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"~ In the Middle Branch of the Thames River, 20 km east of London, Ontario,

- - T

Sr———T ) ; .
two_speries of sunfish are found: the pumpkinseed, Lepomis gibbosus L,

1

;-?4:‘;—'»—- and the northern longear, L. megalotis peltastes Cope.QMale sunfish

int'ernédiar.e in so'me" aspects of merpl;ﬂogy and nesting behaviour and

hence presumed to be hybrids, are present in relatively small numbers

- r .. - *
.~~Tf"'f in the same area. Breeding season and habitat overlap in these two

ta
N .. specles suggesting that conspecific mate selection may be lmportant in
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-

S

1

- .
"¥5. ion could not be directly tested, as mate selection experiments depend

s
[N

d

«

! . .
3 on an adequate sup;ﬁly of ripe fish and these were available in omnly

T 'limited quantities. Comsequently choice experiments were conducted in

\ ‘whi¢h the behaviour of fish (both sexes of both species) of a variety of

~

ripenesses was recoxded in response to o fish of the._ocﬁt sex.
- ;" rad - -

!

-

,

" geveral simplifying assumptions vere made in analysing the data from &

one choice apparatus. The tentative explanation offered for the resu_lt;
- obtained with this analysis is that lonéear females, fresented vith

hee‘imized lgngear males ard either nesting-sized puspkinseed or hy-

’ -

‘hﬁd males (both types largér' than longear males) diifcud more 'activ_it'y \

s
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reducing the incidence of hybridi'zation between the species. Hqtie select-’

o
»> _E&SGItE $/Hm two types of cholce apparatus were similar. . Bowever;
. o P ! \ 1.
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toward conspecifics. This selection vas influenced by male $ize as no

~ choice Yyas exercised when female longears were presented with male

longears and equal-sized nales of the othen two types. Pumpkinseed
females offered a choice of mesting-sized' longear .and punpkinsees males
directed more activity toward conspecifics. Male size was again im-

plicated as female punpkisseeds of various sizes directed more activity

toward males closest to their owm size when presented with unequal—sized

mle pumpkdnseeds. Small punpkinseed females offered large hybrid
males and smaller longear males chose the latter. Male pumpkinseeds

chose conspecific Temales but male longears either did not cﬁoose or

. chose eonsgcifics when.both were pfesented with nmequsl-siz'ed ﬁ\.m'pkin-

seed and longear females. ) ' . -“f 0"
The clear con_s'pecific choice .shown by some of the fish in these
-experiments indicates their abiiity to distinguish between the' two
types of fish with which they were presented. -This sbility undoubtedly
pefsists when the fish ripen amd .probably leads to the selection of a
congpecific spwi\ing partner as the alternatives (no choice or choice
of a heterospecific spawming partner) would lead to more hybridization.

then appears to .occur in the area. .

The clear conspecific che‘ice by ,both longear females and pump- 4

kinseed males would therefore suggest hybridization is unlikely between _

" them. Bowever, ﬁproductive isolation beween longear males .and small A

pmpkimeed fnsles seens less conplete. Such fmles seekiug snsli
spawning pastners :Ln the study area are unlikely to find conspecifics

to breed with, since small male pumpkinmeeds are not found nesting

T
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,mhy continue .for a long time. ..

. . . . '
A . A ~
there. Sexually mature sua].L‘ pumpkipseed females are.frequently found <
‘close to longear nesting .colofiles,. anq. have been seer spawning with (\
' h Y

longear na;es. No such observations have been made of sexually mature
largé dénale puupkinséeds. Hence, hy?ridizat:ion in. this area .most lﬁely
oc: .between small female pumpkinseeds and ua]..e lorgeu;.

" The role of hybrid sterility in rédtigirg }ﬁterbreedin.g between
the species was also assessed by art:l#i‘é.ia‘lly .fertiliziné the éggs from
females of the two species .vit:-h E-},It from the three types of males. The
hyfbrid .crosg_produced a lwer‘pércmt hatch of éggs than the intraspecific

V£ _ , .
qggsé for eggs from both species of females. Selection against hybrids,

' Aoperating through partial hybrid sterility, would tend to reinforce pre-

existing isolatinggﬂ.ééﬁanis‘s between the two species except that the
genotypes ofv thase fish ‘producing hybrids tendnto be maintained in N

pdp\ile_tion by their pte'v}l.ous‘ or subseguent conspecifi'g matings. ' ’Under

RN -

. P . .
these circumstances hybridizatien Between these two species of Sunfish

-
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' " INTRODUCTION

-

~ Among vertebrates, it is usually the male that exhibits bright
.‘nuptiel colours when gexual dimorphism exists, The suggE:Fed functions
for this male,cAIour.are to warn other males they are invading his
territ;ry and to attract females (Mayr 1963, Bastock 1967). The Tale
is usually the more active of a pair, not only in te;ritorial defeébe,
‘but alqg in courtship (Tinbergen 1953), with the result that nale
courtship behaviour:is frequently more comspicuous than female courtship
behaviour ‘(Bastock 1967) However nales often compete for territories,
not for females, particularly when thg males arrive first on the.
breeding grounds, and in such cases cou;tship begins only when females
present thems&lves for courting, He&ce th;.ultih;te choice of a mate

h 4 .
. is_often primarily .determined by the female although her courtship,.role

may be largely'a passive one (Liley 1966) .

Male aun‘fish arrive on the breeding grounde.,eaxlier than fenales,
egtablish territories, build nests and begin courtship only when female
sunfish ‘arrive and enter their territﬁriel. Male s;nfish courtship -

_ behaviour 19 distinctive and has been previously described (Breder 1936,

witt end Marzolf 1954, Miller 1963, Keenleyside 1967 1971 -1972) t(u:

1ittle has been said about the fenales role othet than a passive

accomplice in thé courting and lp:wning procee..' !et an area where

more than one species of sunfish bréeds, female choice of a conspecific.
»

spiuning partner might be extremely importamt in'prevtnging'£§br1dizntion;

. Such an Mea 1s found in the middle branch of the Thames River
just north of Thamesford, Oxford County, Ontarip, The two spacies of

: 4. . - .
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sunfish nesting there are the pumkinseed sunfish, Lepomis gibbosus (L),

‘and ‘the northern longear sunfish, L, megalotig peltastes Cope, herein-
after referred to‘ by their common names. The study area consisted of

a short strgtch of .river, approx!.mat‘ely 700 m long, in which there .
were two distinct habitat types: backwaters - weedy, t'nudbottomed afea§
where pumpkinseeds nested singly', and the river ‘itself - relatively - '
weed-free with silt dver a sand and gravel bottom where longear’ males .
nested colé;iially ('Appeud;Lx VI). Another type of male was found mesting
in the s-tudy areh in relatively' small numbers, and shared nesting charac-
teristdcs with males of the two species in thatv:‘ they nested in the river
like longears and bu.ilt large nests like pumpkinseeds; also they nested‘
either colznially like longears or singly like pmnpkinseeds. For

these and other redsons (see description of fish below) these inter-

mediate type fish were postulated to be hybrids and will henceforth be

" referred to as such,

Suggested factors leading to s@ﬁsh hybridization iaclude
recent sympatry, habitgf disrup;ion, crovding‘apawningv';reas and- a
diaprgportionat‘e ratio of the two species (Bailey and Lagler 1938, nubbs.'_
| 1955, 1961), Pumpkinseed sunfish are distributed th‘roughout tfn _lt_'aku

and stregme of southern Omtario ext{ending into northern Ontario; longear

- ' hd -

.Sunfish sre commonly found oniy in streams of'the Lake Eu;op and Erie
-drainages of sout‘:hwest'erﬂ Ontario (Scott and Crossmin.1973), except for
an apparently 13‘32«1 population in the Rainf Ri\;er district of north- '
we;tem‘ﬁqtario (Gri.u:hg and Scott 1966), Bot.ﬁ species wvere rep.or‘t'ed in
tl;e Th.aaea_ liiver system in the 1920's (Bubb. and Brm 1929) dut their
earlier his’tory In that river is unkhown, Comeqmntly, vhezRﬁeir

present synpatn] 1- recent or longctanding 1s ‘also unknown,

~




. On the othér hand there 1s no doubt that the original ~h;bi.tat
- . of this portion of the Thames River has been disrupte& by man, The
whole area was, cleare.d fc?‘ farming in pioneer days during the early

. 19¢th century. The removal of numerous shade trees at that time likely
increaséd the river temperature producing‘a more favourable sunfish

habitat and may also have pemitted' more topsoil runoff producing silting

in.the: river, Certainly the river is presently warm in the summer,

reachiné wmaximums of 30-35C and the river bottom is covered with a thin

layer of finme silt, The course of the.river through an extensively
farmed and fertilized ‘area, cqupled with the pasturing of cows in the

study area has undoubtedly contributed to the -eutrophication of the

v - L]

river-which currently supports a rich ~flora, particularly in the back-

. waters, Downstream several hundred meters from the study area is s _

- 1

.larg_e conéi;ete dm;;ob'avbly erected in 19}3.0r 19_14 to replage a p‘re-—
_eﬁsting wooden .dn (A, MacKay, pers. com:).' :rhe;é dams have undoub- .
tedly i’:mpered the free upgtream movement of ;ieh for many fish genera-
tions. In ;hc;rt, the .a:t,udy area habitat is now very different from what
it was 150,‘ears ago. . ' i . -

3 . .

Ca . - Crowding of breeding fia'h‘ could be caused either by silting of

some of the ;grhvei suiutrate on which sunfish noruily- spawn, or by
vegctation occupying a eubptantial portion of the spawning area, This

might foster the occurreénce of heterospecific nesting so close together

that the spern fro; dni male might accidentaliy wash into the other nest
' .
and fertilize heterospecific eggs. While both silting aud abundent
. . . vegetation were fou.t_xd in some areas of the river there did t;ot_‘ ?ppe'ar - ..
‘t-o be any shortage of putublé nesting substrate, I.oﬁgur ¢colonies




' ;‘ ] " -~ .
wkre spread unpsenlyalong‘the river bahk with no diStinguishable

difference be:ween nesting and non—nesting areas. * The average distance
to the nearest nest was 1 m for 81 pumpkinseed nests in the study area

(Reenleyside unpublished),ubile the average distance to the nearest

- .
~nest ranged from about a qucrter to a half a meter for 173 uncrouded

-punpkinseed nests in Lake Opinicom, Ontario (Colgan and Ealey 1973).
Thus pumpkinseed nests in the study area were not crowded, ~ Again there

was no distinguishable diffétence between occupied and potential

[

punpkinseed nest sites. Eence crowding of nest sites was probably

>

not ‘the cause of hybridization in:the study» area,

. -

Bubbs (1955: 1961) suggested, then an abundance of one species
coupled wish alscarcity of ‘the other could also lead to hybridization

as individuals of the scarce apecies might have difficulty in locating ‘
.’ *
a conspecific uate. While the populatton of laugears is greater than

that of pumpkinseeds- in the study area (Cresswell unpublished), the )

i

Ah'.e§fect of this difference on conspecific mate location 1is unknown,

~_o_ 1.
L4

. In"short, the presence oF hybrids in the etudy.area suggested
‘interspecific breeding h;h oecuf{ed, but the fpc:orl_peusi?g this
hybridization vere»qQ;.Feaqfly.apparenf. Certainly'gha riger habitat
has been radicaily'nltetod'oiir the _yedrs and this alterntian nay

AP

wvell account fop/the interspetific matings, perhapd by recently per-
'nitting.thg; /two upecias‘to occupy the same area of the river fOr the
. first time, and, as previously lentiondd,‘eueh recent oy-patr; has been
suggested as one facter pro-Stins brédlding between species (Bcilci and
Lagier 1938, Bubbs 1955, 1961). Nevertheless, hybrids constituted
onlﬁ.qpoet 6% of the total nunfilh4§oﬁulation in this ares -

v . - * -
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(Keenleyside unpublished), suggesting that some mechanism was preventing

L~ . A

-

R .
1 4 b

random nating between the two species.ﬂ .

.

uayr (1963) suggested aJ::lerarchial classiﬁcation of such

-

reproductive ieolating mechanisss ; prenating sechanisms (those which
¢

act before ganetes are shed), and postmating mechanisms (those which

act after_gapetgs are shed): Premating mechanisms include: 1)

Seasbnal igolation, While pumpkinseeds began nesting earl;\er"l'n the

spi_'iﬂg than longears, the two breeding seasons were out 6£ Iﬁmse by

’

only a week or two, overlapping broadly. thréughout 7 of the season

czf two to two and one half months, so seasonal iso #fion is mot likely

an 1mpor£m!£‘barrier to hybridization. 2) Habitat isclation, "Nale

’ pumpkinseeds nested exclusively in the backwaters and male leungears
nested chiefly in the river, but were also observed nesting in. the
backwaters, For h&bitat isola:ion to be sffective, females should

have demonstrated the same habitat preference as nles. HBowever, ripe

female longears were seined from the backwaters, while sﬁll ripe .
) - S
female punqikinseeds were freqﬁehtly seined from the edges of longear

s I\
colonies in the river, Thus if habitat isolation was operating at all,

it operated at li.-.ss than full efficiency, 3) Mechanical isolatiom.

This pretucing mechaniem is not applicnble to sunfilh as their ferti%i-

zacion 1a extetnal 4) Ethological isolstionm, I@zproductive beh:viour

is sinilar in the two species (Miller 1963). During the spring the

D —

nlen move mto shallow water of, either the bcckw.ters (pmpkinuadl)

© or the river (longcats), utablhhtetntoriu, dig nests and court
females. Ripe females enter these nu;s snd spming occurs. Subu-
quently the male drives the fmlp out’ of the gest and gun.rdt the eggs '

¢ 7

)
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until they hatch and become free-swimming fry,

—

~ Ethological barriers prev?nting hybridizatiaﬁ\nigh; occur at
several points in thé above sequence. Males might ¢ourt only conspeci-
4 fic females, :Femgles might enter dély nests of cdéépecific males. .Inter-
specifiq courting might ;.wccur bull break off before spawning begins,
Keenleyside (1967) tested the first of these possibilities and found

that non-nesting and nesting males of both species.distinggished con-

specific from heterospecific females by directing more behaviour toward,
con@pecifics élthoﬁgh in both cases male lgngears gave a lower-level
s

response, suggesting male conspecific choice of females may be an impor:

tant barrier to hybridization, However, field observation of spawning
longear coldﬁies suggested that at the peak of spawvning male lougears

often did mot court the females with which they subsequently spawned;
S ) .
rather females initiated spawning by entering the neats'wit@out male

inducement and began ggg_ﬂﬂcfﬁigr with the resident male, Consequently
. < -
it was felt tha®™female choice of a spawning partner might be a signifi-

cant factor affecting the incidence of hybridization in the study area.

-

One method of testing this choice would-be to conduct mate selection

experiments, ' -

%ate selection experiments of necessity must be performed by .

offering a ripe fish a choice of two ripe fish of the other sex and

seeing with which of the two splwning occurs. Such an approach was
taken by both Hagen (1967) and Semler (1971) conducting male and female

mate selection experiments respective1§ in thé.threeapine stickleback,
' . . . ,
. Gasterosteus aculeatus,

> . e

'Couriship:preference tests were perfbrﬁnd by’ Hagen (1967) and
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McPhail (1969) by offering a ripe female threespine stickleback a choice

of two kinds of caﬁrting male threespine stickleback and seeing which

. of the two the female res
N

display indicating-reéceptiveness to spawning, This was not mate selec-

th the characteristic "head-up"

tion in the strictest sense as no mating occurred; nevertheless the
assumption that the male‘to which the female responded would likely have

been the male with which she spawned was reascnable,

In both the mate selection and courtship preference tests
) describeq.above, both sexes, were ripe agd_réady to spawn, as indicated
by spawninh.actually octurring in the former case, and by behaviﬁur
indicating readiness to spawm occﬁ;ring in&;heilatter. To perform
either of these types of experiments with any species of fish, several
conditions must be meé: 1) there must be an adquate supply of ripe fish
of bdfh|sexes available, 2) fish must recover éuickly from being handled,
3) a behavioural indicator of readiness. to spawn must be gi;en by the

.test fish 1if éourtship preference tests are to be conducted, These con-

ditions were extrémely difficult to fulfill using sunfish. -

L}

Male sunfish from the study area can be induced to build nests ,
throughout the year by subjecting them to an apPropriate temperature and
photoperio&\(Smith 1970) but female sunfish have never been brought to

* sexual maturi in this laboratoty despibe repeated attempts,:o do so,

Consequently av lability of ripe Eenale sunfiah is limited to those

caught in the fieid Longears characteristically spawn synchronously -

every ten days to two weeks under optimum weather conditions., A continu—

ous supply of female 10ngéars is not available however (though many

~

would be available on spawning days), as rgge females tranoported'to the




-~

»

-~ - .i ' . 8
lab quickly begin to tesorb their eggs., For example, eggs stripped from

"¢

" females the day after their capture in the study area produced zero per-

]

cent hatch although eggs stripped from similar females on the day of

-

capture produced "normal" percent hatches (Table 2), Also, ripe females

v

cdnfined.together in an 850 1 cement tank became:progressively slimmer

’

L until they reached pre-breeding abdominal size, indicating resorption

- CE———

of eggs. In. short, wild female longears are exceedingly difficylt to

’ -

maintain in a.state of spawning readiness. Ripe female pumpkinseeds wete
difficult td-catch beceuse: 1) they were sqmewhat scarcer than ldhgear'
females, 2) large ripe females eere found onfy in the backwaters which
tecame_mote difficult to seine as the breeding season prog;eésed and
béckwater vegetation iﬁdreased,<3) smell’rige female pumpiieseede were
often seineyd from the edges of spawning longear-tolonies but this was :
not a reliable source and was also subject to the periodic synchronoue
longear spawning limitations mentioned ay‘?e. Hence a constant supply

of ripe females of bqth'species“could not be obtained,

3

Neither males nor females of eitger‘spec;es recover quickly

-

from handling, particularly when.intro&uced singly into a straﬁge ‘experi-

‘mental environment, Often several hours elapse b&?ore\the'fish begins

-

to swim about in the 1aboratory~test enclo&ureef -Male sunfigh would

e -

recover in any experiment which permitted them.to build neste ripe

female sunfish brought from the fiéld and introduced into a strange en-

vironment might require so much-;ecovety time that their eggs begin to

begtesorbed. ’ ’ .

