Plot of first and second principal component scores.
Component .I = 77.5% of variation; Compohent IT =

6.2% of variation.

B. Plot of second and third prinitpal component scores.

Component III = 4.9% of variation.
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Figure 14.

6.6% of variation.

- Compdnent III = 5.2% of 'variation.

Using Squaré—rootw

. Plot “of first and second- principal component scores.

Component I'= 72.0% of variation;.Compongni IT =~

)

.1AP10: of second and third principal compoﬁenphscbres;

K

e
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I‘" - ‘ ’ * . ’ ? .
A listing of actual character values for all specimens

N

used-in all above multivariate statis¥ical analyses is given

in Appendix Tables 18-23,

DT SCUSSION

~Central to most modern studies of fish hybridiza%ion

,has been the desire to reach a conclusion on the fertility

\
of hybrids from an analysis of morphological data. This

Stems from the assertion by Hubhs (1955) that not onfy are
\ “ . .

FP1 hybrids intermediate between thrir parental species,

except fbr sope featuresireflecting‘Hyhrid vigof, but théy

are also of the same order of variability as are the

parental species. Subseqhently, vhen wild-caught Hyhrids"\

showed7inérea5ed~de§rees of morphological variability

relative to the parental 5pecies,'§evqra1 types of hybrids

. vere reported to be fertile vitmgut experimental evidence

(Hubbs and Stravn, 1957). More éecently, Schuoler and R151ng

(1976) have stated that when in 1v1duals rpprpsenflng F2or-

backcross ‘.generations are: present, the hybr1d populatlon is

‘found to be more varlable than ‘the parenfal populaflons. N

t -

. The assunption of lou 1. hybri& lotphologlcal

’

; varlablllty has been proven fals° when t@o 1orphology of

r,lab-rearei FT hybrlds 1s co-pﬁred to-the morpholoqy “of

lah-reared controls of the‘parental specxes. Hubbs and
Stravn (1957) found the art1f1c1al 71 hybrlds betunen }'

gtheost g sgggtablle and Pe/c na gagg dg_r~fr01 the San

Gabriel River, vere nore vatlable in all characters analyzed
: f S o
c o ) } f’"

e /
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than fheit parenfal controls. Greenfield and Greenfieldﬁ

(1972) found that artificial F1 hybrids between Gila orcnrtt.

and ‘Hesperoleucus §1!5etrigg§ gere not strictly intermediate

betﬁeen the parental species; rather fhe distribution of

hybfid index values for known hybrids filled the interver ing

space between the parental species’ distributions., Neff
¢ . .

(personal communication, 1977)‘analyzed numerous
'norphologiCdl characters from 2 separate qfoups of

_artificial F1 hybrids (Leporis g!gnellg x L, macrochlrus and
Notropus whipplei x N, spilopterus). Using CVA and PCA, she
found greater variation in the known P1 hybrids than in the

parental groups,‘This vould preclude the confi7ént

identification of backcrosses (if they were priesent) fron

hybrid ihdividu?lé. ¥ithout knowing the genetic‘histOry of.

"the hybrids in the above cases, Qhe'vould'have identified

non-intermediates asfbackcposses or F? individuals under thég

erroneous assumption of low P1 hybrid variability. N

. It is likewvise not possible to decide oﬁ,g. Qlumbeus X’

P e e e i e
4

R. g;_afactaé hybrid\ferfility or to positively idénfify

) backcross 1nd1v1duals from thn nultxvarlate analysos of\
.Kananaskls cyprinlds perforned in th1§ study.' / | |
lon-internedxate, putatlve hybrld 1nd111duals i the trough
freglon of the Kananaskls CVA dlstrlbutlon could represent’ F2‘
‘ hybrids, var;ant é1 hybrld;; or backcross 1ndlv1d;$15;t ‘<

| Sllth (1973) u31ng PCA found 1one hybr;ds occupylng the

area betwveen strict xnteraedlacy and one parental type.

These vere identified as backcross individuals. Without

3 . . ;
- 4 ) ’ .“ i g
. R . .
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knoviﬁg fhe variance of the F1 hybrids, :such a conclusion is
uncertaln. | ’
' It lay be possxble to defermlne F1 hybrid varlance from
a .morphological study without resorting to the study of
artificial F1 hybrids;'This may be possible given a large
phenotypic dlstanCe betvween parental distributions, and a
large hybrld sample forming one intermpediate. dlstrlbutlon
and two smaller non-lntermedlate dlqtr1but10ns toward the
pa:ental types. "In this 1dpallznd case, the varlablllty of
the fiternedlate F1 hybrld qroup would he oqtabllshed and ar
backcross interpretation uould be warrantpd for

non-internediate‘&ndividUals. The results of my study do not

reveal such backcross distribution peaks. Moreover, the F1

‘”g}ﬁhoi be known with such a continuous phenotypic,
. ﬁgglgp&%ln a study vhere the hybrlds bridged the gap to
one spec1es and not to the othpr, a backcroselnq

. 1nterpretat10n vould be warranted, without tho-neeﬁ to show

F1 varlance. Lo - '45 a .

ThlS contlnuous dlstrlbutlon of hybr1ds brldglng Ce . :
”‘Qlumbéds andbg& cata; ctae 1nd1cateq fhaf 1f is not always
poss1b1e to positively 1dent1fy 'pure' 1nd1v1dua1q of thﬂ

Kananaskls parental spec1es. ThlS s*rengthens the need to - .

ob]ectlvely class1fy a11 1nd1v1duals in an area of

N . PR

hybridlzat1on relatlve to known control spec1nerzfroﬁ aréasﬂA
. 0 TN K ’ -

vhere hybtldlzation is not known t0. occur,

It 15 also p0551b1e to uso ~the: control specimens as an
)'.

objectlve standard agalnst whlch to conparo‘the lOtphology

,
L

P 4
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of specimens collected over a long time period in a

hybrldlzlng area, If the area is not a stabhle hybrid zone
’

(§gg§g !oore, 1977) the follov1ng alternatives of
evolutionary chanée may be observed over time: 1) a trend
toward fus;on of the species by intregression - recognized
by a progressive increase in hybrid frequency, skewing of
parental iistrieutions toward each other, or an increasing
variance of parental distributions relative to the control
disfribution; 2) a strengthening of speéies!=isdlating
neehanisns.andfcparacter displacement - tecognized‘by a

-

progressive decrease in hybrid frequeacy, skewing of ~ '

parental distributions away from eacb'other, and no increase

#

in parental variaace: 3) extirpation}of one sbecies by
qonpetitiVepexelusion and hybridizafion; or‘Uf‘continued low
levelihybridizatidn as lané,as the eniironment renainé
Anedified. | -

; ) “

Jones . (1973) obsetved-the effegtslof thirfy years of >

-hybridization on the toad:species, Bufo americanus, and Bufo

—
~. %

" woodhousii, in this manner. Hybrxdlzatlon v1*h 1ntroqre5510n

i .-

can be best recognlzed tenporally relatlve to known' control

o

'groups.-Thls would appear to be a rewvarding approach for

. - »

‘studies of fish,hybridization, provided adequate past

Gollections are. available. In my sthdy‘fhote‘Vere 6aL{L

rd 4 !

co-par1sons. S .

‘suff1c1ent CL plg! eus 1n past collectkgns for lomphologlcal

r

SN Three approaches vwere . used to defern1ﬁe 1f the

a

'Kananask1s pdpnlatlonsAhad changed due to hybrldlzation.
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First, the greater variances of the Kananaskis groups

coipared to the variances of the control groups suggested

‘the effects of introgression. However, using the Variance

Tests (I and II), this difference was found to be a property

of CYA which obscured the equality of variances between the

Kananaskis and Alberta groups. There has been neither an

evidence

increase nor a decrease in populatlon varlancn

that nelther 1ntrogresqlon nor characfer dleplacement has

E

occurred Conparlsons of variances (of CVA dls*rlbutlons) is

not a preferred 1nd1cator of morpholoqlcal change due to

“to that of the Alberta group

mean, separately for each spec1es. The ana1y51s revealed no

dlfference in. the pos1t10ns of the means for CL Elumbeus

44

norphologlcally chanqed dne to hybrldlzaflon.

The Yhird approach Vas to. deiermlne 1f the uodes of -‘the

tvo Kananask1s parental specxes vere aov1ng tovard each

other relatlve to the controls (1ntroqress1on) or recedlnq

Vfron each other (charac;er dlsplacenent). Thn mode of

)

parental types) does

tovard B, cataractae

T e e St ot

canopxcal scores for Kananaskxs C& Qlu-beus (presunably pure‘
reveal a shift in 1961, and 1969 means .
avay fro

a_shift back

' dlstribut1on. Subsequently i

PRI
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toward the contr61 group mean occurred. The shift in means
may indicate the initialtéffects of introgression foilovéd
by character displacement., However, this:seems iaplausible
for such .a Short time span. Withouf investi%afinq the‘
fertilify potgntial of Ehg hybrids by experimengal means,
thieremﬁins speculation. Tt. is also reasdnable to attribute
the morphological shif£s fo selectioy by éomé unknovn
environmental Cha:gés through ‘the intervening 17 year

-

period. - .

In summary, there is no clear evidence of introgressive

effects of hYbridiZation\npbn Kananaskis C. plumbeus.
o]

Hovever, Kananaskis R& cataractae does show a norphologlcal

change sugqestlve of 1ntrogress1on, or *he presence of .
backcrosses,~1t is also possible for this difference in

means to be a result of population variation due to the

Founder Effect (sensu Mayr, 1969), Parther evidence,

\espec1a11y from breedlng tests, is requlrnd to test thls

ypothe51s. Apgz@ from thls sllqht chanqe, thpre does ‘not
appear to be a §1gplf;cant trend towvard breakdqwn of the
speéies; iﬁteqrify.' o
Both R, cat_;actae and ind111duals of hybrld orlgln
have remained at low frequenc;es durlnq the past 17 years.
Although tho rate of hybridlzatlon h%@ remalned at a low
”level thete is some evidence of A trend tovard extlrpatlon

of g; cataractae from the reserv01rs (alternatlves 3 and a
g
. R ‘ P ‘
'fton above). a o , . 5 ,

' i

_ . , .
This study has assessed the relative importance of the.
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'norph°l°9163l»chatacters of C, plumbéus and B, cataractae.
Nelson's (1966) finding that the best hybrid discriminators

'ir@‘fconhfheshead . i.e., frenum vidth,:snout length,

isthlus.width,wahd orbit length has been confirmed. Future
o IR :

vorkers may find the canohical_coefficients and constants

. given ig/Tablés 2-4 to be valuable in classifying putative
' . - ' \ S
hybrid/specimens.

7



VI1I. fLBéTBOPHORBTIC IDENTIFICATION O" HYBRIDS
| INTRODUCTTON -

Electrophoretlc results can provlde a second set of
.data to test the hypothe51s of hybrid origin of certaln
spec1mens ba§ed on morphological criteria., The advantaqe,of
electfophorésis over a purely nbrphological énalysié is that
the genetic"oontributﬁ%ps from each ba&éﬁt may be detacted
1na single indiﬁidual;%‘;é . | “

Nyman (1970) hasif@gted all possible types of protein

"patterns found in fish hybrids, reflecting simple codominant

expression of allelic genes. Hybrxdypro*eln patterns can he?

1) identical to one or tho other"‘ ntal species; 2) a

compiete:sumnation'df the tvo spa R 3) a partial

sunnatlon- or u) the hybrld pafterﬁfggd the two parental
species' patterns can all .be idnntical For a prot@in'+o be
- useful dlsctlmlnator of hybrlds, it must he prpsent in a
hlgh frequency as a variant forn in parh parpntal spec1es.
The hybrld then, inherits a_sumnatlon of‘the'parenta];
banding patterns iReinitz, 1977§.VTBe éonfirﬁatidn of
'"hjbridityﬂ in this Study'vas'an'enpirical search for suéh

hybrid specific.biochelical markers.,

HETHODS‘
Adult C& Elunbeuq, and,g; gg;ggggggg and their’
putatxve, wild hybr1ds wvere collected from Lower Kananaskis -

Reservoir dutlng the summer of 1978 for electrophoretic

: s . . ] . . i
,exallnatlon\\SPec1nens from outside the system vere not

T4
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. examined. Adult fish cf‘comparable age vere chosgﬂ in orAder-
to excludeelectrophoretic variation due to developmental

To ensure that 1nd1V1duals rapresenflnq thn parontal

differences.

_spec1es wvere 'pure‘, the, saie 21 morpholoq1cal charactors'
+ N
used for PCA and CVA vere measured, and the canon1ca1 scores
\falculated. Ind1v1duals ¥ith canonical scores Hlthlh one
_%tandard deviation unit of the control narcntal peans (froﬁ
Tt e multlvarlate norphologlcal analvqls qu. 7) were used to
represent pure' parental typos.i{

Only hybrlds w1th 1ntormed1ato canonlcal scores (1n the
presuned F1 portlon of the Kanana:kls dlstrlbuflon on fho
‘flrst canonical aXlS, Flg. 7)‘were electrophoresed. Putative
hybrlds, with canonical _Sscores 1nternpdlato between the
,parental specxes and tho presumpd P1 mode (p0951b1e
backcrosses) vere unfortunately not avallahlo in elther a

fresh or frozen stafe ~NWecessary for electronhorPSLQ. The

progeny of the experlnental crosses had not rnached

suff1c1ent size to pernmit elecfrophoretlc examlnatlon.. : %g
Prote1n extracts vere obtained from blood sera and )
skelptal nuscle of the same spec1mens. Blood sera verPA ,

obtalned fron 11ve flsh in the laboratory by severing thD D&}
N
caudal peduncle,'vlfhdrawlnq the blood 1nto heparlnlzed

e . kS

caglllaryﬁﬁubes, and splnnlnq down the corpuscles in’a ?Eig

,,-p’w..,‘. :

<

»ﬁeiatocrlt centrlfuge for 4 min.. Thp corpuscles uere
dlscarded and the pure sera frozen at -S 00C, The" flSh vere

then frozen.' : _ -
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Skeletal muscle samples from all frozen fish uere‘f'--h
electrophoresed vithin six weeks of collection., Fish
skeletal muscle, frozen more than a fev days. has been found
to be readily extractable, and nuscle protexns qulte stable

under frozen storage (Utter e et al.,

197u).~

One cc of the frozen dorsallmuSCularnre from each
specimen was ground in a glass tisSue grinder with an
equivalent volume of distilled Hater. The creamy muscle
homogenate was thenfcentrifﬁged forr15 min. at X20,000 g in
a Dupont Ultracentrlfuge. The resultlng Cclear supernatant
\vas ored frozen at -5.00C. Frozen samples of thi%
supernatant dgave ldentlcal electrophoreflc patterns to
freshly prepared ones and they vere used as convenience

{ : /

dictated.

The number of typical parental specimens and hyktrigd

!

specimens used for the electrophoresis of the two tissue .
types is given in Table 6.

Vertlcal polyacrylamide disc gel electrophore51s vas
perforned at room telperature wlth a Buchler pover supply
(set on constant current) using the techniques described by
Davis (196“) and Sulth (1969).;Seven percent polyacrylamlde

, gels were lade vlthqut sanple or spacer gels accordlng to a

‘rec1pe lodlfled from Clarke (196&) (refer to rec1pe in

Appendlx). A cold, contlnuous trls—glyc1ne buffer (pH 8. 3)
vas used for the electrode buffer in order to mininize

columan heating. A _ a

It wvas found experilenrally that 8.1 was the optimal
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TABLE 6. List of proteins examined in specific tissues.
Numbers of fish specimens analysed for each protein is
given. R - B, cataractae; C - C., plumbeus; H - Cs 21292935

X R. cataractae hybrid. LDH: lactate dehydrogenase, GPD:
glycerophosphate dehydrogenase° MDH: ‘malate dehydrogenase.

..-_———-———-——_-——-——-——-----———_—- et R T

Proteins Serum Muscle Replicates
LDH ' S ' x 15¢  9R 3
X GPD’ - : | X . 8C  BR 21
BDH | X | I 2 o
%erum protein - X T -~ 14C 12R SH
-Hufrle protein © . i o X ‘ 14C 12r  SH oo
7" . .

- s - e i - - - e a w- - T T A T A e v i e e e = - —— e o o

amount of extract of both t;ssue types for electrophore51s.

An equal volume of a HOS sucrose solution was mlxed with thew

x "3.:

'sample extract, The entlre solution was then layered bexween

;vhen the tracklng dye had\reached thp end of the gel, Only

the top of t he gel surface and the less dense buffer abowe.

- v

All samples were applled vithin 5 m1n.. T i

One'ml of.0.001 percent Bromophenyl Blue in water wés'

S

added to the upper reservoir as a tracklng dye. 51multaneous

electrophoresxs of 9 gols was begun Hlth a current of 1 5

»nA/tube for the first 10 uin. to prevent undue'diffusion of

& .
the sample. This was increased to u 0 nA/tube for the

remalnder of the run once the tracklnq dye .was.2 mm into the‘
gel. Electrophoresis was conpleted in approximately 75 min’.
the anodlc portion of the sauples vas studied.

Gels were stalned ulth amldo black 10B (1 gm in ppo al

of 7% acetic ac1d) for one hour to dlscern the generaI “““
_ 3 A
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proteln Ratterns of both the sera and muscle extracts from

i

_the tvo species and their hybrld Destalnlng was
acconplished in the same apparatus using a 7% acefic acié
vash solution with a current“of'10 ml/tube. Destafnino vas
complete in 60-90 min..

Specific enzymes,“lactate dehydroqenaSe {LbH),
u-quceropnosphafe dehydfoqenase (G-G?D) and malate
dehydrogenase ("DH) vere visualized using the staining

ook
procedures of Shaw and Prasad (1970)." However, the qels used
to separate these enzymes vere not run with tThe recommendes
electrode buffers. pather, the qel pH vas aﬁjusted clos r t-
the stain pH by 1lnpr51ng the gels in *he approprlafe st - %ﬁ
.buffer for J% nln. prlor to staining. J _

» Gels were-stored in test tubes con)aining 7% acetic 7
| acid and vere photographed (Kodak Plus -X fllm) dlrectly in .

the destalnlng tubes with no llquld 1nterface u51ng dlffused

.back lighting,

RESULTS
The polyuorphic banding pattern of mnscle‘tﬁﬁ was
identical in all 1nd1v1duals of each species and hybrlds ;m
that wvere tested (Fig. 1S, #1). The appearance of three
“muscle LDH lsozyle bands in thls study is contrary 40 the"
results of Clayton and Gee (1969) who found flve nuscle LDH
gatar&ctae collected in Hanltoba. The spec1es vere

dlstlngnlshed by the occurrence of a- varlanf muoscle LDH in

!
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"Rs € cataractae. Althongh‘onr'technlqneS'differed,-it‘is
likely that my results are nisleading. Given a lonqerv
electrophoretic rqgnlnq tile. the 1arge. -ost-cathodal band %J
lay have resolved into three bands of differing nobility,
thereby producing a f1ve band pattern. Thxs vas not tested |

;1n th1s study. . | | |

Muscle'GPb*(Pig.ljﬁ, Q3) vasbpelynbrphic in each
parentallspecies'and the I1Jhybrids. EaChfposseSSed

™~ :
- ' ™ ! ’ : . a B :
~identical variant forms. Muscle MDH was expressed as a

Single‘nonvariant band vithvedﬁivalent electrophoretic‘ T

mob111ties in each parental specxes and thelr ?1 hybrids. .
Muscle lyogen phenotypes have been touted as an

efflcient me thod to 1dentify hybrid ind1viduals befveen

‘otbor specxes (Tsuyukl and Roberts, 1965- Asplnvall and )

- Tsuyukl, 1968). ThlS ¥as not the case in\this study. Allu
1nd1v1duals of each spec1es and all hyhr1ds had 1dent1ca1
ﬁthree band patterns (Flg. lS, #$4) for nuscle extract
visualized with anldo black. There vas-some varlatlon 1n the

'fa;nt ulnor bands betveen the spec1es but these vere not

\treproducible.

M By The banding.patterns of sernl protelns for the tro

a*'species differ in the posse551on of. d1ssin1lar, fast moving -

l::ﬂprealbu-en bands (Plg..15, #2). All specilens of F.v:

lﬁtrggg_;g_;ge tested, vere characterized by the front band of -
vslover anodal -obilxtr,_vhereas QL glu-begs was

A
haracterized by a faster varlant. All 'pure' F1 hybr1ds

tes' ud, vere’ characterized by the possession ot“both bands,

P
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3 e., a sunlation of the parental ‘bands. These bands clearly
defined a difference betveen the species..llthough there are
| ptobably sinilar diffetences in the slovest bands, these’
vere not investiqated. The differences in, banding patterns_
vere 1ndepdhdent of sex and vere repeatable 11th several
subsanplings of the ‘same tissue of one individual.
Electrophoretic phenotypes were not observed in the rajor
bands of the tvo spec1es' serul protein patterns. | -
Serun nroteins appear to be influenced by env1ronmenta1

factors €eGe s diet and phy51oloqy. It is uulikely fhat this

could be a confoundinq variable in this study since. the fish “
were sampled fron ‘the same reser101r,_at the same. time of

'fthe year, and presunably latured under the ‘same conditions.
. : . .

\ ‘(D
i

i\ E " . v : " : o
v . : '

F |
; e,
\

\ . o - DISCUSSION

-— '
) S

Electrophoretic/serun protein analy51s 1nd1cates that‘
'potative g__lbens~x Ry cata;ggtae hybrids possess two
,prealbunen bands. These correspond in electrophoretlc L
'lOblllty to 'the 51ng1e prealbunen bands of each of the
,parental specles. Thls substantiates the morphological and-

"xreproductive eVidence of hybridization betueen Re cat ractae

T

and’ ¢ Cy- g unbens. ",' ' : L L N

Different hybrid spec1f1c protein patterns have been - -

51l11ar1y described 1n only two. otben North Alerican

G’prlnld hybrids. redside shinér (Pichg_dsonius balteatns) X

peaionth chub ( 1 e11u5/_nurinun (RSpinxall and Tsuyuki.;

”“1968), and longnose dace- (R g;h xS
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o
-

: o | »;{m
blacknosé dace‘(B"g;; glus) (Clayton &nd ree, 1969,.

Any 3& cata;g_gg_‘ Cs glnlb_g§ or” P1 hyb:id specilens-H

,fro- Lorer Kananaskis Reservo1r could be c1a351fied as such 3

solely by thexr serul phenotype. It voulﬂ seen reasonablo to =

assune that this is true for other populations of theSp

specxes. Thns it should ‘he possiblo to test the pur1ty ‘of

&

— e v e -—— - e w—— - —

confxrm P1 "hybrldlty" by the use of this sinqle blo&honlcal
. o . \, .
chgracter. o 4 ! R Sl

Nyman (1970)'qoppaféd thé”éfficie@?ies of
e}ectrophbrgfic and iorbholoqical techniqdég'iﬁ Hetécfing
naturalffish Hybrids. He found that elac*rophornsxs was more
rellablo in 1dent1fyiﬁg F1 hybrids, but tha* the tvo: methods

<

vere equally 1neff1c1ent in 1dent1fy1ng F2 hybrlds. Tbls As
&
a result of the alnost complete- donlnance of one parent'

genes over the other;,ln the F2. Hovever, Nynan dld flnd U~

but of 32 proteln systenms 1n F2 hybrlds (Salmo salar x S.'

trutta) posse551nq dist1ncf bandlng patferns. A thorouqh

ﬁ'electrophoretlc survpy should be" undertakon by fufure -

”

<vorkers 1n.order to test the hypoth951s of 1ntrogt9591on ‘

N

_:;betveen CL glunbeus.and R cataractao in Lownr Kapanaskls'

Resetvoit. o R X R , S ’ /
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» 'III. REPRODUCTI'B ISOLATIIG !BCHIIISHS R

ot .

o : BN czuzan; Inrnonucvrow . _
Hybrldizatxon results fron the dissolution of the
teptoductive isolatinq lechaniSls vhich for-erly preserved;»i

the 1nteqt1ty of the species' gene pools. ‘An undersfandlng_fﬁf

of vhich 1solating lechaniSls are 1noperative cig suqqest_

the environnental factors vhich fac111tated the

Id

' hybt1dlzation.' R :tf, c _7}~

Reproductlve 1solat1on betveen sympatrlz?c. glumbeus

and g: cat_gactge ﬂopdlat1ons has not been p év1ously

sehﬁied. In fact, publlshed uaterlal on the bteedlng b1010gy

~

of these spec1es is scant. The reproduct1ve hab1ts of R.

