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— " Abstract

Hybridization‘between nortnern redbelly dace (Phoxinus
eos) and fxnescale dace (Phoxfnus neodgaeus) . ﬁas studxed in
Upper Pxerre Grey Lake, Alberta Sympatrlc parental and
hybrxd populat1ons were compared with allopatric parental
“populatxons,from Cameron Lake  and Tanyake. Canonzcal‘L
variates'and_Principal componentS'anaIYSes, using Bfl'.
morphologiczk‘characters, revealed that;the two parental
groups were bridged by an intermediate all-female«nybrid
group in Upper Pierre Grey Lake. Hybrids made 'up |
approximately 333 of the individuals of the sfmpatric
-populaf{dn. NeitherAbackcross‘no%rhybrid F2 individuals could
'be'idenEifiedAfrom the analyses, althoughﬂthe majorf@% of

v

hybtlds vere, morph01091 ally more similar ‘to P. neogaeus than
5 \

to P. eos. No clear evidence of 1ntrogre551ve hybridization’

[

was found in elther of the sympatrzc parental species.’

» \‘

The effect1vene§§ of the sped&es~npremat1ng 1solat1ng
mechanlsms was studied in Upper Plerre Grey Lake.: Segregatlon
1n spawn:ng time and hab1tat was not apparentf‘there was a “
d1st1nct overlap in the spawn1ng per1od of the two spec1es
and hab1tat 1solatlon was also absent Breedzng colors and
behavxors d1d not show any s:gn1f1cant d1fference between the
'two Spec1e5° mate preference tests vere not performed The
eggs of the hybrxds appeared to be 51mxlar in condltlon to -

the parental eggs, howeyer, hybr1d fert1l1ty was not

:
«

' . . % R
' s . 3V ,,.‘.;,,__—\_,-——/—'“-‘ ——-
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.

experxmentally conflrmed

A

Some of ‘the envxronmental factors classxcally recognized

- as, bexng assocxated with the break-down .of 1solat1ng

3

mechanxsms 'such as rarx;y of one parental specxes and paucxty

of spawnlng a:eas, appear to be 1mportant ;n cau51ng'

-

hybridizatibn in Upper Pierre Grey Lake.
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1. GENERAL INTRODUCTION

"Speciation may be' considered complete when inGXViduals
of a population have acquired properties which, enable ‘them to
maintain reproductive 1solat10n from thexﬁ parental species.
Geographic isolation in sexually reproducxng organxsms is
generally consiéered a prerequisite for:the formation of
these properties which become tested when e{ternal barriers
break down. The absence of adequate 1solat1ng mechanisms when
populatxons come into secondary contact results in'a fusxon
of the forms. The establishmentgof isolating mechanismsﬁ'
which prevent 1nterbreed1ng of sympatrxc populatxons may
thus be considered the most 1mportant aspect of specxatxon
(Nelson, 1968) .

Interspecxf;c and 1ntergener1c hybrldlzatxon are
frequent phenomena among northern temperate, freshwater fish
species, espec?ally the cyprinids (Hubbs, 1955).
Hybridization 1‘defined here‘ae the successful reproduction
‘between two species ('sensu ﬁayr, 1970) fo;lowing secondary
contact - poses inceresting probleﬁs to several,lenels of
study, ranging fron systematics, to ecology and habitat
management . e B . o

At the'taxononic level, putatxve hybr1d individuals pose
a methodolog1cal problem of 1dent1f1cat1on. TradlthnaLLy
?hybrlds have been identified by‘thear intermediacy in thoSe
characters that differ.Becween the parental species (HUbbs,

1955) . However, ‘the wild- caught hybrld 1nd1v1duals are not

always strlctly 1ntermed1ate i all characters to the1r



{
W

parental species. Certain morphological characters of hybrids

may be jdentical to, or approximate those of one parental

type, or they may be beyond the range of either parental type

(Hubbs and'Strann} 1957).‘The difficulty of discriminating
+hybrids in a wild-caught collection from'possible uncommon
variants is additionally oomplicéted by the possible'presenqe
of backcrosses and further hybrid generations. Multivariate
statistical teohniques‘pave been advanoed to overcome many of
these, problems of hybrid 1dent1f1catxon by mathematlcally
enhancing 'the sepﬁratxon of parental taxa.

Hubbs (1955) emphasized the’jo}e of environmental ‘
factors in inducing hfbridization and regarded the relaZ;:;I;
high rate of hybrxdlzatlon in freshwater fishes in northern
areas to be: the result of the chang1ng nature of the
‘env1ronment. From the ecologzcal point of v1ew it is
necessary to determine how dxfferent env1ronmental factors
were responsxble for the dlssolutlon of the spec1es
rqproduct1ve 1solat1ng mechanlsms. Hybrlaizatlon may 1nd1cate
a wide overlap in those, components of the species' niches
concerning habitat preferences and spawning h%bits._

The genus Phoxlnus Rafinesqoé has been a foéus of
controversy 1nvolv1ng the relatlonshlps between Palearctlc
and Nearct1c cypr1n1ds. In North America the genus has five
‘species, four from the,genns Chnosomus Raf1nesque placed in
synbnymy nith Eurosian Phoxinus by Bénarestu (1964); out this
lumping has not been reaoilygocceptod (Phillips, 1969;

Stasiak, 1972; Scott and Crossman, 1973). On the basis of

~
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T . ,
&N comparative osteology, Mahf (1975) supported the synonymy of
| the American species’with Eurasian Phbxlnus Gasowska (1979)
splits the genus into three genera ~ P, eos and P,
erythrogaster are placed in Chrosomus, P. neogaeus in 3
Phoxinus and P, oreas in a ney genus, “Panchnosomus The most
! recent work on Phoxfnus systematics has been done by Howes.
(1985), where he “supported the 1oea of Banarescu and ﬁlaced
all five North American specxes in the genus Phoxinus -
While species of Phoxinus have been known to“hybrxoize
‘with speciesAof other genera (Phxlllps and Etnler, 1969;
Leoendre, 1970; Greenfxeld et al., 1973), most reported
hybrxdxzatlon has been 1ntragener1c between P. eos and: P
' nheogaeus (Hubbs and Brown, 1929,'New, 1962; étasxah, 1972;
Joswiak et .al., 1982). The‘frequency of‘hybridization is not
, consistent throughout the‘area of“sympatryristasiak (1972),
"in,an exami‘nati‘on of collections th‘ronghout Minnesota, found
‘very few hybrids. Greeley and Greene (1931) stated that in
: many localities in New York hYbrids were more”nnmerohs than .
elther parental species. However, Greene (1935) examlned 18
collec¢1ons of P neogaeus from W1sconszn, 5 of whxch also;l
contalned P. eos, yet not one of 857 specxmens'Was identified‘
as a hybrld Hybrzds have been collected in Colorado: (Balley
. and Allum, 1962) and Montaha (Brown, 1971),;a1though no pure.
{-neogaeus have been taken-1n those states. New‘(1962) found
only female hybr1ds, and they tended to be 1ntermedlate in

some characters but more similar to one parent in other‘

characters. In contrast,‘Legendre (1970) inBicated that
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hybrids of both sexes exist in some Quebec lakes. He

‘concluded from a discriminant analysis that the hybrids
formed Mendelian populations. Electrophoretic analysis of the

.. specimens from one of those postulated Mendelian poaulations
-~ f

failed to detect rany allozymicfheterozygotes or recombinants

\
P

‘(Joswlak et al., 1985).

All theSe works mentroned above have been done wzth the
lpopulations from the southeastern area of the ranges of the
two species Paetz and Nelson (1970) first suspected
hybridization between the two species in Alberta, a
Jnorthwestern area of their distribution. :

The purpose of this work rs to study the phenomenon oﬁ
hybridization between P. eos‘and‘P - heogaeus in Upper Pierre
Grey Lake, Alberta. At the taxonomic levei this study
‘ presents multivariate statistical anaiyses of'morphological
data;{it examines hybrid variability and investigates.thev
possxbility of hybrid fertxlity. The ecology of. spawning
. populations and the effectiveness of the potential premating
1solating mechanisms are described 1n>order .to ascertain the‘
.causes of hybridization. This research provides the first':'
thorough morphological analyses and reproductive and lifey
.history data-for. these two spec1es and their hybrids fromg .

“Alberta and,in the northwestern portion. of their range.‘

“ . [ . '
4 - . . B - o
. -



2 STUDY AREA ‘
o Pxerre Grey Lakes are a complex of flve lakes situalted .
P ,

about 32 km east of the town of Grg&de Cache 1n "the boreal

~forest of the foot~ hllls of the Rocky Mountaxns in westermg

:‘ A rta (Fxg 2 1) Three of these Iakes known as Lower| '

(#1) Middle (#2),'and Upper (#3) are managed for sport'

l
o f1sher1es and have stocked Lalnbow trout (Lower and Mldd%e)

"and erOK trout (Upper) J L "”'Nﬂ ' ‘ SELOIREN

-

The two parental spec1es, Phoxlnus eos and Phoxlnus

N1

"nebgaeushpand‘thelrthy _13% used in thlsastudy came from.the f 4

, Upper Pxerre Grex_La e (UPG) Th1s lake (53 54 N ﬂl& 34° w) ,7'
h of 40 ‘ha has the.seco d la gest surface area of the f1ve

lakes. Its‘maxxmum d

J

th 1s 9 0 m~wh1ch 1s the deepest f the .
~ lakes. Contours of the lake are 1nd1tated/1n Fzg 2. 2 [) ~ q
The lake is surrounded by sloppxng banks except for the:‘_'
northwest and southeast corners. Surroundlng banks are: malnly
vegetated by - black spruce (Pfcea maPIana) and lodgepohe p1ne ~
(Plnus contonta), with' a few asp;n poplar (Populus |
o tremuioides) ;id whlte Spruce (Pfcea glauca) The Muskeg
Rlver flows by the south end of the lake. The lake is
| landlocked w1th no dlStlnCt 1nlet or outlet. The emergent and
submergent vegetat1on is.very sparsely dlstrlbuted along the
narrow l1ttoral zone, however, no quant1tat1ve or qual1tative

N

sampl1ng was conducted. The. bottom of the lake cons1sts of

ooze or ooze and clay (Snyder, 1972) oL : o
| Surface water temperatures taken between early~June.and‘
early August.ranged from 11-19 5° C 1n11984,and i3.5-47°¢.in.

i { !
ot



" FIGURE 2.1.

LPG
MPG

- PG4

. -PGS

" UPG

\

Lower Pxerre Grey Lake.
'Middle Pierre Grey Lake.
‘Pierre Grey Lake # 4.
Pierre Grey Lake #.5.

Upper Plerre Grey Lake

Map of the study area.
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1985, L -

Data on some physxco*chemacal parameters and zooplankton
and bottom fauna abundance presented here,(Table 2.1) have
fheen taken'from.Snxder‘(1972) and Turner (l%?l)r'Thehwater'of
the lake ls'very‘transparent as indicated by.the secchi,disc
data and this is supported by very low plankton den51ty. The

lake can be classx£1ed as an olxgotrophxc lake exh1b1t1ng

'very little in the way of bottom fauna, plankton and aquatlc
vegetat1on..