Neitﬁer males por fewmales of either sunfish species-indicated'

[ . -,

" readiness .,to spawn by any overt behaviour.- While it is true that males

.
N
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of boto species build nests, the ptesence of a nest is no indication-

-that the male is ready to spawﬁ During the early stages of nest con- \
strﬂttion males of both gpecieg are higbly aggressive and usually chase
approaching females. Further, some sexually mature male longear sunfish
do not even build nests, yet apparently spawn by intruding into the

9

nests of other spawning mates (Keenleyside 1972) so that, in those fish

‘at least, a nest is not a necessary indicator of spawning readiness.

@

Male sunfish court females with a characteristic behaviour called

"courtshipicircle" but that behaviour 1is by no means an obligatory pre-

requisite for spawning to occur, at Ieast in 16ngear colonies (see
3

below), so.that while its periormance by a nesting male would indicate

’.“

male readiness to spawn, its»non-perfofhance would not preclude the

- . . t
possibility that the male was ready to spawn, Female sumfish indicate

¢ . . b

r

rea::ress to mate-by-entering the nests of males and'spawq;ng.'.Observa-
tio

of epawhiog longear colonies, however, showed that many nests
were entered by females who left again without spawning, so that even
g‘female's entering a nest is no guarantee that spawning will occur.

Consequently, it would be virtually impoosible to perform courtship pre-

~

ference experiments as the necessary overt behaviour'indicating choice

of a potential spawning partner is not present in the behavﬁbnral reper-
¢
toire of female sunfisﬂ and not obligatory on the part of the males.

<

As a result of these difficulties in téeting mate selection

directly, sunfisﬁ 1n a variety of reproductive states were tested, With ' ;

N

- the rationale that 1f less-than-ripe fish indicated they could diatinguish,

between two potential spawning partners, thtc ability would continue to

be availabte when the fish were fully ripe and could provide the basis

<

o xy .



for choire of ¥ne or the other'&yéilabie spawning partners. Furthermore,
. if the potential sﬂawning partnerc were less than ripe but still pro- . (
vided the stimulus for a choice to be made, there ds no reason ¢o believe'

that the stimulus would- not still be present when those potential spaw-

£ e

=
nin$\partners became ripe. In fact, the ;bimulus might wek{ be.enhanced .
by either the appearance or behaviour of the ripe stimulus fish. Male .

sunfish appear more brightly coloured when. fully ripe and nesting, which '€"

/ .

. may enhance their appearance. Liley- (1966) used four Species of fémaie
poeciliid fishes fo test mate preference of males. Non-virgin females

were used as "it was preferable to have females which Wikte relatively

. unresponsive in their behaviour” (p. 104). Presumably using more res+

;onsive virgin females would have eghanced‘the behavioural stimulus to:,.. . //

-

Yy, . :
- : the males, Similarly, male sunfish reactions to conspecific and hetero-
apecific femaleg were determined using males which were .both non-nesting
6Keen1eysi§e 1967, Bexies A) and nesting (Keenleyside 1967, series B and

; ). Female abdominal swelling was’ comparable between species but female

]

readiness to spawn wWas undeterminable, Female and male sunfish reagtions
. b . ,

a

to conapecifics and heterospecificséof'the’oppoaite sex were also performed _ -

in the non-breediag season (Steele and Keenleyaide 1971). None of the

.,

r

- fish teqzcdf'as liyely ripe as they had been held under natural pheto-

- Y ’

- peti_.od befoi:e tésting., If"non-ripe fish choose conapecifica/ there 1s no -

v

/ reason to enpect that ripe\?ish would not make the same choice, as the
> . °

alternative to making that chqice'(i.e. making no choice or choosing hetero-

-

, specifics) would foster mare interspecific.mating,than éeena to accur in

hoow ’ ‘ * : N g
the study area, It is well known, however, that much behaviour iézenda'on A
. reproductive condition, 80 a non-cgoice by unripe fish would not precfude ) K
, . . - )
the poséibility_that those same fish when ripe might very well exercise a

.l

A
b
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< pumpkinseed males.//}angear maled‘of all eizes used in these exp.riments

1y . ’ ) T
A - s

LI - L
- s - . -
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choice, With these constraints .in mind it is possible to test sunfish
8 v ’ . . - o ~
of .a variety of ripenesses with a choicebofoconspecific and hetero=-
o

specific sunfish of tﬁs other sexy again of a éariety of ripenesses, and l
to postulate th&t‘bhen both*seies of £ish are ripe they would cho%fe in

a similar fashion. .Such an approach pbile less than ideal is at least
. -~ . 'c‘ 5 .
more direct than postulating ethological barriers to’pybridization on

the basis that:.” 1) hybriﬁization is mot frequent and 2) mone of the

f'other_%arriets aqcounted for the iacklof hybridieetion=(Neisbn 1968).

. To assess whether female sunfishocould distinguish between
. & _
) diffexegt types of male sunfish, the fémales vere offered a ﬁhoic of

two‘males in ewo. sorte of choice apparatus. the types included.

longear and pumpkinseednmles beth nestingrsized (pqukins;eds latger

' : ' : ' ) ‘

_than longears) and equal-sized; longear and hybrid males both nesting-
[ § . . - ..

sized (hybrid larger Qhan longeer) and equal-sized"and Hfferept-sized

have been seen nesting in the study area. Large pumpkinseed and hybrid )
[ ]

males have been béen aesting, while those pumpkinseed\end hyhrid males

\of intermediate size may or gay not nert. Snall pumpkineeed and hybrid
3
malee have never been seen nesting. These observations on the relatiom

’

¢ between size and nsting have beed made by several investigators from

N . < . .
this laboratory over an eight-year pet¥iod: Females were npt presented

QiEE'a choice between pumpkinseed aaa hybrid males as these halee have
nevey been obeerved negting close to each other in the etudy erea. The

beheviour of males preeented with a cholce of the,tvo epeeiee females -
? L4 .
vas adso ;ecorded in the two sets of ehoice lpplfltul.o If males and
feuéles demonstrated an sbility to Shoose between stimulus fieh.ih-ghe
. ‘ ) o N ’ .
: /
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~ a petj:::/gatch of eggs as did the tvo species msles. Prbducéiod of a

3

. 12

;laboratory; they could presumably utilize this ability to seleéet among

the diffgreni types‘of spawvning partners availgﬁie in the study area.

If this ability consistentl& led to choice of a couspecific spawning par-

'\tner, then efhologicgl isolation ;ould be an important barrier to hybridi-

- L J
zation, : -

-

»

Llayr 8 postmting mechanisms 1 %lude- 1) gamete mortality,
2) zygote mortdlity, 3) hybrid inviability and 4) hybrid sterility. ’

These mechaniems might also act to reduce the inciddae of_hybricfization

~

Jn spite of the fact that gaﬁetes are shed, because if interspecific
gametes_prbduce fewer or less sdccessfu}'offspring'than intraspecific

gametes, the parents contributing those interspecific gametes will ulti-

»

mately be selected against, Thls should lead to the establishment or
strengthering of premating isolating pechanisms (Dobzhansky 1970). Of

the four postnafing mechanisms only hybrid sterility was tested. As

- 2

hybrid females have not been seen in the study area, only eggs from the'

two spectes were artificially crossed with milt from the three typea of
\
males in all combimations to aaczrtain if male~hybrids produced as high

-

lower percent hatch of those eggs fertilized with hybrid milt would .

indicate the operation of hybrid steriljity as a postnating igolating
e ‘ . ' ' A .
' mechanism, T S . - ¢

Ihe preéence of hybrids in the study area ‘indicate .that neither

/

pre nor post-mating 1aolating nachlnisna operate at nnxinun efficlency.

If'reproductive isolation is less than perfect between the .two species, :

,

;t what point iam MAyr‘s hierarchy do the mechanisms break down?, For

instance, if conspecifi® mate selection- can be inferred to be'hg;;gg&:g

as an ethological barrier to hybridizatloq,K;enleypidc'n.61967)t!lu;tl *

o~ s o

. . N . ° P

4 .
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'suggest that male conspecific choice exié%s and that male pumpkinseeds
* " { .
choose conspecifics more consistently. and vigorously than do male long-

1

. ears, Answers to the following questions would.help to better under-
stand theebarriers to sunfish hybridization and where they £ail in the
study area: 1) Poes female comspecific choice exist? 2) Is female
choice affefted by the size of the presented male? éSize diféirences
are striking.bgtveen nesting'nales~of the two -species}., 3) Where hyb-
ridizatiomn occu;s. is it a result ofva CTOSS§ b;tween a male longear and
a female‘?unpk;néeed‘or the reciprocal cross? &) Are h&brids in the

L . - N
study area as fertile as the two species males? It was to answer the:

. . X .
above t’lrt the present research was undertaken.
. -
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MATERIALS AND METHODS

. 1. Descr%ption of Fish

1.1 Longears

' | " Adult ma;e longears are smali, deep~bodied sunfish witth a
brown dorsal surface which shades into yellow-oOrange ventrally. The*
» lgtéral surfaces of‘the male longea:la;e blue with orange speckling
distributed so that the blue often appears as a seriFs 6§ivert1cal lines.
The dorsal and anal Eins contain a‘series of orange sg?ts on the blue-
grey i;ugr—spine membrane. These spots often form horizontal orange.
-1iné® on the fins. Male longears have a relatively 1a;ge, black oper-
—— " cular flap set at. an angle of 45° gbove the horizomtal. Thg;ewflapsuhayg
a'narrow red'postegior border, of;gn with a thin white dorsal and ve?tral

edge. Narrow disjointed wavy blue lines are found on the cheéks and

-

et opercula. In the breeding season the eye iris colour is'btigﬂi'red and

» the pelvic fins je;-blhck. Fork length measurement of fish used in this

- 9

study ranged fronf?.l to 11.0 cm (Appendix If. For }llusirations of male
| longears see Fig. 137, Trautman (1957) and Figs 239, Hubbs and Lagler

(1964).

~
- -

_ Adult fem#ie longeaxs are conaia;ently snalier than males. -
In this stﬁd&lfemale fofk lengths ranged fron.5.9 to 10.3 ca (Appggdix
I). The boéy coi&uring'is similar to that of t;e male, but the cqlqurs. .-
are duiler; Tﬁq ventral surface\ls pale yellow or white. The opercular

the male and although the

-]

. , . < flap is relatively much shorter than that of

14
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red posterior spot is.present, it is darker and less conspicuous than

;hét\of.the male. Blue cqheek-operculum lines are present, but are fewer
in number, thicker and less counspicuous than those of the males. In the
breeding season the eye <olour is white or light pigk and the pelvié

fins are yellow rathet than black.

~ b

4 ' y

1.2. Pumpkinseeds

)

Adult male pumpkinseeds are larger than male longears. In this

study fork length ranged from 8.*"0'17.2 cm (Apﬁendix I). The lateral

surfaces of the male pumpkinseeds are grey-blue dorsally blending to blue

A i
4 »

Iaterarly and yellow ventrally, fhe_3§9}? surface being covered with oramge

,spots. The dorsal and anal fin§ have dark brown spots on a gomewhat lighter )
brown interspine membrane with the resuls that these fing are much less
conspicuous in pumpkinseed m;les than they are in longear males. The

black opercular flaps are relatively smaller than  those of male longears

and a red gpot is present on the éosterior edge of the flap which e¥tgnds

horizontally from the opetculhn. The cheek-opérculug pattern consf?ts of

fewer, thicker, more continuous hlue lines than are.présanﬁ/ﬂh iale loné-

" ears. Eye colour is brown and pelvic fifis .remain yek;ak/th;oughout the ’

A .
~ A . . .
. “

year.
. . ” '

i . !
Adult female pumpkinseeds are very similar to the na}esyin
' . . e
-both size, ranging ip fork length in this study from 8.5 to.i6.4 cm

(Appendix I), and colour@lion, although the colours of the female way T .
’ b . ~‘4 « ‘ ' - L4 Iy
be slightly duller than those of . the male during the breeding season.-

Females have a larger urogenital aperture than males. For illustrations

»

of punpkiﬁseeds s#e‘?ig, 139 and Plate 1V, Fig. 1, Trausman (1957) and

L]
[ +

-

a *~
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_Figg. 234-5, Hubbs and Lagler (1964). . .

. - <
1.3 Hybrids o

Adult male hybrids are similar to pumpkinseeds in maximum

size and body Colouration. The dorsal and anal fins possess the orange-

=

spotted blue inter-spine mewbrane characteristic of male longears:. .Hybrids

"have a black ogercqla% flap that is relatively as long or longer than,that

S

. of male loﬁéears although the angle of tii; is not as great. The posterior
red pstch of Lhe opercular flap is larger and more conspicuous tﬁan that <
of ghé longéhr male, while the white dorsal and ventral edging of the
flap may be present, absent or altermating with spots of red. The Pl&e
Eheek—opercula lines are thick and continuous like those of the pumpkind'

seed although they seem brighter. Both eye colour and pelvic fin colour

tend to be 1nter§ediate between those of ‘the longear and pumpkinseed,

ranging from red to brown and grey to yellow respectively. Females which
’ ®  cGuld be clearly-identified as hybrids have never beeén seen in the study
area.

2. €ollectior, Transportation and Holding of Fish

" The sunfish used in ihis study were collected in the study

‘area by seining during ﬁhe spring and summer wmonths. They were tfgneported

. to the laboratory in large polyethylene bags approximately 1/4 filled with

water and 1/2 filled with a mixture of 92% 02. 82 g02. Uﬁon arrival the -

fiph were either used immediately for stripping experiments or*ée;e sep-

"ﬁihféd by species and sey and held in five 850-1litre cement Qolding tanks

ib a greenhéuse before use in other experiments. Water tglpeiature in

- « .. 4
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the greenhouse tanks ranged from a summer maximum of 20C to a winte;
minimum of 15C. Photoperiod was natural (43° lat.). New fish were
caught each spring and Summer. Thosé_rénaining ln the greenhouse tanks
from the previous season were fin-clipped (left pelvic) and released

in the study érea. Fish in the greenhouseltanks were fed largely'a

diet of étrike Fish FPood #4 Crumbles {Country Best, Agway Inc., Syra-
cuse, N.Y.), while the expgr%mental fis wefe not fed except as noted

below.

S o

- >

3. Observation of Longear Spawniné

-

The longear breeding season began in late May aﬁd extended
well into July in Qost years (personal obsérvatioﬁ)._ During this time,
male longears periodically congrégéted :J form colbnies: These colonies
usually started vith a few‘males d;gging'pests in the shallow water near
the riveg’§ edge by vigorously sweeping the silt from the gravel substrate
with pwerful beats of their caudal fins. Hore».: males congregated until
£he final size of the colomy may-ha;e ranged fr;m less than a dozen to
several hundr;d nesting.léngear males.(Keeﬁleyside 1972) . These m;les
were very agéressivg in defense of their né;t»territories and chased out.

L}

all intruders including females until such time as both the males and

females were fully ripe, when females enteieé.the colony to spawmn. These
females were sometimes courted by the nest{yg males in the colony. A
courting male swam up toward the female from his‘hoiering position over
his nest, looped over hgr and quickly swam back to‘his nest to turn a;d-'

-

face the feﬁple. This "courtship circling” was the most overt form of

male longear cqurfbhip. If the female was receptive, she followed the "'

" FY
. -
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male to the nest and the two fisﬁ swam In slow circles wifhin the nest

-

with the male usually on the outside. Pe:.'iodi'sa-lly the female tilted

at very nearly 90° to brihg i’ze-r urogenital a;;erture;close to that of

® the male for a second or two, and shugddered v;rhile teieasing eggs into
the nest. Spawning finished when the female lefé the nest or wae: chased
out by the resident male. The najoi'ity of spawning occurred in a colony
over a two day period sta;ting around mid-morming énd peaking‘from‘

-y

mid to late afternogn. ) . Y.

obsetvations were de to test the hypcthesis that male longears were
not courting females to any great extent during peak spawning beriods.
Observations were made on five colonies in which spawning was frequent

ovér a two day period. Recorded female behaviour consisted of the

following acts: -

-~
.

. Enter nest - ‘The fenﬁie swanm into a male-occupied nest.
Circle - The female swam in c;rcles,:;\wi-fh;n the nest with the male

swipming beside her on the 'oucs:lde.
¢ . o

Spawn - The female periodically tilted on her side for a second

or two, usually duriag circl:lnd, bringslng her urogenital
. 4 .

CAd

. . aperture clo‘s'e to that of the male and shuddered or vibrated

while releasing eggs. .

-

Edch of the above female behdviours was subdivided into two

groups: 1) male courtship circling priceded the fenqlé béha‘vioux. et

- Jeast sdmhe‘re in the sequencé: enter dest, circle, spawm; 2) no male °

. -
‘o . . ' . L] .
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courtship circling occurred at all. The relative numbers of female
behaviours in these two groups therefore indicated the relatii@ amount
of male courtship occurring during the height of spawming. . &
- [ Y Tyt
Cémparable observations of pumpkinseed spaming were not
made. The lower numbers of nesting maié pumpkinseeds combined with their

nesting singly in the deeper wéedier backwaters mitigated against the

observation of pumpkinseed spawmning.

. .
4. Cement Tank Experiments a

.