"

cat tge have been conprehenslvely descrlbed only from
Hanltoba (Bartnlk 1970). The nost conprehens1ve report fo£
C‘ glgnbeus is fron_Saskatchewan (Br0vn, 1069). However, 1t
should be noted that accordlnq to Hells (1978), the.

Kananaskls C, Blggggus are of the 'dissinllis' norpholog1ca1
. forn vh11e Brovn's populatlon consisted of the 'piulheus'

Y

forl. ihether there are 51gn1f1cant b1ologlca1 dxfferences_

-

betveen these forns 1s not presently knovn.

Thls\sectxon of the study 1nvestlgates the

effectlveness of the spec1es' prelatlng and postnatlng

-

isolatlng lechanis-s through ecological field studles and
. art1f1c1a1 cr0551ng exper1lents. Ecologlcal and 11fe hlstory .
data for the Kananaskls cyprinlds are presented for the

fitstftlle,

8
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V”Srdni or’pngéartiq=1§o£;f!oﬂ’
Iurnonucuo& o | L
| Pre-ating isolat%ng nechanisns prevent the vastage of
qa-etes and are thus more effic1ent than postlatlng
1solat1nq uechanisls. Ptelatinq isolation invalves the =~ -
reductlon of contact between the species (i.e., Spatlaily’

~

and telporally) "and the reduction of interspoc1f1c matlng by
<

'speczeq' sp9c1f1c behaviors. The laftot, ethologlcal»

.1solatxon, has been fonnd to be qenerally mcre important

than the.other 1501at1ng lechan1sms (thtleiohn, 1069).A

~

o Temporal Isolatlon

"frlatnrlty°

The pur pose - of th1s sectlon is to de+orm1n° the
©

follovlng biologlcal Eharacterlst105° 1) ex+enf of

~differences 1n spauning habltag and sphvnlnq #1:9 batveen

1 — w.’,‘

the two specles: and ZL degree of 1nterspec1f1c mrate -

T

:.* ) B ~

-nnéﬁons

e

‘a

The flne of spaxnlng for each of the parental spoCLes
was folloved u51ng three d1fferont methods.‘The flrst nethod

fton Nelson (1968) entalled maklng a qualltatlvp 1udgemen€

on the deqree of fenalp gonad devalopment. The f Ilov1ng j'

Y

qualitatlve crxtetla uere used to descrlbe fenale qonad

k4

ripe -f'eggs

only nnder flrl“flnqet prQSSUr . s m

.

‘fﬁlly:ripé - eggs atvnax;la1-51ze: golden colored;

reéam colored; extruded



- from all salple fenales vas qraphed over tlne.‘

86

14

extruded spontnneousiy.dne‘to'handlﬁng,by

experilenter.v

»

spent - fev or no golden eggs extruded fron body, C avityt

{/ abdo-en vxslbly sunkon. "

P

The peak tine in vhich fully ripe- females vere preseng in

the Lower Kananaskls Reserv01r vas, conparedvbetveen the tvwo,

°

spec1e3 o
» O L
The second nethod vas quantltatlve. The spaunlng perlod,

-

for each spec1es was. folloved by deternlnlnq the percentaqe .
N

L

contr1but10n of female qonads to body velqht. Total body~
ve1ght and gonad uelghf (bo*h 51des) vere meaeured fresh to
‘_the nearest 0. 01 gm. These gonadosona+1c 1nd1ces (7 qonad
:welght 1nto total ¥ody velght) of each spe01°s vere pooled,
“for saupling dates -and’ plotted over the spawn1ng perlod.cf
The thlrd nethod vas also quant1taf1ve.vThls 1nvolved

neasurlng ‘the mean dianeter of 10" ova per sample female

/

'u51ng needle 901nt ‘dial callpers under nagnxficatlon (read
to the nearest 0 01 mm).. The grand mean of ova: dlame*ers
.'f Flsh sanpled fron three d1fferent locatlons on Louer
'iKananaskis ReserV01r vere nsed for all three methods and
':?uere xnclnded 1n the graphlc analyals, 1rrespect1ve o‘

: orlqin. The three 1ocat1ons vec Interlakes °aceuay, nouth'

%5-of Boulton Creek, und Connon Bay. The purpose;of poolxngv”

‘locatxons vas to’ generate a large sanple 51ze, and ﬁbngiﬁe a v

’;general plcture of the spawn1ng per1od for the entire Lover

'fReserv01r, vithout specif1c ‘site variablllty. Time
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linmjtations prevented an in-depth study of spaanGE thlOdS
on Upper Kananaskls Reservoir. The-occurrence of diel

. N -~
(temporal) isolation vas not investigated.

-Habxtat Isolatlon o f oo
The concurrent abundance of the two species and thelr
R

‘putatlve hybr1ds at the sanpllnq sites was monltored using-.
vall capture technlques tnyougHBut the Spavnlng perlod. catch

‘data vere rev1eved to <ee if there vas habltat seqregatlon

‘t".

byldepth, current or substrate.

Behavioral Isolation

Several rlpe nales and females of each oarenfal S

s -

‘ spec1es, captured between May 26 and Junezﬁ 1978, were

returned a11ve to the- laboratory and were kept in snparate

¢

tanks. On June 6, . 1978, the follovlnq rec1nrocal,
) 1nterspec1f1c latches vere establlshed For obqerva*lonq of
behav1ora1 1nteractions and matlng°

v,Tanx.A:,-_L plambeus - 4 fenales

— ———

g,featggactae - 2 maleé

*~_':TAnk‘B'u C. plumbeus - 3 males
| o gg;ggg___e - 2 fenales
. TWo rlpe lale hybrids capfured on June 7, 8, :1978,_
uene put Lnto the same’ aquarxa ‘with fhree rlpe femalevgg
glg pg us on June 10, 1978-’,3{ f . 1:;: \ |

-Tank c fg;fggt ;ggiag x.-Ca glg; eus hynfids.z_.;;
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Ce p_unheus -3 fenales o - R
A1l aquaria Were kept in a controlled env1ronment
”chalber vhzch replicated the. reservoir's llght and
telperature reglme. The three 20 1 tanks vere started at
10°C on June 6, 1978, and 1ncreased +o 1uoc by June 1“
1978,(51l1lar to the tenperature rise in the reserv01r). fhel
'epho+oper10d was a constant 15.5 hours of day11qht (0600-?130‘
hr). Throughout the holdlnq per1od f1sh were, fed TetraMin
' flakes and frozen brlne shrlmp. ‘
'_ Descrlptlons of breedlng colors and tubercle patterns
. were made for each sex of the tvo specles ‘immediately a€ter

captu;e, and upon return to the laboratory. Color

photographs were taken. .

RESULTS - - . e
TenpOral Isolat1on' |

Spawnlnq at diffarent tlmes of the year constltutes an
'1nportant deterrent to Lnterspec1f1c breed1ng in’ sympatrlc
lflsh spec1es.llt present, there exlst only a fev records of
»spavnxng tlnes for R, ca _g t_gvand QL glggpggg from
'uxdespread 1oca11t1es across Canada“ (Scott and Crossman,
>1973)\\Hhat are the ‘spavning’ tlmes of these spec1es in Lover

-Kananaskis Resex@oir’ To uhat extent is tenporal 1solat10n-
<
) : : : .

Teuperature appears to be the sxngle, most lmportant
"ifactor 1nduc1nq spavnlng in- these tvo spec1es, as 1s true

ifor lost tenperate, freshvater flshes. Ahsan (1966) shoved gfﬁ
#

o
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that tenperature vas the dom

”spe

rnatogenetlc activity of

h judged to be in a fqlly rxpe

lat

vat
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> __;

‘use.

~iso

©-in

{Ne

nmet

of

e Hay and early June afte
er tenperature from SOC,

. fron at least ;wo years
lct correlatlon of teuper

wnlnq. o - (;ﬁ‘

V.J:}
S »? oy B9

A
1nant regu]ato} the, L )

B2
|a1é~CL plu p_us. Fenales,

state. vere.f1rst collected in-

&

r the rapld increase 1n snrface
May 25 to 10°C iﬁuve u, 197&.

uould be teq@ited to shou a

»

ature vlfh 1ni*1at10n of -
, T2

»

vNeiEhe} R. cata gg_tae not Cs glg_b s,“ﬂFG observed to

ergg' awning migrations
ananaskls Feservo
ti g'of spavnlnq nlqra
lation.
':.,,
A mean1ngful measure of
the tlme ofoully rlpe fe
1son, 1968). The results

h

hods, 1nvolv1ng a quallta

fgmale gonad matur1ty, are prPSPnted in F1gur9 16 and in

Appendlx Table 24,

Pully rxpe fenales of t

R spaunxng. g_unbeus fe-ale

feuales in all three d1ffer9

‘milt was capture

tara c;g

" plumbe similarly outpum

he flrst -ale c& glunbeuq ulth Freely flowi

up =any of the flovlng 1n19+s to
ir. Thus,'l* was not p0551b1° tn

tlons as ‘a noaqure of temporaL

tenporal 1solatioh'is ovetlapf'
nales in the spawnlnq area
of the flrst of the. thrée

tlvo judqemnnt as fo the state

@
-

he *vo spec1es vete prpsen? for —4

~ the flrst three weeks 1n Jnne, 1978, durlng the hexght of

s outnunbered gi-gg;gracggg

nt qonad states. Fully rlpeviale'

bered fully rlpe male R.

—te e ————

d %ay 173 the flrst such‘nal° R.'catar 1gg

was captured nay 18, 1978. The la:~ fully ripe nale C._
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Figure‘16;JyChange'in?female»gpnad mafufity for Couesius élumbéﬁs and
Rhinichthys_éatdrdctde, sampled‘ffom Lowef Kananaskis .

Réservqif, dqring thé'l978 spawning'period.' Maximum surface

temperatures (mercury thermometer) are also presented.

©. N co . . . g .
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_ g;_!pgus and -; g;_g;g__ vere»captu:ed %ﬁly-11 and*gune‘
,29, 1978,,re59ectivoly. - : | ’ | |

s

’ ‘The results of the second,lethod, inv01v1ng changes in
" the actual gohad velght of tFe fenales of oach spec1es are

shovn/in Plghre 17 and Append1x Table 29. There is\R;:plete'

overlag in the petiod of la 1nnm qonad we1qht (or sSp: ninq‘

perlod) betveen ‘the curvos of\the +vo spec1os..§1m11arly,,
\ :

the resultq of the thltd lenhoﬂ (F1q. 18 and Appendlx Table

>
26) shov synchrony bntueen tho spdtles fot a perlod cf'

LR AR
maximum ova s1ze (spavnlng perlod). '

Spavn1nq act1v1tles vere, not actually obsprved due to

the deth at vhich 1t occurred. Hovever,.glllnet capture'v

\ PN

“_records 1nchate that’nunbnrs of C;-gl b us 1ncreased 1n‘
the eacly lornlng auﬂ late afternoc ,vovet»the spaunlng
| 51tes. Coyparable.déta are not avallable for RL cataract
| It 1s not knOVn 1f the two spec1es spavn at dlfferent
N tlmes of the day.. These reqults 1ndlcate fhat aparf from

. dlel 1solat10h,'there 1s 11ttle tomporal 1solat10n betueen_

the SPecies in Lover Kananaskls.ﬁeser101r, *E ?} '
. . . . /" X .. N
Habxtat Isolation s

LS

T bere lS 11ttle knovn of the type of spavﬁinq habitat

N selected by the tuo spec1es.hg& ca;aractae prohably qpavn 1n'

o i Sl M S

’; rlffles over a- gravel botton (Scott and Crnssnan,_ 973), andf

f‘g;‘g; b é» are knovn fo spavn olfher along 1akeshores or 1n:

l

streans (Genn, 1955) anld large rocks (Brown et al.; j970).

‘The intentlon of this portlon of " thp stndy _as to ﬂeternlne"

- A e ? - ,_-'.‘7-
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Figure 17.

Change in gonadosomatic values (gonad weight/body weight/)

1

of female Coueszus pZumbeus (upper graph) and female

‘ hanzchthys cataractae (lower graph) sampled from Lower
'Kananaskis Reserv01r during the 11978 spawning period.

.P01nts on hatched line repreaent sample means of

s gbnadosomaticzvalues, bars represent sample standard

.deviations and lines represent range of sample values.
Sample.fangejand standafd deviation are not given when

n < 5.
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Figure 18. Trends in mean ova diameter‘dﬁring spawniﬁg perfod for
Couesius plumbeus and Rhinichthys eataractde, Lower

Kananaskis Teservoir, 1978. Sample size in‘pareﬁﬁheses

_(not presented if n=1).
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the degree of habitat segreqatxon be*veen these species 1n

{ .- : D
Lower Kananask1s Reservoir. . P

L . .
. . . ‘,/A

he 1nlet streans of Lover Kananaskls Reserv01r vere

carefully nonltored fron when they vere st111 1ce—covered

'e"untxl the end of spawnlng in order to observe spec1es'

spavnlng movements and areas oc«upled. Due to sprlnq-flme

,access problems, the streams of Upper Kananaskls Reserv01r .
2
‘vere not 51u11ar1y studled. There uas ne observed spavnlnq

3migration of elfher species" 1nto Smlth Dorrlen Creek durlng.

T e

5ey, June, or earlyp July. Only a ﬁev C. glumbeus and one By

PR ATSxd [N

IO

ata tae vere grllnetted at the mouth of the creek durlng

—— ——

1

this perlod (Vlg. 19' \ppendlx Table 27){ Neither spec1es
vere captured unstreau of the mouth. Electroshocking the

»creek (Plate 7) ylelded nlqratlnq Saluo galrdnerl, and

*

'balfed minnow traps captured small Salggl; s\g 1ma (< 10 cm
Y~\standard length). The current veloc1ty of 9m1+h Dorrien
Creek lncreased rapldly fron 0.8 m/s on Aprll 30 to a \f\\;;
Utorrentlal 2.5 m/s on June 8 (Aopendlx Table 28) due to the
swrmog lelt. It becanme 1mposs1ble to sauple this creek~fop
cyprlnlds except in the loyer reaches af'?he mouth. High:
currenb veloc1t1es probably make thls creek unsultable gzr
the cyprlnlds duning. thelr spavnlng season. These ‘may be:
some shoreline spavnlng by the. tuo spec1es in the flooded
inlet at the louth of this cre;k, although ay 11m1ted

collectxons do not 1nd1ca¥e thrs.

There ¥ere no observed spavnlng niqratlons of elther
«
species u1th1n,xent Creek, or 1n the v1c1n1ty of its louté



C:B ..io . ° ‘ .
Figure 19.. 'vCa‘tch data for adu1t~Couea'i-u3‘ pZzénbeus s Fhinichthys cataract&'e,,
and their putative hybrids fram 7 selected sampling sites,
Lower Kananaskis Reservoir. The time interval shown incluces ./
the period ?f maximal spawning activity for these species

in 1978 Actual numbers of individuals caught by gillnets,

minnow traps, and se&nes are shown by’ size of histograms

-

f—'—’('.
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o | . | i i
The creek is steep‘anq swift Auring éhe,spawﬁinq season (>
“Z;Q m/s; Appendix Table 28) , with little suitable spavning
habi£a£‘ Tﬁe ioutﬁ area of this creek was not extensi;eiy
saip;ed (Appendii Table 1}, ang ir may be ﬁsed'by one or
both speg¢ies for spavnlnq. ] )

CypE}old spavnlnq mlqratlons vere not observed duran
June 1n Inv1nc1b1e Creek due to its svift current (Aprendix
Table 28), and silty nature (Secch1 disc = S cm, ‘June 8,
’f1978)‘ Fully r1pe 1nd1v1duals of each Sﬁ%Cleq Were capturei
'in the silty outfall of the creek beyond 1ts mouth during
- the peak spawnlng period (Pig. 19). Althouqh Co g;umbnus

outnumbered‘;g gaf ractae, the two spe01es appeared to be.

spawning in a common’ area wlthout habltat segregatlon. Thp
égpture of one pntaflve hybrld at this site on June 8 mlght
suggest that nlscegenatlon has occurred here..

No spavnlngllé;1v1duals of ‘either rypiiﬁiiviﬁfcies vere
found mlgratlug up Boulton Creek in Hay or Junme, 1978.~
' Intensxve corlect1ng effort up the Creek from its moufh to
\efhe edge of .the forest d1d not yleld a sxngle cyprinid.
Indxvxduals of each soec1es 1n suawninq cond1+1on vere
| captured beyond .the nouth of) Boulton: Creek and nearby
v1c1n1ty (Fig. 19 and kppen ix Table 1. An overlap of ?he
"spec1es' Spaunlng habltats near Boulton Creek mouth may be
1ndlcated by the capture of one hybrld spec1nen on Hay 26,

@

1978.,

.

. . \\
The outfal"of Boulton Creek is often extremely 511ty

due to. 1ntern1ttent ralnstorl run offs and 1ncreased nelt
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flow (spe'SeCChijdisc,resuits:u;;geuQij Table 18). This
f;ctor is also the’caSe in invinciblé*”teek and maylabet the
'”1nterspe01es hyhrld1zat10n occurring in both 10cat1ons.
individuals were captured was silty mud of a;unlform fine
textkre. This was not original lake bottom hut part'of the
'reservoiris littoral'fIOOG plain. The flooded.meanderiug hed
of éoulton Creek preseutgé the only or iginal pre-resnrv01r

{;nbstrate. Capture rate did not appear "to rise with

increasing prOxlmity to ‘the orlqlnal rreek bed. PR.

gt_gggtgg vere captured here in d1sproport10uate1y qreater
uumbers than in other nearby shorellne areas of equal small
size. : i
. Mature cyprinidsvuere common vithin the confines of
Power Plant Raceway {Interlakes Dam). There vas no flow of
water’ through the ?ower Plant during “ay, June, or. July,
however,'there was a small flow of ruuoff via a drainage’
4?onduit. The racevay forms a ueep‘trench into theooriginal
1ake basin and the resultant thermal stab111ty may be
attractive to the spavners. Fully ripe males and fenale of
ach spec1es vere captured u1th1n the racevay on June 8,
1978, 91thout any observed habitat. segregatlon (Fig. 19;
Appendix. Table 1). The substrate vas a. unlform mlxture of
large boulders (lean d1ameter 0.3 m).over gravel. | |
The south end of Lover: Kananaskls Peserv01r ‘was thev:
2

lost exten51ve1y collected area on the entlre resetv01r. A

gently floving streal (Interlakes Strea-), the orlqlnal
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outlet for the- Upper Kananask1s Lake (Plaf° 8) vith r1ff1e

hahxtat ellnently approor1ate for R, catarac*ae,‘emptlod

into the‘reserv01t in this area. Tts flow vas_controlled SO

that,it did not increase uith‘éprinq'run—off beyond.the
. .suitability for spauhing habitat. Under'pfeéeht.rege;voir
condxtlons, thls stream. flovs across an oxfen51Vp area of
exposed nudflats, which are progr9551ve1y flooded as the
reservoir ievel ;1ses in the spring (Fig. 20). 3:5 e
The mouth of Intétiakes Sﬁréam is‘;onstanfly receding
_rélafive to the advance of Common Bay.\The fdllqvinq dyrnamic
habitat types were sampled .at this end gfftﬁe feservnir‘

1
prLor to and durlng the cypr1n1d spawning season. -—

1) Interlakes Stream - was sampled as one habltat in
its entirety from source to mouth, vherever the
~ latter occurred. - _ o

2) Interlakes Streanm Mouth - the immediate vicinity of
-the entrance of Interlakes Stream into Common 3ay '
was sampled as one habitat vherever it occurred.

3)  Commgn Bay - an area at 1aast 100 m boyond the mouth
of Interlakeq Stream was sanpled as one habitat.

>

?The sanpllnq 51tes for. each habltat typphuero contlnuously

'lov1ng upstream (southvards) as the reservoir fllled but

A

the posltlon of each habltat typo remalned flxed relatlvc lo‘

‘the others. The types of fish occupylng each mov1nq habitat
could then,be conpa;ed. B

C&'glumbeus was abundant in the-deéper waters of Common

‘Bay, but only one. hybrld apd one R, ggt'réctaé vére

spavninq in the absence‘of g; ggt' ctae, The_subsbeate




Figure 20.

4

Extreme south end of Lower Kananaskis Reserﬁoirishowing

ébnsequent flooding of_InterlakeSMSEfégﬁ-(l cm

the apbroximate progression of Whoreline changes-during

_the summe{,.1978; filling of the reservoir and the

0.07 km).

Common,Bgy is deéignated~as the open water beyond the

mouth  of Interlakes Stream. The capture location of

fully ripe and/or spent individuals of each species are

*0 C. pZumbeus‘

Q'R. eataractae

1

2

'presenfed for selec;ed dates as follows:

June 8

June 12, 13

June 20, 21

June 8vv

June 12, {3 .
June 19, 20

June 29 °

1
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interlakes

| L | Strea
. | ", - Reserveir Levels 1978

' ‘esedosccsscsss May 1
_— __._ — May 15

;.'....'..-......,..-....May_ 3

. —.June 15

| S ".‘_'lJune>30 - | /



‘ Hsilty mud on the. flooded mudflafs in a depth

(Pig. 19).'A low populatxon of adult Re 1221_%  of both"

_sexes remalned in the d1m1n1sh1ng length of t ysfream “yij

. | Vlt" : E rth’:.1-‘ ~. _f  ¥ va-v ‘:..nvi?{i/. ;_ 16%‘

o

ranged. fron gravel in the flooded Interlakesjftrean bédﬁfo

of 2. 5 to: 3. 6 a
(Flg. 19). : . o ) . B "o v

In contrast.tO‘Connon Bay, InterlakesgStream vas |
o . " . : . ‘\

predom1nantly occupled by B, __gg___ ae dnrinq the Hay,'Juﬂe.

- 1978, per1od. Cs Elumbeus vere occa51ona11y raptuted here ‘W

i

th:oug{out the,spaunlnq per;od and llke]y spavned he#o 'Thé
. . " l '

sﬁbstrate‘of the stream vas higth variahle 'ranglnq/from

/

" large patches of silt- and detrltus in aroas of slov¢currnnt

to gravel and boulders ln the rlff]e areas.'NOQt Rﬂ

I / RIS

dlameter) in rlffles under ‘a depth of 1ese thap 1$ cm;f
-

- e " a—

: /
Presumably, this is where R& ca%aragtae vere spawhlng._The'

52 C. glumbeus capturod on Hay 18, 1978 ‘were naany small %

'1umature spec1mens (mean standard lpnqth 30 ? mm) as were .

“the two C. gluabeus gaptured Nay ?2 1078, (17 ‘mm and 25 mm

3 - |

SL). "The Ce plung_us captured in the stream on June "5, 1978,

- were larger/géec1nens (mean SL 63 5 mm) 1ncludlug ‘one fully

tlpe male and sevekal rlpe females (Flg. 19). The ‘R.

gggaracggg specllens captunag on the sane date vere all

'iarget fenales"(lean SL 58.3 mn), some of‘vhlch vere‘rlpe.

Spawniﬁg andhg,these flSh vas not observed " nor were any

[ffehalés suffiéientiy ripe on. Junn S, 1978, for spawning.

.