Brook trout<(Salvellhus'fontfnéfls) few white suckers
(CatostomUS'COMméPSOHI) brook stzckleback (Culaea
Ihconstans) pearl dace (Semotflus margarlta) “northern

redbelly dace (Phoxlnus eos), fxnescale dace (P neogaeus)

Zﬁﬁ and P. eos X P. neogaeus hybrlds presently occur An the lake.

AR

. Formerly the lake had wh1te sucker, brook st1ckleback pearl

,dace, northern redbelly dace and f1nescale dace' brook trout

was 1ntroduced 1m 1969.‘

'1tff t ‘An allopatrlc populatxon of each of the two parentall

spec1es was’ collected from Alberta (see Flg..2 1) Spec1mens:‘

of P eos were collected from Cameron Lake whlch is’ 51tuated

| “3;21n the Spruce Grove area, approx1mately 50, km west ‘of the -

c1ty of Edmonton. The greatest depth of the lake 1s about 6 .'
‘-

m. The allopatr1C\P. neogaeus were collected from Tay Lake,i‘w"

n JSltuated about 60 km west of the town of Red Deer and w1th a .

max1mum depth of approxlmately ‘6 m. Of: the three lakes, Tay

“jﬁ7Lake is the one most predom1nantly surrounded by a w1de boggy ‘
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TABLE 2.1. Some' physico-chemlcal and biological parameters of

" Upper Pierre Grey Lake. Data taken from Snyder (1972), and Turnerg

(1981) The bottom fauna represents number of organisms per 25

samples taken by 15 cm Ekman dredge.
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3. IDENTIEICATION OF HYBRIDS USING MULTIVARIATE ANALYSIS'
. ‘/_ . > i ,
3.1. INTRODUCTION L
The advantages of multxvarxate stat;st;cal technxques

:elat;ve to trad:tlonal methods for 1dent1£y1ng hybrxds have

‘been reviewed. by Smlth (1973) and Danxck and Barnes (1975)
“Desplte these advantages, the 1dent1f1catxon of specific F2

lor backcross xndxvxduals may not be - poss1ble in some cases

(Neff and Smxth 1979). However it may §till be possible to‘

-

1dent1fy a majorlty of hybrxds as bexng of mixed genetic

origin and to obtaxn 1nd1rect ev1dence of successful hybrxd

' reproductlon wlthout resort1ng to t1me consum1ng artlflcxal

cross exper1ments.

,

The‘exrstence of hybrlds between P. eos ‘and P. neogaeus

[has been known for more than 55 years sxnce Hubbs and Brown

‘(1929) fzrst mentxoned them The”fxrst mult1va}1ate o .

¢

hybrlds from Quebec by comparxng them w1th the parental

[N

specnes through a dlscrlmlnant funcglon.

: Th;s sect1on of my study descrlbes canonzcal varlates

hanalys1s (CVA) and prxnc1pa1 components analys1s (PCA) of

]

-

"xvar1ous morphologlcal characters of both hybr1ds and parental

‘1dent1ty of any UPG spec1mens. Hybrzd var1ab111t)vand

1nd1v1duals. The methods do not requxre assumptzons as to the

-

poss1ble hybrld fert1l1ty are descr1bed

‘statzstlcal approach was by Legendre (1970) 'who studied the‘ 

. .
. [
1




3%; 1‘S?Ec:m:ns ExAmNED |

ggm%he morphology of representatlve Upper Pierre Grey Lake
specxmens was compaged w;th'an‘allopatrlc population of each
v‘ef the two parental species - P. €os from Cameron, Lake and P.
neogaeus from Tay Lake. 3297 P. eos 627 P. neogaeus and 1336
hybrids were collected from Upper Plerre Grey Lake during |
‘1984 and '1985. V"? o
| A tapdom sample of 175 specxmens was chosen from the
“collectxons of Upper Pxerre Grey Lake, 1rrespect1ve of sex
anq‘presumed 1dent1ty, and were used 1a\the analyses
(desxgnated hereafter as UPG specxmens) The sex ratxo for
the entire. UPG sample was 144" fema}es to 31 males.
| Some/40 P. €os from Cameron Lake (designated hereafter
as Cam L speczmens) and 44 P. neogaeus from Tay Lake‘
(de51gnated hereafter as Tay L specimens) weqi";gd in the
analyses. The sex ratio for the Cam L spec1men§<was 22°\ |
females, to ﬁB males. Due to the scarcity of maie‘specimens‘of

P. neogaeus, the sex of the Tay L specimens was predominantly

female;(4f females to 3 males).

3.2.2 CHARACTERS USED
. The follow1ng 22 morphometric and 11 meristrc characters

and 3 attrxbutes were recorded for all spec1mens. These were

chosenlﬁecause most are good descriptors of the fxsh and some

d(!& meo '
are knéwn to be effxcxent discriminators of the parental
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species and of the putative hybrids (New, 1962; Legendre,

| 1970; Stasiak, 1972; Scott and Crossman, 1973). Measurements

and é;untS‘fOllOw the descriptions and diagrams in Hubbs éﬁd

Lagler (1964) except when otherwise defined. Morphomet;ic

measurements were taken using needle point Helfos dial

calipers, read to the nearesf 0.1 mm. The attribute§ were

subjectly quantified and’meésured on an ordinal scale.

Abbreviations for each character follow in parentheses.

MORPHOMETRIC CHARACTERS:

1.. Standard length (SL).

2.  Head length (HL).

3; Length of orbit (EYD).

4. Snout length (SNL).

5. Interorbital width (Ioﬁ)l

6. Width between the nostrils (INW). "

7. Head width (HDW).

'8. Head depth (HDH).

9. wWidth of gape (GAPE). °

10. Predorsal lengtthPRpOR;.

11. Length of dorégl fin base (DRFINB).

12. Prepelvic lehgth (PRPEL).. .  » . .

13. Preanal length (PRANAL).. | .

14, Disténcejfrom the édstériorlmargin of the anus fo.the‘
base of the. hypural élate (UROL). | |

15.‘Length of éaudal‘beduncle'(LCPD).

16. ﬁéﬁth of caudal peduncle (HCPD). :FQ | T

17. Length of dorsal fin (DORFL).

.
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'18;”Length of pectoral fin (PECFL) . | SR L

19. Length of pglvic fin (PELF?).

20. Leﬁgtﬁ of anal fjn (ANALFL) .

21; Length of caudal fin (CAﬁDFL).‘ X

22. Lehgtﬁ from pecéqfal to pelvic fin (PECPEL) -~ the longe?t

straight’distance between the points where the uppermost,

outermost;bor anteriormést ré§ of these fins is insertedj.

into the body. )

. MERISTIC CHARACTERS : o P,

ﬁ. Number of scales lnvlateral series (LATL)

2. ‘Number'of scales from dorsal f1n origin along dlagonal to
the lateral serxes scale (LATTR) |

3. Caudal peduncle scale count’ (C{RCQMREQ):

Vﬁ4. Ddrsal £in rays - divided into two va;iableé :

a. unbranched rays:(DORFR1); . |

b. branchéd rays ‘(DORFR2). o

RS

5,"Pect0tal fin: rays - d1v1ded into two, varlaSles
a. _unbranched ray (PECFR1);
b; branched rays (PECFR2).
‘6. Pelvic fin_rayé - diviééd ihto.two,var{ables'
h'a. ungfanched‘rag‘(PELFRi)é
b, “bfanched rays (PELEﬁZ)h |
7. ‘Anal fin rafs’; divided into twQ var§ab1es‘
a. unbignchéd‘raysl(ANALFR1)§-‘: N o
b5  bfaﬁchea-réys (ANALFR2). ' |
8. Caudal fin | .rays : (CAUDFR)

9. fBranch1ostegal rays - d1v1ded into- two var1ab1es



a. rayé of the,left side (BRACSTEGL);
b. rays ‘of the rxght s;de (BRACSTEGR)
10 Number of pharyngeal teeth ~.divided into foyr_variables
a. number ot teeth in the outer row of the left arch’
(PHARTLO) ; )
b. number of teeth in the inner row of the left arch
; k (PHARTLI ) ; |
c. numoer of Leetn in the inner row of the‘right arch
(PHARTRI) ; | o B , g
1‘d. numberapf teeth in the'0uter“row of the:right arch
(PHARTRO) . ‘ | ‘
1.' Mouth angie (MOANGLE).~‘with the mouth_closed, the angle

between ‘a straight line p séing from the most ‘anterior to

¢

the most poster1or poinfs where the upper lip touches the "

lower 11p, and the llne from the most'anterior point of
Junct1on of the. l1ps to tne fear of the fish, parallel to
the long1tud1nal axis.

- ATTRIBUTES : AR R S

' f . Sl

~

.r’;. 1.0 Dlgestlve tract pattern (DIGTRACT) - from a sxmple

S- shaped loop to an. elongate tract thh two crossw1se

’ ~

cozls (scale of 1 to '5) (Fig. 3. 1) -

| 2. Extens1on of“mouth.(MOExTN)‘(scale of 1 to 3) - 1) not

b } . 2 , -

reaching a vertical through anterior‘margin‘of eye°’2)'
reach1ng up to the anter1or marg1n of eye- 3) extendlng

back to below anterlor marg1n of eye (F1g 3 2),//\\

.

3. Lateral band (LAquND) (scale of 1 to 4) - from presence

v

of one d1st1nct m1d lateral band to presence of two




s’

FIGURE 3.1. Digestiv
1 = Phoxinus neogaeus
‘between the parental

allopatTic Phoxinus n

e tract patterns. - PRI
» 274 = various.stages of intermediacy
species -(state 2 was found in 22% of
eogaeus), 5'= Phoxinus eos. |

i
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FIGURE 3.2, Extension of mouth.
1 Phoxinus eos, 2, = 1ntermed1ates between the parental
spec1es, 3. = Phoxlnus neogaeus."
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'dlstxnct lateral bands. Two 1ateral bands ‘can be def;ned

as one mid- lateral band begxnnxng on snout and

‘ . a

term1nat1ng in a basxcaudal spot and another thln AU
dorsolateral band between m1d lateral band and m1d dorsal

‘strlpe from operculum to the margxn of hypural plate

(F1g. 3, 3)., | |
| Ratios were spec1f1cally av01ded in order|to el1m1nate )
problems w1th allometry (Marr, 1955) . Atchley et al,. (1976),
'Atchley and Anderson (1978), Humphries et al. (1981) also
;suggested that ratlos should be avoided in morphometr1c
studles because of effects of correlation: between numerators‘
i,and the denomxnator ‘and because they may cause statlstlcal

‘ and conceptual d1ff1cult1es that may serlously affect ‘

conc1u51ons. Mult1vaf1ate analyses were run with

untransformed and log transformed data. Log transformat1on offy

5 data stab1l1zes the var1ance.