These experimenté were conducted during the morfﬁs/of October

and November. No attempt was made .to match fish by size either within
or between species, althdugh the fish used did reflect the generalizatiom

that adult pumpkinseeds arg'largér than .adult longears and 'longear males
A .o
are larger than longear females (Trautman 1957). »

4.1 Apparatus and Observatioms: .

~

-

A cement and plate glass tank (335 x 352 x 66 cm deep) was
divided lengthwise }nto five eqyaf compartments (Pig. 1)? Each compart-
ment was in tﬁrn divided into fiQe sections by inserting a clear glass
partition 91 cm from each end’ and a one-way glass partition 30- cm inward .

from the glaSszgartitioqs towards the center of the compartment. The

central sections (P-J Fig. 1) were separated from each other by black
it -
plastic, while all other sections were separated by fine-nesh fiberglass

"gscreening:. The tank bottan was covered by a layer of fine gravel to a

depth of about 7 )cm. Hater dep’ve the gravel was about 24 ca.

.
Each end of each of the five compartments was illuminated by

. .S . '
. '




Figure 1.

I

.
.
. .
- L]

Top view of cement: tank showing subdivisionms.
Stimulus sections: A-E, ¥-0. Test sections: F-J.
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a 100-W -bul'b. The central sections were each illuminated by‘ a -W
bulb surrounded with an aluminum foil reflector. All ‘bulbs were sus-—,
pended 30 cm above the water surface. The central bulbs wefé connected
to a 'pcwe'rstat §ari5ble autotransformer (type 3PN116B, -Superior Electric
Co.., Bristol dConn.). All lights were connected to an interval timer
which provided a 16 L: 8D cycle beginning at 0700 hrs to approximate

R i . 13
the local June photoperiod when spawning of both species normally occurs.

'The entire tank was surrounded by a black plastic curtain
about 250 cm high and 30 cm from the edge pf the tank. ‘fap;iﬁater slowly
- ” ’
trickled into each compartment at one end, and ,wé_.ter levél was maintained

." - -
by a stand-pipe drain at the other end of:';_he tank. Water temperature
. ! &

was 21.5. % 2°¢C at the inflow end and &4 ¥+ 3% at the outflow end of the

\\}

experimental tank for 907 of the experimental time. Two inflow adfust—

ments to cool the water in the tank whén it rose above 27°C caused brief -

.

_declines of 7 and 8°. V ' o

T
L3

' Observations of test fish position and behaviour were made
Pl
L
through a narrow siit in the black plastic curtain while watching re-

-]

flections of the fish in a mirror suspended over the test sectioms.

These obs/e}'v'a/tiohs were made under t:wo&ighting conditions: control (C)

.

wi% central lights on, allowing each test fish .to see only its

. mirror image in the one-way glass partition at each end of the test se
’

) @, and expetimental (E) with the central lights off, allowing the test
fish to see through the one-way glass partitions into the stimulua sect-

ions at each end of the test ‘sections. The lights over the stimulus _ ‘
" -' ' .
sections remained on during both C and E conditions. Under the C condit-

-

. [ ]
ion, stimulus fish could see into the central section, while under the




J e

E condition, stimulus fish could see their mirror images in the one-way
- - -

glass partition. s

Under lighting condition C, a test fish was observed fof a
. ) L] . ,
netronome-timed 2-s interval during which its position and behavieur

were recorded (see below). Then the test fish in the next compartment

was observeé for a 2-s interval and its positionjand behaviour recorded.

Y o ' )

This continued until all five test fish had been obsgyved, at which time

the first test fish was agaifd observed for a 2-s intefval. This proced-
ure was repeat?d until a total of-200 ;bservatiggs had been recorded for
each of the five test fish. The intensity of ghe lights over the test
sections was then reduced to zero during a 30-s period (producing lighii
ing condition E) and the entire obggrvation and recording Qrocedure was
repeated untii a further ibO obseréations per test fish had been recorded.
The five test fish weregthen discarded; no fish was used as 3 test fish
more than once during the experiments Fish‘gehaviour and positiqg.were
recorded on five 9-unit laboratory counters (Clay-Adams Inc., Neﬁ’York,
N.f.).;_All data were collected betyeen llla.é. and 12:30 p.m. , 0

Position and behaviour of. test fish were recorded as one of the

¥

N,

following Eategories: ‘ -
. .

1. Pointfng’conigecif{cally (PC) was recorded if the test fish was with~

in one fishrlength of, and oriented toward, the one-way glass parcifion

beyond wPich were the three conspegifics.of the opposiée sex }the con-

specific pastition). )

2. Pointing heterospecifically (PH) w#é recorded if the test fish behave§

as 1in 1, bu:.oriented towards the heterospecific partition. ' |

3. Nosing conspecifically (NC) was recorded 1f the test fish touched. the

Q
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cénspecifie pastition with its gz;ut,'and was eitﬁer stationary or swim-

N

-

ming slowly along the partiti&h.‘ ) . Y

Yo, Nosing heterospecifically.(NH) was recorded if the tesg fish behaved

as in 3 but contacted the heteiosﬁécific partition. i

. oA : . S
o 5. Fluttering conspecifically (FC) was recorded if the test fish in ad- -

ition to touching the“%onspecific~partition with its snout, also engaged

in rapid horizontal beats of its tail, as if trving to swim through the
’ , . ' ~
. f partition. : o

: 6. Flﬁt;ering heterospecifically (FH) was recorded if the test fish be-

4

-havéy as in 5 against the heterospecific partition; Qﬁ
) -

* B . . ~ "
- ‘7. Neutral (N) was recorded if the test fish was .ot recorded in ome of. - .%

.

the above six categories. Such fish usually hovered close to the bottom
- N A L N ’

gravel in the centsal part of. the test section. ~ 2\\

8. Crossover {X0) was Yecorded:-each time the test fish swam from one

end of the test section té the other. . ' . ' .
. . The X0 data were collected at thg game time as Phe'dgta for the

first,seven-behaviour-acts;"howeverL only the latter were included in the

- 200 observagions per test fish recorded under each of lighting conditions

. ’ , 3 ) . >
C and E. - . *
v ‘ ' i ‘

3 e
>

.-

) ’ : " 4.2 Testing Procedure p T :
. )
R , ~ ‘
_ d Repetions of males and females of both species to comspecifics
o \ r
and to heterospecifics of the opposite sex were recorded in two experiments.
- ’ . kg .

.

In both, a single fish to be tested was 1nt£;?dced into "the central sect-

L] -

. pc ' -
ion of each compartment (test sections F-J, Fig. 1), given a day to set-

tle downy and observed the folldfiné day. Conspecific orfheterospec;fic

, : Q . -
. <v
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F, fl, and J, and pumpkinseed fenaies.tn sections 6 ,and I. Naive female

- test fish of the two specées were alternated in this manner unti

b

i |

- - . . 25

* fish- of the opposite sex weré introduced into the end sectioms (stimulus

®
sections A-E and K-0, Figi. 1) in groups of three. Lohgear females do not

normally entounter singly, nestin"g 'maie longears, angd it was_ felt -that

. )
the addition of more than three fish might unduly crowd the stimulus T

—_

sections. These gfo_ups rémained in® the stifulus sections: for the durat-

ion of each experiment. In each longitudinél compartment, fﬁen, there . s
: \ .
was a single fish under observation in the Test section, three conspecif-
' 2 . - - - ' ’
ic fish of the opposite sex in one stimulus section, amd three ‘hetero-

specific fish of the opposite sex in the other stimulus section.

. o ) ¢ . ' ” .
, 4.3 Experiments . = , |

- . ¢ . ’ - : .
. " 4.3.1 Fe.males as Test Fish ° .

- Stimulus fish were altermated with each other by introducfng

@

three male pumpkinseeds into each of stimulus sections A, C, E, L, dnd ' -
S : s

.
. . -

N, md three male longears into each of- stimulus sectidhs B, D, K,' M,

and O (Fig. 1). All 10 gro‘ps of males re;m:lned in -these sections for

the duration of the- experinent, and.de fed dried fish food each after-

noon. oA ° s =
i‘-‘or the first da}; of obs_etvat:lons', .s:.lngle female puipk}l.néc;eds
had been plated in test sections F, H, ‘and J, and .fel-n.ale ;.ongérars in 9_:’ 1
test 'sections G,a;ad 1 (Fig.' 1).‘ *For the second da.y thev plilocation .of ‘. B o
tea‘:g- secti.on; was revepsed;" longear fena;es being placed in sect'ion‘s‘ ) ©

AR

LX) - -
k]

females of each species had been tested which required eight servation

- . : - - A .
- i -
- g R ~
:
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. and heterospecific females was similar to that described for females but

- with the‘positions of thé‘sexés reversed.

‘1ined yith clear polyethylere sheeting and partially filled with gravel

. | S - 26
days. Test fish were not fed while in the experimental tank. The

-

apparatus was then dismantled, cleaned, set up again as beégre, and |

the water aged for one week before male tests began.

A

®
4.3.2 Males as Test Fish

, v ' R
The testing procedure for male sunfish. responses tq conspecific

.
- . - .

5. ARtivity Box Experiments

o : L.
€ sunfish used in thebe+experiments were collectéd in the

study hrea during thgfspring and summer and held in the éreenhouse ganks

before use. Fish were chosen to represent the adult sizes of the species

X

¢ . . 8.
used although in soge of these experiments fish were matched for -size..

LIS

The apparatus was again desigped ‘to.allow. the fish under investigation

(the test fish) to €xercise a choice between two dissinilar fish of the

-
opposite sex (the stiqulu& fish); .

,' . ol ) '-. ’ . ,r :
. - ‘ v +
)o . . . ’
. . 5.1  Appatatus and Observgtions' - L ¥
. .. . - N

- ’.

Figé grey-painted plywood boxeé'(90'x 90 x 45 cm déep) vere

& oo / e . . - .
and tap water to a depth of 2 cm and 20 cm respectively. One-way glass

parti;ions divfded‘each box ipto’ quadrants. ﬁiﬁg&ﬁally opposite qdﬁdranta

vere designated .as either "test" oégystimnl quadrants and'coﬁggined .

either test or stimulhe fish Tespectively (Fig. 2).. Clear glass partitioms .
) ’ “. -




Top view of activity box apparatus; (Connection of clear

glass partition to event recordér not shown.)
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were ;Lspended in the test quadrants parallel to and abour 1 cm from

the oneway glass partitions. These clear glass partitions swung'freely

when c;ntacted. Aftached to each clear partition was a copper wire whicp
passed through a<hole ;n a copper strip. Both the wire andlscrip wefe -
wired to an Esterline Angus 20 chammel event recorder so that when the

clear glass partition was moved by the test fish‘spntacting it, a connection

. . occurred between wire and strip causing the recording pen to fire. Thus °

X - the Esterline Angus recorder indiceted test fishactivity relative to the
. clear glass partitions. .
* Sudgended centrally 10 cm above the water level of each quadrant

was a 40 ;at ighi Lulb. Two lighting conditions were wsed; control (C)°
with the lights on over the test fish and off over the stimulus fish,
allowing the test fish to see only its own mirrgr image in the one-way
glass partitions, and experimental (E) with‘thg lights on ovef the stim—
ulus fish and off over the test fish, allowing the test fish to see through

the one-way glass partition into the stimulus.quadrants.

i ?oa

Test fish activity was monitered over a 24 hr. control period
. followed by a 24 hr. experimental period. The control period started

at 1400 hrs and consisted of 8 hrs. of C light, 8 hrs. of ‘total darkness

and 8 hrs. of C light. The iighting was then switched to the E phase
and’ the experimental period cosmenced. It consisted of 8 hrs. of E light,

8 hrs. of-total darkness and 8 hrs. of E light, following which the ex-

- vy

'petinent was tegminated. After each experiment, fork lengths of all
: o

fish used were recorded (Appendix I). In-.addition, neating'of male fish
.wag recorded each time a néie'sqept a depression in the gravél of suf- /

ficient depth to exﬁoee the clear plastic 1lfning the bottom of the act-

~
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ivity box. The gravel bottom of each quadrant was leveled between

experiments if necessary. %ish tested i; these experiments were used once,
fin-clipped and released in the study area. Naive test' fish were used
in every expetiment and were introduced into the boxes the day be;:;E
the control period began to gain familiarity with gie apparatus. During

this 'settling down'' period the light regime was identical to that of tﬁe .

~ control period. .

o

4

The - event recoraer wae set to run at a speed of 3 inches per

he. for the 48 hour period of the experiment. Eéch inch of chart was sub-

divided into 10 units so that in ome hour 30 chart units passed the record-

ing pens. An "activity unit"” was defined as one or more pen firingg in
a cﬁarf unit. Consequently a maximum of 30 activity units could be record-

ed per fish per hour.  An in 'cition of test fish activity relative to the
. \ :" . . .
clear glass partitions was_obtained by totalling¥he number dT activity

. o

units recorded for each of the 48 hours of thé:experipent.

Some fish activity records were discarded for one of the following
reasons:
a) Very 'little activity was recorded (less than five acgivity units in
the entire contral or experimentél p;}iod). This may have occurred eitgef,
because the test fish was not active or ?eca;se the glaaﬁ partition-

copper wire-copper strip arransenéni was not sensitive eneugh to record E

_the fish's activity. This occurred most frequently when small fish (fe-

male longears aqg small -female pﬁhm*inseedé) were being tested. Occasion-

" ally it alse occﬁrred vhile larger fish were being tested and nay have

resulted from the test fish shifting the gravel so that it prevented the
. [ ]

clear glaas partition from moving freely. Subsequqnt contacting of the




.

~a test fish sqﬁeezed between the clear glass and one-way glass partitionms,

\ 31
clear partition by the—test fish no lonéer Ehused the recorder pen tb fire.
b{ Occasionally the' copper wire-copper strip arrangement became supersen—
sitive and fired either spontaneousdy or 'in response to slight ripplinfk

of the water surface causéd by the aristone present in each fuadrant in the

corner furthest from the glass partitions. Records of this situationm, were
recognized by there being as much or more activity recorded during the 8’
hr. psf}od of darkness as thére vas during the light ‘periods preceding or

following the dark periods. The same .type of chart. record also occurred.if

3

P »

when slight fin movements were emough to move the clear partition and to
fire the recording pen. This situatfomr was diséouraged by paéing the clear
partiti;ns close to both the sides of thg box and the gravel; neverthéless
tegt fish were occasionally seen behind the'pa:titions. <) A recording pen
ran out of ink. d) A light bulb burnt out during the experiment. e) A fish
died during the experiment. The most common reason for discarding activity
records was a) above. ' -
Retained records were analysed by calculating the differences in

hourly activity units directed towargd each stimulus fieh by each test fish

'

and subjecting those differences to a t-test. This test took the form:

t = “di4 ..
8 n n 8 . where ~dij = average difference
LI dif - I (£dif)? ) . »
i=1,j=1 i 4 ’ " ' in respomse for the
8 . . .
TP - - ith hour, jth fish
8n : '

n = ngumber of figh tested.

Y

Use of this test is subject to certain limitations described in the Results

!

(Section 3;2.1).

5.2 Testing Procedures . ,

Fish tested in the activity box experiments were subjectéd to one




- of two methods of testing: : 32

-

>

- . Method 1 used both naive stimulus fish and naive

“

test fish for each exferiment. ‘In addition test fish of two species.

wvere usually tested in each activity box atethe same time, The pbsitionq .

~
@

of both stimulus and test fish were systematically alternated between

experiments, Neither test nor stimulus fish were fed while in the boxes.

- ' Method 2 used naive test fish for each experiment,

~

"but the same stimulus fish during a number of‘zxperiments, although they -~

-~

, . were alternated between stimulus quadrants between experiments. In addi-
tion only test fish of one species were tested per experiment, While

1] t ’
test fish were’ again not fed during the experiments, the séimulus fish

which were sometimes in the boxes for as much as a month, were fed a
diet of live mosquito;éfxvae at least thrice-weekly. Unless otherwise
specified all experimenfé‘used method 2 and were conducted in the summer

months,

5,3 Female: Longears as Tést Fish

5;3.1 Responses to Different-siied Longear and Pumpkinseed Males

- -

- Ten, ten and nine female longeqre were tested with male longears

and pumpkinseeds as stimulus fish using method 1, 2 and 1 in summer, .
" ) , ‘ .

summner and winter fesﬂéctively,_ See Appendix I-1, 2 and 3 for fork

lengths of fish used in these experiments,

-
. -

. 5,3,2 Regponses to Equal-sized lLongear and Pumpkinseed Males

Sixteeh'feualé longegrézwere tested with male longears~and
pqmpkinseéds matched for length so that the difference in stimulus

males never exceeded 0.4 cp‘(Appendix Ipb).' C : ’ ’
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5.3.3 Response;'. to Different-sized Longear and Hybrid Males

7

Twelve female longears were presented with a choice between

male lohgears and larger male hybrids (Appendix i-S).

’ , 5.3.4 Responses to Equal-sized Longear and Hybrid Males

Fifteen female longears were offered a choice between male

v .
longears and hybrids matched for length so that the difference in
stimilus males never exceeded 0.4 cm (Appendix I-6). .
ca 5l3.5f)Responses to Different-sized fhmpkinseed Males
W e et .

- “-  Twelde female longears were tested with pairs of large and
small pumpkinseed males (Appendix I-7). Both sizes of males had

similar body cdlouring and markings.
?

. -
»

£

5.4 Female Pumpkinseeds as Test Fish

b

*

5.4.1 Responses to Different-sized Longear an’d Pumpkinseed Males

Twelve, fourteen and seven female bimlpkinseeds were tested with
male longears and pumpkinseeds as stimulus fish using methods 1, 2 and
1 in. summer, summer and winter respectively) Saee Appentiix 1-8, é and

- 10 for lgngths of fish used in these experimagts.

B

5,4.2 Responses t@iffermt-sized Puupkinseeé Males

For pumpkinseeds, the categories small, medium and large were

arbitrarily defined as: small -<11.0 cm; medium - 11.0 to 13.0 cm;

large ->13.0 cm. | ' '

Ten small, éishteen medium and twelve large female pumpkinseeds




- were offered a Ehoice of large and small male’pumpkinseeds. See

Appendix I-11, 12 and 13 for lengths of fish used in these experi-

ments. -

5.4.3 Responses to Different-sized Longear and Hybrid Males

Sixteen female pumpkinseeds were tested with longear and

large hybrid males as stimulus fish (Appendix I-14.)