‘Inten51ve ‘sampling of the strean dld not yleld Eurther Cs

i

aglunbgus specxnens untll June 21 1978,‘when tvo fully ‘Tipe
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nales vere collected (70.0 and 72,0 um SL) at the peak of e
the spavnlng beriod In late June the reserv01r level had
flooded appr011nate1y half of the Interlaxes Stream length

vithin the S.E. Arm, These tvwo C. g_unbe rales vére found

15 = upstream of the nouth and llkely reprqsen+ exploratory

;movements, but not a typlcal pattern. *helr presenCe doeq ffﬂf

‘ suggest the pOSSlblllty of 1nterspec1f1c spawnlng Hlth the’~
P

re51dent R. cataractan females, Spawnlng vas ‘not observed at

any_time'in-lnterlakes Stream.
: The Interlakes Stream’ mouth habltat was 1ntermed1at°
betveen the cher two habltats in terms of thn 51multaneous

presence of C. glunbeus and Re’ _;____g? alee and females

--1n fully rlpe and spent spawnxng cohditions (?1g.vT9;'”

\Appendlx Table 1. There was no noticeable habltat

' separatlon botveen the tvo SpeC1°S. hey vera captured rn ,Fj;¥

:Jthe same. glllnets o%{r a substrate ranglng from gravnl in”
:‘g_the or1g1na1 stream bed, to silt on the . flooded mudflate.“

- The depth of - the water ranged from 1 7 to 2.6 m. Thero vas a

sllght but .continual current of' < 1. 0 m/s at the mouth of
‘3
" the creek. Thus; 1t vas-1mp0551blewto determlne-1f the

¢

species segregated thenselves accordlng to current reglnes.

Q

One C. glumbeus 4 R.\cagggégtae hybﬁld spec1n°n vas captured

on Jnne 8, 1978,,along_ _'nd1v1duals of-the_tvo specles.¢f

v

the Interlakes‘Streah nouth'habitat. ﬁowever,'both'are
o ")_/"
/

_ represented 1n a*'lnternedlate frequency relatlve to the C,

—

glg!p dellnated deeper vaters of Connon Bay and . the R.

-

<.
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cataractae -dominated riffle habitat of Interlakes Strean.

Partial habitat isolation is achieved in the latter two
habitats, but not in the intermediate ha'_tat where the
rising reser voir level brihqs the‘tvo'spfzies'into contact.

’

It is reasonable to: hypoth051ze that C. pluambeus

—

‘Spawners, “in lalntaxnlng thelr spavnlng proximity to the

-~

. ] » .., : . ) . . . R St
stream mouth, advance in: o the newly flooded lower reaches ~

“of the streaam. Here, R, cataractae maintain their spavning
p051t10ns over the gravel and cobble rock of the flooded

stream bed. Where habitat segregation occurrod ,in the south

offshore in a depth of 2.0 - 2,0 m.Ojer a harren silt
substrate while B; catarac*ae are inferred to ‘spawn in very

- 8 i e e

-‘~ . SBalloasriffles of slight current ‘amid cobhle-sized rock.

Behavioral ISOLatiqas R | - _ ]

h;// L ‘Behariefal bldcks to ﬁybridization'form a final line of
premating "defense in the event of habltat and tenporal

| overlap betueen reproduc1ng spec1eq. Fovevor, Hubbs (1961)
-notlced that while a behavioral barrier to mlscegenatlon
occuts in ‘an area vhere SpeC1eS have been sympatrlc for-a
long tinme, these behav1ors ‘may break dovn in areas where
they have recently come together. B

LLttle 1nforlat10n concernlng reproducflve behavlors of‘

the tvo spec1es is, avallable. Ce glumbeus nelfher bu1lds a
nestgnor guards“the eggs, whereas R, cataractae may both

.'eStablish‘avte:fitgry aad guard ;he nest (HcPhailfand

Lo ‘ ) ‘ ' - - g
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Lindsey, 1970). Nests of R, cataractae vere not found 1n the

———————. o —————

intensively sampled Interlakes Stream vhere R, _ggg_ggtge .

n
+

vas 1nfetred to spaun in the absence of C, 21 mbe eus. Ne

guarding bePaVLOrs vere not obsanOd 1n members of Re

cataractae / although some site specificity was 1ndlcat9d.

P4

A

When disturbed from one area, they would 1nvar1ably be
observed returning to the same site. Turring over the rocks
and sievinqvthé substrate in suéh locations'did not yield
eggs or nests. Nest-guarding aduits'verp not ohserved when

the flooded .portion of,Interlakes Stream in the S.E. Arm was

observed undervater using S$.C.U.B.2., on June 28 and July 12,’
197s. A | - o
Laboratory, aquaria-held fish showed no meaningful

behavioral d;fferenceé vhen held in the regiprocaln
intetspecific matchings as opposed *o conspecific

situations. Neither mating behaviors nor. aggressive ‘ .
\ . -

_interactions vere observed at.dny time, Individuals of each
sex of each species,'vhilé held in tanks, displayed similar

fright behaviors and escaoe'rosoonsés. o L y

‘The male hybrids. and female: Ce plumheus Ain Tank C were

not ohserved to 811C1t,lat1ng behaviors and tank breeding

P

aiad ‘mot occur. When autopsied on JdnéVZS, the'females’had
regressed gonads suggestlng that tank co;dltlons vere
1nappropr1ate for breeding. Although the nale hybrlds vere
of equlvalent 51ze to the females, they reacted ‘more

v1qorously to tank disturbance, svam_faster,'and_domlnated‘

the feeding by rapidly snatching up the food.



109

The existence of‘distincf species' specific breeding
behaviors '‘in C. plumbeus and R. - ggggggstae,cannot‘be
confirned,in'this study. Their isolative value remains:
unknovn. Hovever, it’is poesible_to evaluate species'
differences in bfeedihq'coloration end nupfial tubercles
(Plates 1-6) . These alfferences may provide crlterla fof
favoring conspec1flc mates. The results of thls comparlson
(Table 7,-P1ates 1-6) , reveal many species' dlfferencis,
vhich may'ect to increase the”speciesf reproductiye,
. isolation. Similatly,ithere are many morphological
differences between thp species, especihl1y in head
characters (prev1ously dxscussed in tex*) of potentlally
h1gh solatlve value, assuming such characters are used for
rate recognltlon. Confoundlnq these dlfferenCes is that 1n
" each species'sneller males mate with 1arget females._Thus,
_iate selection on this criterion ﬁould not disfavour‘
intefspecific'-atihgs. |

Hlthout successful, controlled natlng experlments,
these hypothesized 1solat1ng factors remain untested

speculations.

eDISCUSSION
Tenporal 1solat10nvlay be 1noperat1ve in. preventlng'
hybridlzatlon in Lover Kananask1s Peserv01r (although diel
isolatlon was not 1nvest1gated). There is total ovetlap in
"the“perlod of fully rlpe females betveen the tvo spec1es.

‘The peak of the spavnlng period for each spec1es occurred in

.

-
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TABLE 7. Comparison of Breeding Coloration géq\ uptial Tuberclies. Refer to Platas
1~6. - o :
Couesius plunbéua Rhinichthys oataractaé
A P '
MALE : MALE

- vivid red patch at pectoral fin base,
spreading posteriorly. No coloration
. bases of pelvic‘ot'anaL fins.
AN

- red patch on top of opercle.

- may have red pelvic axillary processes,
1f these are present. '

- small red patch-at corners of mouthfﬁ

- no coloration near isthmus.
B %

“

- all fin rays, membraqes Qithouc colbr.

- fine white tubercles on dors#&l surface .

of pectoral rays.

- always brighﬁer red coloration than
females. :

.FEMALE

.- red patch at,basevgf pectoral fin,

spreading posteriorly.

. - red patches at top of opercle and at

corners of mﬁ:}h (on cheek) may be
present. .

- fin rays, mesbranes without- coloration. .

- Jolor patches are yellow to light red,
never vivid red. .

- fine tubercles may be present on dorsal
_surface of head and posteriorly to
~'dorsal origin.

vivid red-orange patches at bases of
pectoral, pelvic and anal fins.

- . 1
no red patch on top of opercle. ‘k
red pelvic axillary processes.
red-orange patch at cormers of mouth
(upper mandible may be i{titely colored
while lower mandible is less extensively

colored.

red-orange color scattered beneath
gills at isthmus.

all fin rays, mcmbrineu way have a
red-orange tinge. : .

fine white tubefclel on dorsal surface

‘of head (may extend posteriorly to

origin of dorsal fin) and on doreal
surface of pectoral rays.. (Tubercles
usually restricted to hesd only) .

usually brighcér red coloration than
females.

may have a amali f?d—orange‘patch at
base of pectoral fin. .

no red patch on‘cop of opercle, or on

. cheek at corner of mouth.

all fin rays, méubganél usually with a
red-orange tinge. S

color patches are orange-red.

tubercles not present.
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fmid-June at'approxiuately fOOC and'ended prior to July in

” 1978: sPavning‘did'not continue into late Aagust iqwe;;hep/f
1977 or 1978 as has been reported for Kananaskls cyprinids
by McPhail and Llndsey (1970) and Scott and Crossman (1973)

(probably based on Nelson s 1965 observatlonﬁof ripe females

belng found on 8 August in 1961). - -

’

' Prev1ous reports have shovn dlfferenr tempprature

responses for the two 5p°c1es. R, cataractae in Hanlroba

~
reached a Spavnlng peak on Hay 16 at 150C in Mink PRiver

(Bartnik 1970) and during mid- July at 150C in Lake Vlnnlpeg

(Gee and Machniak, 1972). Kuehn (1Qu°).reporteﬁ that R.

PR R°E BT L P

augqust. ‘Brazo et al. (1978),_found the peak spavnlnq perlod
for Lake ﬂlchlgan R. cataractae to be 1ate June and early
‘July at 14- 19°C. C. plumbeus have spavned in the Montreal
_Rlver, sask. in early May at u4-80C, lac la WongD sask. in
i7-June at 100C (Brown et al., 1970), and Lac Sauqay, Quer

i1 ~arly June at 19°C {scott and Crossman, ‘97?). These may

be'population differences.

[

There appears to be no effective habita+:isolation.'
~ between the species., They svarm. in mixed schools over the
mud flats at Pocaterra Dam in the summer andsuere captured
ot gether’at spayn;ng tllegalong the shorellne and at the
aduths of all inlet streams. Hovever, habifat isolation ¥vas
. a hleved by spavnlng R. cg~g£ggggg m1qrat1ng alone in modest

nuabers into Interlakes,Stream. Presunab1°% no other inlet -

‘stream offered the'appropriate current, temperature,'and
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substrate reglmes to allov spec1es' seqreqatlon. There are
DO otheé reports in the 11terature outside Kananaskls of

such close habitat sharlng,betueen._& plumbeus and PB.

'gggaracg e. K . o
| Satlsfactory ‘evidence regardan the s*renqth of fhe

beha71oral barrler betveen tho two spoc1os is lacklnq 1n
this s*udy. Houpver, the falfhrn of the other possible
isolating mechanlsms, and the lo!_frequencyvof hybr;ds,
suggests that-uith C. glhmbghs éﬁd'g& catar ractas, as with
uost Spec1es (Mayr, 1969). etholoqlral isolation is of
prlnary‘lnportauce. leferencps ‘in morpholoqy, color,
tubefculation, and the suggested teprltorlallty.of 3;‘
gg_g_ ctae (McPhail and Liﬁdsay; 1970) are possibly
.nvolved Pthologlcal barrlers are also %ygétred;to b of

‘najor meortance 1n naxnta1n1ng spe01es'_1dent1ty in

hyb;1d121ng populationS-ofICatosto-us comgggsonll and C.

!acrocheilds (Nelson,'1968).~

¢

STODY OF POSTMATING ISOLATTON
"INTRODUCTION ' |

-

Postnating 1solatinq lechanlsns 1nvolve the roductlon
of,hybrld_sur71va1 and thelrednctlon of gene flow through
) the hybfids.'Bffectife_postpating isolation:is noi{a general
.chgracteristicoof syipatricvspecies_(Liitlegohn, 1969) §s it
issnot ~open to the opéfatioo‘of naturélyseiéCtioﬁ. :
The purpose of ihls sectlon is to detorm1ne the‘

1lportance of postlatlng 1solat1nq nechanlsns in lalntalnlng

“

v . .‘v&' gﬁ
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spec1es‘ distinctness. The mortality and v1ab111*y of
art1f1c1a11y reared hybr1d elbryos is compared relatlve to
dthat of’ parental embryos. Certaln life history
characteristics of v11d-cauqht hybrlds %ﬁf compared‘to those
.of the parental populatlons in order to assess their

relatlve surv1va1 success under natural condltlons. ‘ T
" ‘ : _ o ) 4 v s

3 . -

METHODS
Hybrld Eabryo Hortallty , | ’
Emhryo mortallty experlments were conducted in a

. confrolled environment chamber commen01nq June B and -
/terulnatlng July 1, 1978, Hlth the final hatchlng of all

embryos. Fully ripe adults,_caught in Lover Karanaskls

Reserv01r u51ng qlllnets. dlpnets,‘and seines vere returned
- to the 1aboratory uhere they were stripped of eggs or mlit.

Some adults vere held in aquarla for as long‘as_tvo days

prior to strlpplng, while waxtlnq to collect tne'parental
‘type ulth uhlch they vere crossg\\‘Fertlllzatlon procedures

vere adapted fronm D vis (1953) and Strawvn “and Hubbs (1956).

No attelpt was made to

ract the same: number of eggs

for ‘all’ crosses. Each cross rec ved the maximun number of

' eggs uhlch could be expressed from the female. The .

o EEd '
' fert1112ed eggs of each cross vere placed in separatehﬁtassfssx\;ﬁh

v >

-flnger bowls . and each was covered vith a f1ne Nltex mesh (36
. -C
neshes/cnz). As many as three f1nger bovls o ‘the same Cross

4

'type uere subnerged 1nto the 5ane 20 1 aquarupm. ThlS

procedure alloved s;nultaneous experiments to be run vlthout

L e



the danger of aec1denta1 interchange of embryos.

Once hatchlng began, each cross wvas saparatéh rnto its
own aQuarium. A1l aquaria were held at.a constant |
teiperature of-1S°C and rere coostaot]y aerated.”There vas
no»continuous~vater flov into the aqﬁaria, rather the water
vas changed approxluately every flve days. Chemlcal fungal.
retardants vere not used.‘ ’ , , | - ’

There was a total of 21 ?rosses (9 homospecific
.crosses, 1M héteroSpecifio crosses, and 1.cross-of two f1_ or
'hybrid individuals); Each cross involved different parents,
Hybrid and parental crosses vere treated 1dnnflcally. Prior ot
to hatchlng, eggs of a11 crosses vere axallned once every 24
to‘36'h06?21 Dead embryos, identified bygtheir opaque, vwhite
color, vere counted dariy and- dlscarded u51nq a plpette.,«-.
Hhen hatchlnq began,~ the crosses vere e!am1ned twice dally
_ and the number ofﬁhatched fry recorded.'h mean hatching date
vas determined for'each cross. Hafching time data were

~

analyzed using a single classification analysis of variance
Y ) Q\ , :

(Sokaltand,Rohlf, 1969) and a Duncan's iultiple range test

4

(Zallk 1977).

The dlaDetefS’Of‘15_EIth_—_TfTVFﬁ&&¥S‘pOSt*
\\

fertlllzatlon) from four crosses (the tvwo parental cross T

T W

types and the tvo rec1proca1 hybrld cross types) vere
leasured under a llcroscope using needle-~ poxgt dial calxpers
"(read to the nearest 0 1 ll). ng dlameter data vere R -

analyzed us1ng a 51ngfe c1a551f1catlon ana1y51s of varlance )

(Sokal and Rohlf 1969) and a Duncan's lultlple range test

‘u\\
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. | !

(Zalik, 1977). ‘ //
The % pre-hatching mortality results for‘éll crosses

vere arcsin transformed (Zalik, 1977,) and analyzed using a

, - . _
single classification analysis of variance. (with unequal

sampke sizes) (Sokal and Rohlf, i969).

Hybrid Inviability : ' f

" Immediate Post-hatching Survival

The products‘bf all foufiarti;kdial*cross types weré
reared beyond fhe hqtched fry stage in several 8 i aquaria.
Space limitations nécessifated the pooling 6f replicates |
‘from the same‘cross‘type. ALY aquafia were hefﬁfundef the
condlflons of a constant 150& temporaﬁure, continual

" aeration anﬁ vater changes as needed. The dnveloplnq fry -

, vere féd Liguifry, TetraMin baby fish food, and live

- .zooplankton from Lover Kananaskis Fesorvoir.‘

The number of live fry 4 days post- hatchlng was
recorded for each cross type replicate and the data wvere
analyzed u51ng a 51nq1e classiflcatlon analysis of v;r;ance'
(Sokal‘and Rohlf, 1969). Thereaftor, the number of live fry

vas recorded once per month untll 3 Novenber,_1978. These

long-term-survival data vere not statlsf1cably analyzegd but

¥ -
» \J

s1mply compared to detormlne 1f any differences existed in
surv1vorsh1p beween the cross types 1n the flrst months of

life. .
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[ 4

Logg—tér§_§urvival and Life History Characteristics

The success and long-tern viability ef the vild-caught
putarive hybrids was compared to that of the two parental
species by their age, growth, and length-weight data;.

Age was determined by scales, read under uagnification

independehtly by tvo people._vhere disagreement occurred,

the readers conferred untll a consonsue vas reached. Scales

7

were remoﬁed from preserved fish in the small‘area above the
lateral line and below the dorsal mldllne_ln front of the-
dorsal fin. Thirty-six putative hyhgids with intermediate’

canonical scores (1n the presumed F? portlon of the

- Kananaskls CVA dlstrlbutlon) vere aged, lglng by the scale

method vas corroborated us1nq the graphlc me thod of
polymodal separatlon of lenqth frequenc1es (Ca551e, 196?).
Growth rates of these representatlves of the hybrld
ygrouprand the two typical parental spec1es were calculated
by plotting the mean eize ai'each age, as derived from'the
scale analyeis, against age—class.eGrourh;rates vere. then
estimered fren regressipns of logarithms'Of‘length on -
‘agewxclass. An analysis of eevariance vas performed on the .
_same data u51ng “the SPSS computer progran (Nle et al.,‘
1975) . Thls prov1d°d ‘an objectlve nethod of determlnlng
§ignifreant dlfferences’berween regre551onw11nes.vj'
Length-ueight relationships for the sahe'eubeampleS,ef
vthe three qroups vere deterllned accordlng to the nethods of

Rlcker (1971). The rela onshlp vas described by a

regreSSion of loqarith of length ‘on 1ogar1thn of velght.‘An4

SR
~
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.generate a meaningful tegression.
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analysis of covariance was performed on these data using the

SPSS program.

Female fecundity vas deternlnod for 2% C. plumbeus, 20

R, ca tafact and 7 hybrids. All ova from one female wvere

~spread evenly in a dish divided into quadrats, onlylone.

quadrat vas actually counted. This value vas multlplled by

four to give the total numher of'ova..The.fecundlty'

_relatlonshlp Was descrlbed by a rogrossibn of logarithm of

ova number on 1ogar1thm of standard 1ength for.-C. glumbeus

0 S e e e - —

and R. cataractae. The hybrld sample size was too small to -

RESULTS
Hybrld Embryo Hortallty
Successful artificially 1nduc0d hybrldlzatlon nay

confirm the oriqin'of pntatlve hybtlds. It can also provide

insight into the relatlve degrpe of selection aqalnst hybr1d§

,cross products. The hypoth951s of equal hatchlng success‘

betveen hybrid crosses and parental croqses vas tested

(Table 8).
v«\"
Fach of the heterospec1f1c crosses sufferpd 100'

B pre-hatchlng nortal;*y in one repllcato, as dld the only

hybrld backcrOSS/repllcate. ALl rep11cates of the

’honospec1f1c crosses had sone hatchlnq. However, thero %ﬁ no

's1gnlflcant dlfference in preahatchlng mortallty between the,

four dlfferent cross types, excluding the hybrld backcross

1854 >'0.05,,Tab1e 9). Given only one hybrid backcross

R4
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TABLE 8, Hatching results for vxperimental cro‘u-, 1978, at 15°C.—C = Cowcsius plumbcuv R - hhinichthye cataractas
! ' Il - C. plumbeus x K. oataractas F, Hybrid °

3

-

Heterospecific Crouses

dCxgqgR ) ' : gUx dR
Date ltl‘rud 19 June 19 June 19 June 19 June ’ 13 June 13 June 16 June 8 Juna 20 June 20 June 20 Juna
Bo. Started 181 .90 90 205 500 438 373 200 123 00-, 220
Mo. Hatched " 128 ) 73 156 227 26 0 7 49 177 48
% Pre-hatch ' ' PN - - .
“100. . . . . 0. . . . .
oriality 29.%  -100.0 18.8 . 239 sa.6 256 106.0 °  96.5 60.2 55.8 78.2
x Hatch Time . 10.0 - 00 110 - - 9.5 100 - - 10.0° . 10.0 9.5 10.0
(days) - K
X 4 Day Post- _ . o ) _ )
hatch Mortality 98.4 . 2.7 10 L 0.6 ‘ 0 8.2 42.3  100.0
LY ) b
No. Alive &4 Day . ’ )
Post-hatching 2 v 7 14> 3 s 10 0
e v‘ \ ‘ B ~
L .
\‘.‘— . . : . /
Hybrid
- Homospeciflc Crosses ’ i ' Backcraoss .
cx¢c _ . TR xR O Y R gC,
. Date Started 13 June 13 Jun'c\ 8 June 20 June - 20 June 19 June. 19 Juue 20 June 20 June 8 June
No. Started = 280 180 240 240 1% 43 90 246 115 62
Mo. Hatched . 59 98 - 38 219 94 12 17 8 3 o
X Pre-hatch . s o A
Noreality : 78.9 74.2 84.2 8.8 30.9 2 8L 65.9 71.3 100
x Hatch Time 9.0 9.0 gs . 9.0 . 8.5 15.0 12.0 120 11.0
(days) . ; . .
% & Day Poet-" " . . ; - ’ ) .
. hateh Wortaltty 14 o 1.0 0 4.3 w2 0 5 8.6 - 6.1 .
No. Alive & Day ‘ . ) i ) ; - i
Post-hatching i o 38 tn 91 12 6 . -60 u

3



TABLE 9.

sample sizes.

The single replicate of the hybrid backcross suffered 1001

" pre-hatching mortality and was not included in this analysis. . .

Afcsin Transformed Data

. Crosses

e

4 Day'Ropt-hacéhing'Mortality.  51ng1e classification analysis of variance

with unequal sample sizes.

. " ANOVA TABLE

cc  dcgR  qCAR. RR e _ .
62.7 32.8 -47.6, 58.1° Sourclc:.’r\la'riation ss df  MS F
59.5  90.0 30.4 ' 64.2 ‘Among sses - o 743.6 3. 247.9 0.59
66.6 25.7 90.0 54.3 Within Crosses 7185.6 17 422.7 )
17,3 29.3  79.2 57.6 . Total 7929.2 -, 20" '
33.8 -, | 50‘i/~-~4»....;f.,,,,_,;,‘,l'”_,‘o_s(a,u) = 3.2

e 135 R

62.2 LP>0.5

Arcsin Transformed Data

: - S

‘ ‘Crosses‘o » ANOVA TABLE j; i

ce cchiz QCR.  RR_ * ‘/

10.6  82.7 6.6 0.0 : Sourcévof Vériation Ss daf MS ‘ F

10.0 0.0 4.4 " 14.1 Among Crosses. W94 3 149.8 0.20

0.0 9.5 0.0 32.3 Within Crosses 12479.0 17 743.1 g
46 15.3 0 0.0 - 163 Total -12928.4 20

10.3 \16.6 \5305(3"1,7) - 3.2 .