From the or1g1nal 36 characté&s, f1ve mer1st1c .

characters (dorsal f1n rays, pe1v1c f1n rays,:anal fin rays,
,caudal fzn rays, and branchlostegal rays) were d1scarded o
prlor to 1n—depth analyses because they Were 1neffect1ve at‘f‘

-~

group dlscr1m1nat1on.‘~"
e

' 3 2 3 CANONICAL vanxarss ANALYSIS

\

Two separate data sets - 1) 40 Cam L spec1mens and 44

s

Tay L spec1mens' 2) all 175 UPG spec1mens were subjected to(

’f‘ canon1cal varlates analys1s 1n order ‘to quantlfy the

relat1onsh1p between 1nd1v1duals (P1mentel 1979) Th1s

-,
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method requxres the a prlorl xdentxfxcatxon of two or more

4

u known groups wzthzn the data set Axes are calculated that
maxzmally'separate these groups-wh1le m1n1m1zzng the
w1th1n group varlance. Spec1mens of unknown or1g1n can then
. be ass1gned a p051t10n on. thxs axis (calculated u51ng the‘ p
dlscrzmxnant functxon) relatlve to thexr 51m1larrty to exther

.- group. B o _:',- S y

M

The BMDP?M computer program (Dixon, 1983)'was used'to

asgess the relat1onsh1p between the UPG spec1mens (the a '
;prlorl unknown‘groups) and the Tay. L and the Cam L spec1mens
‘(the a prOFf known groups) . The canon1ca1 scores. were'f
?hplotted aga1nst the canon1ca1 axls and graphed as frequency

h1stograi§§j , f-‘.im‘

RN

B A

"-3 2.4 pnmcrpah conponsn-rs ANALsts |

. "Pr1nc1pa1 components analyszs (Namkoong; 1366 Morr1son,
'£;1967 Cooley and Lohnes, 1971~.P1mentel 1979) was used to
tdlsplay patterns of morpholog1ca1 s1m11ar1ty..Th1s method

"?"f1nds the orthogonal axes through the n- d1mens1onal character'

[ s el 4

,\space 1n d1rect1ons~of greatest variance The new axes
prov1de new d1rect1ons from whlch to view the group |
‘Arelatlonsh1ps, 1f any, w1th the data. A scatter plot of the
spec;mens on the fxrst two components usually dlsplays the
greatest amount of the total varxance w1th1n the data set
(Dan1ck and Barne§ 1975) Computat1on of the prznc1pa1
. gﬁcomponents does not requ1re any a priori assumpt1ons about ﬂ

.group membersh1p.‘¢"‘

i

22
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PCA scores were. calculated from the character

" e ~

correlatxon matrxx usxng the BMDP4M computer program (Dixon,‘

8

1983) for .three separate data sets. The fxrst two data sets‘

Yy

were the same as used in the CVA In the th1rd data set, 84

-

‘specxmens of the two allopatr1c parental specxes and 175
'spec;mens of UPﬁ were used together in the analyszs. The

' progectlon scores of the specxmens xn three data ‘sets were
plotted in: sxmple bxvarlate scatter plots aga1nst the f1rst :
‘.and second axes (Prxncxpal Component I - PC I and Prlncxpal

Component II - PC II). Untransformed and log transformed data

were analyzed separately

3.3 RESULTS . - :f"?-J . PR
3 3 1 CANONICAL VARIATES ANALYSIS )

The relatxonsh1ps between the UPG spec1mens 1nclud1ng
" hybrlds, and the two alldpatr1c populatlons of: the parental
'spec1es ‘can: be expressed 1n a quantztat1ve manner By
1frequency dlstr1but10ns of the1r canon1cal scores. The'
._results of a CVA u51ng untransformed data w1th the full
"character set are glven 1n F1g.‘3 4 The computer results for ;'p
uthlS analys1s are summar1zed in Append1x ‘Table 1 | |
: . The - two d1str1but1ons for the two allopatrzc speczes are f&f
i‘separated by a large gap of approx1mately 16 standard |

Hdev1at1ons between thelr means. The UPG speczmens form a

?cont1nuous d18tr1but1on w1th no gap between the typ1ca1

narnn#a" YY" S
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.- FIGURE 3.4, CVA using untransformed data;: MOEXTN included.

'Ftequenty histograms of canonical scores of specimens from A.

' Cameron Lake and Tay Lake; B. Upper Pierre Grey Lake. Cameron

. - Lake and Tay Lake specimens formed two a priorf. known groups;

. 'all. Upper Pierre Grey Lake specimens ran as a prior| unknown
‘groups. ', L ‘ - Lo ‘

' Xx-aXis = canonical scores; o

.Y-axis = number 'of .specimens.
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An epparent tr1moda11ty, whxch is expected from the
presence of two pare@tal spec1es and the hybrlds in the
‘populatzon, cannot be 1dent1f1ed in case of UPG specxmens}‘h
‘small number of P neogaeus (11 5%) in the sample is the-

" reason for the low magn:tude of P neogaeus mode .. More P.
‘ neogaeus could have been 1ncluded in the analy51s, but in '

v

‘that case an, objectlon mxght be raxsed that the formatlon of
the P neogae;; peak w1th the greater magnxtude xs ‘an
' artzfact of selectzve 1nc1u51on of the spec;es. Instead
51nce only a random sample of the fxeld collect1ons was used
lfor the analys1s the representatlon of . ‘the whole populatlon
”1n the analys15735 more natural. fﬂ ’dh' i,“fr
All speczmens 1n1t1ally 1dent1f1ed as good" P eos fell
‘w1th1n the outer P. eos mode. All spec1mens that vere “
‘+; 1n1t1ally 1dent&f1ed as good" P neogaeus, except six, fell
‘within the outer P neogaeus mode All spec1mens, 1n1t1ally
ﬂiv1dent1f1ed as putatlve hybrlds, were c1a551f1ed 1n the ' '
'1Pf1ntermed1ate p051t1on by the CVA N " d
©All the hybr1ds fall1ng into the 1ntermed1ate mode are'\
ermales.v 'dv ‘“”,P‘”"h ‘:,P;ff‘ﬂfjf“, ‘hﬂt\, 'f“ ?';;/j

The seven characters that contrlbute most to separatzon
v . .

Alfof the spec1es in th1s analys1s, are gzven 1n Tablé 3 1
4f‘“(along with the1r F ratzos, coeff1c1ents and the cohstentde‘
'?.for the d15cr1m1nant funct1ons) Due to h1gh correlat1on,“
‘ﬂfmost of the morphometrxc chanacters contr1buted llttle to the:

, dzscr1m1nét1on and could have been e11m1nated from the? < 7

e TH

--?—-—-----'~-—-ana1yszs. 'I'he extensmn Of mouth (MOEXTN) W&S""the most‘"*




h |

“TABLE 3.1. The seven mosc discriminacing characters in a CVA

‘using untransformed data, including MOEXTN Characters are in

order of decreasing 1mporcance with' F ratios. (1 82 df) for

1nc1usion and® coefficients .

) L —— )
. Rank ‘ Character ‘ '\ F - Coéff}niens o
g L MOEXTN .. '129s. 77 197
T2 LATBAND . ' 44.83 iy
3 - 'Leep 37.21 . 0.22
4 . PHARTLO 17.2 1,28
5. DIGTRACT 11.05 ~0.53"
6 ' MOANGLE 110.73 . =0.15
7 e 113,

6.55

o

Constant 0. 55

:’} Tem”

27
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o | . ‘ b ’ ' |
discriminating character with‘a high F value (F = 1395.77)J
| Although MOEXTN is an efficient discriminator; xts
removal from the analysxs does not serxously affect the
results. The CYA histogram using unt ansformed.data without
MOEXTN'was essentially identical to™Nhe histogram in’ Flg. 3.4
(see Fige 3.5). The characters eontrlbutxng most, to )
separation are given in Table 3.2. The computer results for
thieeanalysis are summarized idmAbpendix Table 2.

éﬁ The results of the CVA using log~rransformed‘data, with

MOEXTN character ineluded 'in the data ,set, are given in Fig.

3.6 (see Append;x Table 3 for 'the summary of the computer

results) Transformat1on of the characters does not show any

significant Jncrease in the between specxes d15cr1m1nat10n

) MW‘ |
v

The means of the two allopatrxc species' dxstrlbut1ons are

Separated by approximately 17 units of standard devxatlon.
oy,

Sympatric species and the hybrids do not show any 51gn1ﬁ§5ant

Ky

change elther.

.3.3.\2'- PRINCIPAL COMPONENTS ANALYSIS

The pr1nc1pa1 components scores. for the alIOpatric"
populatlons - Cam % and Tay L specxmens - were calculated
usxng’sgtransformed data;wrtb phe full cheracter ﬁft' and
progect1op scores pldited'against the‘first two axes (Fig.
© 3.7) (Appendix Table’4). Two clgSteré, reflecting‘Poth
variat{en in size end‘direérion‘ef.discriﬁination, are
ev1dent*rconf1rm1ng the 1n1t1a1 1dent1f1cat10n of 'pure'’

o K N

specxmeqs reptesentxng the two species, with no morphologlcal

. . : A
. . . &



FIGURE 3.5. CVA using untransformed data; MOEXTN excluded.
Frequency histograms of canonical scores of speciméns from A.
Cameron Lake and Tay Lake; B. Upper Pierre Grey Lake. Cameron
Lake and Tay Lake specimens ran as a priorj known groups; all
Upper Pierre Grey Lake specimens ran as a prior| unknown.
groups. - '
x~axis = canonical scores;

y-axis = number of specimens.
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. TABLE 3. The eight most discriminating characters in a CvA
using upt(ansformed data, excluding MgthN Characters are in
order of decreasing 1mport5nee with F ratios (1, 82 4d

inclusion and coefficients,

Raq\ - Chaiacter . F Coefficient
1 LATBAND 1197.9 ~1.46
2 HL 5368 - 0.4
3 MOANGLE ' 26.78  -0.22
& DIGTRACT L2611 0 7 -0.51 ;
: 5., PHARTLO 15.02 . 1.24
6\ pERL 5.95° .« 0.96
7 \ INW s.22 . 1.32
8 X ANALFL 409 Y -1.08
. : v, ' - Constanf 8.15:
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FIGURE :3.6. CVA using log-transformed data; MOEXTN included.
‘Frequency histograms of canonical scores of specimens from A.
Cameron Lake and Tay Lake, B. Upper P1erre Grey Lake. Cameron
'Lake and Tay Lake specimens ran as a priori known groups; all
Upper Pierre Grey Lake spec1mens ran as a priori unknown
groups,.

X-axis = canonlcal scores,
y-axis = number of specxmens.