5.5 Male Longears as Test Fish

.

’

. Twenty male longear3 were tested with females of the two

species in the summer using method }. (Appendix I-15).
.' )
5.6 Male Pumpkinseeds as Test Fish

' ' Twenty male pumpkinseeds were tested with females of the
{ &« ,
| two species in the summer using method 1. (Appendix I-16).

6. Stripping Experiments ‘ S

6.1 Egg Ripeness and Order of Extrusion
»

.

-
.

To determine if differemces in the quality of egg éipeness
‘varied with the order in which eggs were extruded‘from the fema;g!.eggs

from six of each species of female were strippgd into 6 to 12 round

]
[

plexiglass Eonta;ners (described in 6.3) and immediately fertilized wizh ~

T
\

conspecific milt by either fertilizing several dishes with several nalgae
I ¢ )

- L]
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(female “pumpkinseeds Series A) or by fertilizing all eggs with the

same male (female pumpkinseeds Series B, female longears).

Females used for these experiments were seined from spawning

g

longear colonies. The criterion for using these females was that the

-

eggs flowed freely with slight abdominal pressure. Females were chosen
which seemed to.be fully ripe at the time of capture although the last

four female longears: abdomens were not as enlarged as those of the first
=
{

/ . .
* , /////
6.2 Egg Size _ /

Diameters of 20 eg‘é from each of five pqmpkinseed females and

two as they had probably been spawning before being captured.

eight longear females were measured within an hour of fertilization using’

an ocular micrometer to confirm the visual impression that longear eggs

-

were larger than pumpkinseed eggs. Both species of eggs were approximately
spherical and only one mTaaurement of diameter was usually taken. When
an egg appeared distorteq, the average of its 6zxiuum and minimum diam-

eted was recorded.
6.3 Crossing Experiments

To assess the possible syccess of all the crosses which might

occur in the study area, eggs from longear and pumpkinseed females were
L Y

fertilized with milt from longear, pumpkinseed and hybrid males in the

i, -

laboratory. Fish used in these experiments were seined from the study
area, tranaported to the laboratory and stripped 1mmediate1y. Eggs

were fertilized in round plexiglase containers (7.5 cm in diameter)

with fine nylon mesh bottoms resting in finger-bowls contafning 100 ml

of water. five minutes after fertilization these containers were trans-

L] .
. -
~
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ferred to an aerated aquarium (62 x 32 x 31 cm deep). Each container

36

. had a styrofoam collar so the containers floated in the aquarium witﬁ
2.cm of waFer covering ;bé eggs: ‘Both the water in which the eggs wefe‘
:;;f@ertilize& and the aquarium water in which they were subsequently placed
was river water tom thé study area. Water’temperature in the aquarium
was lef 3% throughout - the expe}iments thch approximates spawning
temperatures in the study .area.” Dead gggs were couﬁted and removed at
least daily. After hatching (2-3 days after fertilizationi, fry were
counted and discarded.‘ -
.Eggs and milt Qere strippéﬁ into the plexiglaés conta;ners

using one of two methods:

Method A . *

Eggs from one species of female were stripped into t{fZ:.contain-
ers and eggs from the other segcies female were stripp?d ingo three' ad-
ditional containers. Then each of t?e three mgles (longear, pumpkinseed
and hfLrid) had at leasé ® drops of milt squeezed into one pair éf éon—{
Cainers=§ach of which contained one of the species ev/s.'vThe order of
stripping therefore was: one species female followed by the secqnd species
female followed in turn by each of the 3 t&pes of maleg. No more -than
-2 minutes 'elapsed between stripping gf the first eggs and fertilization
of ;hellast eggs stripped. o

Care was taken to rinse the hands.wgll between male strippings
so sperm of oﬁe male did not éontamina}e the\eggs fertilized by anot@er
maleé. The order in which femalés were strippéa was varied so that some-
timgs the female pumpkinseed was first stripped, sometimes the female

longear was first stripped. In addition the order of fertilization by

the males was varied so that each type of male was stripped first,’
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second or third an approximately equal number of times.

37

After lo‘guch replicates, Method A was altered siighfly to
eliminate the pogsibility that the unequal times between stripping‘oi
eggs and feptilization might affect the hatching success of the eggs

- ) »
in the six containers. - * )

Method B

Again the eggg of §oth species of female weri each stripped
into three plexiglass containers. Hewever, the eggs which were stripped
were imﬁediately fertilized by the three types of males. The order of
stripping for Method-ﬁ was therefore:‘oﬁe\species femalg fertilized
immedi;tely-by the.three t&pes of m;Ies followed by the other speéies
female again fertilized immediately bf the same three males. As in
Heihod A, the hands were well rinsed between fertilizations, and the
order of male fertilization was varied. Method B was replicated iS

times, 10 in the same summer as the Method A replicates, five in-the

following summer. .
\
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1, . Observations of Longear Spawning

‘cﬁfcling. All 43 of those females which entered the colory and eventually

RESULTS

= v -

Female longears at the height 6f spawning in a longear colony

frequently entgred the colony, entered male nests, circled, spawned
and left the colony with little or no preliminary courtship circling OQ\\\

the part of_the males, 'The thicker arrows on the left-hand side of -
° -

Figures 3 and 4 clearly indicate that most of the observed females per-

formed the indicqted behaviour acts in the absence of male courtship

| -
- . .

left without spawning, initially eq&ered nests without courtship (Fig. 3).
Further, a total of 98 nests (43 + 55) was entered without ma]"courf- .

ship, while only & nests were,entéfd with male courtship (Fig. 3), In

addition, of the 49 females which entéred a colony and eventually spawned
(Fig. 4), 42 initially entered nests without male courtship, only 7 with
male courtship, Further, a total of 93 nests (42 + Si) was entered with-~

out courtship,’ only 12 (7 + 5) wifﬁ courtship (Fig. 4).

14
—

Once circling ip the nest by both male and female takes place,

there is a good chiice that spawning will occur, regardless of whether .

f

or not there has been previous courtship circling by the male. of the .

total of 102 nests entered by females who eventually lgft'the.colony

without spawning, only 14 (11.+ 3, 1,610, Si)‘wz}e circled in (Fig. 3, '
while of the total of 105 nests entered by females who eventually spawned,
68 (50 + 6 + 12; \ '€, 64 «8%) were cincled in (Fig, 4), Figure 4 further
11lustrates that of 50 non-courted females who circled in ;he nest, 35

(70,0%) spawmed, and that of 18 courted females who circled in the nest,




-

Figure 3. _Frequency of be!.iav:h:.r acts of female longears observed enter-

> - .
ing and)leaving five longear colonies without spawming. Left-
_h-and,acts occurred in nests of ‘non-courtihg male's, right-hand
~ acts in néate of courting males. Thickness of arrows is' pro-

sportional to frequency of acts.

B
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Figure 4. Frequency of behaviour acts of female longears observed -
! > * entering five longear colonies and spawning before leaving.

5 . Remainder of legend as for Figure 3.
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about the same proportion spamed (14 of 18 or 77.81).

The function of male courtship circling may be to induce females
to circle in the nest amnd henc;.'impro\Ie the chance of spawming occurring.
Of the 7 females who entered the colony and were initially courtxed, 7
(100Z) spawned (Fig. 4) while of the total of 85 females who entered the
colony and were not initially courted, oniy 42 (4—9.42) spawned (Figs. 3

and 4). - . '
2. Cement Tank Experiments

Table 1 presents .the sums ,of behaviour acts for males and females
of each species under lighting conditions C and E. These value's were
greater in the E phase than in the C phase of tl';e experiments for every
category except N, indicating an increase in test fish activity under
ih/e E lighting conditions. In every cgse PH > NHDFH, and in every case °
but one (male pumpkinseeds, E phase) PC )NC)FC indicating that these -
fish pointed more than they noskd, and nosed more than they fluttered,
under both C and E conditioms.

A comp;u-isAo'n of comparable behaviour acts (PC and FH, NC and NH,
PC and PH) in the C phase, using an analysis of variancel (:&ppemiix v-1)

, . revealed a.significant difference only between PC and PH for female
pumpkinseeds (P€0.025). This difference ;lnd:lcated that fenale pﬁq;— )
kinseeds discriminated between the two encis of the test section by ]

pointing significantly more towards the conspecific én_d, in sﬁit_e of

the fact that under fhe C’coﬁditions they could not see i:he stinmlus_

. ‘. N - q R
¢ males behind the one-way glass partition. . - -

L]

1l’opulatcious, acts, and experimental conditions were treated as
fixed effects, and fish as random effect for the analysis of comparable
behavior acts. ‘

. L. -
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Table 1. Totals of behaviour acts in cement tank expefiments.
FC, NC, PC, - flutter, nose, point conspecifically;.
N, 32\;4&1, PH, NH, FH,~point, nose, flutter hetero-

specifically; XO, crossové}; C, control; E, experimental.

L
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FEMALE *

PUMPKINSEEDS (n=20)

FC NC PC N PH' NH FH X0
C 3 32 828 2640 484 3l 2 76
£ 105 156 999 1533 849 202 156 254

LONGE ARS (n=20)

FC NC PC N PH NH FH X0
C 8 27 38 30% ' 500 27 7 46
; | E 85 389 1248 188 612 61 17 184
MALE
: PUMPKINSE EDS (n=20)
FC .NC  PC N PH NH  FH X0
367’ 454 49 2 105

c 15 32 271 67
E . I53 106 797 173

\95i‘ 57 105 - 248

LONGEARS (n=20) |

"FC NC PC N PH NH FH X0
“C .5 18- 574 2840 539 5 9 4 T8

-

v € 39 146 872 (772 958 - 14l 72 285
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A comparison of comparable behaviour acts in the E phase
of the experiments revealed significant differences; between PC and
Ph, and between NC and NH in female longears (P(G.OOI)L. T'h'is_ in-
dicated that of the four kinds of fish tested only femalg longears
clearly distinguished between the two ends of ;he test seét;ons in
the E phase by orienting towdrd and -contacting the conspecifigh?ne-way
glass partition more thgn they did the heterospecific partitionm.
Aighough FC was not significantly larger than FH for female longears
in the E phase the trend to comspecific ch‘oice persisted. Certainly
when all the conspecific acts (FC, NC, and PC) were comparéd with all
the heterospecifiC'acts (PH, NH, ané FH) under both conditions C and
E, only'fémale longears performed s%gnificadtly more conspecific than
het‘eroépecific acts (P<0.001).

Figure 5 was derived from the data of Table 1 and illustrates
the percentage incredse in behaviour‘acts between the C and E phases

-of the two experiments. Males scored_higher X0 values than fémai;;‘in

the C phase (Table 1), but the 'percentage increase in X0 .from phase

C to phase E was higher for females thdn for males (Fig. 5). A comparisomn

of X0 values using an analysis of var:lance2 (Apﬁendix V-2) revealed

no significant differences between females of tHe two spécies, or. b‘etween

males of the two species, or betwéen females and males, when differences

between the E and C conditions were considered. When mean X0 values were

": . . ' . ‘ . . ‘
2Populationh and experimental conditions were treated as fixed
effects, and fish as random effects for analysis of the XO data which

was transformed to the square root of the obsetved valug plus 0.5. | |




-

/

Figure 5. Percentage increases {(vertical scale).in behaviour gcts

between control and experimenta1 conditions. Rest of

~

legend as Table”l.
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considered, no significant differences were found between females of »

. e
the two species, or between males of the two .species, but the mean

X0 va;l.ue.for females was significantly lower (P€0.025) than it was '

for males. This difference resulted from females ﬁgving lower XO values

than males during the C phase, and from male longears having higher

X0 values than female longears in the E phase (Table 1).

.

’n
>

Figure 5 also shows that fémale longears exhibited both the
©  largest percentage incredse in a single behaviour act (PC), and the
greatest differences between’ comparable behaviour acts (PC and PH, NC

. and NH), when they were able to perceive fish of the opposite sex under

lighting condition E.
3. Activity Box Experiments

3.1 General Activity Levels : :
Test fish activity dqi?ined sharply when the lights went out
and increased sharply whén the lights came on in most of the experiments

conducted. T-tests comparing means of total activity directeq toward

each stimulus fish in 8 hr blocks revealed that activity in each of the *

lights-on periods was significantly greater than in the 1lightg-off

period for both C and E phases, with the'following exceptions: C-ON 2
ys C40FF'1(Figs. 7, 11:.20) and E-ON 2 vs E-OFF (Figs. 7; 12). In -0

short, test fish activity was greater when lights were on- than when

«

. ) they were off in both the C and E phases of 'most experiments.

1C-ON 1 - first lights-on period, control;

C~OFP - lights-off period, control;

C-O§ ¢ - second lights-on period, control; ‘
E-ON '1'~ first 1lights-on period, experimental;
E-OFF -~ lights-off period, experimental;

E-ON 2 - gsecond lights-on period, experimental.

>

M
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3.2 Female Longears as Test Fish
3.2.1 Responses to Different-sized Longear and Pumpkinseed Males
Figures 6 and 7 illustrgte the responses of 10 female longeéars
tested in the breeding season using Method 1 {Fig. 6) and Method 2 (Fig. 7).
An examination of figure 6 shows that the t-test described in
the Methods (Section 5,1) revealed significan; differences in eac; of the
six 8 hr periods. This test, which is designed to. give more weight to
strongly responding fish than to weakly responding fish, makes several
simplifying assumpt:ons: (af normality of error variance; (b) homogeneity
of variance between fish, and (c¢): independence of hourly differences.
The t-test used has the virtue of removing the wariation in .re-
sponse among the test fish from the total variation and considefing the
remainder as variation due to.differences in response to the 2 stimmlus

fish. As a result of the rgmoval of among-fish variation, the t-test

identifies significant differences when the average difference in response

L4

of all the test fish to the two stimulus‘fish is significantlysdifferent

from zero in the direction indicated. For example, the fdlioying table ~
illustrates the direction chosen by tﬁz test fish in each of the six 8 hr
"periods of figure 6.as indicated by their differenee score totals:

cC-0N1 Cc - OFF cC-ON2 E-ON1 E - OFF E - ON 2
ML 161 (2) 358 (6) 181 (4) 558 (6) 137 (6) 297 (6)
MP 425 (8) 119 (4) 519 () 233 (4) 34 (4) ias‘ (4)
Note: -~ Bracketed ngmberé indicate the number of female longears whose
’ total response differences in activity units suggest a preference

for the male shown. ML, male longear; ML male pumpkinseed.

The graphic presentation (Fig. 6) and the'f;test indicate that the

-
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direéted more actix}ty toward male longears in E-ON 1, and E-ON 2.‘)The

- ) R ) ’ ‘ ' - ) ) -
&£

N . te i < . 51
"average' female longear chose male pumpkinseeds in C-ON 1 and C-ON 2

and chose male longears in the other periods. The t-test, howeveﬁg-does

not show that a significant number of test fish chose the same- male stim-
LY .

ulus fish (6 of 10 test fish choosing one type of stimulus fish could not

be interpreted as significant). Figures 6-23 should be viewed with this-

constraint and the above assumptioné in mind.

Both figures 6 and 7 show a switch froﬁ a cho{ce of male pumpkin-

seed in C-ON 2 to male longears in E-ON 1. Figure 6 also shows a lights-

on choice for male pumpkinseeds throughout the o phase and for male longears

throughout the E phase. As method 1 and 2 produced similar rzsplts, the

data of -figures 6 and 7;§ere pooled tp produce a composite picture of the
response. of lgngear females to 16ngear and pumpkinseed males during the

breeding season (Fig. 8). These results suggest that male pumpkinseeds may

s

have emitted a non-visual stimulus to which the female longeats respondéd

Al N - -

during the C phase but that when the females could see both the males in

' Y . >
the E phase, the females responded more to conspecific males than tq hetsrb-
spec%fic males.

Figure 9 illustrates the response of 9 female longears tested in

‘the non-breeding season using Method- 1. Again these‘;%males consistently

directed more activity toward male pumpkinseeds in C-ON 1 and C-OFF, then
“ -

general similgrity of these results to those shﬁwn in figure 8 suggests

that female longears responded to congpecifjc and heterospecific males in

a similar manner in both the breeding and non—breeding geason. Further,

. \ .

the switch in direction of ‘activity,-from male pumpkinseeds during- the C

phase to nale longears during the E phase (Figs. 8 and 9) is similar to

the results ‘tained in- the cenent tan.k expe ’fos (Table 1).
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Fi'gurea6. Mean response of 1’ longear females to different-sized
lorgear and pumpkinseed males. Summer, Methqd 1. ‘For
Lo this and figures 7-23, &ights-off phase indicated by dark.

bars -at hours 8-16 and 32-40; lights-on phase at all othe;

times.

- Asterisks below the x -~ axis indicate signifieance levels

v

\-/ N ~ , : N . [
- ) for the data of each 8 hr block treated with a t-test for

paired differences. :
*,0.05>P>0.01; **, 0.01>P>0.001; ***, P<0.001
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Figure 7. Mean responses of 10 Jongear females to different-sized
- . . * ‘
longear and pumpkinseed m3les. Summer, MethHod 2.
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Figure 9.

Mean response .of nine longear females to different-sized

longear end pumpkinseed meles. Winter, Method 1.
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3.2,2, Responses to Equal-sized Longear and Pumpkinseed Males

Whe&n 16 female longears were tested with longear and pumpkinseed

males of similar lengths ¢hey again showed a non-visual preference for

. [ 4
male pumpkinseeds in the C phase (although not significant in C-ON 1),

©

then maintained this preference fhroughout the E phase (Fig, 10). These
results suggest that female longears given a choice between males of
similar size may not visually choose between theém as the E phase choic;
may be a cogtinuation of the non-visual C phase choice, Further, they’
suggest that the criterion for visual ohoice of conspecific males by

longear females (Pigs. 8 and 9) may have been based on size,

-

3.2.3‘Responses to Different-sized Longear and Hybrid Males
’ : ) .