40.6 o '
. 90.0 P > 0.5 |

119 -

7 pre-hatching Mortality. Single cléasificatibn analysis of variance with unéqual
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repllcate, it is not possible to make any conc1u51ons on the

sterlllty of hybrids. T suspect the quS used in this cross

vere . not fully rlpe. -

- Hybrid crosses hatch as successful]y as do cortrol

rOSSes. on the baSLS of fhis experiment, hvbrld embryo

mortallty cannot be operatlve ‘as a postmatlng 1solat1nq
mechanism. '. ',, ‘\

'There is- a significant difference in hatchinq times for
cross types (F = 28. 0, P 09(3 1) s-3;3u); The hatChrng
times for, pure R.. tg ctae embryos and’ pure C, glumheus
embryos are 31qn1f1cantly dlfferent from all other Cross
types ‘ The hatchlng tlme for embryos of. the ,tvo recxprocal

-

hybrid cross types are not slqnlflcantly dlfferent (1atter

results from Duncgg,sstest). Mean hatchlnq tlme for _pure C.’
g;gah 5. crosses is- 9.0 days-re1at1vply short“coupared to -
i

pure Re ca& ragtge at 12 days. The hatching tlmes of the

‘ heterospec1f1c crosses are 1ntermed1ate- "[n C. Qlumbeus X

'-_female; _gt r ctg_‘cross, 10.5 days- female Qlumbeus X
male R ggtggggtgg, 9.8 days. This. nay shov a’ trend for the N

hybrlds to develop at: rates-51m11ar to that of" thelr

maternal controls, as reported by Hubbs and ‘Strawn (1957).

‘, »

Hybrld fertlllzed egq sxzes are also 1nterned1ate

betueen the parental values (Table 10) . There is a

P,
Ma

51gn1f1cant dlfference in. enbryo 51zes for cross types_
(?-26 9, 05(3 56) 2 76). Pure C. glu’beus embryos are
_ signlflcantly snaller than enbryos from t e other threef

cross types, vh1ch are not 51gn1f1cant1y dlfferent fron each
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other in 51ze (1atter results fron ancan's téét).“

There nay be a causal relationship hero, 1.e., the larger Re
catg;gctae egg requ1r1ng a longer development time. than the
smaller egq.pf C. plumbeus.

Hybrlqunvlablllty

- It is probable that hybr1dq are occasicnally ptoduéed

'in nature by an accidental mechanisn such as drifting spernm.

In a.ﬁétural env1ronmant, as opposed to a modlflod =

environment, these 1n41v1duals nay be at a selective.
dlsadvantage ana na1,61° prlor to rooroduc1nq. The
hypothes1s that artlflﬁially produced hyhr1ds of KananaSkis '

or1g1n vere not selected aqalnst vas tested.

Imnedi ate Post—hatch1_g Surv1va1

Percent U-day post-hatchlng lortallty rpsults (Tabln 9)

show no~° sxgnlflcant dlfferenco (P > 0.05%) hetween the

repllcates of the four cross types. The hlqhost percent_
,lortallty 1s in two h°terospec1f1c Cross repllcates' more

'than tvlce the h1ghest percent nortallty recorda for the

(2]

'honospec1f1c crosses.v There appnared to be no dlfference‘,

.betveen the cross types in tbe number, of hlghly defor 2d’,

?.,,/_.

,1ndi11duals that contr1buted to these nortall*y flgures.u

The results of the four lonth rearing experlment (Table

1) syqv-unexpected dlfferences in v1ab111ty betueen the

cross types; All R cataractae control cross 1nd1v1duals

d1ed betueen tvo and three lonths aftag«hafchlng. 'No other

Cross type snffered total norta11ty‘duting the rearlng
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'Table 10. Diameters of Eggs (5 days post-féftilization) for
each att1f1c1a1 cross type. :

Cross Type No, of Bggs mean diameter(mn) Std. Dev1at10n
C C 15 2.03 0.08
Cg R 15 2.28 ' 0.12
R Co 15 . 2.73 0.1
R R 15 2.35 0.08

- ————— ——‘—-—-_—--—_—————_—_—-——---—--—,——_’-—-—_.——_—-..___.—-



123

(8uryoaey-isod s4ep) Hw>«>u:w,

_8uyyoiey-1sog

kep uay

vwassﬁ..oz

Aq pIT31auvepy) - s801)

,  s23wdyrdey

0 0 o - 0 0 gy ~
(1) 0f (STzo) €6 (0°9€) 8L (T'TS) L€ Lv1 RTE
0 0 0 0o . 3 t -

(6°92) L9 ($'82) vw¢ Aﬂncmy t8 Am.WOV 09¢ LZAY 9ie .

(8°62) 95 (£:Tv) 66 (£725) TwT. - (6°€9) €8T 244 L2z ¥p 08
0 o . o0 0 z At 12

- 0 0 o 0 sv1 95T

(€608 " (9°0D) 6 (¢0) 21 (T 9. L w op ub.
0 0 0 0 1€ €€ o
0 0o 0 0 =09 ‘ "8 ,,

) 0. 0 0 (5°59) 2 8z -t ap wb
(1°06) 28 (2°$E) 0T 966) 121 (1) L€ 202 v6 ‘61z g
(£°9E) 29 (5€) .B._., (£79y) 20T . ‘(1°S6) TET 061 8c ‘86 ‘65 op 03

pz1 16 59 s (poudawy 0w adky

‘L6 ‘LT wriﬁ nn.cwxmu 8T 838500 Hﬁm.uOM,mumv Bupyoley uesm Byl “STENPTATPUT ATT

JOo 1aqunu 23INTO8QE SE =w>ww.wum poraad auwyl yoea io0j mm:aw>uaﬂi«>u=m *paiedJpul 8¢

{Buryoaey-3sod) poriad yuow f B 1dA0 SISE01D wmucmeﬂumaxw Eouu guyadsjjo uo¢Hm>ﬂ>me

‘gnaqumid *p -:D feDIOBMDIVO Y -y

8utawax Buyanp Awouoda 1oy 1ay3iadoly vwnsba.wuwz adf3 8501 JuEs ay3 jo @a3eayydai suwog

©TIT 918Vl



124

{

aiso_suftcLed 100% mortality in two of its three replicates

in'éhe first nonth‘of ré;ring.

- In contrast, the hybrid cfoss of C. Elgghgg§bmate:nal
descent hadvhigher'viabilﬁty:suécess vith.160! morfality in
.phly two 6fiits five'feplicates. There'veréfno compiéte
die-offs iﬁ-eithér replibaée of the g;>glggpgg§ control
‘cross. |

/

The resdltS'sugqut disprogdrtionate selection aqainst

R, cataractae control specimens and hybrids of R, cataractae

maternal descent under artificial conditions.

a) Age
The présgnce of fivé age-classes in the‘g; g;ggbggg

sample is indicated by scale'aﬁnuli, The.lengths of the fish )
at each annulus fornation are preseﬁféﬁ in Tableﬁf2..-
SepaEation of poljnodal‘lenQ£h frequencies.by prbbabiliﬁy
_coordiﬁates vetif%éd.tﬁe;presencekof ﬁive age-classes (Fig.
21). A chi%équarevtest Shoved npisignificant differences_
(p > 0;05)'betveen the observed aﬁd éxpectef normal
.disfributioﬁs of'lenqth'fpequenéies.in'gach of the
qge-CIASSes.'Theré‘is‘cidse'coﬁrespoddehce'betvéen the
: feSults of,the'ivo‘nefkod§;'Thé'siie ;andés ;l each age,
determined by the scdle geéhod,tfell vifbih'the size_ranqeé
.,at‘each age determihed by thé polymodal probabiii£y nethod,
: Brnce and Parsbns (1976) found‘no‘s'pa\.m‘ivn’q.gL plumbeus f#om

Labrador oldefyfhan uf‘years; However, Brainv(1969)-found
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 Graphic sepération-of pqiymbdal,leng;h_frequencies by

" probability coordinates for:

343 Couesius plumbeusvfrém Lower Kananaskis Reservoir.

x2 test for depaf;ure from nofmality (x2 = 19.90;

&

2 e , o -a

241‘Rhin£ch?hyé cataractae from tower Kananaskis

Reservoir. x2 test fof départure from normality

L 4u2 = 2 29, 2 - K '
_ (X . 3.32; x .05 (40df) 55.8,’PA> 0.05).

N erals afe age;cléss designations. -Solid dots are

, . < _
total cumylative frequencies and starred circles are

cumulative frequencieé within size groﬁps.

©



127

- % AON3NO3Hd 3ANLYINNND

®

3

IVLOVHYLVYD SAHLIHDINIHYE

'8

HION31 QLS

(ww)

HLION31 alis

sn3annNid

sSnIs3nNod

. (ww)

...(



L 128
AN

‘spavn1ng CL plusbeus 5 years and oldet in Saskaechevan.

Six age-classes are 1ndlcafed for B, g_;a 3ge frdﬁ
:scale annuli. The lengths of the flsb at each annulus -
formation are tepresented in- Table 13, Separatlon of
ipolynodal 1ength frequenc1es by probabll1ty roorﬂlnates
"revealed the presence of only 5 aqe-classeq (Fig. 21).
However, this is 11ke1y due to the lovw frequency of older 5+
Re catg;ggg_g A chi- square test showed nov51gn1f1cant

differences (P > 0.05) betveen tho observeﬂ and expectoﬂ

1

normal dlstrlbutgon of 1enqth frequenc1es 1n pﬁch of the

' age-classes. 51x age-classes have also been regortea
. - i

Lake H;chigan pqpulatlons of 5. cataracta (Brazo et al.,

1978).

s

Four age-classes are 1nd1cateﬂ for the hvbrld sample by

counts of the scale annu11 (Table 1u). Alfhough age—class 0

hybrld 1ndlv1duals vere ava11able they are not 1nc1ud°d in

’

the analysis. No hybrld 1ndlv1duals vere older than u years
and there were no. uale hybrlds older than '3 years, The
'hybrld sample is snall {n= 36) and confalns mostiy small‘
ybrlds in the younger age-classes. The low ?tequencf ofb
hybrld 1nd1v1duals precludes age verlflcaflon by polyuodal
ptobab111ty nethod. Age ana1y51s has not been prev1ously .'

reporfed for gL glu beus x Ry cataractae. hybrlds.

b) Grouth Rates'

Growth rates of the tvo sp9c1es and the hybrlds are

'.edescribed by the fpllouing equatlons'

C. plumbeus log L = 0.513 + 0.147T

N
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"gg plumbeus x g; cataractae log L = 0,494 + 0.1247

g log L = 0,425 + 0. 1u5v
vhere L = standard length, T = age—class and the regression
coefficients egqual the insténtaneous’grovth rates. Data fron

each sexr were pooled to calculate the rearession for each
species, - :

Saskiingvan_(Brovn et al., 1970) u51nq the Detorson mcthod

—

and from Labrador (Brazo g&vgl., 1978) usinq,back‘
calculations. Thus, their results are not directly
"conparable tc those in this study;

3

Comparlson of the regre551on llnes by 1nspert10n
ii:éveals that g&-ggtagggig? has th@ slow°s+ grovth rate for
fish younge#vthan 3 years. The hybrids have a'genera!ly -
intérnediate’grovth rate bétﬁeen the»ﬁarehtél‘Spécies,bbut
after 3 years. age it'declihés boléﬁ the quith raie of ®

rd .
cataractae (Flg._22). If tho qrowth ra*es are extended back

beyond the Y- ax1s to include all growth in thp f1rqt year,
it appears that the hybr1d grovth rate‘1n1t1a11y exceeds
that of the two parentals. The hybrld offsprlng of the
vexperluental crosses also shoved a faster grovth ‘rate than
that of the parental offsprlng. This . apparen+ decllnp “in the
hybrld growth rate may squest the accumnlatlve effects of
‘some select;ve d;sadvantaqe. 7

Hoiever; an analysis of covariance (Nie'g;fg; . 1975)

L}

vas perfdrued to test for significant differences between



" Figure 22. Growth.rgfe regressions for:

C - 140 Coue.sius pZumbeu‘s (r = 0.90)

R - 130 hantchthys cataractae (r = 0.91)
.C x R = 36 C’ plwnbeus x R. cataractae hybrids (r 0.93). |

‘from,LOWer Kananaskis Reservoir.
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C: logL=0.513 +0.147T
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" CxR: logL =0.494+0124T
R logL =0425 +0145T
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“the regressio

n

" the three regre551on llqes-

(p<o 05)

glunb

51gn1f1cant dlfference {p

o sxgn1f1cant difference (r >

eus ‘and betveen R, C

134

-

. 0
ns (Appendix Table 29). Statistically, there is

0.05) between the slopes of

there 1sv51gn1f1cavt dlfference

‘Ry

-t

between the 1ntercepts of cat

-——.-——

gg_g_gt ae and the hybrid but no -

> 5) betveek«the 1n*ercepfs of:

‘Cy gl~mb us “and the hybrmd.
c)‘LenqthGHeight Relatlons ‘
c. plusbeus. E. cataractae and the hybrid
.popdlatlons'each aporoxxma*e 1sometr1c grouth, as -

descrlbed by the equatlons--’

lumbeus loq W o= —-1.781 + 3 064 log L
Cs glg.g_gé X 3; agggagtgg loq W= -1 72% + 2.81% loq L
,g&ﬁgggg_gggggzlog ¥ = —1,899,+ 3.120'loq,L .

uhere W = weight and L

” sexes uere
regre551on
dlfference
: covarlance
‘?difference

. dlfference

v{regreSSLpn

" the Kanana

Labrador (

~

5%'~
_are glven

'standard 1enqth. Wata from both

pooled. Comparlson of the three lbggth—velqht

s (qu. 23) by 1nspect10n reveals no. appareT?

s betveen the three populatlons. rnalysis of

between the regre551ons shovs no significant

S (P > 0.05) between the slopes but 51gn1f1can+

s - (P < 0.05) betveea the

1ntercepts. Lenq*h—velqhts
S calculated separately for the sexes ofveach‘
in Appendlx Table 30.

1969% qre heavier

—3 00 ‘x 10 5 + 3. 20 LOQaL) than

skls C. gl

uﬂbeus. Add1t19nallyp._ glumbeus from

Br uce and Parsons, 1976) ve1gh 1ess for any glveu

-



-Figure.é3. -LéngthQQeigﬁt reéressions for;'
[ :. c -‘170" Coueéfus plumbeus (r = .0.96')

‘R - 157 Rhiﬁichthys cataractae (r = 0.99) v
4 CxR-33C plunbeus x R. cataractae hybrids (r = o.98)

from Lower Kananaskis Reservoir.
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" C: logw = -1.781 + 3.064 logl {n = 162)
"R logw = -1.899 + 3.120 logl (n = 159)
CxR: logw=-1.725 + 2.813 logl (n = 42)

-

. [

Total Length (em Yy

, |   '|_ 11 el 1
50 - 100 '
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‘equations:

was fuily ripe v1th 1038 ova.

2
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léngth (Loq ﬁ,: -1.88 0'2.88-loq LS than the Kananaskis C,

Q;gnbeg§. Lgpqth—veight regressions’have not been previously

reported for R, catagacggg origt glgggggg_x », cataractae

Apybrids.‘

/ d) ‘Pecundity
}*é The relatlonshlp of fecundlty to s?ahdard length for C.

plumbeus and ggggggg;gg can bhe descrlbpd by the follouan

If‘f’

©

C. glggggus Log F = 0.673 + 2.534 loq L
R, cataractae Log F = 0.922 + -1.954 log T
Analysis of cbiariance shows s1gn1f1cant‘dlfferehces (p <

0 05) betueen these regressions in ho*h slopes and'

71ntercepts (Appendlx Table 29). The fecunaxfy rogre551ons of

f the parental spec1es are presented as a confrlbutlon to our.

%
knouledge of their 11fglhlstor1es {Fig. 20).

0f the seVen adult, femalo hybrlds exam1ned four had

: regressed gonads v1th very small, 1ndlst1ngu1shablg eggs.
These vere captured July 27, 1977, énd'verefptobably in a

‘post—spaunﬁpg state. Another pos+-spawn1ng hybrid feuale (SL

= 62 nm) had 92 Qva. Two hybrid females were capturod durlng

" the spawning season: one vas Caotured June 16 1977, (SL =
: 96 Il) and vas fully spent vlth only 38'ova tela1n1ng, the,

" other fenale vas captured Hay 26, 1978, (SL = 11“ sm) and

o,

/L
=

w"’(1970) gave a ranqe of 850~ zuso (ggs for

A

Brovn et g;

20 C, glunbe v&th a total length range of 9 0—13.2 cm. The

fecundlty regre551on for thls Saskatcheuan populatlon vas’

.,.“_'A



Figure 24.

-

Fecundity regressions for 25 Coues@us pZumbeus «©)

( 0 80) and- 20 hanzchthys cataractae (R) (r

| .
. —
I

i from Lower Kananaskis Reservoir.

L

: . e ot

0. 70)
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u C: logF = 0.673 + 2.534 logL (n = 25)
R _IogF_ = 0.992 + 1.954 logL (n = 20)
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Log P = -3, 2u3 ‘e 3.096 loq L. Addi?lonally, Bruce and
Parsons (1976) gave a range of 573- 1158 eggs for 10 g;

pluabeus wvith a fork length range of 9,2~ 11.? ca., The

b

fecundlty regre551on for thxe Labrador populat1on ¥as Log F=

‘--0.4“1 + 3.356 loq.L. The number of eggs for C, plumbeus 1n

"thls study ranged from 380 2316 egqs for 2% fish with a
-Vstandafd fghgth range of 6.1- 11 2 cm.

g4

- Brazo et al. (1978) gave a range of 870—9953vqus for

-

33 B; cataractae gﬁbm Lake H1ch1gan with a total length

range of ‘T.u4-11, 7 cm. The number of eggs for RL gg;gggg&gg

in this study ranged from 364-1121 eggs for 20 fish w1*h a

standard length range of 6.6-10.0 cm.

' Dié‘:CUSSION

Embryo nortallty tests revealed no difference ‘in
:hatcblng success betueen houospec1f1c and heteroqpec1f1c
crosses. The art1f1c1al backcrose vae a fallure, bur
conc1u51ons as to hybrld fertillfy from. one repllcatequould
not be sound. Also, there was no dlfference in 1ong term
‘surv1va1 betveen artificially produced hybrlds and

1ndxvlduafq of parental spec1es or1q1n. In fact, hybrld

offsprlng sd@%@ved 1n aquarla better than did pnre BRs

ﬂ cataractae 1nd1v1duals.
Hlld-caught hybrlds have 51.11ar grovth rates and
attaln a 51n11ar age structure compared to the parental

species. Also, there is no statistical difference betveen

‘therlength—velght'relat;onships-of the,hybrlds and the



S
, ‘ o o o1
parental qpec1es. The 11fe history data suggesf that the
hybrlds uay not. be facxng exce551ve conpetltlon fron the
parental spec1es. Thus, nexthet gamet1c mortality nor hybrld
inv1ab111f7 are, oporatlve barrlnrs prevenvlnq hybrldlzatlon

between CL plumbeus and R,

e >
o

Hybrld gonads were not examlned hlsfologlcalfyﬂ but the
.hybrld aonads aid not appoaw tq be deformnd ?r superf1c1a11y
dlfferent from those of the parenféi Spec1es. Fully rlpo
male and feuale hyhrlds vere cantured and exudod sex
products 51m11ar to 1nd1v1dua1a of the parev?al sp901°q.
Hybrid sperm was obqprved nlcroscoplcally anﬁ found *o be’
motile. Hybrid egqs appeared to be of 51m1lar shape and
‘condltlon as parental eggs. Additionéllv,vit.is not kqown
experlnentally if hybtxds are ster11e, hut it can be
inferred from the results of thp morpholoqlcal analySJS fhat
at 1east the barrler is lowv. Introgre551on does not appear

to put the spec1es' status in perll. The sex: ﬁatlo of tho

hybrids vas biased tovard males. .



‘ix. GEHERAL DISCUSSION

The occurrenqe of this hybrldlzatlon hetween C.
 plumbeus and R. _gg__tgg does not alter the systematic
position of thefe tvo‘spec1es Hlthln ‘cyprinid genera that
are generally held to be dlstantly f@ﬁated Pish ~
hybridizatlon in areas of env1tonmental disturbance no more
“ imperils the generlc or spec1f1r status of the anlmals
1nvolved than do the nultlfnde of p0551ble art1f1c1a1
crosses . (Hubbs, 1961). The: fact thar these two +ypos,of
:‘cyprlnld renaln dlstincf 13 most other localities, of *helr
- range overlap conflrms the recoqn1+1on Qﬁ the two® ypes asv‘
distinct Spe01es (sensu Mayr, 1969). )

Certaln recognlzed env1ronmenta1 fac*ors, vhioh
facilitate the dissolution of species! reproductive
dlsolatlng mechanisms (Hubbs, '4955: Mayr, 19€9), all appear‘

“to be important in caus1nq hybrldﬁvz

jtlon be *veen CL ngggggsz
and R, ggga_gggge in Lower Kananaskls Peservoxr.
A1) Environmental Dlsturbance' Pauc1+y of Spawnlnq Areas

Disturbance of the environment 1s‘often alluded to as
the most frequent cause of hybrldlzation of both plants and
aninals (Hayr,z1969, Anderson, 1949, 1953; Hubbs gg'gl.,‘
1943; Slbley, 1961; Hechan,'1960).»Hovever,‘its nerhodxof
,‘operatlon has not been demonstrated in any‘rigorous way.

The: Lower Kananaskls Reser101r is a disturbed
_en11ronlent in ter-s of the annual 1evel fluctuatlons

associated u1th filling and louerlng. The chanqe from a 1ake

to a reseri01r,nay lndxrectly contrlbute to hybrldlzatlon.
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Spawning. spec1es nay be brought together hecauqe flooding
causes the loss and te%uct1on of originally dls*lnct |
spavnlng habltats. Also. vith varlab1l1ty in draudown levels
)fron yeafrto year, there is unpredlctabillfy in normal
;-shovpllne features vhich. could be used for new spawn1nq</
sites. Hifhout predictable floodinq during the spawning
season, it is 11ke1y gg;t qpec1es' habltat seqr gatlon

C . . . L \

breaks down. - ”aﬁ§3 N T °.

Cs 21 eéus is an ;%apta§f§jﬁﬁ > "y 1ch ‘can- 1ako

o i AR
" f 'Gﬂa
‘spaun and/undergo spavnlqg mlqratlons up rlvprs streans
’ 4., =
(Broun et a1;,*1970). 3; catar t probablv pr#; CS

ke

spawnlng in rlffles (scott and Crossgean, 1977) With the
‘.‘posslble exceptlon of R. gg;ggagﬁge mov1ng into Tnterlakeé
-Stream, nelther species undervent spavnlnq migrativns up'>
inlet streanms. Although each spec1eq ‘ha% a breference for
inlet strean spavn1ng, it appeats that the streams are
.unavailable (except Interlakeq Stream) during the spawnlnq
- season due to/fast cuftenfs and low temperatures. (Why the
unflooded portions ; of Tnterlakes Stream: veag~got util;zed
more for spawnlnq by the two spe61es, remalrs unknown.) It
is 11kely that the twvo spedies have been restricted to
:spaunlng along the shoreline andi at strean mouths since
_thelr 1n1t1a1 1ntroduct10n to the lakes. Reserv01r
.constructlon could ne1ther have caused nor altered this
spavnlng relatlonshlp v1th 1nlet streams. Lower Kananaskls
Lakefwas Pqually depauperate in appropriate spawning areas,

as the Reservoir is today.
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However, vhile_spavninq habitat seqregation vas
possible under original, predictabhle lake conditions;
fluctuating reservoir levels.nay have disrupted this @énuous
segfegétion;.Evidence ptovided in this study indicates that
‘rising reservb%r IQVgls af Interlakes Stream mputh,bfough; ;ﬁa
togetﬁea\fully’tipe individuals of'each-spécies. |
Hybridlzatlon may q€§ult because of the actlon of an'
hypothe31zed difference bntveen the two spec1es in thelr
maintaining their depth d¥#stribution and théir'proximity.fo'
the stfeam mouth, adiance into the,neviy flooded lower

reaches of the: sfream. Here, P, cataractae maintain their .
poéigionS';elatLye to the stréam pérhaps dae to spawning
téftitoriality; as cited by McPhail and Lindsey (1970). This
series of events may be 1nferred %o occur at the other ‘

- stream mouths where-habitat segreqatlon is notdso apparent.
vThe generality of thigguodel requlres veylflcatlon f;om ':91
_dther_reservoirs vhere these species are sympatric.

wifhout pre-impoundment infofmation on Qheré the RS
Spgcies vere spawning or vhether hybnidization océurred,'it
is difficulﬁ to evaluate the contrlbutlon of reservoir |
constructlon to fish hybrldlzatlon. Env1ronnental 1mpact
statements must provide these data to rlgorouQIy assess hoth
the peneflclal and adverse effects of futnre reservoir
construction.  ° - | B s -

2) Species,Introduction; Rafity of One Parental Species

t
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~ Nelson (1966) ad;anced the idea that the two species
were introduced as live bait into the oniéinal Kananaskis
Lakes; R, cataractae prior to 1934 and C, plumbeus prior to
1961 (invthe iate 1959's) . The intrqduction df_one or both
. species to a nevw envi@gnmenn appears.te be one of the mad{
precuréo;é to‘hybnidiiation (Hubbs et al., 1943; Hubbs,
1961;_Qreenfield and Greenfield, 1972) . The effeets of
inaroductidn will depend upon the abundanceAOE‘eaeh species,
their genetic similarity, and the strength nf:the species!?