\
~



20 A — : _— ' ‘
| [ L, cAMERON LARE . 'TAY LAKE
. ' P. e0s . 7 P. neogaeus
10- . , — : ‘
t———t—t—t—t——+—+ ;
. ‘ - -2 0 2 4 . 12
N .‘ , ' B ) ' . o | ' | . ,
: o ' : ' | ) . " ‘ ‘ |
30 5 — - ‘
P P ' UPPER PIERRE GREY LARE .. - . .| .
20—
.10




e .
” N N M
4~
' + AN
3_.
+ .
. :¢ i’
21 ' +, &
N . .+
! 3 + + + ‘ ' N
14 '!i-: wt
# +
. '"::-0--4
o4 * + - / f“‘ ot Ty ‘
.: ‘ + o |
N S .
. r} $+ 3 . <+ .
-1 - *%‘,} . > C
2 ; 4 ; e
-3 -2 -1 0 - 1 & 2.3
PC1 ‘
FIGURE 3, 7 “PCA usxng untransformed data‘ MOEXTN 1nc1uded

"Plot of first and second pr1nc1pa1 component’ scores for.’
Caméron Lake and Tay Lake ‘'specimens. Phoxinus eos from-
Cameron Lake - bottom cluster; ‘Phoxinus neogaeus from Tay
*Lake - top cluster. Component 1 = 78.2%. of total var1at1on-‘
:component II = 5 5% of total var1at10n.u- ' s
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;to the1r parental speczes.k

xntermed1ates. Two outlxers 1n the plot represent two
1mmature P neogaeus males. The varxatxon expressed by the
two components represents 78. 2 * S. 5 83.7%.of‘the:total |
yarxance the data matrlx. | '

The prxnc1pa1 component scores for all UPG specxmens

calculateq,u51ng untransformed data xncludxng MOEXTN ’were

plotted aga1nst the fxrst two ‘axes. (Flg 3:8) . (Appendxx Table

v5) The var1at1on expressed by the two, components represents‘;“
',68 1+ 5. 7 =73, 8% of the varlance in the total data matrxx.
jThe prOJectlon of scores show elongated clustérs w1th a
'brldge in between the two species' clusters. The spec1mens ot.
ithls br1dge represent the putatlve hybrxds. Although the
‘cluster representlng the P eos spec1mens is promlnent the‘
“‘P heogaeus cluster is not very clearly 1dent1f1able..1t was'p
t ‘lhypothes1zed that small number of pure P neogaeuS”Spec1mens

‘uln the populat1on 1s respon51ble for th1s. To test that

hypothe51s, a th1rd data set. w1th spec1mens from all three“'

‘*-loca11t1es was used in another PCA Thercomponents scores

.“d _show two d1st1nct clusters for ‘the two specxes and an .
'ﬁ",xntermedlate cluster for the hybrlds (F1g._3 9) (Appendlx ;«“
'”Table 6) The components 'scores: of the P neogaeus speolmens'

”;from UPG fall w1th1n the components scores of Tay L

spec1mens.

Thxs ana1y31s also shows that the hyhr1ds are not all

,?str1ctly 1ntermed1ate. They cover the entlre phenotyp1c range

e

.between the two speczes suggest1ng backcress1ng of F1 hybndsw‘T

w o e
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i‘FfGUﬁB 3.8. PCA us1ng untransformed data MOEXTN 1ncluded

Plot of. first and second-.principal component scores for Upper

Pierre Grey. Lake spec1mens. Phox inus eos-1like speciméns.
towards bottom; Phoxinus’ neogaeus-like specimens towards" ‘top,
with hybrids brldg1ng the two species clusters.: Component: I =
68.1% of total. var1at1on-‘component 1T = 8, 7% of total
;varzat1on.‘_;-
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Cameron Lake, Tay Lake'aﬁd,UpperﬁPierre,Grey Lake specimens,
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, 'neogaeusélike_specimens'towards.top;*hybrids,btidgzng the. 'two
species clusters. Component I'= 69.4% of total variation; e
component I1 = 5.7%;0:'tOtalﬁvarigtign‘, o
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. PCA using: log transformed data rqsulted 1n plots sxmxlar'
-to those generated usxng untransformed%data (Fxgs. 3 10 5??{\1
3"dand 3.12) (Append1x Tables 7 8, 9). Tge UPG parental specxes
'r.remaxn br1dged by the hybrld complex. Exclusxon of MOEXTN 1

Icharacter from untransformed and log*transformed data set d1d

. I
\ P . . h B '

! i

N \

4not change the results e1ther.‘A . |
| ~ The scatter plots of the PCAs dlscussed before (Flgs. |
‘;3 7 - 3 12) d1splay clusters obl1que to components I and* II
‘Thls is due to the fact that there is a d1st1nct d1fference
in. size between the two parental spec1es Most of the‘
'vspec1mens of P eos are smaller than pP. neogaeus. Th1s 51ze“
,"d1fference prlmarlly effects the morphometr:c characters. CVA
’has also shown that most of the morphometr1c characters have
contr1buted very llttle in the spec1es dlscr1m1nat1on..¢
'-‘Accord1ng to Humphrles et al (1981), an, 1ncreased '1l': JJ

,dlscrlmlnatxon can be attalned through separate analyses of
fvcont1nuous and d1scont1nuous var1ah$és; It should also
fgde11m1nate artlfacts caused by large 51ze dlfferences because’;"‘
tha dzscr1m1nators are uncorrelated w1th1n groups. ; {'

Two PCAs were computed u51ng log transformed o

‘-fmorphometr1c characters and mer1st1c characters and K

;attrzbutes separately Blvarlate scatter plots were plotted
fdfaga1nst component I of morphometr1cs and component I of
‘1gmer1st1cs and attrxbutes. Although ‘the results show a better_;

_'dzscr1m1nat1on, the 1dent1f1cat10n of 1nd1v1duals do not

fchange (Fzgs. ‘3. 13 .and 3 12) (Append1x Tables 10 11).
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‘RIGURE 3. 10.. PCA uszng log transformed data, MOEXTN -
included.

. Plot. of first and second prlnc1pal component scores fot

' Cameron Lake and:Tay Lake specimens. Phox/nus eos from

. ‘Cameron Lake =" bottom cluster; Phox inus neogaeus from Téy o

-- Lake - top cluster..Componet I'= 78.6% of total. varxatxon
Component 1 = 5 5% of total var1at1on.'¢iﬁ»‘w-



40

Y
) + ! +
\ + o
2+ ! PY | +
A * '* B + hl i
) ' + .
/ to ‘ +44+ 4 +
S \ LR S X X ¥ .
; i . * ; + ' ¥
14 ' . A R G
» +* + L - e
- + ah 4 4., %
s R 't .’4_;,’".* &+ e T e 3
- H 4+ !
‘o + + ++ +r + s *
o I Ve IR J +
o + 4+ +
0 + + Xy
' + o S o
R DU S
‘ ' O + 4 +4
. v e . 1
f , T dew ‘ _
Yo ‘.'1" + +++*+++ +t ﬁ
. ’ A 4 *
| L+ - ' " . ‘ )
' .” ‘ . + .
. LA S N
. e +
¥ : T+ ' i S
L2 t t —t— = % 2
-3 -2_' g -1 <0 Q -1 2 3
A | . PCI " o
v - - 1

FIGURE 3 11 PCA us:ng log transformed data“tMOEXTN
included.’

Plot of f1rst and second pr1nc1pa1 component~scores for: Upper’

. Pierre Grey. Lake specimens. Phoxinus eos-like spec1mens

‘-towards bottom; Phox inus neogaeus-l1ke .specimens towards, top\'
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total varxatxon° Component II = 5 8% of total var1atlon.
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3.3.3 PCA - m'rna GROUP vamm'xon‘ S

It was necessary to determlne if any unknown
interjpopulatlon dxfferences were confoundlng dlscrimination
of the speeies; To test this, two éCAs‘were performed: one An'
fthe P €eos specxmens from Caméron Lake and another on the P
‘neogaeus specimens from Tay.Lake. The scatter plots of the
first two components (Figs. 3.15 and 3.16) (Appendix Table

12) resulted in single species clusters without any distinct.

subgroups.

‘3.4, DISCUSSION
| Identlflcatxon of a natural hybrzd ls usually determined
. from evldence showlng morpholog1cal and meristic 1ntermed1acy‘
between two spec1es. This 1nterpretat10n is supported by
" field and experlmental stud1es 1ndlcat1ng that fish hybrxds
usually possess charaoteriStics'intermediate to parental |
‘forms (Hubbs, 1955; Weisel, 1955; Nelson, 1968; Smith, 1973).
Iéentral‘to‘most modern;studles of £lsh hyhrldizatlonfhaS‘
been‘the‘desire to come to-a conclosion on the‘reoroductive
success of hybrxds from an ana1y51s of morpholog1ca1 data.
The assumpt1on of low Ft hybrld morphologlcal -
varzab111ty has been proved false when the morphology of g‘J;
laboratory reared ‘P1 hybr1ds 'was compared w1th morphology of .
'.the parental spec1es (Neff and Smlth 1979). Therefcre,
:desp1te the large phenotypac var1ab111ty of the UPG hybtldS,c'l
:1t must be regarded as possible that these hybrlds could be
of F1 or:gln. It is not poss1ble to determ1ne the extent of

{ ’ .
' H
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h'”'.‘hybr1d 1nd1V1duals are morpholog1cally more s1m11ar to P

‘4‘7‘

P. eos X P neogaeus hybrld fertxlxty or to p051t1vely
‘K1dent1fy backcross 1nd1v1duals from my . study of multxvarlate
analyses of the UPG specxmens. Nonxntermedlate hybrxd \
w1nd1v1duals fallxng between the 1ntermed1ate hybrxd mode and,
the parental modes of the CVA d1str1butxons of UPG spec1mens
could represent F2 hybrlds, var1ant F1 hybrlds, or backcross
,1nd1v1duals. Sm1th (1973) usxng PCA found hybrids occupylng
the area between str1ct 1ntermed1acy and one parental type.
They were 1dent1f1ed as backcross 1nd1vrduals. Without
knowlng the varlance of the F1 hybrlds, such a donclusaon is
dlsputable. I"”.; ' - \’ | .k; 'w S

AN
It may. be poss1ble to determlne F1 hybrid’ var1ab1l1ty

. from a morpholog1cal study w1thout resortlng to the study of_‘
V vart1f1c1al F1 hybr1ds. In a case where the hybr1ds br1dged
the .gap to one;spec1es and not to the other,‘an’
1nterpretatlon of backcrossang could be presumed‘.thhout the
'vneed to show F1 varlance (Butcher, 1980) Although the ‘
results of my study do not. reveal such d1st1nct backcross fl
peaks or clusters, from both canonlcal var1ates and pr1nc1pa1

u_components analyses 1t 1s clear that the major1ty of the o

,"hf-neogaeus than to P eos. Dlsérlmlnant d1stance (Mahalanob1s

D?) from CVA of the untransformed complete data set shows

letthat 77% of 91 hybr1d 1nd1v1duals could be classzf1ed as P
;;neogaeus. New (1962) noted 51m11ar skewed 51m11ar1ty in~
mhybrxds from New York Mlchlgan, and South Dakota. Hybrzds :

from Nebraska were all females w1th allozym1c patterns

A . 9 ,.‘,
. .

. 4
4

RO
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expected of F1 hybrlds and most of them closely resembled P
neogaeus females (Joswxak et aI 1982) These could be-

.explalned by the fact that the 1nterspec1f1c crosses 1nvolve

‘both sex-comblnat1ons w1th,the resu1t1ng hybrlds more closely

resembling‘the species .of thelr maternaljprogenitor. Skewed .
,mdrphological similarityvof'labor tory-reared F1 hyhrfds‘
towardS'the:species.of their matejxal progenitor has-been
reported in. the deer mouse, Peromyscus (Brand and Ryckman
‘1969) All female mostly Phoxlnus neogaeus—11ke hybr1ds from

\

UPG support thxs hypothes1s.