- L) . ' . :

When 12 female longears were tested with longear and hybrid males

as stimulys fish, neither male.was chosen in the C phase, but more acti-
vity was directed tawa;&-conspecifics throughout the E phase (Fig. 11),
Longear *es ‘were shorter than hybrid ma&.es (Appendix I-5) again sugges-
ting that the visual choice éf conspecifics might have been based on their
shorter leggth, as some.of the other criterig which might have begn used

for distinguishing previously between male longears and male pumpkinseeds

P

(size of operculum, colour of‘dzrsal and anal fins) were either more pro-.

nounced or equally as_ pronounced on the hybrid males as.on the longear males. .

3

3.2.4.Resp3nse§ to Equal-sized Longear and Hybrid Males

.When 15 female longears were,tested with longear and hybrid males

of similar lengths (Appendix'l;6) hybrids were chosen in C-OFF, C-ON 2,
E-ON 1 an E-ON. 2 (Fig. 12). Again-.tbe E phase choice may be a continuation

. ‘ A ) i i . /
of the C phase choice suggesting a reductiofi of choice as length differences

.
-

“
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Figure 10. Mean response of 16 longear females to equa]s-sized longear

and -pumpkinseed males.
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Figure 11. Mean response of 12 longear females to different-sized
A ;

- - longear and hybrid males.
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between the miles decressed (Figs. 11 and 12).

<
oY

- [ 4 ‘
3.2.5 Responses gq Different-sized Pumpkinseed Males

-
* -

When 12 female longea'rs were. tested with small and large l‘le

. N .
pumpkinseeds (Appendix I-7), the females directed more gctivity toward .

o .
large males in C-ON 1 and C-ON 2 but showed nopreference for éither

size of male in the F phase until E-OF 2, when small males were chosen

(Fig. 13)." The non-persistence of choice for farge males in the E

_ Phase coupled with the preference for smgll males exhibited in the E

5

» phase again suggests that female longears, given a choice of different-

sized males, tended to wisually choose males whose size resembled that

.

of conspecific males. ’ e > .

’ - ) N
3.3 Female Pumpkinseeds as Test Fish _ ‘ ;

3.3.1 Responses to Different—;ize'd Longear and Pumpkinseed- M&lés
Female pumpkinseeds teéted with longear and pumpk?Pnseed malés

in-the breeding season showed 8imilar responses whether Method 1-(Fig.

" 14) or Method 2 (Fig.'15) was useq: Consequently,che'data were pocled

LY
L3

to broviae a composite picture of those responses (Fig. 16). In each. )

case female pumpkinseeds either did not choose or Showed q:pneferénce
- <. a

for conspécific males during the C phase; The conspeclfic choice per--

sisted and became more pronounced during the E phase although an hour

L

was requtred at the beginning of both E~ON 1 and E-GN 2 before 1t developed

- ~

sﬂggesting that visual choice of conspecific aales ﬂéy be part of the-

- -

@ . v o . e
behayioural repertoire of female pumpkinseeds. .* s
Fl ’ - * . ’ «

The above resultg are similar to those of the %nment tank exper-
®

- - '~ "

.73
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Summer, Method 1.

L]
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Figure 14. Mean response of 12 pumpkinseed females to differex_‘xt—s‘ized
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iments (Table 1) in that there is an ,ndication on non-visual choice
of conspecific males in the C phase of both types of experiment, The

conspecific choice in the F phase of these “activity box results is not

2

apparent in .the cement tank results, However, females were only observed

-3 -

for slightly more than 1/2 hr in the latter case and the conspecific
-

choice may not have had a chance to develo&i~-

>

When seven female pumpkinseeds were tested in the non~breeding

season using Method 1 (Fig. 17), t%y eghibited no choice in C-ON 1,

S;ON 2 or E-ON 2 and a h&terospecific choige in C-OFF, [-ON | and E-OFF,

These results somewhat corRradicted both the previous activity box

results (Fig, 16) and the nt tank results (Table 1) where either con-
specific or'no choice occurred, suggesting that the females did not exhibit

the same choice in the non-breeding season as they did in the breeding
seagson, and that female pumpkinseeds did not respond in the same manner .

to the same types of stimulus fish in the two different types of apparatus.

!

3.2 Respomses to Different-sized Pumpkinseed Males

When female pumpkinseeds were tested with large and small male
. . \ -

pumpkinseeds very little consistent or persistent non-visual choice was ,
[ ° .

s exhibited*in the C phase, but both small and medium females chose small

e - d -
e

« males while large females choge large males in the E phaseW

L -
~ .
L]

Ten small female pumpkinéeeds were tested with large and small
male pumpkinseeds (Appendix I-1l, Fig, 1B). These females showed a pre-

Sference for large males in C~ON 1 and a preference for small males in

' . . -

C-OFF and G-ON 2 indicating an inconsistent pattern of choosing in the C
phase as" a whole, EIhe pref;rence for amall males persisted and increased

. ' L ’ r
in the E phase suggesting that small female pumpkinseeds were visually

L. : « e . - : X

S ' . .
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choosing smh,l wmale pumpkinseeds (Fig. 18),

-

. When eighteen medium-sized female pumpkinseeds were tested with
: \ ' * )
"*  large and small male pumpkinseeds, a choice of small ules was evident

]

b

N in C-ON 1 which persisted in E~-ON 1 and increased in E-ON 2 (Fig. 19),

s These results indicate that again female punpkinseeds visually chose

males whose size most closely resembled their own, as test fish length
*
was closer to the small than to the large stimulus f length in every

case (Appendix I-12),-

- When ,twelve large female pumpkinseeds were tested with large

and gall male pumpkinseeds, no choice was exhibited unr,{l E-ON 2 ﬁ;hen

. ¢
large males were chosen (Fig, 20) indicating that again female pumpkinseeds

' which chose visually, chose males closer in'size to their owm length, .

cLoT e

3.3.3 Responses "Q'Differe_nt-sized Longear and Hybrid Males

’ . - 'O .
.. } . °
Sixteen female pumpkinseeds tested with ldngear and hybrid

.males directed more activity toward hybrid\mles in CapN 2 but consistently
L . ]
” directed more activity toward longear nles in both E-ON 1 and E-ON 2 <@ S

4%
3

—

(I-‘iga 21). These resulta indicate that the test femle puupkinaeeds, all
- of which were small or medium in size, when confronted with a choice of

males, both rather dissimilar from their own epecies males, visually
. -

chose males closer to 'their. owm length, Again these results suggest -
. o J
) that-in female pumpkinsegd choice of males, male size is probably an

important factor,

s ._ ' Mnty male longears tested longear and puﬁmﬁcd females

~ as stimulus fish showed a hetcroupec’ific chpice in both lights-off periode




1

Figure 19.:Mean response of 18 medium pumpkinseed females to small l

and large pumpkinseed males.
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of the experiment and a conspecific chqice in E-ON 1(Fig. 22).

»
.

3.2° Male l?umpkinseeds as"l‘eat Fish .
, - -’. . ‘ - . " ) . ‘ .‘ ' .
‘ ) Twenty male pubpkinseeds tested with longear an? pumpkinseed

R females as stimlus fish showed a choice of Ifemale ‘pumpkins.eeds in - both
'"lights-on periods of the C phase which persisted throughout the E
phase (I;'ig¢ 23). The results of- both tnale longear and pmnpkinseed
experﬁe.ers are inconsistent with®’those of the cement tank experiments '

. where no choice was made under ei-thgr:%ing condition € or E (Taﬁls 1)
. ) perhaps indicating tshat neither male chose between cons'pecific and
heterospecific females in fhe non—b}eeding season (when the cement tank
experinents v\e.re perfonned) but did choose in the breeding season (when
" ‘the above activity box experiments wvere performed) ,or that male choice

differed with the apparatus used.

. ) . - \‘
R d:z-'i-.‘ ‘_.;:;, - : :
4.1 E?ghp&mﬁkq{ Order of Extrusion .
. ’ * "‘\' .
4, . . : LS : i “

When & varyiﬂg nuﬂaer of eggs was stripped fron\ femles into
a series of plexiglass cm:ainers and fertilized with} conspecific nikt

N ’ neir.her female punpkinseeds (Fig, 24) nor female iongears (Fig. 25)

by percentage hatched (Appendix 1I-1, 2). . Hence no ,orderviﬁfect" ceuld.

be ascribed to mequal ripeness of eggs as they emerged 'from the femalea.".'

-]
- +

4.2 Egg Size N . . ot

. A ' . :
Meat egg dismeter of 160 fertilized eggs from eight female

b
[ ]

showed ccnsiatent bet.ween-fieh variation in ripenese of eggs as fhdicated .

[ 4



Figure 22. Mean response of

females.
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¥ Figure 23. Mean response of 20 pumpkinseed'males to longear and pumpkin-
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-

seed females. .
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Figure 24, , Pércent hatch of eggs from six pempkigseed females.
4 .
, : Eggs from each of three females were fertilizeﬁ with spem

3

from several males (Series A); eggs from each of three

. ocher females Ve& fertilized with spem from one male eacgs\ N

(Series B). ngs from each female vere stripped succes-

Q
o

sively 1nto 10 :o 12 plexiglass containers; arrows indicate

©
. ‘the eg8 containex’s fettilized by each ‘;nale. . s
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Figure 25, Percent hatch of egge from six longear females. Eggs

from each female were stripped successively into 6 to 11

Yplexiglass containers ‘and fertdlized with sperm from a

diffegent longear male as indicated by the arrows,
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-

longears was 1.35 + 0.08 cm (Appendix III-1) while the mean egg diameter

of 100 fertilized eggs from five female pumpkindeeds was ]p16 + 0.05 cm
. : A

(Appendix 1II-2). ' > T

4.3 Crossing Experiments

No diffei:ences existed between yedrs when the 10 réplicates :
using: stripping Method B in oné summer were compared with the 5 replicates,.
.usimg Method B the following St;lerl.‘ (Appendix V-3). However, when the
10 replicates using stripping Hethod A were' compared wirih the combined
15 replicates using Method B by means of the same two-way analysis of °
vatiance (Appendix V=-4) highly significmt differences (P(O 01) were
found between the tyo methods, In both cases highly significant differ-
enceg (P<0.01) éccurr;d among the crosses. As the percegt hatched vere

much higher (Table 2) and ‘the standard deyiat:lma lower for Method B,

only the 15 replicates of Hethod B were further analysed. A one-way *
- -~ . Bt Y -
anglysis of variance of these 15 replicates again showed highly sig‘iﬁficmt

differences (P< 0.01) among the six crosses (Appendix V-S);-. e

-

lA tvowvay analysis of variance with unequal but proportional sub-

claés nusbers (Sokal snd Rohlf 1969, p. 334) was performed om the per- =
_centage hatch data (Appendix IV) tredted with an arasine 'trmfor-tian. 4




" Table 2. Total eggs stripped and their percent hatch from 10 (Method A)

and 15 (}letl;od B) ptin;':kinaeed and longear females fertilized

&

. by puspkinseed, longear and hybrid males.
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Method A

Total eggs 5 2000 305 - 3144
. % Hatch P 506 575 536,

Total eggs _. .21 2093 J ZlfB.

- .'.,; Haten . - QF me 294, 193
. . ' \- A ‘ < . -
Method B
0P dL - OH:

' Total eggs 4875, 5047 © 5184
% Hotch QP ges ses - 652

PR R v

o

/, N:[S o

- Total eggs - 3785 - 3760 _3625
"% Hatch QL 644 769 415
\/ |

N
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Hhen differences were “analysed betwefh the crosses; the following results
d weﬁ obtained. . . . / i

. (PxP)vs (PxL) .'.-............._. Neesreeienans ereesrieanee
) v &_x‘?j vs (P x H) .[6—
(PxL)vsS (PxXB) corvennrennernnnn. ..-.\.* T
: (L XP)US (LXL) fernernnnn. ereeaenn e ST
g - (L xP) vs (LxH) ....... cecesess. 08

(L xL) ve (L xH) k

’ ) o . A
(P,i:P)+(Px'L)+(PxH)dvs (LxP)+ (LxL)+ (LxHg....%*

) (PxP)vea (LXP) cocveineneannasccsnnnns S
. v ) . .
- : (P x L) vs (L'x L) * @ 0O RO B e e .'.....l'...'.".'"I...I-..'.......ns

rd

(P"x H) vs (L X H) .onooo-o:‘...oocun.o.u.o.--o..--oo--ro.oo"c-o**

L]

.
-
A3

Note: ns, not sigonificant; *, P <0.05; **, P<0.01; firet bracketed
) . s . ) :

letter represei:ts the female member of the cross; P, pm;pkinseed; '

. L, longear$ H, hybrid. -
L . .
o ‘e
. ’ These regults indicate that there was no difference between

longear qnd pumpkingeed ules in their abﬂir:y to fertilize pumpkinseed

. eggs &4 chat hybrid males produced a signiffcantly lov;er percentage hateb
than either of the other two males when th{ hybrids were used to fertuize
eggs from the sawme feule pu-pkin%eeds. when female longear: eggs w‘ex;e being

fertilized by the same males l;awever', there was a highly sign"lficant differ~

ence in percentage hatch between punpld.nseed anr! longear magles on the one

' band and longear and hybrid males on the other hand; the lofigear males
_ producing the higherAp_ercentage bat‘ch' 1n both cases. 'l‘he pumpkinseed .

and hybrid males were not significmtly different in the per'centage
hatch prodeéed vhen they were used to ‘fertiliZ® longear eggs. Although '

¢ . (’ Y




the percentage hatch of pumpkinseed eggs was very s:l.gniffc_aiztly higher
., than the. peréentaée hatch ;f longear eggs when the {i;ta from all thet
R ;nalés ere pooled, the difference between the tép species' eggs within
male pumpkinseeds was sigdificant, witl"‘xin male longears was -not signifi-.
cant, and only I;etwegn -a'le.hyb'rids wvas th‘e‘di‘ffere'nce in percentage

hatch highly significant, , e

‘e
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. DISCUSSION
1, Observation of Spawning
S Courtship is often a necessary preliminary to spawning and ﬁay

serve to reduce hybridization between species (Tinbergen 1953, Bastock
1967). This courtship might be expected to be male-initiated if male

choice of a conspecific female were an ifportant ethological isolating
- . ) L]

nechanisn. Observations in the study ar'ea-, howevfer, suggested’that the

frequency of male courtship decreased in longear colonies ds the inci-

dence of.spawning incteased. Cer:ainly, at the height of spawning, male

courtship d.gurred oniy infrequently in five obseryed longear colonies .

o o s
(Figs, 3 and 4), - | y

.

Other factors might alsoc mitigate against the prevention of

* hybridization by male longears ‘chcosing comnspecific spawning partners.

Fémale tecogniti&n of conspecific males is often more important than £he
reverse when femdies;;rod e fawer gametes than males, and whén males tend
to be p;omiacuous (Liley 1966, Bastock 1967). This must be particularly
true in coloniall& nestf;g species where the éreoccupation'of territoriali
nales with nest-defending, male-male aggressive encounters, probably
reduces the tine available for male" discrimdnation. Furthernore, if the‘
pre—copulacory courtship period is short conspecific recognitiohvnust

[N

occur rapidly Lf hzbtidization 28 to be avoided (Sibley 1957).

Hnle longears are proniscuoua _mest colanially, &re ag;ressive
in defense of their nesting territories (Keenleyside 1971, 1972), and

their courtship is short (personal observations) or non-exiatent (Pigs.

.3 and 4), As a result of th colonial nesting habit qﬁnloﬁgearc,-evcry

o~ . o L.
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male in the colony'h;s neighbouring males with vhich to interact. As

spa g increases in a colony, males lacking spawning partners spend
mor:§§§; more t;me intruding into the nests:of spawning péighbours, while
spawnidg males spénd more and more time chasiﬁg intrﬁdersloug of theif‘

-

nests (Keenle&gide }92},'1972);. Both behgviours increase ;he incidence
of male-male int;racéions thétggz\;jj;if% lesf time for male-female
Courtship. Hunter (15&3) suigeste that males of green sunfish (L;
cyanellus) which, ;ike iongears, nest coionially and ;;e sexually dimor-
- . . ghic;hmgy‘recognize females by their neé%-citcling behaviour rather than
- ' ‘. .morphologically. Male longears may also rely on female, behaviour to
identify a potential spawning partﬁer, and c;nsequently spawn with any

-

female that behaves appropriatély (entering and remaining in the nest

’ . . : -
even though threatened), regardless of her species,’ Under these circum-

stances, male courtship might be curtaifed or even deleted from the

. males' behavioural repertoire at the.heighf of spawning.

) . Females, on the other hand, swim along the edgés.of longeér
\ N - X . " »
~ colonies afd do not appear to participate in female-female.interactioms.

J They therefore appeér to have more time than males to choose a spawning
partner, Consequently, 1if behaviour in the form of choice of a conspeci-

fic spawning'pértner operates as a reproducciva.isolating mechanism in

longear colonies,'fe;ale choice is probably more iméortant than male

choice, L - »

- ’ Py ) ) )
. Pumpkinseed spawning was rarely seen and then only after male
and female nest-circling end female -tilting had begun, Hence female

appr ach;to the male and male courtship, if anf,'wtre not seen., However,

as the average nearest-nest distance of 81 pumpkinseed nests was 1 o
- N / ) .