3 - . .

isolating mechanisms: ~ | o , /
In Lower Kananaskis Reservoir, the in\roduetion of C.

«

plugmbeus has successfully resulted in development of a large

populdtion size. Introduced R ggg mavevnof adapted
as well and have attained a small population size relative
to that of Q;“glgggggg. R, cataractae are possibly beyond
the nafqin.of-?heir nornal habiaat range in Lover Kanangskis
'Reservoir, Hhieh is without abundant riffle habitat, In
Lovwer Kananaskx#mﬁeserv01r, thls lov frequency of R
_;gg;gg relative to C, glgggggg is a contrlbutlng factor .
fo hybridization. In the absence of_approprlate matlng
stlmull, 1nd1v1dua15roF the less comnon spec1eq may have no‘
alternatlve n;t to respond to 1nappropr1afe stimuli fron
1n61V1duals of the abundant qpeCLeq (Mayr, 1969 .
Hybtldizatlon has long ‘been attrlbuted to a dlsproportlon in
the abundance of specxes (Rubbs et al., 19u3- Mecham, 1960-
Stebblns, 1959). Whether R, cataractae will #ate with g&‘

glumpeus in the absence of conspec1fic mates is unknovn.
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Such mating did n3t,occur during the matina tests coniucted
in this'study.” ] |
! 3) Overv1ev of Environmental Factors
leen the absence of approptxat@ h15tor1ca1 1nformat10n‘
on the ecology and abundance of these two spec1es, 1t is not
p0531b1e to single out one of the above factors as hav1ng

the major role.in fac111tat1ng hybrldlzatlon,
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Plate 1. Male Couesiug plumbeus captured at height of spawning

-

period, mid-June, 1978, from Lower Kananaskis Reservoir.

s

» " ." ) “v
:@' .

Plate 2. Female Couegius plumbeus captured at height of spawning

period, mid-June, 1978, from-Lower Kananaskis'RéserGoir.
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Plate 3. Male Rhinichthys cataractae captured at height of,spawning:
period, mid-June, 1978, from Lower Kanaﬁaskis Késéquif‘"
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'(Interlakes%Stream).
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Plate 4. Female Rhinichthys cataractae captufe& at height of*épawning' y

. .
‘period, mid-June, 1978, from Lower Kananaskis Reservoir

(Interlakes Stream).



~

156




? v

Plate 5. 1Adu1t male hybrid, Couesius pZumbeus X Rhinichthys‘catabaqtae,':
‘¢ ~captured at height of spawning period, mid-June, 1978, from ..

Lower Kananaskis Reservoir.

P

‘Plate 6.;?T6p: Couesius piumbeus (male)
Middle: Couésius pZumbeus.x Rhinichthys cataractae hybfid
(ﬁale) | |
Bot tom: - Rhinichthys éatayactqe (male)

All specimens captufed in 1977, Lower Kananaskis Reservoir.f
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Plate 7.

Piate 8.

/
/

Electroshocking the lower reaches of Smith-Dorrien Creek near
its mouth on Lower Kananaskis Reservoir, early Ma. 1978

(looking east).

™

" Interlakes Stream at south end of Lower Kananaskis Reservoir

(lookiﬁg south), in early June prior to_cYprinid spawning

peak. Ihis illustratés Interlakes stream habitat before it

is flooded with the rising reservoir level. -
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 APPENDIX TABLE 1.

Susmary of cyi;rinid catch data from Upper snd Lover

given in wm followad by number of hours set (in parenthesss).

‘Yananaskis Reservoirs, 1977.

Size of gillnet mesh

161

Yumbsrs of Specimens _Captured

C. plumbeus~F. cataracta¢ Putative Hybn‘diA

Capture Site Description Date Method of Clptura: Dapth
i - ) N !
UPPER KANANASKIS RESERVOIR . , .
UKl - East Bay near main dam Hay 25 Gillnet 26 mm{24) 4.5 8 9
v
UKl - East Bay near main dam May 27 Gillnet 26 -(LB)‘ 2.0m 2
UX2 - mouth of Sarrail Cr. June 14 Gillnetr 26 wm(24) 3.5-5.5 = 27 4
UK2 - mouth of Sarrail Cr. " June 16 ~ Gillner 26 mm(48) 6.0-7.0 m 7 1
UK? - wouth of Sarrail Cr. June 21 Gillnet 18 ma(26) - i 10
uK2 -Alouth.cl‘ Sarrail Cr. June 29 Cillnet 26 ma(4l) A.S-‘6.S m 29 7
UKx3 - ! shore; 300 m N of rocky N
May 27 Gillnet 26 wm(24) 1
pt. in East Bay :
UKS - mouth of Kananaskis R. June 21 Gillnet 26 mm(23) 3.0-4.0 m 6 1
UKS - mouth of Ksnanaskis R. July 21 Seine 10
UKT - ml& to Intarlakes penatock July 21 Seine 182 1
uk? - inlet to Interlakes p;nltock Aug. 9 Seine 1378 2 7
UK8 - N. ihnre;_ midway from ’ .
" . - July 21 Seine 1
Interlakes to Kannn(ukil R.
m RANANASKIS RESERVOIR . .
X1 -.extrﬁm S. end of ;-elcwoilr Hay 10 - Gillnet 26 ow(24) 3.0m 9 1
LK1 - extreme S. end of Arvu‘er;lglr May 11 Gillnet 26 mm s
LKL - as above & Off E. shote May 27 Gillnet 18 ma(31) 1.572.5 m b
LKl - c;trene S. end of reservolir _Jux;e 2 Gillnet 18 mx 12
LKL - a8 above & mouth to S.E.-Arn  June 14  Gillnet 26, 18 ma(27) 74 4 1
LK1 - as above & mouth to S.E. Am \June 15 cann;: 18 mm(26) 2.0—5.0' ] 11
X1 - a8 above & mouth to S.E. Arm  June 15 Gillnet 26 mm(26) 2.0-4.0m - 22 ¢
LK1 - ‘as above & mouth to S.E. Arm June 23 Gillnet 26 ma(19) 4.0-6.0m 23
LK1 - as above & mouth to S.W. Arm June 23 Gillnet 26, 18 = (18) 8
LK1 - as above & mouth mis.u. Arm  June 23 Seins i H
LK1 - as above & mouth to 5.W. Am. June - 24 Gillpet 26, 18 =m(21) 5.5-6.0m &1
!.Kl - a8 aboveé & mutt; to S.E. Arm  July 6 Gilln;: v26. 18 ma( 20) 5.8.6.5 L S4
LK1 - as. above & mouth to S.W. Arm " July 8 Seine . 522 2.
IX1 - as above & mouth to 5.W. Afm July 15  Seine 28
LK1 - as above & near campuites g ;. .
. . B July 21 Seine 998 17 13
W. shore :
X1 - as above & near cnvpl,i;er :
July 27 Gillnet 26 ma(21) 4.5 28
W. shore ) :
X1 -~ aa lbov;c & wouth to S.E. Arm  Aug. 9 Gillnet 26, 18 =m(22) 8.0 o 50:
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APPENDIX TABLE 1. Continued

Caprure Site Description

Method of Gapture

Numbers of Specimens Captured

Date ‘Depti\ C. plwmbeus B.' cataractae Pu:niv; Hybrids
. <

LOWER KANANASKIS RESERVOIR .

LKZ - E lhor?; K. of Boulton Cr. June 3 Gillnet 2‘6. 18 mm(24) 2.0m 13 1

LK2 - E. shore; N. of Bowiton Cr.  June 14 Setne ' 14

1x2 - E: shore; N. of B?ultm Cr. June 15 Gillnet 18 o (26) 40

LK2 - E. shore; N, of .Boultcn‘ Cr. June 16 Gillnet 18 m=(25) 7

sz - k. shore; N. of Boulton Cr.  June 22 Gillnet 26 mm(24) ' 2.0-2.6 m 7

LK2 - E. shore; N. of Boulton Cr. June 24 Gillnet 26 m(ZZ). A.O—S.b o 11 .

LK2 - E. shore; N. o;'!oul(cn Cr. Jl‘:l)’ 27 - Seine 110 A

X2 - E. lhore/‘; K. of Boulton Cr. July 27‘ _S!l‘na . 3 N N 2.

K4 - E. lhére; near cottages July 27 .Selne N 530 * 149 2

LK4 - E. shore; near cottages. July 27 Seine R 3
’ U(S - mouth of Muskeg Cr. June 1 Gﬂ‘lnet 26, 18 m(i?) 2,5-12 m 24 1

1K6 - mouth of Invincible Cr. -, Fun Gillpet 26 o (28) Z.d n '.18 .

1K6 - mouth of Invinci‘ble_ 9 . 26, 18 mm ’ 11 “
X7 -' mouth (;f Smi:‘h-Do;'ri:: C, 26, ‘lﬂ mm{25) 2.0 m. 5

LK? -.mouth of Snith—Dorrien‘ 18 m(/Zl;) .. 30nm "4

LK7 - mouth of Saith-Dorrien ] 26 2 .
LK7 - mouth of Smich-Dorrien W 62

LKB » mouth of Kent Cr. July ‘11 Seine 199 . 2

LKS:*- mouth of K:nl‘ Cr. July 11 S;inc 62 K
’LKB - n;:uth of Rent Cr. July 20 Seine .732 94 12 :
'LX9 - flats N. of ,P(‘)Cltel’tvl Dam July 11 Seine v H227 95‘:‘ 12

1X9 - flats N. of Pocaterra Dam July 127 Seinw 1271 .

IJ(9‘-—'/}=;> ‘N. n:;f P’ocueru'bm- July 27 "Seine ) 29 ‘\ )
X9 - flats N. of Pocaterrs Dam . .‘Aug‘; 8 "Seine 344 .
lnt'erlnkel P.P. Raceway June 16 97 o ‘ 5

j 4
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R

- APPENDIX TABLEFS. Temperatufé ﬁfofiles of Lower Kangnaskis Reservoir,

P

1978. “Taker using a YSI telethermometer at Water

4

. Quality Sampling Site.

Temperature °c
Depth (m) PO '
: May 18 June 8 -+ June 29

10.5 13

3.0 "
4-0 a 13.0
4.0 12.6
4.0 e 116 |
0 11.2
‘0 110.5
4.0 - oo
el | 9.0
% 35 ’ 8.4
358 7.1
3.4 5 7.5
- 34 : a 7.3
12 < 3.3 6.0 J -
13 . 3.2 ‘ | -6.9
- ° 14 : . 3.1 | - | ‘ o
. ., 15 3.0 .54 / .4
4 16 2.9 o T C 6.2
o S a9 R Cen -
ST TR R N
| %}Q 19 L L _3..“0  0 o | oo |
T B N 5.9
oor - 5.0 s
SE s i
- R R -
;.—~ T S
;- ) 3 '
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APPENDIZ TABLE 6.

ALEERTA ALL 3SPRECIAEZNS’ (100)

WUNBER OF CASES = 100
‘WUBBER OF BINARY VARIABLES =
WUNBEZR OF NUMERTC VARIASBLES =

BUBERIC NEASS AMD STANDARD DERVIATIONS

1 7.2009
2 1/7565
k] 0.3299
a 0.5926
5 0.5907
6 0.5604
7 0.4187
8 0.4321
9 0.5906

10 0.1184
1M - 0,1890
12 0.4265
13 1,150
14 3,754
b 1 1.7702
.16 4.568)
154 ' 2.9569
18 0.5628
19 65.0900
20 12.3700
21 . 25w8Z0U

IIGENVALUES

12,4 5.95 0.74
0.0 0.0 c-01
PERCENTAGE VARIANCE

59.41 28.31  3.53
0.09 0.05 0.04

T cUmULATIVE VARIA;{!
«

§9.41 B87.72 91.45
949.85 99.91 9%5.96

EIGERYECTORS -.BY BO«S

VECTOR 1

1.8340
0,337
0. 0864
0.1791
V. 1215
Je 1201
V. 1781
0.0953
Q0. 13
0.0949
0.1986
0.2826

3 0.2361

0.7397
0.3736
0.9860

0.6750 -

0. 1435
4, 1734
1. 3078
31,0309

93,95 95,46
99.95 100000

9
21

i

PRINCIPAL COMPONENTS ANALYSIS - CLUSTAN 1C

{UNTRANSFORMED DATA}

CDAONE N

96.66 9757

L 0.1

38.08

5

2

0.07

YANIABLE MININUN VALUEZ

4.3000
1.0300
0. 1800
0.2700
0. 3400
02900
0.4500
0.2500
0.3000
0.000v
¢.0000
0.u70u
G.5000
2.2200
L. 9400
2.6000
1.5800
C.2u00
B8,U000
9.000v
1.0000

98.44 98.

.

3

aaxxaun

1

vaLoe

1,0000
2.7100
0.5700
1. 0000
0. 9600
0.8700
1.3200
0.7200

“0.900

7
1
3

0. 13000
0.5700
0. 7800
1. 9900
5. 4400
2.5500
7.4300
5.1900
V. 8900
4.0000
5. 0000
3, 0000

Wadd

@

98,98 93.21

~

0.06 0.9

ve 19 v. 13

T99.41 99.54

~

V.03

>
.12

99.66

0.02v

0.10

99.76

Ved79 vad77 VL1648 VL2048 0,285 v, 274 0,272 0.249 O. 158 0.117 U.u51 v.udS V.82 vo2du 0,272 v.270 C.270 0. 241

.0137 d u10 0.026

V!CTOR 2
[

0,080 V224V, 339 0,270-0.188 0.017-0.030~ O.lﬁu 0.747 v,361 0 396 v.)d2~- Ve Qiu=u.uld 0.022-0. 065 . 085 0.057

0.273-0.277 0.354

v:tros 3

-4.001-0,051 0.¢"2-0. 116 0.006 o, 073 ~0. 0“8 =0.,001-v,051-0. 119 v u|z v

J. 711 0.560 0,160

FIRST 3 IALYOE DLORLG

1 M.\MS ~2.872
2 =0.07% -Z.394
k) ~u.d79 -2, 168
4 “1.593 ~3.603
S 1.135 -2.766
3 2,405 -3, 050
7 “3. 039 ~l [Ty
E) -1.352 ~ 2,060
9 ~0.3u7 -2.815
1w ~1.069 -2.299
n ceu, P25 =2, 3100
12 ~C.95% -2.533
1 -7.352 -1.778
" ~0.155 -2, 169
15 -6.332 ~-1.909
16 -J.t9) -20574
4,054 ~2,64b
18 1813 =218
19 3 10 3,095
20 162 ~ 2,740~
21 ~4p55 -1.969
22 -5M33 1,25
23 -53535 72.C79
24 -7§513 -4y
25 1736 =300
26 ~0.496 -2.09d
27 1.ty -2.15%

8 o1.962 -1.d65
29 S1.789 -2.000

30 ~3.9u2 ~1.400.

3 ~L. 451 ~1.379

32 . +1.425 -1,202

33 toC.dul =3, T4y
P

0. 505
0.522
-0.27¢
v. I
V. 225
~9.11)
~0.80)

Hutrnn

-0.369
Tu.912
-1.089
1.52%
“Q.u91
0,777
“V.0RG

t

<

s

&

o

s
BLuNMLLLLLLLLLLLLULLLLLLLLLLULL

051 ~

2. 940,
V273 -2.749 -0, 247
L5135 -3.350 -0, Td &
.31 -~ 2,103 -0, 247
-Ue92 -2.778 ~v.323
-3,191 -2.92) -0, 7
-4.721 -2.035 -0,542
:1.767 ~3.075 0,118
1,154 ~2,434  2.3u4
4,009 ~2.3)8 U.593
30710 -3.116 -0.378
.37 -;.4 U,.398
4,u66 ~2.)a1u -u,558
2.95) -4.5|3A 0.028
2,370 -c.617 -0.721)
0.025 -2.u463 - 0,348
2.295 -<. 148 ~1.115
-0.052 <2£.128  0.605
-G,815 l.333 -0.250
©1,256  1.964 D.514
-3.489 2.7 Q.644
-4, 318 1285 -C.866
S92 J.ud4 -0,67¢
B L8170 Z.916° W,422
2.9352  2:931 0.32%
S U.608 3615 U608,
4,049 4,128 -0,32% .
1,307 3,773 0.4369% -
42.451 -Z.082; -V, 207
<1.900  Z.5b9 €3¢
~3,024  2.363 1.H3€
-3.624 1,961 1.282
-SLRIS 2,173 -0.273

B

Wounmuwennunnueuuhbobunbuuntwunnu
s wht ’

wnw

[T Y7

s1

67

72
73
Te
75-
TE
37
16
18
8v-
81
82
83
By
85
At
387
1]
49
90
9

Fgeyvs
PR v

-
&8
r-3--

v

- 15
-7.4959
-4 lde

-4, 208"

-4,235
-5.Cuy

0.79¢2 .

-2, 501
-0, 835
~1.889
-2. 716
4, 760
EPVED
3. 200
2.853
2,393
.44y
2.6
e 3J7
4.4
2.747
1.7
2,476
0. 734

°

.buu

V. 484
1.398 -1,u80
4.%11  C.20é&
1.934 UL Jue
1.407 -0.967
1,331 1,565
1.769 -0.u28
2.4d06 0,327
St v, 33
PR AN PR |
Yeddd -1, 311 -
.00t -0,268
2.5 0,979
24517 =0,007
£.637 -1.u452
1.9912'20, T4)
2,349 0.912
2.5d08 0.203
4. 15) 1.049
2,969 0.123
2.32% J. 3N
¢ 2,487 -0.610
2,496 1,622
2.497 0,086
2,388 Y, 421
2.680 -4, 3eY
¢.066 -0.379
4. 760 -0,%26
ciols =1,72¢
1,897 -2,.542
~ 1,797 -1.€95
1.885 -1.52¢
2.8u7 -1.296 .,
20,788 Q.08

2937 Vo231 UL 0uY-D.016-U. 004 06.074-0.216

-,
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APPENDIX TABLE 7 ;o : e : .
. CE .
IANANASKIS Run SPFCIOERS (v  PRINCIPAL COMPONENTS ANALYSIS - CLUSTAN 1C
NURBIN OF CASES = 137 -
'SGABER OF BlNARY. VARLAMLIS = [ (UNTRAMSZORMED DATA)
SUABER OF WUREMNIC nnuuu - 21
SURZRIC BEANS AND stnnnu DRVIATIONS YARTABLE ALNIAUN VALUE  ~ BAXINUE FALUE-
) 7.4072 1.962% 1 31,4000 © 12,3000
"2 1.7632 0. #4117 2 ;C.9000 | - 2.6900 N
3 [NINERS 0.098% 3 0. 1800 0.'6000 . -
L 0.5959 .0, 2058 (3 0.2200 1. 1100 '
s 0.5976 0. 1508 k) 9.3100 , 1,0500
6 0.6171 S 0.9 6 Cl.2800 - . ko0
7 0.8950 . . 0.°268% .7 . 0.4000 . 5800
L] - 0.8772 0. 1618 3 cy 0.230 ¢ | . 0.9600
9 0.6323 ©.2000 - 9 : 0.2600 . 1.0500
10 0.1104 ©0.095%8 L - 10 . 0.vu00 . U. 3700 -
11 g.1746 < 0.983Y n . 0.0000 . 90.6200
12 ) 0.3923 L. 2000 . 12 E U. 080y . 0.9200° -
13 10393 0.3338 | o1 3 0. 8400 © - 1.7800 :
L) 1.8056 ©1.0451 1 . 1.8000 - " 6,2600
-1 1.7936 V. 4759, 15 4. 7500 * . .2.8400
16) 4. 7860 t 1, 3069 16 : 2.1900 > d. 1500
1 - . 3.,0867 X 0. 9467 : n 1. 3500 T 05,7200
18 X -0.5325 »0, 18d2 Lo 18 c.2%00 T 140090
19 65,4234 © 3, 814, - 59,0000 73.0000
20 S 12.9827 - 0 L2y . 20 1C.0000 16. 000
- 25.9854 L 2.7813 23 21,0000 32.0000
ucuvu.ur.s . . ’

1.8 w26 1,02 0.5 0.33  ©0.20 0.14 010 0.08  U.ub 2,06 u.d V.o veds ¢
0.u2  0.€1 (.01 o.as\ 0.00 ) : ’ " - el

PERCENTAGL VALIANCE
06,36 20,31 .87 2.63  1.55  0.96  0.66  0.50. 0.39 0.1 J.Ju Ue2d J.de 0,17 9.1 w0 -7
0.08 0.C6 0.04 . G.L2  0.02 -
¢
CURDLATIVE VARIANCE

L '66.36 86,67 91,53 94.21 95.76 36,72 97.3s 97.88 98,27 48.58 96,48 V.37 ¥4, 3T ¥u.du 7
95,86 95.93 95.96 99.58 100.00 . o a4 yie6d 8279

EXGEMYECTORS - BY HOWS
VEGTORY 1

Vo260 Ua268% J.144 U.264 0,246 0,254 0.263 0.2%0 0,202 0.17 15 1 4 F
00 7-0. vas 0 & ¢ 26 17) 0.115 V. ldo v.259 u..‘nz U.e259 Jesbd 0.255 2.216