The contlnuous dlstrlbutlon of hybrlds between PhOXInus
.y
€os and P. neogaeus 1nd1cates that 1t 1s not always p0551b1e

G,

to identify- all pure 1nd1v1duals of the UPG parental _
v‘specles. But if . we, compare UPG spec1mens wzth the allopatrlc
“:populatlons from Cameron Lake and Tay Lake,klt 1s p0551ble to
rfclassxfy them.; “ | S o | o

- A rather d1fferent hypothetlcal explanat1on is that the
‘P €os X P. neogaeus hybrlds are a self-perpetuatzng hybr1d
spec1és whzch reproduces by unusual me10t1c mechan1sms and.
1'jare characterlzed by several features - all female, occurr1ng

.in the absence of at least one parent spec1es, and

‘,;outnumberlng the other parent spec1es. Dawley and SChultz

(1984) found that in northern New Hampshlre the hybr1ds are ; f

~5;all females and occur in the presence of only P eos. Th1s
lhexplanat:on agrees w1th a well documented pattern in the f].
}tpoec1111d genera Pbeclllopsls (Schultz, 1966 and 1969) and
.S,Pbecllia (Hubbs and Hubbs,l1932). In Upper P1erre Grey Lake '

€. ! e
S

' /

o,
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1

both parental specxes are present along wlth the - hybrzds, and‘

there 1s no szgn1f1cant d1fference in varxance between the

. two UPG spec1es and the1r respectxve allopatrzc groups.‘Of f\

course, the number of P. neogaeus 1nd1v1duals is less than P.
' " ' 1) i

€0S and the hybrlds. From these facts, we may say that the

UPG hybr1ds are not an example of 1dea1 hybr1d specxes D In

~ order to test the two hypotheses, maternal progen1tor and

self perpetuatlng specxes spec1mens should ‘be collected

¥

'over a long perlod of time. An analy51s of morphologlcal data‘.

,

could then g1ve us -a clearer v1ew of evolutzonary change and
. 8
whlch mechanlsm is more respon51ble for the productxon of

hybrids. . . . .

. "
! <

' \rmtalled studles of hybrld12at1on and 1ntrogressxon have

been made for a: few North Amerlcan fresh water flshes (Hubbs
A

and M1ller,,1943 Hagen, 1967 Nelson, 1968 Greenfleld and

fGreenfiéld 1972 Butcher, 1979) Ev1dence for 1ntrogre351on

L) \

:ﬂ?;1n f1shes 1s sparse probably partlally due to cryptlc

‘effects of backcross1ng. Greenfleld and Greenfleld (1972)

reported that crosses between 1ntrogressed m1nnows produced

Al

-

’

progeny that were 1ndlst1ngulshabfg from parental i o *‘ﬂ.

popu}atlons. There is no clear ev1dence of 1ntrogréssxve f

L hybrldzzatxon 1n e1ther of the parental speC1es 1n Upper'

P1erre Grey Lake. Further 1nformat1on, espec1ally from “vj;_
breedzng exper1ments and. allozyme analy51s are requlred‘to
test thlS ev1dence. New (1962) suggested that there 1s a'

p0551b1l1ty of 1ntrogre551on between the two specxes w1th a

sh1ft toward P eos. In UPG 1t appears that, even 1f there d




15 any 1ntrogressxon, shiftlng 15 more lxkely towag& P.
: . : hl

neogaeus than - toward P eos.

This. study has assessed the relat1ve 1mportance of the

morphologxcal characters of P. eos and P neogaeus.‘Future

' researchers may f1nd the canon1ca1 coeff1c1ents and constants ‘

to be valuable in cla551fy1ng putative hybr1d‘1ndxv1duals.
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N ‘,‘ 4 PREMATING ISOLATING MECHANISMS

w I"N'rRODuc'rxon
w]?'" The break down of the reproduct1ve 1solat1ng mechanxsms ﬂ
. can result in hybrldlzatlon. }n f1shes at least premat1ng
‘hlsolatlng mechanzsms seem to become establ1shed “f -
:-phylogenet1cally before- postmatlng 1solat1ng mechan1sms.‘

Prematlng 1solat1ng mechanlsms prevent the waste of gametes

”

and are thus more ef£1c1ent than postmatlng 1solat1ng

mechan1sms. Prematlng 1solatlon 1nvolves the reductlon of

LI
i\-

contact between the spec1es and the. reductlon of

1nter$pec1f1cﬁmat1ng by spec1es spec1f1c behav1ors. It seems,

’, .

‘that when hybrldlzatlon between f1sh spec1es occurs, 1t is
iﬂfoften the result of the d1srupt10n of these premat1ng

1solat1ng mechanlsms for whlch selectzon has occurred
‘ . .

¢L1ttlejohn (1969) presented arguments for such d1rect

selectlon of premat1ng 1solat1ng n&echanlsmsf~

‘,.' I

The ma1n objectlve 1n thls part of the study 1s toT

o .examlne some of the prematlng 1solat1ng mechan1sms. Thedj e

-extent of d1fferences 1n spawn1ng t1me and spawn1ng hab1tat

'”‘between P eos and P neogaeus are determlned Certaln 11fe

'3‘~hlstory characterlst1cs of Wlld caught hybr1ds are compared

‘.

dﬁ‘oto those of the parental populat1ons 1h the area of sympatry

'4‘1;0 assess the1r relatzve success of surv1val under natural
”cond1t1ons. o B e ﬁ', 'if]g fa;».%j ¢7v14}ig$fif,.ﬂ
Reproduct1ve 1solat1on between sympatr1c P eos and P

v

neogaeus populat1ons has not been prev1ously studled The

) :“5‘ :




e : .82

f.reproduct1ve behav1ors of P. eos have been studred by Cooper f;_
v (1935) and Hubbs and Cooper (1936) in M1chlgan A more |
ycomprehen51ve study for P neogaeus was conducted 1n

Mxnnesota (Stasiak, 1972 and 1978) New (1962) stated that‘:

"breedlng males of both spec1es were collected in' New York in

1
’

August ]955 and June, 1958 o,

" This Sectlon of the study 1nvest1gates the effect1veness 'la
of prematzng 1solat1ng mechanxsms (excludlng mate preference v

mtests) and some life h1story characterzstlcs in the: two;

l [}

rlspec1es and thezr hybrxds through ecologlcal f1eld studxes.ﬂn‘

;Comprehens1ve ecologlcal data for the two spec1es from Upper Ve

'vPierre Grey Lake (UPG) dre presented for the f1rst tlme.;

\S 4,2 METHODS

f4 2 1 TEMPORAL rsonarron
‘- The t1me of spawnlng ﬁor each of the parental spec1es

\

was followed u51ng three dlfferent methods' The f1rst method

from Nelson (1968) 1nvolved a qualltat1ve Judgement on the

degree of female gonad development The followlng qua11tat1ve

cr1ter1a were used to descrlbe female gonad matur1ty.

n.-. Y oy

| 1pe - eggs near max1mum 51ze' creamy yellow colOred-“
extruded under frrm manual pressure.Lzﬁ' D o .‘ _
ully pg - eggs at maxlmum srze, golden yellow colored°*:

extruded spontaneously wh11e handl1ng,’,\i.«i,

ot

“spg t - few or no mature eggs extruded from body cav1ty,

-

o abdomen vrs1b1y sunken.; Q,;jf




N 3,;‘ o e

R ]

The peak txme in whlch fully rlpe female 'were present in UPG
I

’was compared between the two’ Specxes and the hybrxds.

The second method was quantxtatxve The spawnxng perlod'

' for each spec1es and the hybrxds was followed by determxnxng
" ‘. \ “

the percentage contr1but1on of female gonads tO\body wexght .

Total wet body welght and gonad we1ght (both s1des) were
l
measured in the preserved spec1mens to the nearest 0. 01 gm.,‘

These gonadosomatlc 1nd1ces (% gonad welght 1nto total bedy
. welght) of both spec1es and hybrlds were, pooled for sampllng;

.dates and plotted over the spawnlng per1od

Y

The th1rd method was also quantltatlve, 1nvolv1ng

)

'measurzng the mean dlameter of 10 ova per 11ve female us1ng a'

F mlcroscope ocular. The grand mean of ova dxameters from ,all.

2

“sample females was graphed over a perlod of t1me.

} 4 2.2 HABITAT ISOLATION 5‘;.,,.

N
[P

Selectzon of d1fferent areas for spawnlng often acts as

. Pt g‘u

ﬂgwmeq§§n1sm for reproductlve 1solatlon (Hubbs, 1961). The
f ." . | R
'5concurrent abundance of the two specxes and thelr putatlve o

\ | . L

:yhybrids at selected sampllng s1tes was monltored u51ng minnow

_traps throughout the spawnlng per1od 1n 4984 Se1n1ng could
'5not be done due to the very soft nature of - the bottom of the

-~ D . . “ ,r"..

: lake. .;ryw SR "M‘mw\‘%f'

<
“ 3 th

Ellzabeth St1nson (pers.,comm ), wh1le looklng at the .
populat1ons of brook stxcklebacks 1n the P1erre Grey Lakes,,ﬂ‘j
3found that 1n UPG approx1mate1y 98% of the Phoxinus

populat1on were found from the shore up to two m depth durlng

P



1"

June and'ahly '; 3' .,? |
F;Ve samplxng s;tes (# 1 to 5) were selected (Fzg 4 1)q

in. 1984 Eastern and northern sxdes of the. lake could not : ‘be
\”

;sampled regularly due 'to poor acce551bilxty. Sxx baxted

\ L]
! \

mxnnow traps were used at each sampllng site. TrapSMwere set

about two M apart from each other at depths of 0 5- 1 0 m and

A 1

2 0~ 2 5 m alternatelx. ‘

4 2 3 ETROLOGICAL ISQLATION
Among the several mechanrsms responsxble for the’
i:prevent1on of xnterbreedlng between species; ethologxcal
‘(behav1oral) barrlers to random matlng oftenyconstltute the;
%nmost 1mportant class of 1solat1ng mechanlsms (Mayr, 970)
i Vlsual st1mul1 in terms of pecullarltxes in color,‘
‘R'pattern and form are regarded as. verv 1mportant for 2
r7d1scr4m1nat1on among dlfferent spec1es. Descr1ptxons of
,‘breed1ng colors were made for-each sex of P eos and P |
.“};neogaeus from freshly caught f1sh : o '
f’f‘h4 2.4 LIFE nxsrony caanacmsnxsrxcs »d‘[” o :',; o
-hyﬂ' L1fe hlstory characterzstzcs of the putatlve hybrld
ffemales were compared to those of the two parental spec1es
;and conslsted of length wezght and fecundzty data._

8. LENGTH WEIGHT RELATIONS "1;} | i“,f

hY

Length-we1ght relatlonsh1ps for 50 P eos, 16 P

- neooaeus and 30 hybrlds were determxned accordlng to Bagenal

<o

yand Tesch (1978) The relatlonshlps were descr1bed by a
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regressxon of logarithm of length on logarlthm of wexght The*~
BMDPGD computer program (Dxxon 1983) was used for the »
regression analysis. An analysis of covariance was performed

on these data using the BMDPiVICOmputer program.

\

b. FECUNDI TY I |
Several deflnltxons of fish fecund1ty have been used bY
different researchers, ‘there have llkewxse been mafny ways. to

determine it. For the purposes of this study, fecundity was

~defined as the number of ripening eggs found in tHKe female.