T

(Keenleyside unpublished) compared to a neafést-nest distance of 20 cm

in a sample of 345 longear nests (Keenleysid; 1972), pumpkinsee? nests
-wete further apart-;han 1éngear‘nests in the study area, Furthérmbre,
any casual observer would reéognize that longears nest co;onially and’
pumpkinseeds singl§ in the study area, Consequently male pﬁmpkinseeds
were freer -from ffequent aggressive interactions with nesting neighbours

~

than longear maes and hence should have had more time teo observe and

~

treact to approaching females, Single male pumpkinseeds in aquarium

tests clearly discriminated between the two species femaleswby~directing

wore aggressive and courtship behaviour at conspecifics (Keenleyside 1967).

Those aquarium experiments more closely resembled the field situaticn of
#umpkinseeds than of longeats with respect to inter-nest distances so it

is likely that male pumpkinseeds in the field could also discriminate .

y @

-~

between approaching females. If this ability were used to.choose con-
specific spawning partners then male pumpkinseed mate selection would

be an important ethological isolating mechanism,

Male pumpkinseeds Qave,however,been induced <o nest-cirele
xfr.lth a wide variefy of appropr‘iately manipulated:&bjects ranging from
S a dead, formalinized male to equal-size leaves (Noble 1934). . This sug- -
/ gests male pumpkinseeds are receptive to the set of visual and perhaps

- tactile cues provided by an object circling in the nest and that thoge.
. ¢ LY he .

.

cued are sufficient to initiate spavning. Mele pumpkinseeds,“like lbng-

ears, defend their nesﬁ against any approaching fibh'regérdless-of sex,

but 1f a fenale persists and janages to enter the neat and keep noving

in a circular path, she might be spawned with, no matter what her species, -

which female spawns in a puupkineeeq nest may thus be‘larsely a funétion

- L]
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_might be more important than male choice in determining whether .or not

K

*
A3
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of which female approaches and persists in entering ‘that nest. Again,

. in pumpkinseeds as in longears, female choice of a spawming partner

.

r -
hybridization is prevented,

bl

2, 'Behaviour Ekperiments

2.1 General Activity
. 3

o

Both longears and pumpkinseeds are more active during the day
than at night (Miller41963 Boyer 1969, Rapoor 1971, Emery 1973)l This
"was also showp in the activity box experiments by the relatively high

1evels of activity recorded during the lights-on periods, Increased

’ daylight activity is characteristic of diurnpal enimals and such animals

are usually profoundly influenced by visual stimuli. " If recognition
and choice of a conspecific spawning partner is an important isolating

mechanism, that recognition might well be based on visual cues.

-~

Consideriné X0 data of the cement tank experimenta, nale test
fish of both species perfermed more crossovers dhan female test fish
during the C phase of the experiments (Table 1). This may have been
caused by the stronger response of males to their mirror images in the '
end yalls of the test section, Male sunfish are generally aggressive
towards comspecifics, both in aquaria a;d in the field (Keenleyside 1967,
1971), and during the C pﬁaae male test fish occasie?ally moved across
the center-ef the test-sectioh as though responding :5 their mirror image.
That this response was not more pronounced may have been ,afégult of
their having habituate@ to their mirror images under lighting condition

3 [

¢ for a day betore testing,
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Stimulus fish in the cemewmt tank experiments do not appear to

respond to either the sight of the test fish in the C phase or their -

I3
a

mirror images in the one-wey'gIQSE*in the E ﬁhase,_ Tkis lack of response
was probably a result of tbree factors: (1) stimulus €ish had a longer
‘time to habituate % the.querimental cbnditions, (2) the glear glass
partition prevented the stimulus fish from approaching the one-way glass
partition closer than 30 od (Fig. l), (3) stimulué\fiﬁh because they

wete introduced in groupsiof three, could 1uterac§ among themselves,

During the breeding seasbn,free—iiving adult hales of both

-

speeies confine their movements to a relatively small area surrounding

* their nes;s. Fenales svim up and down the river and backwaters visiting
~longear colonies or pumpkinseed'nests, and hence cover g;eater distances,
This may explain ﬁ%y females -in this study‘ sﬁowed a relatively |

. . ° 4 ,
greater increase in X0 behaviour than males when exposed to .the E con-

~

dition, . : o ‘

2,2 Specific E;peglmenés

: Test fish in these-experiments often responded positively ;o'

one or the other types of stimilus fish under both C and E 1lighting con-
ditions, Possible cues which migﬁt direct suchfresponsep include visual,

>

auditory,.chemicak, :acfile'end electrical stimuli, There is no evidence

, H A

that sunfish possess an electric orgsm, and fhctile communication is.
ptevented in these experimén:a (Figs, t“and 2).. The one~way glasa and
: the lighting arrangement were designéa to petmit test fish to visually

perceive s:imulus fish odly during the E phase of the experinente. 'No /

attempt was made, however, to isolate che test : fish fron che cal
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auditory cues. Hende these sunfish might use visual, -chemical or .

&
auditory cues (or any combination of these) to cowmmicgate both in the
, - - . 13 . . . . . : . .
present experiments, §nd, with the addition of tacti.fi cues, in the field.
' *

- s .

-

éhenic'al't;ues in these,e;'cpetiments could only reach test fish
- 4 - -
by diffu‘sft\x'gh around the .one-way glgiss partitioms (Fig#. 1 and 2),a rather
~ - g ¢ '
indirect source, 1In the field; oclfaction may be used by°longear sunfigh
. >

in hoﬁiag '(Gmming 1959.) and in nest é"l.ony fonﬂation (Gerald i9‘70) but its

<

-
role in pmpkinseed teproduct:l.on is unknovn.k In the study area p\mpkin-—

seeds mest in quiet Heedy backwatérs where vate’r flow in the breed:Lng . ‘.
e F - e .
season is usually negligible whereas lonLam nest in the rivet s cur- .

rent, Sincé cheﬂcel cues provid.e poor l'ocalizatibn except in moving

-

i * ’ . ’ 4 3
water (Kleerekoper 1969)', such cues would be more useful to femle\long—

ears than to fénale punpkinseeds "in locating a conspecific nest,

FUREY 3

Auditoxy cues provide good localization (Tavolga 1971). Sound
] : - .

discrimination was demonstrated in. nﬁles of two species of" cyprinid fish
.by Delco (1960) who suggested 1t operatec} as a.n iuportant sexual isoletﬁxg
mechanism. Gerald (1971) demnstrated gnmc-pke sound pt;oductiun by
courting males in six .out of eeven species of :asunf:lsh tested. The central >
longear L. =, uegalogfn) i.raa one of the six species which produded sounds;
pmkinseeda vere net. tested. He suggested tl‘xe'f;v;:ctiee B: male court-
ship dound's was the attraction, of’ consgecific fenales. Sound producti.;m ]

..L .

in the present experinento mnight result from the f1s contacti'ng the, .

-

'one-uay glass, from tqid M-ﬂng movements s from grsvel disturbance by .

nest-diggtng -ales or iron male courtship -ounds. Tbe lafter two are the
<

nost likely lource’a of ml_e-produced sounds in the fj.eld; - .
‘ ' . 4 )

L kI ’ 3

-— 2.‘2.1 Female ;Longears as Test Fish’
) . a o

\
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, I-‘enale l-ongears in the C phase responded non-v sually ;o male
3
punpkinseeds -by directing more activity tmrd toward male

longears in both the cement tank (Table 1) and activity box experiments
(Figs. 6-=}0), (Tﬁié differential activity is referred to a8 a Vchoice"
throughout the following di'scu_ssion.) Method 1 females chose male pump-

- kinseeys in ﬁoth c;en ], and C-ON 2 but chose longears in C-OFF (Fig. 6),
vhile method 2 females did not choose umtil C-ON 2, when.male-‘pmpkin—
seeds vere chosen (*F;.g. 7). (hoice in the C phasevwas based on non=-

> © wvisual stimuli, C phase lighting permitted the male stimulus fish of
bot‘h spe_cies to fee both test females through ;:he ane-way glass. Method’
l.mle ptmpki,.nsee'cis. say bott; species' of Ifen‘alés as test fish (see Materials
- " and Methods section 5,2). If ‘the male pumpkinseed responded to the sight
.of a«pqnspeclfic female test fish by producihg \son‘e or all.of the sounds
e .wentioned above, ‘and there 1s evidence for visual choice of' ;:cmspecific
Y i? females by male pumpkinseeds (Séenléy'side 1967), those soumis might have
;voI:';d a choice from the female longears'. 1f the\non-vi;ual a*:,inulué-
'I was enittt;d atlxly‘ vhen the 1ighésl were on, the females might have fes-
.pond;,d'duriﬁg t;xe’ ]tighta-:off perioci to soné non-visual stimulus enitted"
by the male longears (perhaps a chemical cug); . |
, / .
e Hechod 2 male puwpkinueds saw only female longe#/' test fish
in the C phase (Haterhla and Methods section 5,2) and may not have bcen o

as active and hencc a8 stimuleting to the femalg longearl. Bvidcnce for

this is shown in figure 7 vhere female longear prefcnnce for ‘male pump-

/
- ]d.nceeds is not shown until c-0N 2,

' - L3 -
: Feule longears in the non-btudng season msy hm rnpondcd

. . .to male p\npkinuedt in the C phase for thé same reasons fu-alc longears |

/ T

4 . .
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-responded to them'in'xhé breediug’seasou f(EBigs, 9 and 6), although the

-response in bﬁg winter experinents declined to no choice in C-ON 2 (Fig, 9).

L4

*

v

- Female lopgears offered a choiceﬁtf>§g6:1:eized males of both
species chose male pumpkinseeds in the C phase (Fig. 10), This choice

i

was similar to the response shoun to different-aized males (Fig. 7),

perhaps for the same reasoms,

The role of non-visual commmication among spawning sunfish in
the study area is unknowm, but it is possible that auditofy cues are gore

important to-pumpkinseéqg than to longears. In the study area male

4

pumpkinseéds might enhance their chances of attracting a potential

4

spawning pertner 5y enitting a non-visual stimulus as tﬁein nests cend

\

to be surrounded by dense aquatic vegetation perhaps rendering visual
cues unsatisfactory, Male longears neat in colonies along the sParsely
vegetated edge of ihe river, These colonies of brightly coloured,

L 4 . .

eitrenely active fish could provide a powerful visual stimulus to attract
. v ‘
ripe females, Under such breeding conditions, auditory.stimuli may be

of relatively little importance in longeay reproduction.

When presented with an E phase visual choice of different-

sized malea of‘ihe.two species, female longears chose male longears in

both cement“tank (Table 1) and\acctvity bbx nxpefinenca‘ffigs, 6=9)., In

every casé there was a switch from a C phase choice of male pumpkinseeds

_to an E phase choice of male longears,.strongly suggesting the female
longear test fish were regsponding to the :;ght of the two species of
. ' y ..
.atimulus fish by visually discriminating between them and choosing male °

' longears, For thig to hgppen; the effect of the visual stimulus of the

t

male longears on the female longears o huvu/bcan :uffi;icntly’%trong

.. , 9
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to outveigh the effect ‘of any possible non-visual stimulus emitted by -

the male pumpkinseeds, ) , ‘ ! 4 |

-y On tine other-hand when the stimulus males weré matched for
L)

size (Appendix 1-4) comspecific males were not chosen by female longears
(Fig. 10). In fact, the E phase choice was for male pun;pkinseeds. As
_the C phase choice was also fdr male pumpklgseeds it is impossible to
determine :’.he basis for the E phase choice in this experi;ent as it may
.ha;re i'.esult.ed either from a chélce based primarily on visual cues, or

from a continued response ;6 non-visual cues in the preceding C phase

’

(Fig., 10). The former explanation is unlikely, however, as the results
shown in figures 6-9 clearly demomstrate that female longears v{sually

distinguish between males of the two species by choosing male longears,

-

Hence female longears do not appéar to- distinguish visually between males

of the two speciea when they are the same ‘size.

- » : e ,)

Female longears offered a choice of different-aized longear

—_—

and- hybrid ules, did not chose either in the C phase, but chose male
longears in the E phase (Fig. 11). This choice was made in spite of ‘
the‘ fact that a malé hybrid, because of his larger size, larger opercula,
and brighter colours, might be regarded as a "superngrmal stiaulus"
€(Tinbergen 1951)., Wwhen longear and hybrid males we_r:? ﬁatched for size
(Appendix i-6),‘ the C phase choice of male hybrids, which inay have
Tesulted from their nés{}igging sounds, persisted in the E phase (Fig.
12), This persistence o; choice suggests that fanlé'ISngear; di;l not
visually distinguish between equal-sized male longears and hybrids for
the same reasons they did not distinggish between equal-sized male long-

\
ears and pumpkinseeds (above), -
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Presented with large and small male punpkinseeds, female long-
..ears chose large males in the C phase but chose small mles in E~ON 2
(Fig. 13), ‘This visual choice was for the smaller of the two males;

that is,the male closer in size to the female's own size, and to the

,

- slze of a'wmale longear, . X

-
A\ d

- S Summarizing results of all experim,t.s in which female longears

were the test fish; .female lo{:gears visually chose the smaller stimulus
-
+ ° male when presented with a choice of unequal-sized males, and tended not

to choose visually between equal-sized males, regardless of which of the

., three types of males were used as stimulus fish,

-

In the study area, female lomgears choosing the smaile; of
two nesting males would almost cell-iainly spawn with a 'copspecific part-
ner, Male longears nest in the river and backwaters, . If other males
nest nearby,’'these will be eithet hybtids or puympkinseeds ,both of which
are larger than nesting longear males. Hence ‘the choice of small males

.by female longears demnatrated in these activ:}ty box experinents would
> : tend to minimize hybridization or backcrossing if the .same choice were

- made in the field,

* 2,2,2, Female Pumpkinseeds as Test Fish ' _ ~/ -
- : ' ) L
‘ ~ Female pumpkinseeds offerad a choice of males of the tyo" Bpecien

' ' - t /
tended to either choose conspecific males or not .choose in r.h’e C phase

of both cement tank (Table 1) and activity box exper:l.nents (Figs. 14-;7). .

Where p nén-visual chpeci.fic cho:l.ce vas made, it ny. well have been jot

h

the same_ ressons eugguted above fér the fethale longeau non-vilgil

¥

choice of u],e pnnpkinuedl. .{‘k




A visual cloice for male -pumpkinseeds in the E phase was made

<

in the breeding-season (Figs, 14-17) but‘in the non-breeding season,

heterospecifics were chosen in E-ON 1 and E-OFF of the activity box

K

expeﬁ!nents (Fig. 17), and no choice was exercised in the ‘cement tank

experiments (Table 1), This lack 6f visual®choice of conspecifics in

. _ -
the winter may have occurred either because femaie pumpkinseeds were

not motivated to choose the same way as in the summer, or, in the case »
of the cement tank results, because there was insufficient time for a

choice to develop,

When small; medium and large female pumpkinseeds were offered
" a choice of smail and .lar'ge male pumpkingeeds, small females chose in-
consistentily in thé *C phase (ﬁIE. 18); medium females chose small males
‘in C-ON 1 (Fig.19);‘ large ﬂe;ules did not choose either male in the C
pha.;.e. These results are aifficult to explain individuélly, but collec-
. ‘ tively sugges'g that none of the three sizee. of fenale; showed a stromg

or persistent non-visual choice for githér size of male. The same

»

females in the E phase,;however, consistently chose males closest in

é - size to their own; small and medium females chose small males, large

fefales chose large males (Figs, 18-20),

- ?

In the study area s‘e.:'mally mature male puﬂpkinseeds probably
' have to ?each a certain threshold s'izej bef'ore‘thcy begin to comstruct
nests, Indirect evide:.\cq for this is th'g apparent excess of suitable
spawning habitat vhere emall rlp;'ulés could nesgt, -and .thc fact that"
smal,l' ﬁle pumpkinseeds rarely built nea;n in the ncfivity boxes, while
large males offen did (see, f;r exnpie, Appendix I-12, 135. ‘Ditect '

”

evidence 1 the absence of small dle’ pumpkinseeds on nosts; though such

3 - ’ ‘ ' * -
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. ¢

males were seined from the backwaters, Hence small and medium female
pumpkinseeé%. wvhich in these experiments chose small male pumpkinseeds,
are in all probability unable to spawn with such maies in the field,
These females, if they spawn at all,‘vould-have to spawn with large
male pumpkinseeds in the backvakers.’or spaen with another species of
senfish more similar 15 size {i.e. male longears) in the river. large
female pumpkinseeds chose large mele pumpkinseeds in thexactivity boxes

.

and hence were likely to spawn with the large males if they made the same

.

choice in the field, The 1argerof two fish uSually attatns dominance

over the smaller fish in a competitive situation (Braddock 1945, Hagnuson
1962, Miller 1963, Erickson 1967, Huck and Gunning 1967, Ha?ley 1969) .
Hence 1f a-competition for large m&le.spavning partners did develop,

the large feegles would likely win, 1eaving no other choice for QEL small .
and medium-sized female pumpkinseeds but to seek heterospecific spawning

<

. partnere. That they do so is supported by the £aet_that small and medium-

-

- R -
sized ripe female pumpkinseeds have frequently blen seined from spawnipg

Ilongear colonies and occ&eionally'observed spawning in longear nests in’

the river where male pumpkinseeds never nest, while large ripe female

pumpkinseede have never been seined from these colondies.
. ’ .. .

When small and'nediun female éumpiinseeds were presented wifh

a choiee of nesting-sized male longears and hybride, they chose neie'

) hybrids in C-ON-Z.tpbssibly in respounse to the‘nesé-dig;ingfsounds of
+ the hybrids (Appendix I-lé);fLut swvitched over :6 choose male longears
'1n the E phase (Fig, 21). T!'ne male longeers.were fhe‘ sn.eller of the two
stimulus fish and.cloeest in length to the female gunpkinseedo (Appendix

1-14) . C ’ -
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" Small and medium-eized female punpkinsesds‘in the river seeking -

Spabning_partqgrs encouniter both colonially nesting male longears and

male hybrids nesting either s gly or with the longear males, If the

¢ same choice was exercised in the field as in the dbovq_experiment female
pumpkinseeds in the river would llkely attempt to spabn vith‘male longears
rather than with male hybrids, The same spawning is also faVOured by °

the considerable excess of longear nests over hybrid nests.