VlCTOI 2

-0, tou-u. uJo cU 3BT V. 179=y. 166 0.059-0.013 0.001 0.001 0.337 0. - - . - Y
0. 38940, 279 0,185 U2 9.379=0.u3T-u.078-0,980=0, Jdi~0,121-0.195

vecTas 3 . N 4
3.:52: g.\;aa g ;gt U 018 C.US0-U.02T-0.019 0,315y, 0ub=0,Ld5-u. uld=v.vod=u.uvd 0.udT daus? 8.047 0.032-0.022
. L ) . . ~ : i
¥FYaST ) FACTOR S40keS . . . !
s 1 €.u45° Z.u1b -0,4d7 s-u? S2.8¢0 | 20493 -1 5 93 2,8y -v.B08  u.1ib
5 2 6.C93  1.J40 21,915 5 4B =2.%u)  2.0l4 G, V20 5 94 ~Z.1d% -1.1u5 0.178
s 3 4,649  <.69) <0796 S 49 -2,€d0  1.191 -0.C37 5 5% 2,665 =4 158 -u. 110
.5 4 4,005 2.916 0.1 s 50 ‘w3 B4 2.U60 =0.ubl 57986 “1.7] -1.476 ~1.e5)
s < € T8 «.193 - uiTd2 5 51 L4, 138 -3.usb 0.95) 5 57 1,66y —1.999 -ul16¢
s & 5,012 s.499 =0.421 5. 82 6 €35 ~3.558  1.445 5 94 -4, 417 -1, %48 U, 585 R
s 1 .o  J.udy 0,602 . J7.741 4,427 -0, 768 5 99 €, €59 . -C.03) -u,00)
5 & b.Cau 2.79v  0.237 C5,953 =J.0T0 V.05 5100 -1,121 L3N -y, thb
5 9 3,883 1.8u5 1.17¢ 1,% 2.y24 1,085 stut 3,280 -1.726 -1,4179
L3RT] G075 g.378 20,054 w370 3.217 00006 s1u2 -C.50% -C.987 1,400
s 1 €, upy Z 088 40,973 7.545 -i.266 1,510 5103 2,023 u.b17 . dub
s 12 6.732  1.%71 0,351 S 2.709 -3.098 0.022 stou EPHE FTEYWAE § [T P P
s U b. 207 4.3 uR9lE s 49 1.357 =4.667 V. 198 s10% -0, 08 -1.7J1 Losbu
s 1u 6. 0% 2.508 -u\s‘ 5 69 0. 625 - 129 1,634 .00 510¢ -U.9dk —u.b1d 1,485
5 15 4,960 «.vdz 1,130 5 61 2,555 - 3,715 =u,Jy2 - 5107 0,251 ~vaw7l 1,302
5 16 0,177 1.126 \}._)); 5 62 20,73 =uo 134 ~1002 5108 -1, 807 -v.uiT 1,264
s 17 2 V60 1.B7Y ~uld s 61 3,061 —1.dus -1, 186 5109 -2.527  €.09y 1. 12e -
5 18 ~0. 956 1. €51 =1, o s 'bu 1,970 - 1.94) -0,981 5110 2,899 (.394 12433
5. 19 -3.Q15  l.uud 1508 S 65 -0.945 -1.7600 -2.020 st ©3.363 V.97 0.9491 .
5720 1,210 1.obS  0.U 5 &¢ “1.149 -1.735. 0. gt s192 -3.920 L.ESy  d.ud .
s i 3 uE6 . 3.098 -1.553 s 67 =159 1,712 - 1,03 511) 0 .- CT0 G, dee o 1,275 g
5. 22 4 uT1 3.49% =1,776 § 68 T -U, BV =1.208 VUL BIY S116 . -5.723 C.le) ULyt
s 23 . 0.215 5 69 -2,8u1 - 1,504 -1, 44) S11e ¢ 4308 ot T.ta0 ;
s 24 " -0. 117 s 70 3.330 -3,025 -0.320 st -4, 637 -C,d55 V.20 >
s 1% -1.576 s 71 3. 371 -g.e85 a5 s117 4,046 -G, 200 =095 g
s 26 -0.u436 572 €, €55 -J.n2Y -u.52Y S118  -l.oibs  l.iye S.9950
527 90037 i.as> -l.26w 5.73 ¢ 5,90y 4,045 1,428 5119 -4 €15 ~UL U5 =1.365
5 28 W, 533 . 1, Tue L. 0SS 5 ¢ 1,351 <&.ud) uedeld 5120 =1.344 -u.570 -Qudet
s 29 22,918  z.497 -0.384 s 7% 3.07v LU5F =0 172 §12% €7-1,1485 -v.udv - 0.2
- [ C-i.861  2.617  1.0¢) s 16 PR S IS FVS TRE T PL P 1] 5122 -3, 332 PNV -d0 W s
s N -2.907 . i.udd 0,957 s 77 ., &.295 0. 137 $173 7 . =20 ~LLUS -LlRE , b
5 )2 ~2.666 s.ndy -0a495 s 74 [V 3 P EE-ALY F124 ~3. 945 - 1,458 -~ 4d) . Y
s 1 -3, teo  1.052 V.oV s Ty V. 292 -v. ik s12¢ -3.702 =u.515 2T ! .
5 ~3,200 i.lMu 1.489 s 8. -0,267 =1.700 9. 19% 5126 -5, 66l .09 =0, 26w
~ 5t -2,831  G.vds —0.u05 s 4 -1, 781 -..093 -v. 169 - 5127 “T 40y =e2u9 =050 v
s 36 -4, 433 1,019 9.a27 5 0z . Veius =2,035 Q.79 s128 . .77y 1.dus
s 17 S3 654 J.u21 M.613 5 83 w. 917 -2,657 0.05€ S1 ] FRPITIEN Iy LN
s I8 3.2% | 2o 288 -1.206€ 5 84 0. 747, -2, 49 =0 139 Y30 2,921 u.u15 Ul 3de
s 19 6.2u8 2,089 ©.u1 5 8¢ —9ily =esdde —u, 146 s131 -4, 163 -C.ue? 21,479 h
S 40 - -0,368 2.355 J.ud2 - .§ g6 T -0.tae -i.12) ~1.670 S132° -3.€12 (.53, Loned
'5 41 ~ofP2vu . (L48Y 1,428 s 87 —l.diz =U.9ve V.G64) 5133 (.00 C.639
5 42 C. 138 2.622 Yaus0 s 88 "eh, 94y =ladgbd -u.480 5134 =0ridP ~0.990 -t X N
s 4l -2.367 «.810 0,289 5 &8s £,15] = 3.7y, -C. 037 513¢ vobl ~0. 314 o N ~
- 5 uk 3. 4 Z.uds -1.338 S . ©3,707 =2.971 -v. 03 5126 JU.sus  1.udl : ) .
S 45 ~1.9%5 1,685 -1.38J 5 61 “u.5J1 =1.w3u =£.579 s137 Lietd vl dTd
S uk -0.083  «.733 W.957 T8 51 -3, uop -1.3317 =193

9 P Lt
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APPENDIX TABLE 8.

S

ALBERTA ALL SPEZCIAENS (100’ : PRINCIPAL COMPONENTS AMALYSIS - CLUSTAN 1C
_JUBBER OF CA3dS = 100 ) - ' .
TMUBBER OF BINARY VYARIABLES = e -ROOT RMED -
WNBER.OF NUAXRIC VARIABLES = 21 {squARE TRANSFO DATA) v
. o
NUAERIC MEZANS AND STANDARD OEVIATIONS VARIABLE MINIAUN YALU: MAXIAUR VALUE
| 2.6773 0.2713 1 .uT3u . 3. 31606
2 1.4192 v. 1277 . = 2 10143 16462
3 0.5696 V. 0745 k] 0.4243 0. 1550
] 0.761v J. 11640 4 v.5190 1. 0u0v
5 U.T645 JeuTdy 5 0.5931 0.9798
6 U.7439 0. U845 6 C.5385 v. 9327
.7 0.893u 9. 998 7 c.670d R
'8 0.6534 . V. UT 24 L. a8 C.5000u Jo 485
9 0.7632 EEERCTTIT , 9 0,5477 0.9539
10 0.3054 - 0.1993 B L] L.0u0U 2.5477
1 0.3055 U. 4107 . 1 0.0000 0,550
1% 0.6117 Je2293 o 12 O.so4b « o U.Ju99
13 1.0007 "v.1163 13 v.7071 - 1,4107 .
14 R T V. 1936 A 1.4900 2.4160
15 Co1.s227 V. 1445 15 0.9695 1. 3969
16, 2.1256 " v.i297 <o 1.0125 2.72bd
17" : 1.7081% L. vl 19 17 1.257u 21,2142 . L
1 I 0.7839 o V.u97e [ 0.4499 V. 4k
19 65,0900 - wo173u.. 19 58.000v T4, 0UVL
20 12,3700 B N VR 1] 20 . S.uddu 15,0340
21 2%.9¢0v . v 3av3o9 21 © 21,0000 31,9000
EIGENVALUES AT

12,62 5.87  0.74 w52 U.de 0.23 019 2009 0,08 0.0u  9.05 e ub U0k w9k 0.ud  u.02
0,02  0.01 ~ 0,91 0,91 .0

PERCENTAGE VARLAMNCE

0. 11 27,97 3.4d PR I PR | 1.1

0.43 0439 0.1 u.260 wi2e U.2u wl2C Ua12 oL
0.09  0.C5  C.ud w03 .Uz : .

CUNULATIVE VARLANCE

&

60.11 d8,Cd 91.57 »4.duv ¥5.37 7 36,67 ‘17".‘2'5“.;97.'98 9d.37 yd.tu V.4 3y.lo su.Ib6 93,50 95.6d w3.748
99,67 99452 95.56  35.54 -100.L0 . A . .
. s ?

EIGENVECTURS - BY huss
VECTOR - 1 - ) ,

VeeTt LodTo VoTuu ve2lu 0,200 92273 00271 0.209 ua259 U119 00usd 0e037 o240 vecls Ja271 doldTo C.269 vl 2uy
V. UJdy Outluy Yool X B

VECTOR 2

UL UE5 U.u280.383 0. 261-d. 186 UL U2u=0.236-0. 164 Jo 141 0.35) J.uid
0.276=C,2d2 V. IS5 e . : ‘

VECTOR 3

U UUS=UeUuD VLUT1-0L TUT V. 0UG U 074-0.06d J.U0550,04U8=0.125 u. vil
0,710 v.5Y4° 0,15y - . . 3 N

PIRST J FACTOR 3L0LEIS

R PE PL R PURVE SN

s VS led 2,197 u.STue s 3t we 225 tuwde A.uT0
s 2 “0.632 ¢ 421 =0.305 . . S 3 4313 s.bel uLtey 36 Jo NI =3.028 (95
s 3 S1.070. 44102 U.u02 ‘s )7 2. 894 L,408  Uiibs 5 319 -4.0)) ~u.u4do
S 4 -3 4l i.bed  uw.5bo 5 34 1.8408 " «,435 0,571 5 1t ELAPFTREDPE PSR )
s 5 U, J4 gu 681 -0.999 s 39 NI ITS I P T'T) 5 72 - ~h.372 =l.ele -ulT9Y
5 6 W, 35 2,390 -u.38¢ 5 60 0910 (.57 w.oct s M ELPEPY B PR IV 'Y
R/ 2,647 0.%30 S 41 0.74»  C,4vo 1. Juy s Tu 4,293 =l.8u4 -u,. 179
s o022 V.41 s w2 34363 Lo -u.203 s 1% 1.d5% -2.9v4 $,210
s J.5ve- v 19 s u) 2.%4s 1,067 =yl 5 76 =309 =l.ud0 Ja et
S, 3. 7u¥ -u. 298 5 uu Jabls  c.udl -U.424 s 17 —U. Y0 =c. 137 -9.3d5
5 Ty uol2d 5 45 U972 Late2 -G S I8 -V.70d -1.40y ~u.vs0
s 2910 Kets =u. 200 5 46 (DR PRE PETT RIS 'S | s 79 = 10595 = Tayyy -1, 14l
s L5679 1,500 S 67, ~0.253 V.dd¢ -1,67¢ .5 AQ =392« =1,.554 3,501
5 T4 =2.9J¢ L.65%0" 1,744 s uy Veugd Yool =1.uTu s 81 =5.059 ~1.409 =9, uT%
519 =387 f.d75 to24. 5 49" 1.9 733 - 13048 STd2 - =1.3% -~1.705 J.ovb ‘
S 16 -6.lus L.5d0 =i, 350 s 50 Roan 67 0l s ) WAV =40 dse -0l 1T5 .
s 17 -6.u84 Ty llo LL239 5 51 4.U45 - .08 0,555 s 8u S.763 ~2.009 -1.uus to.
5 18 ~Toet Tagdy S 1Nt S 52 Jidde =2.0%¢ “o.bUG S 8% 7 5.004 -4.503 -0, dv) - X ~
s 19 =2.35  L.2%1 v.459 5 €] “4.9% ~io4T8 -Cacty 5 8¢t o983 -4, 153 -u, 145"
520 -4, &3 20033 w.270 sS4 “1.a9 €3% 0. 11s s 87 1.573 = 1oy90 - .294“
S -¢) =4.2397 1759 =y s 5% LNy [ EFRENPS NN T UL 4dd -l M09 - M
s 22 5. 197 1,736 1,42 5 56 2.483 =2.49) ~u. 176 ~ 5 89 30080 =il =L 76O
5 23 C.960  1.7uf -u.de) 5. 57 =2.951 =1,961 -3 5 50 ~U, 839 ~2.261 -y, ud ]
.5 24 —2.466 i TR UL21N S.58 D =0.95V =090 4,153 5 91 LT -2.850 2, 1ve
s 25 ~0i6us T.220 G- dJb 5 59 “9. W7 -L,932 <ul2ve s 52 P N T P 1
s b 1,744 Q.dbe 0. 3710 5 60 tU.do2 ¢ 52 Uid2e S 93 foyud - 157 u.etu
s 7 ~i. STV i.ube -1.377 5 61 ~8.dd =4, 379 =L 5 %4 . 3054 ~3.0u9 =u,.ule
s 8 40%05  <.7W0 -uL 3t S €2 =0, 787 <i.6ud  C.617 S 9% 3. U5 = 1990 UL w0e
5 29 2,802 J.952 5 63 SHaB1S -1.95e -u,.72¢ T 5-9¢ 4ed9Y ~4.bUY -U.511 .
s 30 a3l cuiedy S hu VedSJ =c. 432 ul3e5 5 97 2,912 =2.49u  (Lu85
s 1 20814 L5487 =460 5 6t ~6.8Us mqL 0t -1,128 s 54 2,478 -2.474 -0 715 ,
s 3z 2.3d] .9t -ul o). S 6f ~0.993 ~z.buy LLvbu 5 84 0. 144 -<.518  yU.4lu
S 1) . 2.929 4.fue -ulubds S a7 3,505 -i853 1.30) 160 [ 2.4~ v04 =1, 154 .
s 3u 20608 i.wed 0,317 TN et . T T TTT TR RS L S ’
~ & ’
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APPE_NDiX TABLE 9.

KANANASKIS ALl SPECINENS (137) PRINCIPAL COMPONENTS ANALYSIS - CLUSTAN 1C -

WURBEN OF CAses = 137 - ! ' ’ J
NUBBEH OF BInAdY YAILAulES « v (SQUARE-ROOT TRANSFORMED DATA) . /
NOMEER OF SUNcRIC VARLAELES = 2% ,
NURERIC REANS AWD STASLANC C2VIATIUNS YARIABLE MINIAUA VALUE AAXLIRUN VALYE '
1 2.0979 v. 1595 1.dudy - 3,507 -
2 13190 9. 1515 i . 9487 1.6801 2
3 T~ s Bunlve [NV : 3 Yobiul J. 7786 P
q 0.7e11 J. 1296 “ Veub9u 11,0538 :
) 0.7604 PERTER] 5 C. 5564 1.,0247
6 0.776u 0. 1422 - ¢ U.5292 1.0udB
7 0.9350 3. 1391 7 0.6325 1.2570 . . .
8 0.6d15 3. 1137 8 v.u796 0. 9798
9 0.1855 0. tzu1 9 S UL SUYY 1.02u7 P
10 0.493s Ue 1567 1% L.L0VY DACTTR]
L 0.d134 Uad?7u m [T ) 0. 74874
12 0.29an v, Toul $12 V. 2028 V. 9992 . -
1 1.0066 V. 1623 . 13 U, 6633 11362 - .
14 1.43)% U. 2569 . 14 1.4 2.502v
15 1.4275 0 1773 15 PRI 1,697
16 2.1575 , 0. 3027 1% 10679y 2,950k .
17 1.736y J. 265U 17 1,161y 2, 49V7 ~
18 0.7229 Y 0.10u0 - 18 L U.ebdl . 1, 0wl ,
19 A VETY 3. 5143 19 “ -54.,uvud 75,9000 h
20 12,9927 %, 4417 * pil) R B T 16,0000

21 2%.9p50 2.781) . EA 2 t.uduu . J2.0000
BIGENTALUES | o N

13.8) “, 24 .01 . 37 de Jy vl dn Q.20 l).L)

U. 0o J.db Jav5 T 0.94 Joui v.02
V.02 0.0 Cov v.du ¢.00 .

PZUCENTAGE VARIAMCE

65,87 20.13 4. 7Y “e 69 RECLISAR PR 1) U, 94 .62 O.4r 9.3] Jedu Vool ' vead v. 18 J. ti vett
0.0 0.Co Coil ve U2 V.02t : .

CURULATIVE VARLANCE

65.87 86,06 YU.8% 93.55 9u.¥y v6,15 $7.08 97,71 98.18 98.°%2 g8, 41 .Y 99,41 99,50 99.65 99.76
95.8€6 99.9z 99.%6  95.90 Vv, MY .

EIGENVECTURS - BY BUWS ! K

YECTOR 1 . . . . Ty

2.263 02265 UL1S. 2,244 C.250 0,254 0.268 0,292 0.262 0.1b0 W, b8 U133 Uoaol 0,265 0,459 u.265 0.258 U.221
0.005-C. U6k C.U5Y : Cos
. 9y
VECTOR 2 T
U UETR U U2d=0.4T9 va18)=0.150 V. UbI=U010-0.010 0,072 V.21 J.uut u..l':u-d.uz7-u.05)-0.071-0.1:69-0.103-0.\75
0.203-0.474 9.397 . s -
YECTOR ) .

0,052 0,010 0.031-0.023 2.u58-0.025-0.018 0,007-0,010-0.Ub5-ve G11-v.d7 320,014 U, UJ0 .0.023 U025 0.031-0.027
U.81: U.54 0.1€6 - - ;

. a
FIRST ~ 3 PACTUR SCOBES o 4
. N
s 1 6.043 2.486 -0.518 s 41 ~2,8ds i w37 ~1.409 £ 93 -2.7d) ~1.u? 0.187
§ 2 V5. 738 1.257 ~1.478 S «8 -..951  4.Tu4 <0.009 5 94 ~1,920 -2.26% 0.0t
s 3 boubs 2,46l -0.763 s 9 -2,€69 2.3%0 -0.154 5 95 “2.473 . V.2t
s« 7,271 2.607 0.1%1 s SU “u, U8 Z.292 ~0.545 s 96 -1, 502 -1.637
s 5 364 1.90v  L.dls s s1 0257 - 2.787 s 97 -0.751 -g. 00
s 6 u, B4y 5.372 -0.484 5 52 6,450 ~3.0W T ~4,501 0. 680
s 7 5.544 2.938 U.515 5 33 7.295 ~3.797-- 5 99 Ceb, 292 =1.020 ~u.546
s & 5.609  1.0%% 0.172 s 54 €.826 3.4Vl U.Wb 5100 ~C.Bub -1, 48U =U.054
s 9 7.280 1,881 1.125 . <5 55 3704 ~i.0% 1.103 $101 V. 458 1,785 -1.494
s 10 4,019 2,376 ~C.173 ] S %6 T 6,503 =2.950 ~0.7dw 5102 =C, 759 =l.dye 13
5 11° S.Zvu 2.351 =1.ut8 s 57 20775 =211 1L ubE 51023 -1.8Ju 0,803 u.u29
s 12 6. 384 . %dn VL2304 s S¢ 2,943 =, 947 cwlub . 5104 ~2, W) -(. 89 0.199 N
s 1) 5. 842 .03 C.dya s <9 Y6yt SL.%82 0,455 8109 0.33d -1.501 0,548
s 1 S, 080, 2.257 -1.114 s 60 0.964 =2,13% 1,673 8106 ~0.722 ~u, 43V 1. %CE ’
5 1% N80 2.010 LW s 61 2,904 ~3.58) -0.302 5107 Cotul 0,415 1.4uu
s 1€ 00990 l.ols ~0.346 - S 62 -0, W07 ~2.329 =1.26¢ s108 -1.520 —0.uy) 10217
PR} 2,107 1970 0,293 S 63 ~C.60 -l.99g -1, uu 5109 2,410 U.teb o 1.100
s 18 “0.79 1.73) <V.6u7. .S 64 1. T -2.288 -u,.d19 5110 =2,7) " 0.%6 1,223
$ 19 . ~3.035 1. ee5 ~1.50 s 65 —0upd) = 1,92y ~2.081 s111 -3 387 V.iev D.dda
s 20 S8 t.eed 0109 $ 66  .~0.847 -1.851 0.)56 5112 -3.596 U T4 T3.097
s 21 3. 40T 2.929 -1.581 5 67 -1.283 =191 -0.997 31 =2.973 .58y 1,%90
s 22 4,272, 3,026 =1,796 S €8 ~4,827 «1.706 0.433 s114 -£, 481 U.224 0.901 S
s 23 2.09  2.67¢ V.Y 5 69 20773 =2.044 = 1,376 SIS 1,103 1475
s 28 S.65 Z.u02 =0.094 s 70 1.557 -2.611 ~u. 490 sV1¢ ~1,%07 .27
s 2% 50371 T.453 -1,u492 s 71 3,503 ~2.308  2.078 5117° -0.5506 =0.731 \
s 26 20128 Q.505 -0.505 S 72 .+ 5 T4e =3.161 -0 540 - 5116 SNAPERAA L]
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APPENDIX TABLE 16. L . :
; C- ) . . AT ]
ALBERTA PMIRICKIRYS ONLY . . o .
\uRbLE OF CASTS rngus o PRINCIPAL COMPQNENTS ANALYSIS ~ CLUSTAN 1C .
NUNBLE OF BIKARY ¥A . ARE- . .
IUHB:I OF KUNEPIC VAFLARLES = 21 ¢ \SAARE-ROOT TRANSFORMED DATA) B “ L '
munc REAKS nna "STARDAPD DEVIATIONS. YAVIAELF AIXINUN VALUL “AXIRUM VALUEZ p .
. = ' - ! ;
% i.66%0 0.2303 1 L 2,121 3.c822 ' : o
. ) 1.3307 0.1 2 - 1.0583 1,510t : .
) 0.5091 0.C350 . 3 C.4263 : T CL.5T4Y P )
., 0.8367 ° 0.0965 . (¥ 1.0000 '
s, 0.7320 C.C596 s 0. 5831 £.6307 .
6. 0.7509. 0.074) 6 0.591¢ 0.905% a -
71 0.8€37 0.1032 7 0.4708 1.C630 s
- 8 0.£270 - , 0.060C 8- 0.5000 0.7211 . . )
3 0.79¢€2 0.00827 : -9 6.0000 0.93A% . ) ot
10 0. 4818 0.C706 10 0.2¢u¢ 0.5871 '
1 C. 6110, 0.069) . 1" TG.439 c 715%0
12. v.B2¢€¢8 0.0769 12 0.6557 ')MS - -
13 3.00613 0.0%69 : 13 £.7810 S °
The 1.926¢ C0.1e77 - I 1.550L 2 2204
15 - 1.3361 0.1297 . 15 1.0000 1.5362. . :
16 “ 2,103 0,903 7~ LU 16793 2.6352 - . \
17 CO1.6755 021658 Rt 1.2728 . ov.9698 :
18 0.729¢ 0.1046 . 18 0.4899 . 0.90%5
. 19 67.7000 3.6100" 19 t oy 6€.0000 74,0000 &
20 11.58C0 1..146€ . . 20 4.6000 14.0000 : . :
21 26,4000 2.000t° Y 28,0000 33.00)¢ ’
EIGEBVALUES ) '

16. 28 1.31 1.02 £.79 0.52 0.2t 0.20 0.2 0.0" 0.08 0.07 0.06 0.0¢ 0.04 - C.O8 0.02
0.2 0.61 0.¢1 . L.00 0.30 . :

PERCENTNGE YARTANCE

. o ; : | . B
77.5% €.22 4.86¢ 3. 74 2.47 1.22  u.9 0.56 0.42 - 0.40 0.3% Ui 28 0.27 9.21, 0.19 0.11 "
0_.09 .07 0.05 c.02 0.02 " ’

N “ . 5 ot | -

CURGLATIYE VAFIANCE

77.51 872 ‘Bp.59  92.33 -94.30 96.02 96.98 97.58 97.97 98.36 98.71 98.49 £9.26  99.47 95.65

99.76"
. 95.84 . 96.91 99.9¢ <€6.98 100.00
oy . &
EIGENVEC10FS ~ EY FOWS A .
' : ' N . : " . .
VECTOR 1 - . . ) . : Ay
0.285 C, 282 0.22& 0,240 0,240 C.2380.238 o.