Varjous techniques have been used by various workers in’

counting fish eggs. These include d;reCt counts, automatin

’ !

egg ‘counters, volumetrxc and gravimetric estimation (see
l"’

Bagenal and Braum, 1978 for a summary of these).
The grav1metr1c subsampllng method was. used. to determlne

the female fecundlty of the same subsamples of the three

groups. All ova from one female were d1v1ded 1nto two equal

tparts by wexght PotentxaL fecund1ty was measured by actual

o -~

counts of all ‘ova present in one part under a dlssect1ng

-m1croscope. The value was multlplled by two to’ g1ve the total

gnumber’of ova’ No attempt was made to d15t1ngu1sh 1mmature
from mature ova, although both kimds were clearly present 1n

- many- spec;mens. The fecund1ty relatlonshlp was . descr1bed by a

regre551on o§ logar1thm of ova number on both logarithm of

standard length and'logar1thm of body‘we1ght u51ng the BMDPGD

program. Analys1s of covar:ance was performed on these data -
A! , '

t

- using the BMDP1V program.

A .



4.3 RESULTS ;

4.3.1 TEMPORAL ISOLATION

Spawnzng at a different tim of the year constitutes an
vlmportant factor for interspecific breeding in sympatric fish
soeeies. Many congeneric speoies are lsolated onlf or inAparto
" by differences in time of sgaqning‘of thevtwo(species in
sympatryl - |

What are the spawning times oﬁ the two‘species and the
hybrids in UPG? To what extent‘is temporal isolation
operative? ) |

Data on the degree of maturity of?gonads‘df'these‘
Asoudies-from'1984 and 1985 show that temperature is an
1mportant factor 1nduc1ng spawnxng which is- true for most
temperate, freshwater flshes Ahsan (1966) in d1scuss1ng the .
relatxonsh1p of . env1ronmental factors to breedxng 1n Cbuesfus
plumbeus,‘consxdered temperature ‘to be the major factor j
controllzng spermatogene51s. ‘

The spawn1ng seasons of P. -€0S and P. neogaeus have been
‘studled by nlany workers, In Mlchzgan, spawnlng actﬁv1t1es of
P. eos commenced in late May and extended to August as -
reported by Cooper (1935) and Hubbs ‘and Cooper (1936).
'Breedxng males of both. specxes vere collected in New York in
August, 1955 and June,‘1958 (New 1962). McPhail and L1ndsey
(1&70) reported females of P. eos conta1n1ng large eggs ﬂ,

caught on 24 August in "Plerre Grey Lake . Stasxak (1972)

"

made extens1ve stud1es on the spawnlng season of P. neogaeus |



4.2, 4 3 and in Tables 4, N and 4 2.

K t ' In 1984 and 1985 females of - both spec1es and the

;P eos w1th freely flow1ng milt wa

- 89

. : o

in Mznnesota where the spawnxng fxsh were observed 1n late

:‘Aprll when the water temperature was RO warmer than 11°C and

on May 6~ 8 in waters from 13 to 18 C. Becker. (1983) stated

1

that in wlscons1n spawnlng of P neogaeus occurs from Aprxl

to June and r1pe males and females have been taken 1n

£

m1d June. He also mentloned that . mature females of-P .eos

: were,collected on June l8 1960 from Henlock Creek (w°od

County) and the spawnlng ‘season extends from the later part

of May into August I : o o ‘

A meanlngful measure’ of temporal isolation is the amount
of overlap in the t1me dUrlng whxch females ‘are: fully r1pe in

the spawning area (Nelson 1968) .The’ results of the fxrst of

the three methods 1nvolv1ng a qualltatlve judgement as to

. .the state of female gonad maturlty are presented in Flgs.

_C ptured on June 4 in

1984 and on June 2 in 1985 and the last such male was

captured on August. 1 1n 1984 and on July 29 1n 1985 (Append1x
Table 13, 14)._' E \A.' - | |

' The results of the second method 1nvolv1ng changes 1n
the actual gonad’wezght of ‘the females, and the th1rd method,

1nvolv1ng ova s1ze, are shown for 1985 in Flgures 4, 4 and 4. 5



{ L [ '
.FIGURE 4.2. 'Change in female gonad maturity for Phoxinus
. €08, PhoxInus neogaeus and the hybrids, collected from Upper .
. Pierre Grey Lake, during the spawning’ périod, 1984. x-axis =
collection dates; y-axis = % of females-in the total
population including males and females. Surface water
temperatures are also presented. Lo

.
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"FIGURE 4.3. Change'in" female gonad maturity for' Phoxinus -

. - €0S, 'PhoxInus neogaeus and the hybrids, collected from Upper

pierre Grey Lake, during the spawning period, 1985. x-axis =
collection dates; y-axis = ¥ of females in the total
populatiOn-intluding’males-ahd“femalesf Surface, water -

“temperatures“are also furnished.
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i ,“‘ "{’ . A
-.FIGUREf@L#L”“Chanée‘id;gonAQQéomatic'inaiées;(gbnad" ;
"weight/body weight%) of female Phoxinus eos, female Phox inus
‘neogaeus and the;hxbrids,sampled‘frOm'Uppgr‘Pierre Grey Lake

‘during the spawning period, 1985. Data represent sample means '2

\of;gonadosqmatic]indices..Standard deviations are given in
Table 4.3."'- "~ - : T :

E = Phoxl.n,us,ebs“., T SR L
" N-= Phoxinus neogaeus. o R \ L
 H = Hybrids. Ty S ST

L
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FIGURE 4.5. Trends in ova diameter. during 1985 spawning
. period for P. eos, P: néogaeus and the hybrids from Upper
- Plerre Grey Lake: Data represent sample means 6f ova R
‘diameter. Standard‘deviations'arelgiven in Table 4.4
E =-Phoxinus ecs. - o IR

. N-= Phoxinus neogaeus. . "

‘H = Hybrids. L
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and Tables 4.3 and 4.4. There is a partial separation in the
‘ ‘ (- \ ,
. periods of maximum gonad weight and maximum ova size. It

1 . L)

indicates that major spawning’occurs earlier in P, neogaeus

ram@ ghe hybrxds than "in P, eos. The increase in the .mean ova

Pl

?és»“"% és'ag’e in the case of P. neogaeqs after June 17 and 1n the case

‘.T\of the hybrxds after July 3 is due to the presence of only
Tt e \
fully rxpe females in the collectxon, although total gonad
' - f ® .
,we1ghts atre less durzng thxs period.
0

) ;“ ‘\ .A v
" @.3.2 HABITAT rsotaw7ou

There is not mu?h known of the type of spawn;ng habitat

A

hsele ted by the two specxes "and the hybrids. P. eos 1s known

'to spawn ‘on masses of fllamentous algae (Cooper, 1935; Hubbs
. T

3

‘and Cooper, 13;6) In P. neogaeus, spawn1ng occurs in the
,_areas covered by fallen logs or groups of branches at- usually

[ _‘f“__l

0. 5-0.9 m depth (Sta51ak 1978)

e Spec1mens were: collected from the end of May until the

‘,,end oY spawnlng perlod 1n order to observe areas occupled by Y

/the spawnxng 5?d1v1duals. “The- a1m of th1s part of the study

",;’was to. determlne the degree of . habltat segregatlon between

:the-two specwes in. Upper Pxerre Grey Lake. SRR .

e > N

<

"!."'3

’iﬁﬂb August 1, 198& are presented. Dur1ng thlS t1me both

spec:es anq the hybr1ds weré cémmon in- all f1ve smtes,,

l

although number of P neogaeus WQS-mUCh less than that of P

AP
[ - AT ".-1

FRRTEE A

Catch data (Tahﬁe 4, 5) from f1ve seledted samplxng sxtes

P

do not show any S1ghzf1dpnt d;fference 1n area of occurrence '.f

§

f‘the two parental speczes and the hybrzds. Data from June 4



"\
TABLE 4.3, Data summary of gonadosomatic indices for female
P. eos, female P. neogaeus and the hybrids,: Upper Pier‘re Grey
Lake, 1985, = . oy

]

Date. ‘ "'n , . g e \SD

P. eos

- June 2 . Y ;M_1£:9 4.9

June '10 25 L3 5.2
June 17 - ' 29, 16.0 . 3.7 ,
June 25 ..7 33 1827 4.6 "
“July 3 o 39 R T3 S W
" July 17 BNV D106 S 2u9
July 23 1 11.3 2.5
A P. neogaexs | : . L ‘ : .
| June 2 12 13.4 - L8 -
June 10 s 7 1 L 43
5

June 17 . T “15. . 3.6 )
June 25 2 136 -
* July 3 R S 102 . 2
B A S t WS - e

. Hybrids ‘ (f' ‘ | . i e ‘
' June 2 R 1 14.0 - K

? June'10 . .35 13.4 6.5 e
- .June 17 S22 17.3 . 5.9-.© T,

R Jwne 25 c.o19 - s . cF R
e ey e - 1ausy, T 5,8 R

B, e ’ . . i . : . 4 . L -.
- “ . vt 4 et T ~
~July. 17 © . 11 : R B 1 S TS
. ‘ T R . PO N s S . N , v . " ” )
. . [~ V.Y . N - B Y . co P -
L duly 230 T w2 e T a3 - R
; ' Sy :
» ‘ B ™ .
A | . <
¢ - P Y AT .
,‘ . BN s . &)
. s R o
4 - Tis
- Begn, Ik
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TABLE 4.4. Data summary of ova diameter for P. eos, P. neOgaéus

and the hybrids from Upper Pierre Grey Lake, 1985. .

Date . n X (mm) - 8D
P. eos’ - ‘ ‘ .
June 2 44 1.0 0.16
© June 10 25 1.0 '0.15
June 17 - 29 1.02 L0.14
‘June.25 13 1.08 0.08 _ .
July 3 - 39 0.98 0.09 «
CJuly 17 Y 1.01" 0.17
 July 23 14 1.0, .0.12
P. neogaexs L .
June 2 12 1.17 0.16
June 10 - 15 . 1.23 .. 0.14
June 17 ., STE 1210 0.13
June Z&; 2 1.25 _/ - . )
July 3 4 - L3 -
Sy 17, L4 1,38 S S
Hybrids _ T R i ; A
. June 2 3 . ';1;13 N & :
Ve 10 0 35 - L2 ©0.16 .
S dume 17 0 32 L2 . 0.16
CJune.2s. | 19 115 0.1
Coaly 3 oy 6 00 T o099 oan
July 17 . 11 .ol C1.31 0.4
L L X 2
Y
s ¢
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4.3.3 ETHOLOGICAL ISOLATION

-M1chxgan by Hubbs and Cooper(1936)

N

: 7\4

' eos and the‘hyhrids.

Large schools were seen swimming near the surface. Fish

'of 'all sizes,|including large females and males in bright'

" breeding colors (mostly P. eos), were present. A dip net was

‘used to collect individuals from;a,sfngle school and results

.o

showed that each school contained members of both the

Iparental-specieS’and the hybrids. A few young Semét{lus

margar fta were also found occasionally. Adult S. margarita
were never seen 'within a Phox/nus school.
. . ! ' .