- - " Summarizing results of all experiments using female pumpkinseeds -
. - o oo . ‘ . ;
ad test fish shows that when female pumpkinseeds were offered a choicé
of conspecific tiales of different sizes (but presumably with other mox-

phological features similar),

e females visually chose males closest ..

. to their own size (Figs. 18420). When offered a choice of different-

sized males both {f which fossessed morphological characters rather

different fron those o pecific nalea ({.,e. male longearsrand hybrids),

female pumpkinseeds again chose males clohgst to their owm size (Fig. 21).

When offered conspecific and heterospecific nales however, female
" pumpkinseeds chose conspecifics both visually and non-visually (Figs. 1l4-

16).” aithough on the basis of site.alone (and assuming a cﬁoice of male

- closest in size to their own) they might have been expecte& to chgosg,
. N - . fu.

each species equall} oftcn'(Appendix.I-8 9), This suggesfb<fhdf’there

may be factors in addition to aize nediaxing fenale punpkinseed responses
4 .
. to males, ‘ . ' -

« »
LY

-é,2.3. Male Longears as Test Fish T

C—

. Male longears offered a choice of female longears and pumpkin-

i) seeds did not choose either female in the cement tank experiments (Table 1)-

-




. approaching females eloaely enough to choose between them (Fig. 1),

sexually mature. The experiments in the breeding season (RKeenleyside

.Conditions in the cement tank experiments may have prevented males from

_between experiments were probably-small. The cement tank experiments,

L ‘ )
* o .

.‘_‘.‘ . - .- 115
but chose heterospecific females in both 1ights-off perigds and -conspeci-

fic fenales dn E—ON 1 of the activity box experiments (Fig., 22). While

» Mo

the latter weak conspecific visual choice agrees with the conspecific
Yy

choice demons:rated by Keenleyside (1967, the.cement tank results do mot,
’

Alternatelz, male choice of females may be related to the state of male
sexuaitmatnrity. Nest-digging in sunfish, one index of sexual maturity,
is dependent In gonadal dévelopment which in turn is depéndent on tem-

peratnre and photopeniod (Smith 1969, 1970). Temperature differences

howeve;, were conducted in the.late fall 3 to 4 months after the breeding

season an]zfigiE:jn been held under natural photoperiod before useﬂ’lﬂéne

\ ' ’
?£F:he males tesged dug nests in the apparatus and were not likely

1967 and Fig.” 22 of the present stady) demonstrate a weak choice of

cdnspecific females’'by male longears, While again nest digging was not

always exhibited (Keenleyeide 1967 seriee A and Appendix I-15 of the

present ‘study), males had been held under natural photoperiod befgre -
]
testing and nale gonads may. have been sufficiently ripe to promote the

observed conepccific choice, - v )

. f.z.k. Male ?unpkinseeda as Test Fish

When offeted'n choice~df longear and punpkinaeed fenaleq) male

pumpkinseeds nnde no choice in either the C or E phase of the cement’ -
e

tank expetinenta (Tnble 1), but cho.e cnnapecific feaaleu in both the

1

o
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N
»

C and E phase ‘of the activity box experiments (Fig. 23),  The activity

> ' box results are in confoimity with Keenleyside's (1967) Tesults while

the cement tank results are not, 'The s’ame'explanation for the non-

. confor-mzl_.ty\ of cerment tank results may be offered for male pumpkinseeds

as ‘was offérg?for male longears, Th;z éact that several of the activity
box males te:sted digl nest (Append‘ix I-16) may indicate that gonad deve-
lopmeént of the p@kin’seeds was at a more advanced stage_ than that of the
longear males during testing, wl"xich_ might prowote a stronger respo‘ns? '

. eto conspecific females tham to heterospecific females if such a response

N .
-~ . L4

again depended on sexual maturity,

4 . Y

In short, female longears chose conspecific males when offered

a choice between longear and other males (pumpkinseeds or hybrids) in /
the size range of males nesting in the study area. Female pumpkinseeds

usually chose conspecifics when-offered/a choice between pumpkinseed ' '
and lopgear males, but chose males closest in size-to their own size

' . ] '
when offered either a choice of large and small male pumpkinseeds or of"

L3 B
male longears and hybrids. Male pumpkinseeds chtise conspecific females
. e ' - . -
when offered a choice of.pumpkinseed and longear females in ‘the breeding
season while malg longears yeakly éhoéle conspecifics when offered the "

same choice.” * ) .

* . ° . > -— - ' hd . .

. All of the. fish tested in these experiments (female lomgears
. ' ) . . ’ 1, v

N and pumpkinseeds, male longears and pumpkinseeds) demonstrafed some

‘bilit$° digcriminate bet;weén conspecific and heterospe c- fish of

the othgr sex and to visually choose conspecifics: Furthernbtq the chpoice |

. seéud influenced in the case of females hy the size of the presented .
. F 4

/ - males. This ability 1¢ undoubtedly -also present in sexually mature fish '

-
.

’
- .- .
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seeking spawning partners in the field. If this ability is used by .
such fish to choose conspecific spawning partmers, then visual mate

selection is an important barrier to hybridization between these two

species of sunfish,

The presence of hybrids in the etudy area however iedicates.
crossing does occur between the'tﬁo spe;ies.'.The clear choice of'cen-
specifics by male.Punpkinseeds and female longears under these experi-

. mental conditfons strongly suggeste that hybrid%ze;fon.is unlikely to
Rcur befveen them if the choice in the above experiments persists in the
field, Large feﬁale pumpkinseeds eﬁose large male_pumpkinseeds and in
the study erea'would likely compete succeesfully‘giéh small and medium-
sized pqukinseed fema;es fgr large male penpkiﬁseed spawning partners,
This would neceesitate small and_medium-aized pﬁmpkiqseed females lookiné

elsewhere. for spawning pa;tners and they migh; well enter male longear
’ ’ . .
nests, Presumably they would be able to spawn successfully as male long-

- o ears gended not, in tﬁese experimenta,'to eiertise e- trong conspecific

choice of fegales, Hybridization therefore, most likely resu
R crosses between small and medium-sized pumpkinseed females and longea
N K males, That such crosses actuallgbccur in the study ared was 1nferredi.
gy‘catching small anq mediun female pumpkinseeds when aeining through
longear colonies anq.c?nfirned by seeing such spawnings inllongear nests,
3. gtgibping'é;petinents"

- -~ °

There appeared to be no e¢onsistent patterszzﬁrpercent hatch
—— of egge nanuelly stripped from either longear or pumpkinseed fehalea

‘they were fertilized with conspedific milt (Figs. 24, 25), This
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lack of consistency likely resulted from the experimental method used to
strip the eggs, aé spawning females probably extrude only eggs which are

fully ripe and ready to be fertilized, While experimental females were

*

seined from spawning colonies and were used only if eggs flowed freely
with siight abdominalvptessure, as it has bee; suggested that otherwise
eggs are generally not ripe (Smitherman and Hester 1962), the.possibility
existed that some or all of the eggs were either under- or over-ripe,

If female. sunfish sbawn over extenﬁed pericds of time, all the eggs con-
tained in the ovary at ;ny one -time may not be in the same state of
_rip;ness. Consequently the manual'strépping_of all of a feméle's eggs

in less than two minutes would tend to.produce a less than maximum.

- ’ - ]’
percentage hatch in some of the containers into which the eggs wére
stripped, Ripeness differences between captured‘femaleé may therefore

- ‘)' - :
53 ¢ r';

-have accounted-for some of the differences‘igfwéén females in percenf
hatch of eggs, 'Further, manual stripping cannot inBure that the eggs -
sare nec?ssarily squeezed out in the order in which they natural}y woﬁld’

have been laid, Alfhough the first eggs stripped were likely thod® that

would have been first laid, some of the middle containers may have'con- ‘

-

tained egge which would noé ordinarily have been gx¥ruded untii the end
of a female's spawning, Tﬁis may heve accounted for some of the fluctua-

tions within fepales ip,percentége hatch, In the face of these incon-
. P ‘ .

sistencies betwgsn*éhd within femgles in percent hatch of artificially .
stripped‘g,giidgo,"order.effegt” could be ascribed to ripeness of eggs

I
from the females used in these stripping experiments; i.e percent hatch

/ "
of eggs q.g not appear to vary consistently with the order in which those

-

eggs were stripped from the females, s

-
-~
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Female hybrids were POt observed in the study ;rea, whigh was
not surprising i'n view of. ﬁhe many- reports o male predominance among
hybrid Lepomis sunfish ranging from 80-100% F) males (Hubbs and Hubbs

1933, Bailey and Lagler 1938, Ricker 1948, Hubbs 1955, Lagler aﬁg Steinmetz

»

1957, Childers and Bennett i96l, Childers 1967, Birdsong and Yerger

. 1967, Etnier 1968), In the apparent absence of female hybrids, oily @
[y %._ N ol
the five identifiable types of sunfish present in the study were artifi

ha N . #
clallyicrossed to determine if post-mating isolating mechanisms were
N

operdting)against hybridizatiom,

H

L -
-—

P
)

Childers (1967) found the average functional life spans of

" gametes of four species of sunfish were apﬁroximately 1 hour for ova

- . L

and 1 minute for sperm,” As the time until the last eggS'lﬁid-were

-

-

exposed to milt was no more than 2 minutes using stripping Method A

(Materials and Methods section 6,3), all ova sgoul& have been receptive
? P
to fertilization, The milt was stripped directly on the eggs, so it was

assumed that essentially no-time elapsed between milt gtripping and
fertilization, In sp{te of this,however, the percent‘!e‘hatch of fer-

tilized eggs tended to be rather low when stripping Method A was used

P

(Table 2), Further, 15 6f 20 of the first and last fertilized containers *

) »

had the highest and lowesf percent'hatches respectively (Appendix IV-1) . -
and if replicate 2 was eliminated because the/male ;umpkinseed was not

very fertile (produting only 1 hatched fry from 468 eggs), then 15 of 18
: ‘ ’ -
of th&'firét_and last fertilized cogtdineravhad the highest and lowest

L [

. : »*
percent hatches rispectively. This suggested that the more time which

had elapsed betyeen sttippi;% of eggs and ipplicatioh of milt, the lower W

. [
the percent hatch of the eggs, Certainly whem thle time delay between




.
~

,1 ) - | . ;r' : ‘ 1 2 O

stripping of eggs and stripping of sperm was*eliminated by using Metﬁod

:§§ ‘B, percent hatch increased (Table,Z), tonfirmiﬂg‘that ‘for maximum hatch-
ing succés;;egés}shoqld be fertilized as.soon after tﬁey are extrtded
as possiblé, When spawnitg occurs iﬁ.the stud; are;;‘fertilization ﬁﬁgt
‘be virgyally instantaneo;s as the resident male shtddert and né;ghbouring
males intrude both behaviours preSumablyS:ignalling sperm rele:se |

-
3

- (Keenleyside 1972), when the spawning female tilts releasing eggs. Hence

Method B wds superior to Method A not only because it produced a greater .

"percent hatch but also because it more clds%ly'simuléted the timing of
s _— —_—
natural fertilization. \ ' ‘ ‘
«”

When pumpkinséed eggs were fettilized with milt of the three

fypes of males using Methog B, the percent hateh of the hybrid cross *
was significantly lower than the other two crosses (Table 2), When
Jongear éggs were Tertilized with milt of the same males, the longear

. 'male cross was significa‘ntly higher thanghe other two crosses, 'l;uhpki'n-

[ 4

.
4

« . would maximize” th¥r chances -of‘leaving offspring-by spawning with longear
.. : k

mization of offspring is- achieved 1f females spawning

-

in the study aéhg,choose as spawning partners the same males they chose

-in the cement tagk\gnd activity box experiments,

vy f

.

Hybrid backcrfsses in these experiments produced signjficantly
o . L A

{lover percent hatches than either of the conspdéific crosses (Table 2),
"Hnbbs ;nd Hubbs (1933) suggested Pl'sunfish hybrids were sterile and
Bubbs later reiterated that beiief (1955). Hhile others have also repor-

q bl
ted sterile male Lepomis ‘hydrids (Birdsong 1963, Birdnong and Yerger 1967,

£

-
. .
N o -
. ]

v - - ) . .

k




_begin to manifest themselves” (Balinsky 1970: 262}.
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West 1970) and suggested'apnérnal goﬁad development and/or abﬁbrmal-

s}erﬁatogenesis as the cause of this sterility; others héve found F1
Lepowis hybrids to be fully fertile with a sex ratio ofteh approaching

1 1 (Lagler and Steinmetz 1957, Childers and. Bennett 1961, Smitherman

and Hester 1962, Childers 1967, West 1970), The hybrid males in <this ¥

o

haelwell developed gpnﬂds and cursory microscopic examination of

the sperm revealed n king abnormalities in size and motility., Micro-

Ecopié examination—of the eggs shortly after fertilizat}gn revealed that

it

all had been fertilized;.so death of the developing embryos

occurred sometime between fertilization and hatching.. Tﬁiq death may -,

. °

\ . } .
" have occurred during' gastrulation, a critical stage in embryo development

-

when ''nuclear genetic factors (the genes), dormant throughout éieavdge,
l; o *

9
Pumpkinseed egge had a comsistently higher percent hatch than ’

longear eggs, regardless of the.:ypé of male or method used to fértilize

the eggs (Table 2), As the experimental conditions under which the egég-

. . - o P .
were stripped, fertilized snd batched were the same for both species' eggs,
— ) ) .
the difference in their hatcRability must be due either to an inhereat

‘
[

difference in tﬁ:'eggs themselves or to there being a~greater difference

between the natural lnd-experinentalyconditién or léngear eggs than for
! Rt s

puapkinsead eggs, COnsidering the former, the on@i~fead11y obeetved

moyphological difference in the eggs of the two specics vas that pumpkin~

seed eggs were consiscently snnlle:-thpn longear eggs., As success of

.crossing vas no: affected by egg size when four different ;onegq of

centrarchids were crossed (Merriner '1971) nor did survival rate seem

t6 be'correlnt‘d with egg size within a species (Lindsey and All 1§71),'

4 : L

£ r

s s .

-t
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. it 1s unlikely’ that size differences between the specles’' eggs accounted

fer the differences in percent hatch, Consequently the difference in -
i ¢
percent hatch of the two species eggs is more likely attributable té

gteater differences between natural and experimental conditions for

longeaY eggs tha:n for p\mpkiqsged eggs,

. . - -

In short, postgnting isolating nechanisns appear to be operating

g. . between these two mcies of sunfish, Reduced hybrid fertility in back-
' crosses, actiag through zygote mortality, should, act to reduce the

..
incidence of hybridization, as those parental genotypes which originally

- N . -
contributed to the formation of the hybrid should u'ltinately be selected

-

against, This selection should gspare genotypes of fish which cheose con-

apecific spdwning partners and encourage the development of premating
‘ -

‘isolating mechanisms as suggested by Dobzhansky (1970). As tpe majority
of the interbreeding between the speci'es most 1iiely occurs between small
. [ ' - N

- female punpkingeeds and male iongears‘, it should be thoee parental geno- N

types wh‘!.ch» vould be selected against. "The small female pmlpkineeede,
AR
. however, may returo to breed in subsequent yem and as they becpne

-

larger from yea? to year«wi-ll ltkely breed vith male pmpkinseeda. This
& .
croqe would of .course produce pmpkineeed -offapring in which case the .

&
female’ per‘ ‘s tenotype would not be selected againe\ The feule
.. . p\mpkinseed offcpring resulting fro- this cross night velI ehooee a male
’ longeer spe\ming partoer the first year or tva that dhe becouee ripe and
AN ¢

N ready to spam as her mother: ‘did ‘before her (Fig. 26), ‘lrthetmu, bath’

male end female lodgears are polyguous, neeting ul:l spm with mx‘e

» then one f!ule and ﬂceaveru during peek lpming periods. Conltdering

< that fmle longeeu probebly choou nale longur cpming pertners. and zha

\ .
s . 4 o . '

- : >

3

» -




» .
Figure 26. Model of hybrid perpetuation. Gemotypes of hybrid-producing
parents are not rapidly selected against bevause they“both

may mate with conspecifics either previously (‘s longears)
€

or subsequently (smai‘l- female pumpkinseeds, male longears)

-

thereby: preserving their genotypes. Thick arrows, p}evious

or subsequent spawnings; thin arrd;re,‘.'possible crosses*of” I-‘l

offsprfng upon reaching sexual maturity; dashed arrows, Fl .

produced by the parental geperatiom. o '
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éhere are about three times as many f;uale longears as female pumpkﬁr- ’//
seeds in the study area (Keenleyside unpublished), tire nale‘longear
parent of the hybrid almost c;rtainly spgvns vith cunspecific females
either before ér after the heterospécific spawning. In eiéher case,

" conspecific spawning occurs agd the male genotype is perpetuated (Fig. -
26). Under these circumst;gceg, hybridization may continue }or a long

time in the study area e;en though the hybrids are at a reproductive

.disadvantage relative to the two parental species,

" Sibley (1957) postulated that when populations~<ome secondarily -

inCO;contstt, either intrinsic isolating mechanisms have been established,

. in which case no hybridization occurs, or iaolatiug.mecﬁanisms have not
been established vhich case hybridization does occur., If the latter,.
» . .. .
either the hybrids not selected against, in which case introgression

_ and subsequéht Qele tion may cause the two populations to coﬁverge to
1form a single- population or hybrids are selected against, in which case
incipient isolat1n§ mechanisms between the two species are reinforced

"until gene-exchange beffeen them is virtually or entirely stopped)

(Sibley-1957, p, 170). s

The sunfish ﬁodei of hybridiz:t%gn proposed in Figqre 26 does
not fit either of the hybtidizntiqn\nodélﬁ“proposed by Sibley (1957).
iacher it seems to be 1ntgrnediite fu that interbreeding will tend to \

: continue although selection is acting sgainst the hybrids. " This situation
is likely to continue-until small female punpkinsc‘dl spawn with male
punpkinseeds or until male longears begin actively discrininnting aglinst
female punpkinnocds as apavning partners, or until other premating bnrriers

&o hybri@ization become more effecgiva.
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SUMMARY L

1. Fe?ale and male sanfish, both longears and pumpkinseeds were offered

a choice of male and female sunfiahin two ‘ld.nds of choice, apparatus.
? Results of one choice apparatus, in cgnjunction with the results of
the other choice appai'at‘us‘ which employed simplifying assymptions in
data ;nalysis, lead to thf following temtative conclusions regarding
approach to a member of the'ol;posite sex: d
. - C a) I-'e;nale longears off,erea a choice of ;esting—sized ]:ongear males
| and either nesting-sized p@pﬁnmd or hybrid males (both larger
than the longear males) chpse consepcifics. Size apparently in;
f]mamed this choice as no choice was exercised when female long- .
ears were presem:ed vith nale longears and equal-sized males of
* 'the other two types. ’ ‘. .
b) Pe;nale pumpkins‘egds offered a choice of 'nestins:sized longear and
N pumpkinseed males also chose conspecifics. Again nale.aize was
| implicatéd as’ female pumpkipseeds of various sizes chose males
closest in size to thetr own when offered a choite unequal-sized
) ’/ pumpkinseed males. o .
c) Male punpkinsee&s chose conspecifics but male longears did not

" choose when both were offered a choice of unequal—sized puupkin-

g ’ | seed and longear females.