0.023 o. 01‘ 0.07¢

260 0.281 a 234 0.2 0.232 0.226 0.283 0.236 0.2¢3 0.238 0.708
. .
YICTOR 2 C N *

' .
o -
-0. 033 0.015 0.000-0.087 U 025 ‘/.'051-0.0H9 0.€17-0.00%-0.294 V. 1¢6-0. 081 0.089-%.02“-_0-069-0.051 0.036-0.210
0.%€9 0. 501 G.558 , . v . R X .

[ : .

. h
K

VECTOF ) Co ‘ E h o

-0.049 0.G56-0.054 D.063 0.0030. 968 0.031-0.033 0.030 0.080. 0. 1€5-0.009-0. 113-0. 0760 .05 8~
-0.€88 0.6737.0.106 ", .9 $8-0.019-0.082 u. 162
’ ¢

FIRST 3 FACICR SCC!-!S

E ~0.072 0.193 -0.322 .5 26 ~1.870 '0.707 1.u55 .
i 2 ~1.010 -0.211 -0. W0 s 27 -3.453 =1.561 =C.26P ) .
s 3 -1.5¢9' 0.180 b.0u43 s 28 S.4E1 -1.13¢ -1.921
S B . <4.u7S 0.051 -2.293 S 29 . 3.297 0.736-0.775: o
T 5 -5.eh9 -1.103 -1.586 s 30 , 3.766 -0.627 -0.097 .
s & 5. 667 0.128 0.309 s 31 3.300 -1.300 - I\
s 7 ¢ 1982 0.845 . 1.244 s 32° . 2.673 -1.208 - X )
s §. - -3.697 0.353 ~0.017 s 33 2.879 =0.36& ] ‘ o L
5 ‘9 |, c1.o9e T 1.504 -0.753 T 3,193 0.271 . )
5.10 5,129 C.751 -0.893 s 35 5,057 1.2€1 .
N s N 1.8C1. 1.093 -0.657 s 3b 5.169 0.558 .
el s 12 ~2.818 ~0.455 -0.215 s 37 3.302 -0.042
T~ 5 13 L1,93%  2.738 0.711 s 38 2. 194 0.983 .
5ot ) 3,893 2.020 -1.09) 5 39 2.887 #1.51¢
5" : 0.499 -~0.941 s 80 0.911 0.268 -
s 0.279 0.265 s 41 0.712 1.639
< . s 17 g 19,748 0.692 5 82 3.981,-‘:).50»: B
M s 18 -9:846 -1.¥21m04396 5 #d 5 $0.215
s 19 -2.887 1. 159, 1936 - S a4 0. 71404839
s 20 <5.318 0.277 ro.423 . S 57 1_111‘,-1 922
s 21 -5.692 -0.057 - 0.612 7 .5 &6 -0.812 ~3.20% )
s 22 -6.601 0.856 -0.162 ‘s &P -o 708 3. 98y
s 2) 1.2€6 0.145 1.729 ryt 50810 DEAFE TR :
S 28 . -3.121 -0.372 -1.063 S a9 U001 -1.439
5 25 -0.888 -0.118 2.176 = .5 50 6.4u8 Co21S

N
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EIGNVALQES

APPENDIX TABLE 17.

" NLBISTA COURSIUS QLY
wunszz or cased = 50

BUBBEA OF BINARY VARIABLES =
BUBBEE OF NUAERIC 'll!lBLlS -

2.6897
-.1.3078

. 0.68%3
0.7971
0.7369
£0.9050
" 0.6758
0.7301
. 61688
T 6.0,
0.39¢

23,4800

.15.13_ ©1.38 - 1.08
0.01  0.00 0.00-

BERCENTAGE VARIANCEL

72.08  6.57  S-16
6.62 0.0t

CUBULATIVE VARIANCE

8.61. 83.77
95,20,/95.22° 95.23

YECTOR. 1

0.6300 .~

o v
.

_'unlllc NEABS ARD STIIDIID DEY¥ IATIONS

7 0.3089
0. 1425
‘0.0503
0.0809
0.083%

0.0937.

1 0.0970
0.071&

0. 0909

. 1.0000
D.0803 :
T0.138% '

-0.218Y

0..1582
02547
0.2257
- 0.0885
2.8738

0.8572 _ &

Laies <

0.73
0.00

87.37

~-95.24
EIGENVECTORS :~ 'EY POVWS

0.55 0.

0.0 -

PRINCIPAL COMPONENTS ANALYSIS - CLUSTAN'IC

" (SQUARE-ROOT. TRANSFORMED DATA)

. VARIABLE BININUBR YALOE

CENC VWK -

a1 1.0y
. W]

89.686 "91.98 . 92.99

95.24

2.073
1.0189

0.5292

0.5194
0.6083.

0.5385 .

0.7071
0.5196
0.5477
0.0000
0.0 .
- . 02686
©0.7073
1.8%00
0-9695

¢ 1.6125

; - 12570

0.5831
, 5870000

© 11,0000
72120000

6.12 0.30  0.06* 0.05 0.04

'93.%5 94.01 94.31

0.255 0-25“ Q. ZMG 0.251 0.252 0 257 0. 252 0. 246" 0.251 0 177 0.0

0.043 0.02¢~0.006
VECTOR 2

é
U,006-0-025-0.005~ 0 055-~0. 019 0. 032~ 0.0!7 0.01-0, 002 0. 2“6 0.0

0,656 .0.648 0,127

YECTOR 3

P

-0.220 0.196 0.E93

-0.06t 0UsQ26 0.071 0.037 0.033-0 036 0- 037-0.00“ 0.017 0.272 0. 0

LY
-
w
(4]
-y

*
4.036 -0.513

21 -4. 149 ‘02980
22 ~%£.33¢ ~(C.978
23 ~5.638 2.112
24 - -8,2%3 -0.02C

T 2e4) 0,402

5 1
s 2 -0.080 1.023
5 3 -6:718 -0.496
5 4 ,‘-1.-97 0,023
S 5 0896 .0.67¢
5 b | 2.e58 -0.510
s 7 -2.925 ~1.2¢8
5 8 -0.837 1.735
‘5 9 -0.251 =0.496
510 -0.788 1.257
s 11 ~4.362 -0.009
s 12 -0.684 1.120
513 ~7.669 =1.007
B L] 0.377 - 0.732
$ 15 — =6.821 ~1.653
5 16 ~0.287 1.57%
5 17 3.901 2.537
5 18 . 1.827 ~1.481
519 2.963 1,474
5 .20 . 3.296 -0Qub6é
s
5
s
F

'} PACTOF SCORES

<2,038°

5 26
-1.824- 5 27,
-1.343 s 29
1075, 5 29
ER AT { YRS (1
-1.578 $-31
0.929 s 32
0.180 $33
-0.338 \ S 34
1.006 % S
-0.95% * S 3,
1.006 "5 37
~0.537 . 5 38
0.569 . S 39
-1.080, S -4Q
2,063 ' 5-81
=1.012° 5. 5 w2
-1.588 - ¥
-0.540 ECTY
-0.237 S 45
-0.938 S 46
0.668 5 W7
-0.089 s 48
0.224 . 5" &9
-0.808 "8 8¢

-0. 180

-0.704
-1.636
~1.389
-3, 756

T -5, 819

-3.168,
8.932
-5.962
5. 337
8891
1. 868
~0. 365
-3.058
~4.867
4. 195

©0.896 -

..222
3.500
.86
4.737
3.293

2-751"

0.211
3,087

0.037 * 0.26u.
-0.729 1,351
~1.899 1.032
~t.911: 1,282

2.1587 0.B18 .
-0,876. 0.304 °

1.166 1.807
~0.408 - 1.00w
-1.573  1.585
~0.607 v0.609
~0.129 0.767"°
~0.633. 0.719
~0.494 0.251
-1.06% 0.079
~0.555 ~0.226
0,163 10047 pog

2.698 ~1.099 ,

0,941 1.908
~0.708 -0.991
0.64% - 0. 138
~0.589 ~0.859

0. 150 ~0.837°
“1.021"~0. 0639
0.506- 1,429
1477 0086 -

0.56° 0.87 0.29
. &,

RAXINUR VALUR

-3.3166
1.6862
0.7550
0.888%5

10.9798
0.9327
11489
0,88 85

0.9539 "

0.3606
v.0
" 0.6164
1.8107
2.8166
1.5969

'2.7258

2.2782
0.9834
! 70.0000
15.0000
26.0000

94.54 9§71

4

0,23 015 0

9a. 87

.15

4

Tty
A
g
0.02 0.902
0.12 0.10

94439 95.09

95.15

0.190 0.220 0.255 0.2099°0.254 0.250 0. 2uy

-0.073 0.117 0.016.0.017 0.014 0.029 0.01%

0.052 0.000-0.065-0.088-0.054-0.05%-0.007

[T
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" APPENDIX TABLE 18. . Alberta control Coueszus ﬁwnbeus, ‘Raw -
: ' " character values, n = 50 ‘ "‘.

5

AL R!’"Tz "mf’ﬁ"' i PLUMBE . = N BL K *
601

9. V. b d ™ R J.7. 1,07 - U5 063 . 0,08 \
u.o L .12 Y.00 . 2.2e s et T ulle Eelly 1deOu Va0 "
6024 I 0. 3% C.N5 0.% - 0.8% 0.7 0.5 0.0
. 0.0 0.17 0.9%¢ 3.87 117 3.32 0.55  .66.00 -~ 13.00 ' -22.00
(TR 1) 5,8C . 1.28 0.4 0.%2 .39 0.62. . 0,36 0.36 .
. 0.0 0.11 0.69 2.76 1.26° 2.1 0.42 62,00 .- 13.00 -
608A 6.5C . 1.5% 0.36 D.82 0:%8 +, 0.76 0,46 T 0.50
. 0.1 , 0.86  3.38 .- L0 2.0 0.%1. ©5.00  12.060
6054 8.10 | 1.82 0.82  0.%0 0.56 0483 0.%3-"/ 0,57
0.0 0.12 . 1.00 N9 1.96 3. 68 o‘gv 68,00 /13,00 . . o
 606M . - 20 1.98 0.43 . "0.53 0.66 - .0.98  ,0.5% . C.63° .7
0. 0.1S .21 630 1,81 3.8) . 0.59  62.00  13.00
6074 6.00 1.43 . 0.37> 0.38 0.50 0.71 . 0.37 0,86 .
0.0 0.10  0.77 316 1.39 2.%8 0.46 60.00. 12.00 .
6084 ‘0 7.00  J1.71 - 0.38 0.5 0.52 - 0.76 . 0.44 . 08B’ ] ce T
. ., 0.0 0.13 0.90 3. 58 1.67 2.82. ©0.53 -67.00 ' 1.00 2000 - LT
: T 7.30 1.71 0282 ,0.%8 0.5t 0.81 7 0.86 0.53 0.01" .
: 0. 0.10 1.1 - 378 .73 2.93 0.51  60.00 - " 13J00: " 23.00 - -
6104 ©tinue 1.56 0.%0. . 0.36 0.49 0.77 0.%0 0.49 0.02
. 0.0 0.1 1.08 3.6 V.59 1.0% 0.56,7 68.)0. ‘14,00 25.00 -
61, . £,30 - .7 0.35 0.39 a. 3% 0.¢3 0. 35 0.35 0.v) -
. CUaN2 0. 7¢ 2.76 . 1016 2.30 0.4¢ 61,09  14.uC . 21.00
Cer12m - 6,60 1.62 0.4a2 0.45 0.51 0.81 0.45 .4 0.01
0.0 T 0.13 1.0¢ 3.52 1.53 2.81 0.61 63,00 14.00° 2500
LTI %.30 1.05 0.28 0:30, 0.29 0.50. 0.31 0,30 1 0.01 .
0.0 0.11 0.55 2.22 .01, 1.58 0.36 S59.40 . 13.00° . 22.00 .
. 618h S 7.20 1.68 081 0.68 0.56 0.80 0.42 0.55 0.03
_ v.0 0.21 %1.03 3.75 1.82 2.93 0.66  63.00 - 14.00  ‘28.00
R 6154 8,60 9.5 0.30  0.30 0.35 0.57 0.35°  0.35 0.0
I"0.0. . 0.08 068 2.83 . 2.0 1.73 0.38 568,00 12,00 22.00 . , a
616A 6.90 ° 1.04 0.42 0.45 0.55 0.081 0.43 0.49 1 0402
K .0 0.17 1.08 .47 . 179 2.78 0.%9 62300 15.00 2600
617 9.50¢ ° 2.01 0.46 . 0.5S 0.72 1.02 0.51 0.68 0.02
. 0.0 0. 19 1.35 u.€3 2,36 398 0.67 70.00 18,00 . 2).00
618A 8.0 1.81 0.42, 0.52 . 0.63 0. 63 0.46 0.63 0.0% - L
- 0.0 - 0.1 . 1,16 .21 - 2425 3.36. -0.71 . 64,00 12.00 - 22.00
© 639K 8.90 1.92 . Q.46 0.53. 0. 66 0.93 0.53 0.62 0.0%
040 0. 10 1,20 '8.58 2.15 3.88 0.66 66.00 . 18.00 ~23.00
620A" 00 \'fs C 0.4 0.62. 0.66 .04 0.53 0.69 0. 04
0.0 218 1M .37 * 3.60 0.67  61.00 . 13.00 .23.00 ‘
63 5.66 1.03¢ 0.31 0.42 0.64 0.37 0.83 0.01 N
e 0.0 0.12 0.¢8 2.88 " 2. 1% 0.87 . 64.00- 14.00  22.00
6226 . .5.00 1,32 0.32, 0.3% 0.37 0.65% 0.36 0.39 0.0 .
00 0.11 " 0.€7. . 2.60. 1.28 1.86 0.87 60,00 12.00 25.00
6230 .. 9C 1.18 0.30 0.32 0.35 0.58 0.3% 0.35 0,01
) 0.0 0:08 0:59 2.58 1.10 12.03 0.53 65.00 ..15.00 23.00
62ui Ju.30 3.03 0,28 © 0.27 0.31 0.52 0.27 0.32 0.0
< 0.0 0.07 0.50 2.28 0.9 1.63 0.34 61.00 = .13.00 . 28.00
6254 ) 8.2C. 1.93 < 0.63 0.49 0.58 0.86 9.53 0,60  0.02
L. 0.0 0.27 .22 .06 1,97+ 3.37 0.70° 62.00 ‘14,900 22.08
. : 6264 7.10 1.70 0.37 0.80 0.57 a. 80 0.47 - 0.56 0.03
- v.0 0.17 1.08 . 3.58  .1.7) 2.96. O0JB4  63.00 13,00  2u.00
: 627a 6.90 .68 0.80°  0.8M, 0.52 ° 0.88 0,43 0.5) - 0.O0W
0.0 0.16- . 0.96 3.43 1.85 2:83 0.89 60.00 13.00  25.00 taa
: 6264 €.5C .56~ 0.38 . 0.43 0.47 V.75 0,38 Q.49 0,02 L
\ 0.0 ~ 0.17. .1.05~ 3.23 1,57 ©2.72 0.54 . 59.00 12,00 ' 25.00 - - - o
629 ‘6,70 1.55 0.40 0.%7 0.3 0.76 0.%0 _0.49 ' 0.0% :
- 0.0 0:14 1.03 332 163 2.79  _0.49. 58.00 12,00, ,25.00
6302 5.60 1.40 0.33 0.37 0.42 . 0.66 0.36 0.82: - 0.02
. 0.0 . 0.12 0.8, 2.95 1.30 2.28 7. 0.41  68.00 W.00 25.00 °
6314 - 5.0C .22 0.32 0.30 0.36 0.60  0.30 0.38 v. 02 - -
. 0.0 0.13 0.76" - 2.%5 1.15 2.16  0.48 °62.00  12.00  24.00 Lo
6324 6.0¢ 146 0,357 0.36 0.43 0.69 0.39 0,48 0.03 - :
0.0 G.13 0.7 . .07 1.u2 S 2.83 0,44  64.00 . 14,00 -26.00 - K
5333 R LN 1 2.1 0.57 0.72 0.87 .32 .0.12 0,91 | 0.1
0.0 10023 1.72.. 5.84 2,55 5.19  0.B9 - 60,00 - 14.00 | 26.00
b38A 4.90 . 2.47 0.50 0.66 0.73. - .1 0.62 - 0,77 0. 10 . .
0.0 v.26 ' 1.3 5.11 2,22 (3] £.76 58.00 » 13.00 25.00 . RS
635 T 8,50 2.22 0.u49 0.£3 0.76 1.12  0.58 0.73 v.09 .
.o, 0.25 1,38 u. 80 .M #. 20 0.77 . €2.00 13.00° 24.00
. 6364 9.00 ~ 2.28 0.88  0.62 0.65 1,06 -0.62 0.70 'y 0.08
. 0.0 0.19°  1.25, 8.69  "2.08 4.06 0.73 '60.00 14,00 24.00 . .
y 63T 8.00 190" v.wp  Coote 0.54 0.92  0.5% 0.61  0.09
0.0 © 0,20 1.97 0 4,05 1.9 3.05 0.61 362,00 13.00  24.06
638 7.10 100 . 0,39 0.49 0.52 0.76 .48 0.52. 0.0} . f
0.0 .c.15  _1.02 LW 1.66 3.21 © U.S)  S8.00  14.00  23.00 . .
6394 b €.00 1,46  .0.33 0.37 0.43 - 0.69° ~ 0.80 - 0.87°  0.04
. 0 0.09 0.80 312 1Le9 2.50 ' "0.89 59.00 - 13.00 23.00 . oo
o i.36 [T 0.37 0.38 0.56 0.36 0.38 0.01
: 0.7¢ 2.81 117 2.3% 0.46- €9.00 13.00  23.00
2. 1¢ 0.56 0.0% -
1.10
1.72%
1.99
223 "
. 1.09
2. 18
. 1.18
2.00
1.11
2,16
. 1.08
2 2.10
100 .
1,98 °
1..03
. 1272 .
©0.97 .73
1.93

0.0 - 0.38 .1
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- APPENDIX TABLE 19 . -Alberta control Fhinichthys eataractae;.. .
T s ' Raw ‘character values, n = 50. : T
", ALBERTA CONTROL . RHINIHTHN: LALARATAE K 5u° 2

wiA Kby . Y1) D.ev v-us 3oz e 0.T% d.wu - vets
70,37, 0 M L 1.7 Yoy . . a.85 L 2.8 32 Tuewd  12.00
s © .00 - .68 . U28 o.68 . 0.55 ° 0.57 - 0-7%3 . 0.8 0.62

: : . 0.81 ., C.%8 .. 0.92 .86 1,89 (1 2.5% 0.%5 67.00 11.00
. . ) won .. 87€C 1.¢8 ° 0.28 0,63 - 0.51  0.56 o.68 - 0.35 - 0.97
A C Cu.37 - T U.57 1.02 .. 1.69 8,29 2.82 0.43° 68,00 12.00:
. “0NA, . 8.00 1,86 . 0,23 0.52 0.47 0.45 - 0.6l . 0.0 0.50
L. 0,30 % 0.57 0.83 3.09 1.8} .61 2.28 0.35 - 78.00 . 10.00
053 .50 . 1.35 0.21 . 049 0,88 D.%%  0.62 W29 0.8b
. g.28,  0.52 .10.T7 2.8% 1,08 - 3.36 2.20- 0 0.30  67.30 9.00
.09 - 8.50  2.30 0.32 1.90 . 0.69 0.7V 0.9 0.88 -~ 0.88
C .51 0.84 .27 a8 2.05 - S.2% .. 0.78 67.00 11.00
. ‘4108 7.%3. - 2.05 0.2% . 0.8) 0.58 0.%6  0.81 0.81 - 0576
- o . ) 0.51 - 0.68 1,00 .. 01 1.7¢ w78 .09 0.69 . 69.90 11,00
: : ’ [RRTY 8.10 2,08 0.29 . 0.87 ~ 0.63 0.63 0.47 0.87 -0.8)
. 0.%0 0.8% . .16 8,28 1.90 $.02 3.8 0.76 T1.00  12.00
“ av22 10 1.89 0.28 - 0.77 0.5 0.61 0.79 0.37 . U.69
0.43 0.%2 .00 .78 V.88 (7% 1) 2.7 c.65 - 73.00 . 11.00
) 8158 . 8.60, 2.2 0.29 -"0.9% b.6% 0.66 0.%0 ... 0.%0 0485
0.52 0.86 1.22 ..39 - 2.10 5.51 3.8) 0.6¢ 70.00 10,00  33.00
4168 7400 2.06 0.25- 0.8%  0.3% 0.59  -0.80 & O.0W 0.71 ' 0.20
Cgewr 0. 1.00 3.90 - .85 s 58 2.81 - - 0.69 . 73.00 100 330U
. D w7 6.20° .1.5% 0.26 . 0.56 . 0.87 0.49 0.6% 0.32 - 0.5¢ 0. 18
6. - 0.3 0.5% 0.92 - .19 .58 0 3.89 2.39 0.45 67,00 11,00 27.00 .
i : 4192 6.30 1.5 0.2¢ 0.59 g 0.87 0.%2 0.7% .- 0.37 0.60 0.1}
o 0.81. UL.8? 0.89 3.26 1.5) ..02 2.56 0.1 70,00 13,00 33.00
o~ P 26 . t.00 1.8 0.22 0.5t 0.85 0.87 0.6) 0.35 0.9 0.1
. & 0.27  0.6% 0.99 3.07 1.89 . 3.57 2.42 0.a0 78.00 12.00 30,00
- 427 S 5,80 . 1.39 0.20 0.%0 0,81 0.85 0.5y .0.32 0.5 0412
. 0.30 © 0.99 0.2 3. .35 3. 68 2.%2 9.39 . 73.00 12,00 25,00
[¥1.Y $.00 1229 0.20 0,86 - 0.39 0.36  0.52 0.2¢ 0.42.  0.t0
. 0.50 0.61 2.56 .29 2.85 1.62 0.36 - £6.30 . 11.00 3000

0.8 0.81 0.37 0.3 0.50 0.26 0.40 0.08
2.3 - .M 2.9% 1.88 0.31 $5.00  12.00 30.00
0.19 0.39 .38, 0.35 v. 45 0.25 0.36 - .0.07
2.56 1.00 2.82 1.66 Q.28 63.30 10.00 - 26.00
0.22 0.63 0.50 1 0.5%0 0.67 0.35 0.5 - 0.12
. 3,30 1.38 - 3.69 " 2.32 0.42 64.00 13.00 3100
0.22 1 0.52 0.86 0.81 . 0.60 0.26 0.46 0.6
2.89 1.87 0 3.3 2.1% 0.13¢6 6€7.00 12.00 - 28.00
0.21 0.88 0.83 p.42 ' 0.58 0.29 0.47 ‘0. 12
2.91° 1.38 3.%52. 2.2 0.36 - 68,20 12.00 28.00
v.23 -0.47 0.348 0.2 0.8 0. 29 D.4u 012
2.78 1.26 3.09 . 1.88 0.32 -72.00 13.00 25.00
0.29 0.72 0.b1 0.61 0.85 0.38 0.69 t.18

- 3.66 1.7¢ 8. 65 2.92 . 0.60 63.00 13.00 29.06
0. 26 0.55 0.42 0.50  0.59 - 0. 36 0.56 0.17
3.6 . 1252 3.8 2.45 - 0.%6 70.00, 11.00 26.00

0.26- . 0.6 0.51 0.55 - 0.73 0.36 0.5% u.19
3.53 .72 8,30 2.8V 0.49 63.00 14,00 26400