+ ' .
~The. spawning'behavior of P. eos has been studied in

\

“...Spawn1ng occurs in pairs or. 1n a group of one female and

several males. The breed1ng males can be easzly recogn1zed by

» N -

the:rﬁmore br1111ant c°lors, the hréed1ng females by the

swollen abdomen, due to presence of. large eggs. The great

I a0

B ,‘.,\act1v1ty of female,.when ready to spawn, 1mmed1ate1y attracts
L l‘« -~

‘fesé_as 1f attempb1ng to escape The f1rst male to be'

fthe r1pe males, wh1ch then persue her, in what appears to be

.

a- type of spawn1ng courtshlp. The female followed closely by

“f1‘¥5 as many as 8 males, darts through the water f r several

at¢racted to the female, somet1mes the only one, 'akes up a-

e pos1tlon a few 1nches behznd and Just below the female-'otherfu

4 -

"Jo1n1ng the pursuzt take up p051tlons beh1nd for

ral. feet, the female dafts headlong 1nto a mass of

fffzjamentous algae, almost 1mmed1ately followed by 1 or more ;;,

s 6 ‘
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males. The ent1re spawnlng group appears to struggle against”
‘the obstruct1on offered by the entangllng algal fxlaments.
The male, when only one 1s 1nvolved takes a posxtxon
dlrectly alon951de the female- several males, when present
form a dense cluster about the female, each épproxlmately
fparallel to the female -Jt is not ev1dent whether ‘more than
:one male spawns w1th‘one female at~the same t1me " The , "}

. spawn1ng act lastlng 2 to- 4 seconds, accompanled by‘g

Vo .
. \ -,\, . . ‘»g, “h . . [

v1gorous v1brat10n of the’ bodles of the spawnlng f1sh....Byg

careful examxnat1on, it 1s seen that these masses of aigae RO

contaln a few (5 to 30) non- adheszve eggs, scattered through

I.‘
& . R o 55.?1 .

and entangled among the f1laments.,\ S ST Ty

Sta51ak (1978) descrlbed the" spawnang behavxor of Pu

'neogaeus from M1nnesota- *
v...Spawn1ng P. neogaeus would suddenly leave large schools '
, and dart 1nto depress1ons under covey such as fallen trees,; |

| logs, and brush Usually one or two rxpe females departed

.

o " .
. W .
M T .

: ,from the school and several males aggress1vely chased them S
(‘,1nto cover. Females could be seen emerglng from under the B ;;11453
‘gbrush after about 15 seconds, but males ord1har11y remazned ‘cmx S

‘for up to 30 seconds before rejo1n1ng the school Egg

g

1'unden the debrls. "4,;ﬁ',}~5f;: gf;>f,t5l‘;, S ‘
7ftsgas1ak~also nobed that the spawq{ng behav1or of the spetles ';I:f't

"31n a tank was essentzally sxm11ar to that«observed 1n the

. 4

a,f1e1d He noted the males u51ng the1r large pectoral f1ns to

-;congfol the swzmmlng of the females.,ﬁff“ “‘“,

. LU .. .o . L. . Co e e R RIS N
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. In UPG one’or tvo females were~occas1onally observed fo; &

leave the school and sw1m for ‘some covert usually a fallen

| log or a small boulder'-the females were almost 1mmed1ately
chased by more than one male. Spawn1ng probably occurred at

O i this' tlme, al;ﬁouqh I ‘was unable to observe the- actual“‘ .
'spawnxng act. It was. also not’ possxble to 1dentrfy the .
females, but 1n most cases the-males could be 1dent1f1ed as
P eos. |

- It is well known‘fact that many cyprlnlds demonstrate

I

some form of sexually d1morph1c coloration, espec1ally durlng

N

breedlng season. The general pattern is for ﬂhe male to take R
on br1ghter colors, wh1le the female remalns qu1te drab. Th1s .'

-

S1tuat1on holds true for both P eos and P neogaeus.,Durlng

characterlstically develop rows of small ep1the11a1 ‘ »~‘d"

the breed1ng season, most members of the Cypr1n1dae

i pro;ect1ons called breedlng tubercles. These secondary sex

.dl‘ ‘ structure re: usualIy much more pronounced on the males.

’ Compar1son.¢f‘breed1ng coloratlon and tubercles of the two
lffﬂjgg; spec1es has been furn1shed 1n Table 4r6- It 1s poss1ble to'"
notrce the dlfferences 1n breedlng coloratlon between the ‘;

males of the two spec:es, P eos be1ng br1ghter than P

C’O

n caeus, although not“':much dlfference ex1sts between the;ﬁ{ﬂ:"’

*imales_.soAxn each;specgesismal_erumalesa:ould be expectedﬁjfﬂ ,ﬁi



TABLE ‘4. 6' Comparison of breeding coloration and tubercles. of e

[

v

both sexes of P eos and P. neOgaeus.

P. .e0s S ‘ P. ,néogacus - - '

MALE B . MALE o ‘

£ Y 1. Lower, halves of dorsal pectoral 1. Lower halves of_pectofallnpeleic.

pelvic, anal and caudal fins bright anal'and cnudai fins‘light.yéllowg

U o

;'yellog. ,
" 2. A bright red'late;allstﬁipe T 2. A very light yellov 1ateral strlpc
below lpwer Iateral band’excending i below the lateral band extending from
'If:om edge of operculum to. base of, ‘._ edge of operculum to base of caudal
' caudal . fin. 3 - Lo fin. ‘ . ‘
' ' " ‘ . N | R ! * v s ' ' ’ “' l % i B
- ‘ o 3, Area belou red stripe and'mqst" 3. Area below yellow stripe and ventral oo
» . ‘gf vencral surface bright yellow s surface creamy white, “%V : -
. T4, Batches of bubercles at bases a. Patches of tubercles at bases of .
- ' of pectoral and anal fins , - pectoral and anal fins é‘\
g C .pgmx_g" RS FEMALE e oo
. ."‘fi R Bases of dorsal aTd caudal‘»i_ l.d Bases of dorsal. pectoral. pelvfc. N
'  fins orangish yellow, bases oﬁﬁ‘":xrr anal and. caudal fins yellowish in. . “.,“'.f
'g:pectoral. pelvic ‘and anal fina L some and vhite in others. '
- ol yellowish in some and white in . e
DL S .‘. e N . L. .t L. T A .
e e ‘ }others.-u Co ;. ‘ ‘jg' e ‘-,' W_ Cos

. ‘ B
2. Area below lowef lateral band _' 2. Area below :he lateral band with

‘with a few scattered red spots on .. a light yellow pigmentation 1n same

S a. light yellow background in some,;i

and Iacking any special coloration

;falight yellow or'white in others. _
 -3 Ventral surface creamy ,white‘ i i

o Ce

b Ro t:ubercle pxesent.
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mate w1th larger females. Thus selectxon of mates on thzs

crxterlon would hot d1sfavor 1nterspec1f1c mat1ngs.

t
o

4 3. 4 LIFE HISTORY CHARACTERISTICS - R

a. LENGTH—WEIGHT RELATIONS

' Length—we1ght relatxonsh1ps of the two species and the
hybr1ds can be descr1bed by the follow1ng equatlons,
P eos 1og w = —4 643 + 2, 931 log L ‘
P, neogaeus log W -4 766 +, 3 00 log L
L Hybrld log w .—4 391 + 2. 81 log' L '
P where w = total body welght and L = standard length
Comparlson of the three length wexght regresszons (Flg. 4.6)
'f}eveals no apparent dlfferences between the three
"‘P:populat1ons P neogaeus are sl1ghtly heav1er for any gzven
:length than P eos, and the hybrlds have an 1ntermed1ate bodyt*
(f.we1ght between the‘parental spec1es. An analys1s of '].fkiﬂ
h‘covarlance was performed to test for s1gn1f1cant d1fferencesif'

fefbetween the regress1ons (Table 4 7) Stat15t1cally there 1s

7fno s1gn1f1cant d1fference (P>0 05) between the slopes of the :u

-?fthree regre551on lnnes' though there 1s a’ 51gn1f1ciih>

;f;¥d1fference (P<0 05)4betweentfhe 1ntercepts of P eos and P

jneogaeupyandgbeﬁween P. neogaeus and the hybr1ds, but no;df5“5
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‘ PIGURE 4, 6.' Length-weaght regressxons for.H
50 Phoxinus. €os (E) females .
‘16 Phoxinus weogaeus (N) females

30 hybrids (H) A

"#_from Upper Pverre Grey Lake, 1985
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Cugas 9 e ) . f n
A' TABLE 4 alyses of covarian&e of 1ength*weight o
length—fecundity and weight fecundity regressions of v o ,”'w

A
\ 50 P eas females, 16-p. neoQaeus females and 30 hybrids

from Upper Pierre Grey Lake

) h .
. ! v " ’ ) ! " ‘l ) : \

o LENGTH—WEIGHT RECRESSIONS 2 ‘ LT o

.o / C " ) ' t
I‘?jb_geo.s + P.. neOQ'a_e}ts ‘interce 5 645 ‘ P 0.05
. \" “ S - slope 1 - 0. 034 “ P > 0.05 oo
R. eosi+ Hybrid o 1ntercep 10.599 P yo.os
W (\\ , . ‘ R "
N W ' slope R 0. 002 ., P >0.05 . ‘
P p,”negg@éus * Bybrid = intércépt < :.5.916 . P < 0.05
o e, fs;bﬁe-vi . 0:026 P »0.05 )
o »"1-‘ v ' ?;",l.l. o O oy ! ' ) ,“ Lo \ \“ o -
” LENGTH—FECUN'DITY RﬁGRESSIONS . ‘
P eos . + P-‘ nebgaeus , intercept 1‘.51}3'

R . ’ “ ‘, slope ,' gv2.'058
P.j"é'ds + Hyhrid . _ ' intercept - 0'.06_1_‘

R v,-g_ siope o ' 1 496_]"‘]‘\

- g P. "ﬁepgaei«?"l;t“ﬂybrid; s intercept 9 ,2 384“" -
B e o :s;¢§%».g|, 0. 0&9Qh*;,

ViR

1ntercept " 3 6§8'.~\ “ 04
slope 6 204,*: < ‘
intercept 1 632;' >0 S R
\ P ne0gaeus+ Hybrid :Lntercep'f: " 1 889 P > 0 05 ) o

e s o s

.‘?'eé"-"*-"ﬁibiidv:” o

Sy ‘_,__
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“b,‘FECUNDITY o L '"§=L7 R
T o The relat1onsh1p of fecundxty ;o standard length for the

l'

¥

ﬂ‘“llntwo specxes -and the hybrlds 1s descrxbed by the follo ing

| chf'equatxons (F1g..4 7y a’>: | \' ) bo ’ /
f, ‘;‘”‘ ' P. eos. log F = -0. 436 + 1. 912 log L L \'fzfgé | d'if:‘)b
7 | P. neOQBeus log E = 2. 617 + o 067 lbg L’ . fé';" R |
W;ﬁ Hybrxd log F =.f 122 . 9/402 log L ;J;“fﬁ.','-: )

where F = fecundzty and.L "= standard length Analy51s of

. { .
the three regre551ons in elther 1ntercepts or slopes (see

‘.’ "v.
rt I , 3 YR

Table 4 7) . ‘ .
e ’ A ' 3
S - The relat1oﬁshlp of fecund1ty to total body we1ght is /:

7

ERETA descr1bed:by the follow1ng equations (F1g 4 8)

eds log w,=J2 509 + o 931 log W ;-';‘h T

E‘aeus 1dg'F ;12 716 + 0. 039 log w
Yh'log Fre 2 683 + 0.269 log w o l‘i -
where F ffecund1ty and W = total body welght‘ Aﬁglyszs of fil‘j'{

covarxanée shows no 51gn1f1cant difference (P>0 05) between

the three regress1ons 1n 1ntercepts but shows 31gn1f1cant f

w””f dlfference (P<0 05) between the slopeé&bf P eos and P

3.7) Thqre 1s n0g51gn1f4cant d1fferenceivl"

T!neogaeus (see Table*‘
' ' ”;tﬁe’slopes_of‘P eos and hybr1ds and P neogaeus and
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FIGURE 4.8. Weight-fecundity regressions for:
50 Phoxinus eos (E) ‘

16 PhoxInus neogaeus (N)

30 Hybrids (H)

from Upper Pierre Grey Lake, 1985.
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Egg'counts taken from 20 P. neogaeus from Minnesota
ranged from 784 3060 (stasiak, 1978). The number‘ofleggs for

P. neogaeus in my study ranged from 406 830 eggs for 16

4

speclmens. ﬁ . ' )
The ova number of P. eos X P. neocgaeus hybrlds has not

been prevxously reported The number of eggs for the UPG

- hybrids ranged from 292-1716 eggs for 30 fish.

4.4 DISCUSSION ’
There is a partial overlap in the perxod of fully ripe
females between the' two parental species,a fact that suggests
that.temporal isolation may not-be‘a successful barrier in
,.preventfng'hybridization in Upper Pierre Grey Lahe. Although
the peaks of the‘spaﬁning oeriod for élé females of the two -
soecies‘occurreé at different times (in 1985, 'dune 10 fbr-P,
neogaeus and June 25 for P eo%), fully ripe P. eos males
Iwere availdble durfhg all\of this perlod As a result
1nterspec1f1c matlngs could be p0551ble between P. eos males
and P.’ neogaeus females. Rarlty of P. neogaeus males may also

v

fac1l1tate th1s. Spawnlng for the two species ended by the

'end of July in- 1984 and 1985 and did not continue into August '
as has,been reported by McPhaal and Llndsey (1970) who noted |
‘ that female P. . eos collected from "P1erre Grey Lake on 24. _.

~August conta1ned eggs that though whlte were qu1te large and

"rather free” In M1nnesota, Stasxak (1972) observed a

‘separat1on of the spawn1ng seasons between the two spec:es

‘where P. neogaeus was obserwved spawnxng in late April and



v
4
»

'early May, but P. eos did: not begxh to spawn unt11 early

(. . . \|

June. ' ' ':‘ | » A.n AN
©" It. appears that there is no effectxve habltat 1solat109

operatlng between the two speczes. They swarm 1n“m1xed
A
_schools near the surface along the shorelxne and were

captured together with the1r hybrlds. R LS L

.\n\\
It was not possible to obtaxn satlstactory 1nformat1on

A

on the effectxveness of the etholog1cal barrlers betweén the

’two spec1es in this study Mate preference?tests wzthx\J _
coua i
'1nterspec1f1c and conspec1f1c matchxngs would have to be

conducted 1n order to see 1f there were some basxs for the

i

existence of effec(ﬁve ethologlcal 1solat1ng mechanlsms.slt :

I

is most l1ke1y that the breedlng behav1or of P eos and P

neogaeus is similar enough to allow interspec1f1c spawnlng in

loca11t1es where the breed1ng seasons overlap
There is no stat1st1cal d1fference between the

length- we1ght relatzonsh1ps of the parental spec1es and the

1ahybr1ds. Fecund1ty and standard length and’fecund1ty and body ‘

welght relat1onsh1ps do not show any marked d1fference
e1ther. Eggs of . hybr1ds appeared to be simllar 1n shape and
_cond1t1on to the parental eggs. Joswlak, Sta51ak and Berven

(1986) reported ev1dence of hybrld fert111ty by fert1l121ng

,the hybrlz eggs wzth P. eos sperms. Although hybr1d fertzlxty

was not t sted 1n my study, it can be 1nferred fromfthe

results of the analyses of different reproductxve 1solatzons R,

©

' and 11fe h1story character1st1cs that the batrzer 1s low.‘ :?'

“t
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5. GENERAL DISCUSSION

In Upper P1erre Grey Lake the total Phoxfnus popuf%tlon

' ,comprzses approxxmately 55% P eos,_12% P. neogaeus and 53%

‘f P *eos x P. neogaeus hybr1ds. Desplte the ev1dence of

l Ty ‘

, hybrldlzatxon, the taxonomlc status of P’ eosmand Pfyneogaeus (

. as: separate specxes appears valld If ev1dence shows ‘that the.

| spec1es (NebsOn, 1968) Flsh hybrxdlzat1on assoc1ated thh \_"

two forms remaxn dlst1nct (1 e., .do not fuse) regardless of

hybr1dfzatxon, the forms should be recognlzed as. d1st1nct

N

env1ronmental dlstu?bances no, more jeopardlzes the taxonomlc .

| status of the an1mals lnvolved than do thé many art1f1c1a1

»

3

crosses (Hubbs,v1961- Nelson, 1968) Although 1t is well

known that P eos and P neogaed§ hybrldlze in. many areas,. it-

15 by no means the rule. No hybr1ds wereﬁfound from 15

- sympatr1c locaf:tles in Wiscon51n (Greene, 1935) New (1962“%

reported cdllect1ng large numbers ot both spec1es from L1ne
pond New York no hybrlds have ever been 1dent1f1ed from
that local1ty. Legendre (1970) ‘1n exam1h1n§ "a collectlon of
P eos and P. neogaeus from AAlberta falkd to 1dent1fy any’
hybrxd Specxmens. In Mlnnesota, hybrlds are restrzcted to
four eastern loea11t1es (Sta51ak 1972) ?{;A- "\

;rFrom thzs study, I could determ1ne wh1oh key characters,

J

were the most usgful for 1dent1f1catlon of P eos and P

; neogaeus. Extenszon of mouth (MOEXTN), as used by many "

authors 1n flsh keys (Paetz and Nelson, 1970 Scott and
Crossman, 1973), yas the best szngle crxter1on for separatzon

of the tvo spec1es. Other 1mportant key charactersﬂ e. g.,

P e . G S .
," T R s : ﬂ .

i e, o . R L ' O . -
. N . ) R 89 .. S W
C \ h R : W . ‘-
e N Ty . . : C o
. % L R . . » R P
Dy . . N ' .

'\".“'

)ﬁ

» ) .
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lateral band, pharyngeal teeth, digestive tract pattern,

angle of mouth also contributed in the discrimination of the

.
-

. two spec1es.

1t may. not be p0551ble to obtain accurate est1mates of .
the var1ab111ty of the hybrlds among any wild population. |
However, studies on the prematxng 1solat1ng mechanlsms
prov1ded knowledge relatxng to overlap of temporal habitat
-and behav1ora1 1solat10ns. Szmxlar1ty in certaln 11fe h1story
characterlst1cs.was also noted whlch may have contrlbuted to
the hybr1d1zatlon.- ' o

Accordlng to Mayr (1970) hybrldzzatlon 1s not a random

S
phenomenon and there are gerta1n env1ronmenta1 factors whxch

fac111tate»t ssolutxon of spec1es' reproductxve 1solat1ng

mechanisms;’Z:;zjof those factors, whxch mlght have some ' |
effects 1n cau51ng hybr1dlzatlon between P eos and P

o ;neogaeus 1n Upper P1erre Grey Lake, are worth d1scuss1hg.“

| e
a. RARITY OF ONE PARENTAL SPECIES

In the absence of approprlate matlng st1mul1,"“"-
‘1ndlv1duals of the less common spec1es may respond to
‘ 1nappnopr1ate st1mu11 from 1nd1v1duals of the abundant

i spec1es (Mayr, 1970) It is already clear from the prev1ous

"fﬁchapters that there 1s a marked d1fference in: relat1ve

/

numbers of the two spec1es 1n Upper P1erre Grey Lake,vP;‘:"

‘-aneogaeus constltutlng approx1mate1y 12%,of the whole Phoxrnus1

‘ﬁpopulat1on The extent of hybrldizat1on between P. eos and P.
'neogaeus 1n,UPG 1s probably 1n£1uenced by th1s d1spar1ty 1n’h‘

ji‘51zes of the populat1ons. The phenomenon of hybr1d1zation ‘

wod



.Therefoqe, 1t is l1ke1y that the two spec1es are restrlcted

_c. | ENVIRONMENTAL DI §TURBANCE R l_.

hb d efon. oL T “
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often appears attrxbutable to a dxfference 1n the abundance
of the spec1es and as a result to the fa1lure of an

individual to flnd a*conspecxfxc -mate (Stebblns, 1959‘

'

with P. eos because of absence of conspec1f1c mates 1s not

.

known. It would be des1rab1e to conduct a study of breedlng

behavxor, such as mate ch01ce,‘between these two: specxes.‘

T
b LIMITED SPAWNING AREA v

LAY

.

A l1m1ted spawn1ng area that compels breedlng

\1nd1v1duals to mate 1n close\prox1m1ty often results in

hybr1d1zat1on‘(Trautman,‘1948)‘ Upper Paerre.Grey Lake is an
\ .

1solated body of water w1thou# any. d1st1nct xnlet or outlet.
" '»C . )

Both the parental spec1es spaun 1n a szm1lar habltat.v-

N\

t I.

to spawn1ng along the shorel1ne of the lake and in close

: proxxmlty, 1f not 1n the ‘saine - areas.

f' f D1sturbance of the env1ronment 1s often refegred tO as
;$‘ . .

1953 Mayr,'1970). Upper Plerre Grey Lake was chem1ca11y

.'gétreated ;n 1969 for stocklng purpose. No data were avallable

‘\ o8

h;as to the eﬁfect of the chem1cal treatment on the Phoxinus )

speculate on the potency of thlS factor as a cause of

~Mecham, 1960; Nelson,\1968) Whether p. neogaeus does matelff\

' -one of thenmost 1mportant causes of hybr1d1zat1on (Anderson,:‘eﬂ

jpopulatxon. Wzthout th1s 1nformat1on 1t 1s'not poSS1ble to.uf"
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. APPENDIX TABLE. 14. Summary of catch data (1n % of total he
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‘f” female o L“ Do T - o - "‘ , 52‘ o v
//. vithout egg‘ 6.3 4.2 2.7 . 115 5.9 12,1 6:8" 2.7 2.5
Hybrid e e T e St :

‘A/. i ripe"‘ ! '.._ ;’\, L . S K SR ; " ’,
- ?emale 206429020 7.1 4.0 2,07 0.9 0. . 04, 0

oxwfully ripe “  o R : ‘ R y e

we femﬁle:.‘ SR04 LT 1004 5.5 2.0 L4220 108 70 o
spent’, o T T " S o
female . :‘j 0 L7 27 40 13- 5.1 4.0 S 3420 136

i . without egg: 12,4 . 9.7 - 8.7 757 1.8 23,2 21.0 8.5 7.4
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