- . 0.26°  0.63 - 0.a8 0.50.  0.67 0.38  U.50 0.17 X
. i 3,31 162 411 -, 2457 0.5V 66,00 13,00 29:00 - .
W ' 0.25 0.56 0.86 0.50 . 0.6) 2.34 0.52 0.1
FEREN - 3,09 1.52 1.80 - 2.4 0.52 , 6u.00 . 10.u0  27.00
~ . E . 0.32 0.97 . 0.66 0.78 1.08 0.49 0.81 0.28
. R €2 4.R0 = 2.23 5.u44 3.56 063 71.00 . 10.00 - 26.00
) 0.27 0.80 0,58 0.69 0.91 0.45 0.68 0.22
8.38 2.3 5.28 3.56 0.69 -, 72.00 12,00  29.90
. 0.29 0.80 0.60 - 0.67 1.006 u.us 0.72 0.26 -
. . .88 . 2.1 3.ut 0.6b  66.00 11,00 28.0C "
: ' 0230 . 0.7¢ 0.73 .25
. - . i k 4,35 2.36 3u. LU N
. . : ' - ‘ 0.10 0,178 0,21
! w29 0 2.21 27.00 ° ‘
0.29 0,79 023
w37 2.07 28.00
0.29 0280 0.25
: . CoaLAg. o wa17 2,08 29.00
v ' Y S 320 00.33 0.8k 0.28
. : ; ) T s.68 30,00
: 0.29
1. 00
g V.21
© 8.00
0.21
6. 04
2%.09
0.20
30.00 ;
0.15 :
30.00
~ 0.2t
26,00 .~
0.61 1.00° ,0.88 - 0.77 .27
2.95 0.77 - ©3.20 14,00 28.00
0.53 - 0.8 0:38 0.63 0.23"

| 2.96 . 0.56 68.00  11.00 ° 28.00
0.53 0.87 0.40" 0.69. ' ©.22
2.96 0.66 6u.00 10,00 27.00.
0.55 = 079  u.38 C0.65 . 0.20
2.59 ° 0.5 60.00 0.00 ~ 25.00
0.51  .0.80 0.42%p” 0.62 0. 19
0.65 62.00 11,00 = 27.00 .
0.5 0.5) ~ 0.u¢6 0.40 0,66 - 0.28 ﬁ
v.5u - 2.73 ° 0.64 60,40 42.00 - 27.00 -4
0.56  0.58 0.96  0.45 0.69 0.25
5,32 - 3.02 1 0.76 68.00 10.00 28.00
b.b8 . 0.82 - .73 0.51 c.8Y :  G.27
s.93 ~  ).00  0.80  £9.00 12.00  0.00
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APPENDIX TABLE 2). Kananaskis typical Cowesius
. . . ) . . M . L ’ a .
plumbeus; Raw chapacter

values, n

FERN

"
Ln
QO

KANANASKIS APPARANT (OCEsIUS PLUMBELS

, - 601 Nain  gie vt
Wb 0.72  .6%.00 8,30
602 .32 078 v.88
0.0 0.8% €4,00 16.00
.02 1.8 3.70 1,00
- u.D o.8%  61.00 13,00
$0u 1.26 9.7t 0,94
. 0.0 0.90 60,00 15.0¢ - Q-
605 110 J.58 0.7 -
0.0 0,71 65.00 15,00
806 21,200 0.69 D.&) - .
. c.0 [T :
607 “95.80
0.0 0.12 Vs
608 9.5
. 0.0 G.ib
609 s.70
0 0. 19
610 AL20
. 0.0 0.22 N
611 S.€C
€. ! 0.0 10.20
Cos12 7.%¢
0.0 0. 17
[} 7.00
0.0 0.17
30 BT
0.0 €18
615 ©oe.9C .
0.0 6.20
(31 7.1¢
0.0 | t.22
617 i.00
0.0 0.7 .
618
LY
©19 .
040 /
621 R .
’ 624
T e ©
: 026
625
.
626 ¢
627 .
IS
628
629 1
813
ulr .
632
633
b)e
0.0 La2!
635 7.0¢
0.0 Lol
03¢ 7.60
0.0 (281
6317 [T
a.0 c.12
(%1 v, 9C
2,0 L .
639, [EEE8 1
.26
680 10.00
V.37
(13} *os.w0 N
0.0 0.1% i *
64 .80 "
0.0 0.19 .
(T3] .00
0.0 0.23
~ (1Y 6.50
v.0 C.24
b4S . 8210
2.0 0.21 =
6ub .50
U0 0 waMd -
6u7 7.30
0.0 0.19 .
(11 5.e0
0.0 .15
L1%] L9 11}
[ T O .
650 e 1 1.5) 0.42 0.8
© w0 L.2e - 0.9% .43 4.8 .20 .87 65.20  17.00




e

. . APPENDIX TABLE 21. Kananaskis typical Rhinichthys °

. cataractae; Raw character

1}
. : values, n = 50.
AEPAHANT BHINTOHTIVS JATARA TR . . B T
"o et c e Vo . :
0.~ 1.2 2,54 e
v,y PR X 130 v 97
0.7 V.40 © 2.2 0.7% 12.00
.70 - 3.2¢ 0. 98 1.26 0,07
0.88 1,52 .01 2.8 12.00
16.7¢ 2.1 T 147 1.y . \ B
0.9 1.¢0 2.49 0.7t 12.00 » i v
9.80 2.2¢ c.91 K15 0.9% ~
= . 0.9¢C TS 2,48 0. 5w 13.00 N
§.60  2.26 0.9 IS 0.5 2 R
0.7 2.3% 0.5% 12.00 - ‘
- 9.¢C 0.97 .12 0.9¢L
- ’ v.87, 2.30 o.81 11.00 !
1w.o¢ 8.97 1.20 0.va ‘ !
¢.87 e 0.79 12.90 i
1L 1.10 [ 1.01
0.88 2,84 ‘0. 8% 13.00
[ 0.83 o 0.93 ) . P
0.78 2.28 0.5% 12.00
9.4C 0.97 1.12 C.93 . . .
0.79, 2.)% 0.7z 11.00 -
10.9¢ 1.02 1.28 u.v9
0,82 2.6% 0.72 12.00
.60 1.06 1,32 0.89 4 .
£.91 2.47 0,64 12.20 -
10.0C 1.01 126 0.98
C.8? 2.56 2.9 12.00 L .
9.70 0-94 1.17 GodR .
0.7 2.38 0.56 = 13,00 .
7.20 0.72 v.97 0.70
c.f? 1.90 0.5%1 13,00 .
£.8L Oubb 0.11 G.56 AR
C.u7? 1,40 0.5 14,00 A
- 6. 3¢ 0.68 0.82 u.bt - N
0.57 1.7 a.s2 12.00
5.30 0.%8 3.85 0.51
¢ c.e¢ 1.2¢ 0.39 13,000 -
7.50 v. 15 0.98 u. 7w "
’ 0.¢5 V.47 o.58 1L \
8.5C c.d8 12e Jomt .
0.89 7oU5 PR ] LAY
9.00 6.69 1028 0,93 - .
0-92 2.11 o.ub 10.90
7-90 0.8 115 3.7% B
0.72 1.y J.8U 11,00 \ .
.20 1,08 - 1.1 1,08 N
u.es .50 0.5 1,90 -
9.60 1. 90 .29 0.97
0.82 2.24 0.67 12,90
7.00 0.7u 1.06 0.8
0.66 2.02 0.57 1100
7.1C 0.61 0.95 0.07 ]
665 1.7 0.8 10.00 v
B 5.20 0,49 .23 0.9¢ . '
: 0.77 2.1y 0.69 13,00
*S5.40 0,51 0.67 183! . '
0.5C 1.29 0.8t 12,00 .
. L.aC 0.5%3 0.86 .56 - R /\/
0.48 3 u.u7 12,00 : :
. 5.20 6,58 .72 056 /
. 0.59 117 0.34 12,00
5.5C 52 0.63 0.5L
§.5) 1,88 0. 3¢ 13,00 .
5,60 0.53 0.6 0.aR .
c.aC (X3 0,41 13,90 G
s.a0 0.50 0}69 0.5¢ :
0.38 1.27 0A39 .00 s
<.70 0.5% 0.75 0.52
0,38 1.39 0.28 .00
‘ w70 0.82 0.61 0.43
. doun 118 0.25 13.00 .
5.10 0.87 0.63 0.45
- C.au 1.22 0.36 12,00
¥.50 0.82 1.10 0.77
o.e8 2.1 0,69 1,00
. 10,20 1. 08 136 1,05 ~
0,80 2.28 085 1300
. i.000 0.5% 0.41 05
0.65 .75 0.37 12.00
7.10 0.67 0.85 0.67
0.08 1.79 /a8 11.00 .
7.6 0.2 0,91 0.67
B V.2 1T.eu, 0. %0 1330
5.80 0. 58 0.66 a.52 s .
0.52: 1.4% o.an 12.60 \
.50 0.52 B.Se n.ey
0. 89 1.38 LAY 12.00
.00 0.61 u.68 0.%1
- 0.53 1.39 0,49 1200
.+ 7,00 0.6t vt a.711t
) 1.78 0.47 12.09
5,50 0.55 ¢ 0.8) 0.48 RIS
10-5¢ 1.3 LR 1.0 -
9.L0 0.87 0.8 0.51
0.26 S.us At o.ut 11.00 :
s .70 0.9% 0.$7 0.52
0.2% [NY 1.39 0.85 12.00
[1] S.00 O.8b Q.61 0.87
) 0.2 - 0.51 .22 0.38 12,00 »
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APPENDIX TABLE 22. Kananaskis suépected hybrids Couesius plumbeus x

o

Rhinichthys cataractae; Raw'character values, n = 37.

KANANASKIS SUSP‘ETED HYBRIDS © COUESIUS PLUMBEUS X RHINICHTHYS CATARACTAE (1977)

501 7.60
0.21 [T
502 . 7.10
" 0.03 0.35
503, ) €.30
. 0.22 0.41
504 . 6.20
. - 0.08 P32
505 . 8.10
0.04 0.31
506 . 7.10 "
0.21 0.38
507 7.60
0.17 0.35
508 6.60
0.0 0.31
509 6.20
X 0.18 0.22
S10 €.10
0.1¢ - U.24
511 .80
V.26 0.29
512 5,70
0.17 0.27
513 . 5.80
0.16 0.36
514 4.80
0.15 0.22
515 5.60
0.18 0.33
516 4.90
0.0 0.22
517 | 5.60
0.2  “C.1u
518 5.6C
0.12 0.32
$19.. . 5.20
0.06 0.20
520 b.70
0.20 0.27
521 6.70
0.15 0.39
522 <.80
0.18 : 0.26
523 . €.10
0.13 €.32
524 5.6C
10.02 0.15
525 €.00
0.10 0.21
526 4.4¢
0.0 0.23
527 ] 3.40 -
© 0.0z 0.10
528 7.20
© 0.16 0.20
529 6.0
- 0.18 0.30
530 t.00
ST 0.7 0.32
283154500
- T p.06 02123
532 .- S.6C
<L UDIYe 7 C.28
- 833 7 4.30
' 0.09 0.2¢6
s34 L €.5C
0. 14 C. 34
535 . - €.00
. - 0.09 [
536, 10.0C.
, 0.35 0.44.
537 . €.90
0.12 G.38.

1.72
1.08
1. €9

0.83

N

1.63
0..80
1.58
0.82
1.70
1.05
1.52
1.10
1.82

S 1.02

1. 66
0.81
1.52
0. 8¢
1.48
0.81
1.29
G948
1.30
0.67
1.44

0.81

1.17
0.57
1.35
0.72
1,22
0. 74
1.26
0.70
1.39
0.68
1.23
0.69
1.60
0.87
1.69
0.8

1.41

0.76
1.43
0.82
1.35
0.71
1.42
0.77

1.20

0.57
0.90
0. 44
1.76
0.80

1.65

0.¢8
1.49
0.71%
1533
0.59

1.34 .
0.82 -

1.1
0.u8

- 1.62

0.76
1.58
0.7¢
2.4
1.42

1.56

0.95

0.43 0.46 0.61 0.71 . 1.00 0-52
4.00 1.89 4,69 2.85 0.63 . 60.30
-~ 0232 0.55 0.62 0.60 0.79 046
3.68 1.81 4.61 3.00 - .0.60 . 69.00
. 0.29 0.54% 0.51 0.50 Q.72 0.36
. 3,26 144 4.16 2.63 0.48  68.00
0. 31 0.51 0.48. 0.52 '0.69 0.41
3.19 1.55 3.8¢ 2.52 0.49 67.00
© 0.4 0.51 . 0.68 0.57 0.85 0.47
4.04 2.17°  4.95 3.28 . 0.51 - 66.00
. 0.139 0.45 0.59 . 0.54 0.77 0.42
.63 "1.719 4.56 3.19 0.50 7 70.00
0.3 0.64 0.66" _ 0.68 0.89 0.47
3.88 1.87 u.87 3.23 0.49  69.00
0.29 0.53 0.58. - 0.58  0.78: 0.40
3.43 1.38 4.05 , 2.67 0.52 67.00
+ 0.33 0.43 - 0.53 V.52 0373 0.38
"3.15 1.50" - 3.92 2.48 0.39 70.00
0. 25 0.50 0.52 0.46 0.67 0.39
2.97 .08 3.79 2.37 0.40 69,00
0.28 0.45 0.45 2.51 2.67 0.
2.73 1.23 I.04 2.2 0.38  67.950
£ 0.24 0.40 . 0.48 0.42 0.63 0.33
2.78 1299 -7 3,38 2.17 0.82  73.00
0.26 0.48 -  0.49 V.45 0.67, .0.3%
2.98  1.3% 3.58 2.35. 0.43 > 69.00
0.25 0.40 0. 40 0237 0.54 0.26 -
2.38. .19 "3.00 1.93 " 0.35 69.00 -
0.25 O-4u 0.45 0.47 0.65 0.32
2.95  1.36 . 3.51 2.3 0.47 * 70.00
0. 34 0.33 V.44 0.42 0.72 0.25
2.49 1.07 3.00 - 2.00 0.39  68.00
0. 34 0.35% 0.43 0.46 0.58 2.29
2.83 1.30-  3.50 2.27 0.36 62.90
0.24 0.52 0.40 0.49 0.69  0.34
2.86 . 1.3 3.¢1 2.24 7 70.4S 70.00
0.26 0.34 0. 42 0.40 0:.58 . 0.26
2:59 1.27 . 3.20 2.20 0.40 ~ 60.00
0.41 0.45 0.54 0.48 0.80 0.38
3.53 1.52 4.15 2.73 0.52 62.00
0.33 0.56 0.58 0.56 0.82% 0.43
3.57. 1.45 4. us 2.78 0.52 67.bo
"0.23 0-u3 V.48 0.45 0.69 0.32
2.93 1. 44 3.58 2.23 0.45  61.00
0.25 0.43 0.54 0.47 0.71 0.38
3.00 1.50 i.88 2.53 0.us #.00
0.33. 0. 36 0.48  O.4u 0.68 0.29
2.85 .40 3.5¢ 2.26 0-36 60.00
0436 0.40 0.51 0.49 0.70 0. 32
3.07; 1.49 3.87 2.46 0.38 71.00
0.23 0.26 0.38 0.33 . 0.50 0.29
2.27 1. 01 2.8V 1,73 0.37 - 64.00
0.24 0.22 0. 31 0.28 0.40 0.23°
1..80 0.75°  2.19 1.35 0.21°  63.00
0.31  0.55 0.47 0.58 . 0.79 . 0.41.
3.57 1. 85 4,49 2.86  0.36 - 72.00
0.31 0.50 0.57 0.51 V.68 0.43
3.35 1.59 4.20 . 2.uB 0-39  69.00
0. 32 0. 44 0.u8 ~ V.46 0-70. -0.39
3..10 1.46 3.71 2.28 0.41  67.00 "
. 0.26 . 0.39 0.42 0.49 0.62 0.32
12.86° . V.42 3.27 . 1.94 0.40  63.00
0-277-. 0.41 .46 0w45. . 0,57, 3.34°
2.93 714290 73.89 0 2025: 0 1 0.42..768.00
0.25 0.33 . 0.38 0.32 : 0.46 0.23
2.2 1.06 2.65" 1,55 "0s28  67.00
0.27 0.54 0.52 0.9 . D.71 0. 39
3.42 1.51 4,25 ~ 2.73 -0.50 60.00
T 0.25 0.52 0.43 - 0.50 0.62.° "0.55
3.04 1,48 © 3.90 . TZ.48 0.52  65.00
0.42 .. 0.82.- - 0.86 0.91 1.20 0.71
L 5,217 0 2.3Y T €. 47 4.27 0.39 . T72.00
0.3 0.53 0.54 . 0.64 0.86 0.4
3. 44 4.39 69.00 °

1.73

2.76

0.60

D

4

S 14.00

©13.00

14,00

0.69
13.00
0.52
14.00
.0.51
13.00
0.50
13.00
0.54u
1W.00
0.55

0.65
14.00
0.55
15.400
0.48

0.u7
14.90
Ua b
13.00
V.45
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APPENDIX TABLE 25.

Reservoir, 1978.

'A. Data summary for female R. cataractae
v Gonadosomatic Index values OSSI), Lower Ka 25

i

o Date

Range

. May 1
May 18
May 26
juné 1
“Juhe 8

v‘ JUne>14
JuneXZO‘Ll

; ‘June ,‘_2_9_:: ”

"'13.8

14.1

15.6°

19.1

19.4

17.0

L1140

- 12,6 - 15.6
- ot 16.2
© 0.3 18.8

2.6 . 15.0.
46 100
3.5 %0 1144
L2 9l - Tes

19.5
;2350-

.n:,_.u

21,0

24.8

APPENDIX TABLE 25

>

B. Data summary for female C. pZumbeus -

Gonadosomatic Index values (GSI), Lower Kananaskis

TReservoir 1978..~. :

Date. - - )

" ><l _" ..

) ‘May 1
“.May 13-
May . 24, 25
”zJune’i'
_ Jgne 8
";Jﬁné 13
: fJune 21
ieJune‘Zé _
’Julf,éefr

‘iJuly'lz e

',Jﬁly‘ZiT'

20

22w

12
237

48
21

.. v."' 20 'v F

18.4

18.8 -
1950 T
21,0

24 2

17. 7‘1;'
117
16,3
“ 137
1149
'851 -

6.6 IoiBu7 =730,
6.1 . 6.7 - 291
'Sgef“‘”qﬁg.g 4:?2?
330 1.4 - 18

'.“c -.233'- ';.‘ v. 4.é 1‘_..1“2.

'.,2.2vf1.f.i4.o\i,2250m~7
1 01701 = 2004

1.6 16.6 = 22.0

‘1.4 . 1940 -.23.2-

2.9 20.6 - 27.

3.6 6.4 - 17.

E]

W-Ww & R N o
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_ APPENDIX TABLE 26. Summary of ova

0o

-

)

o
2

-

¥

L

" Couesius piuﬁbeus

: Lower Kananaskis Reservoir, 1978.
' N

. \lA » - N . ) |
hii:etEr statistics for both

-189

nd Rhinichthys cataractae from

" Date

¢+

vy
4

]

Single ., 

' Vaiﬁés (ﬁm} ;;%'

n

"Coﬁesiﬁs.plumbeué_
, Rt

May 1

- May- 24

- June -
oJuné

" " June

13

21

- July 12

-  thinichtﬁyéLE&tdfactaé“
May 18
' May 26

"\June’luﬁ

- June
© June

Juse

June

8

1052

14 .
20

29.

1038
148

~Ix

25
13
25 j

L 25_1 

25

1.54

1.69

1.43 ﬂ
1.39°
1.16 -

1 [ R T

‘“H;°H "‘"‘ Hu.
o
[e o]
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APPENDIX TABLE 29. Analysis of

. Growth Rate Regressions (Fig.

R. cataractae + C. pZumbéus
R. cataractae + Hybrid

~ C. plumbeus + Hybrid

~

B. Length-Weight Regressions (Fig. 24 'in text)

23 in ‘text)
. F Fosqag 1, @

slope 0.017  3.84 P >0.05
' ingercepts- ZLLZQ . 3.84 ;i" P <PO.65.

slope . 2.27 ‘  j‘gajﬁ' P> o.osﬁi'

Iintercepts ' 4.68 ' 3.84 “”P <>0.05

slope 283 3.84 ® > 0.05
- intercepts 0.407 3.84 . P > 0.05

|
B FFoosqar 1, o
slope  0.86 3.84 P > 0.05

R. ecatcractae + C. plumbeus
R. cataractae + Hybrid

C. plumbeus + Hybrid

C.’~ Fecundity‘Regressions (Fig.

R. cqtaract&e + C. plumbeus

N
C

#
Covariance of Viability Regressions.

intercepts 48.66  _ 3.84 P <0.05

Celope  -0.19 - 3.84 P >0.05
intercepts 13,69.. . 3.84 P < 0.05
slopé‘ - _fo.91 ~3.84 . P } 0.05
1n£erc¢ptg, 14.62 ifga P < 0.05

25 in ‘text)

¥ F,OS(df 1, 41)
slope 12.959  4.08 . . P < 0.05
intercept  6.878  4.08 . P <0.05
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o A?PENDIX TAﬁLE 30{>1Leﬂ8th‘weigh% régréssion;é@mmary. - L

‘ Samplé-" Cdrreiéfioﬁ'fﬂfl”‘."

. Species & Sex Size ,Cbéffiéiéhg‘ ; . fRegression Equatibg ”

C'x R combined 42 0.980 log w = "1.725 +2.813 Jog &

Q& d

L}

¢ xR donly 26 0.975 Jog w = T1.759 + 2.858 log 2

2xtRin§ﬁ1yi  4f$e 18 ., - 0.986 " log wo= 1.698 + 2.774 log %

.. C combineab’f'”v  ¥ iﬁQ‘ 3 ﬁyﬁO;géé{ﬂ'3 -ti¢g w‘= 1.781 + 3.064 log %

Q.

J only . S8 0.957° logw= 1.710 + 23967 Tog &

Cgonly . . 97 . 0.962  logw = 1.782 + 3.072 log %

o

conined 159 0.385.  log w= 1.899.+:3.120 log & .
R donly 62 - 0.959 log w = "1.955 + 3.239 log &

R Q“Oniy B T 0.992- ' log w = 1.885 + 3.093 log %
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N
' Disé Gel Acrylamide,éiect;sphpresis,Reeipes‘ o
.- . ‘ ‘ , R \ K v
1 N BC1
21.55 ml conc. reagent (36.0%) to 250 ml ,
~ Stock A : o Stock C“‘ ; : .‘ —Cétalzst
‘Rﬁ 8.9 - | “ . | N :
48fm1 1N HC1 , : .'» 70 g Acrylamide.n: ."‘2.8 g'co 1000 ml  \
36.6 é THAﬁ (TRIS). . 1.54'g'Bisi o L ~‘Ammonium Pérsulfate .
10.23 ml TEHED | ,;'_ o to 2§0zm1,(320) B | ! |
to 100 ml Hp0 o
, | - ~,
Small Pore Gel -
5mlA  10mlC - 5 ml H,y0 | 20 mi catalyst
«gel_stoék"gobd for: ‘AO0O runs. | k ~
'Buffer' | - S e R | - 8 S \\
6.0 g THAM (TRiS) : :-diluge févlflO-stre?gth for run if§>\\;\
28.8 g‘Giycine o ‘ —”ignore’for various'enéyme‘éystems o
to 1000 ml (HpQ , L | R
. pit 8.3 gD |  ;y | =
vDestain ) ~ .
' 50:50:10 m thanol:Hy0:glaclal acetic acid "
‘Storége ' i -
‘7Z Acetic Acid‘ ' “ \\\ T A
. | > ’ oo :
,Izncking.Dze o - _ o _ _ R '
; NERN C - v

0.1 ngromopﬁenyl'Biue'to 1000 ml (H20)

-~