2. Hybridizdtion in t.he study area liklely'a occurs between small female .

. pumpkinseeds and dale longears.

.

3. Hybrid wmales, artificislly backetosaed to bof.h longear and pu-pldnseed

females, produced a significantly lower percent hatch of eggs than
‘ . - . . i

either intraspeci€ic¢ cross.




-
e -

-

- 4. Selection agaipst the hybrids through their reduced .fertility will

act very slowly to reduce the incidence of hybridization in the

study area as the female parental get;o;ype ('pumpk-inseed) will be
maintained through her subsequent matjngs with co'nspecific males,
and the male ;;arental genotype (longear) will also be maintained

through previous or subsequent conspecific matings..

rp




.. - 128
e - A - _ . ’
N . N * ,
- \.‘V\ . »
/
. Appendix I  Fork Lengths of Fish Used in Activity _ :
. \ . , .
, . Box Experiments. '
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) . I+1. " Fork Nthﬂ (cm) of fish used in the experiment
' the results of which are shown in fig’(n:e 6. P
i o - . f
Lo L, longear; P, pumpkinseed; N, fish-dug nest in
activity box gravel during‘ experiment. |
" ) ’ - L. \
. Test fish .' “ Stimulus fish
. 91,/ . 6L s p -
1 7.0 «-/’/ ‘ 8.3 9.5 o
. 2 7.8 ' 8.3° 11.0
) \ ' . N ) S N i
. - .3 8.6 L 8.5 - 10.3 (W)
4 7.5 : 8.5 11.1 , |
5 1.5 8.4 10,7 (N)
. LA
6 7‘-5 - e 7-9..(N) 10-3
7 RN el 1.2 @) R
8 . T ' 8.8 11{
’ ‘ 9 ~' - 8.0 S 9 113
10 6.6 . r 8.2 - 11.0
Mean - 7.54 . . 8.1y 4 1077
$.D. . . .59 . '0.39 \\  0.57.
’ . . - . ; : . e ’




Mean

S.D.

Fork lengths (cm) of fish used in the experiment

the results of whicﬁ are shown in figure J.

L, lomgear; P, pulﬁkinseed; N, ‘fish dug nest in

activity box gravel during experiment.

Test fish
°L
7.8
8.1 *
8.7
7.4
7.5
. 7.5
7.8
8.5
7.8
9.0

8.0L

055

Stimulus fish

dL

9.5
'10.5
* 10.5
10.5
o,
10.5
10.5
8.5
9.4
9.4
9.5
9.88
0.71

dp B

12.3

12.8

12.8

12.8

16:0‘\(N5 !

16.0 (N)

16,5 (N)

12.5
12.:5

12.5

13.69 .

1.72

13¢C




o I=3. Fork lengths (cm)- of fish used in the experiment

the results of which are shown in figure Y.

L, longear; P, pumpkinseed.

Test fish ° . Stimulus fish

s P

13.1
12.1
11.5
11.6
11.8
10.6’-

10.8

12.3

12.7 -

11.83
. 0.82




3 Test fish -~ - - . Stimulus fish
F - | ™
\ : [
R 9L AN T 8L $P ,
. . ., \ t, .‘
1 7.2 ' 9.2 9.3 ,
A\'p .
2 8.5 . . 19,2 , 9.3
3 8.0 7.6 ) 8.0 -
4 1.5 9.6 0.0
5 8.0 9.6 10.0°
6 8.2 . ' 9.2 9.3 (N)
7 9.0 9.2, 9.3 ]
8 P85 1.0, . 11,2
9 7.8 8.9 9.0 ,
10 1.0 , 9.6 . 10,0 7]
11 ! 7..5 ¢ ! . 9.6 . 1000
12 > 6.5 - RSN ) 11.2
13 ! 704 80.7 \ . '8I05

w 6.6 e 90 N

/\——\/
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' I-4. Fork lengths (cm) of fish used in the experiment

the resubts of 'which»a‘re‘ shown ia figure 10.
L, iongear; P, pumpkinseed; N, f£ish dug nest in

activity "box gravel during experiment..

15 7.8 ’ ' 8.5 . 8.7

16 1.6 8.5 8.5

) . - ,

Mean 7.69 . . 9.27 9.46

5.D. 0.68  0.86 0.9 )
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12

Hean\\p'

s.D.

Fork lengths
the

L,langear; H,

actiyity boX gravel during experiment.

. 1 4
-
Test fish

L

8.8
‘8.3'
7.7
7.4
8.3
7.1
6.6
7.4
8.5
7.8 .
8.5 -
7.3 ~

7.81
0.67

of fish used 1ﬁ

-

g

the experiment
L J

1ts of ‘whith are shown in figure 11.

hybrid; N, fish dug nest in’

Stimulus fish

133

dL dH
' \
8.0 10.5
. 8.0 10.5 )
" 8.4 11.5g(/“£ |
) 8.5  12.1
8.0 10.5
8.4 (N) 11.5
e 8.4 (N) 11.5
8.3 10.4 (N)
8.3 10.4 (M)
8.7 11.6 (N)
8.3 12.0 @
? 8.4 11.3 °
8.31 - 11.15
\ . 0.22

. 0.65




-t e ‘ - . . . 134

‘Iéﬁn. Fork lengths (cm) of figh lised in the.expernnent

| the results of which are shown in figure 12.

L, longear; H, hybrid; N, fish dug mest in

activity box gravel during expe;imqu. ‘ ‘ '

-

-~

“‘“T;st fish +Stimulus fish ‘
=eu . .. . &L 3
.
8.6 o 10.'7'- 10.5
9.5 ' 1003 10.2 (N)
8.4 '\ 10,9 1.1 (v -
) ¥ . ,
- 9.2 ‘ 10.7 10.3 (N)
81 o . 1047 103 )
9.3 - % 1000 2L
8.7 ' - ' » 10.0 9.8 (N)
7.9 o 10.7. (N) 10.5 *
9.1 L e 10.7 (N)  10.5
8.0 . 10.3 10.2
8.0 ' 10.3 10.2
8.5 10.9 S11.1 (N)
709 . 1009 11,1 (N
8.2 R 10.7 103 @
9.0 T 100 9.8 M)
. 8.56 10.52 10.38
: -, '

0.55 - ST 034 0.44
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I-7. fork lengths (c-).of-fish used in.the® experiment
the -resulta of which are showm in figure 13.

L, longear; P, pumpkinseed.

Test fish - Stimulus fish

oL . sm.d P tg. & P

SR t 9.0 - _ 10. 4 . 15.0
2 8.4 - : 10.8- 15.1
N o . 10.6  15.0

;“3, . 8.3
4 - 8.5 ) T g2 1722
. s 91 ) ; 10.8 15.1
6 9 o 10.8 14.8. .
"7 8.2 - . 10.6° © 15.0
8 8.2 '3 © . 10.4 © 15.0
g © 8.5 10.4 - 15.0

o

10 _ 8.3 10.8 * " 15.1

1

1@ | 8.0 - , " 10.8 14.8
12 8.5 10.6 - 15.0
- , - ' | 3.

Mean . 8.39 ° " 10.52 . -15.18

s.D. 0.66 ~ ] 0.45 . 0.65

.




S'OB.' :

Forkvlmgtits (cm) ‘;f fish used in the exper iment

the results of which are shown inPigure 14,

L, longear; P, pumpkinseed; K, fish dug nest in

éctivity box éravel during experiment.

*Test fish

QP
9.5

8.9
9.9
8.9,
9.2
9.6
10.8
10.5
9.0. *

+ p ,‘.‘

~0.6 ‘\./T

-

-

Stimulus fish

L

'8.3.

8.3
‘8.1
8.0
8.3

" B.5

" 8.4

7.9

9.1 (N)

‘8.8
9.1
8.2

842

0.40 -

3P

9.3

9.5 .

10.0

10.7 (N)

0.74 -

\ i At .,
*died after uptri#unt end dfécarded before fork length measured.

|

A ]

F 2
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' - I-9. Fork lengths (cm) of fish used in the experiment = -
the results of ';hich-ue shown in fi;ure 1.5. 4
L', longedr; P, pumpkinseed; N, fish dug Qst in

activity box gravel durirng experiment.

Test fish ‘ Stimulus fish
.QP ) SL ép
1 22.2 o - 9.4 ()  14.5 W)
£ 12.5 9.8 . 4.2 (¥)
' 3¢+ 125 S .. 9.8 14.2 (N)
. 4 12,2 " 9.0 14.0 (N) ’
S 1. ' ' 10.2 (W) 16.2 (Y
| s 123 0.6 )  13.9 (W)
. s 13.3 - S 104, 13.9 ()
- ' 8 13.0 © 9.4 (N) 14.5 (N)
L9 146 ST e s :
0 11.2 * 9.8 14.2 () . -
TR 10.6 L ,9.0 16.0 (N)
- 12 0.3 o102 2
« e I3 1003 . " 10.4 (V) 13.9 (%) . .
14 9.8 . ‘ 104 (N) . 13.9 QW)
' Mean - 11.89 o esn o was ]

S.D. . 1.34 . a 0.52 , 0.23
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L 4
I-10. Pork lengtfxs (cm) of fish used in the experiment
the results of which are shown in figure 17.
R L, longear; P, pumpkinseed; N, fish dug nest in
activity box gravel during experiment.
J .
Test fish ", " Stimulus fish
4 3 4 « dL ép
=L Ve
1 11.9 ' 10.3 13.1 -
2 S Y SR . " 9.8 11.6
.
3 S 9.4 ' 118 .
4 12.3 - . 9.0 -10.6
5 12.2 S 9.8 - 13.2
6 4.9 ~ 9.2 - 12.4
7 ’ 15-0‘. . 8-2 1-3-8 (N)
) o, )
Mean 12.69 - G- 9.39 12.36
SD.. - 1.60 .. 0.68 .11
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I-1t. Fork lengths (cm) of fish used in the experiment

"~ the results of which are shown in figure 18.

L, longear; P, pumpkinseed.

~

Test fish s:i‘nglus fish
P . sm. 8P lg. @P
1 - 10.3 10.4 15.0
2 8.5 ' . 10.8 1541
‘3. 10.7 ‘ ' 10.8 --. 15.1
4 9.0 o - 10.8 ° . 14.8
s 8.5, | 9.2 - 17.2
6 9.5 ) : 104 15.0
VN .
7 9.4 10.4 .  15.0
8 9.8 ' 10.8 15.1-
9 © 9.4 ~ " 10.8 - 15.4
10 9.0 . ' 10.8 14.8
Mean . . 9.3% . 1082 15.22 )
S.D. 0.66 - . 0.50 0.1
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I-12. Fork lengths (cm) of fish used in the experiments

\the resnlts of which are s:hovn in .f:l,g\ux'-e 19,
' L, longear; P, pumpkinseed; N, fish dug nest in
activity box gravel during experiment. °

Test fish ' Stimulus fish

QP sm. 4P’ lg. 4P
12,6 10.4 15.0 (N)

12.4 9.4 17.2 (%)
12.2. T s T a2 m
12.7 10.4 15.0 (N)
11.8 T 10 15.0 (N)
11.0 ‘ | 10.8 4.1 (N)
o T 10.8 14.8 (N)
12.2- ‘ 10.8 o 14.8 (V)
11.5 ) 0.6 15.0 )
: "10.6 15.0 ()
16.4 15.0 (M)

10.4 15.0 (¥)

10.8 1 15.1°

10.8 151
10.8 14.8

.
*

10.8 . A8
10.6 - ° 150 (¥
10.6 15.0 (N)

10,49 1522
0.43 © 0.73




I-13. Fork lengths (cm) of fish used in the experiment
the results of which are shown in figure 20. 1

. L, longears, P, pumpkinseed; N, fish dug nest in

d activity box gravel during experiment.
Test fish Stimulus fish
°ep sa. SP 1g. dp
1 16.4 ' . 10.4 15.0
2 13.0 o 10.8 15.1
3 | 14,7 10.8 14.8
4 | 13.3 10.6 . 15.0 (N) -
5. 138 | %6 172
e 14.6 | DR 10.§ 15.1 (N)
7 13,5 T 10.6 15.0 (N) -
78 ' + 19\5 e 9.2 .~ 17.2 (V)
I 1.8 | , 0.8 151 M
10 .. 15.0 . : 10.8 16.8 (N)
11 SR N . 16 150
12 14.5 : ' 10.6 15.0
Mean 14.38 . 10.43  15.3
‘s 101 R 0.55 0.87

141
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'I-14. Fork lengths (cm) of fish used in the experiment
the results of vbich- are shown in figure 21.
L, longear; P, pumpkinseed; H, hybrid; N, fish dug
nest in activity box gravel during experiment.
_‘Q Test fish St;n;u]:us fish
P - . d L 'd‘ H
1 10.6 g . ‘13.8 )
. Nl . .
2 11.0 _ . 9.5 13.8 (N)
’ 3 11.8 - N 9.5 13.2 (N)
4 i 11.6- _ 9.5 13.2.(N)
- 5 11.5 - 9.7 13.8 (N)
> 6 0.6~ S N _13.8 (W)
7 10.4 I e 9.1 13.9 (N)
8 11.5 . 9.4 - 12.6 (N)
9 12.6 T 9. ' 15?6'(n).
10 . 10.4 .9 L T Bam ,
11 12.1 . 9.5, 13.2
12 o1 ' 9.7 13.8 () .
13 BTV 9.7 13.8 (N)
. 14 . 10.6 ) T g1 . 13.9
- BT o2 9.4 - 12.6 (N)
16 11.1 | . 9.4 12,6 (N)
Mesn . 11.19 - . 9.48 13.40
8.0, 0.6 ‘ 0.19 + 0.54 ‘

]




1—15; Fork lengtha (cn) of fish used in the e:xperiient

the results of tthich are showm :Ln figure 22,

L, -longear; P » pumpkinseed.

Test fisix

9L .
1 8.4 /
2 8.6 /
3 7.9
i 7.9
5 8.1
6 9.4
7 9/
8 7.1 ,
9 7.7
10 8.5 ‘
11 9.4
12 9.3 )
13 8.5 ~
14 8.1
15 8.3
16 9.0
17 10.5
18 8.4
19 8.9
2.07 “'*'\ /
" Mean ¥ 8.55
5.D. 0.77

#Fork lengths not recorded .

.

7.4

.6.8 )

8.1

. 6.7
6.7
».6
7.4

7.6

7.0

7.8
7.5
7.7
7.5
6.7
7.5
7.8
7.5
5.9

6.1

- R

7.28
0:59

Stimulus fish

9.9 -
10.6°

9.2

11.4

12.2

9.0

9.1

9.0

104
103
. 9.2,
120

-

- 12.3

J
" 10.04
1.27,

143
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I-16. Fo;k lengths (cm) of fish used in the experiment

the results of which are shown in figure 23.

L, longear; P, pumpkinseed.

-

) Test fish - " Stimulus fish
ép "9 L
1 1.0 11.0 7.4
2 9.6 8.4 e 8.1
3.' ©10.5 (N) * 9.9 7.7
4 1.1 - 11.3 6.7
5 10.2./ C 10t 7.1
6 | 12.3 . | ,9.9 7.6
7 ,11.0 (N) 4 B - 9,9 7.4/
8 10.6 @) ' 10.6 7.6
9 11.2 ; ;9.2 7.0
10 11.4 1}/(
11 . i2.8 | S 12.2
12 ' 11.5 ’ | 9.6
13 12.4 9.1
14 11.6 . 10
15 . 11.8 - - . 10.3
16 12.0- o 9.7 7.5
17 10.1 . K ‘9.5 " 7.0
18 . 11.2 N es | es .
19 i 1.e | _ 120 . 59’ \‘
20 10,6 | Tk e,
Mean 112k N LS T 7.29
s.0. o.sgc S . 106 0.56

"#Pork length not recorded . o
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Appenaix II Egg Ripeness and Order of Extrusiom.
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Appendix III Measurements of Egg Diameters.,

a
‘e
-
L4 Al q
» Ld ’
n .
‘ o
N
.
»
- .
/s : , .
. M ~— b
—- P
A > 4
. -
. - N ’
Y N
. |
L ° * .
. * N !
L
'
4
. L4 . hd v ¢
Q
. /
.
.
L 2
' .
.
L3
° . ]
-
- .
“
. -
.
.




1.28

1.30

1.40

1.37

1.31

Mean 1.35
SODO .- 0-05
Total Mé&an

s.D.

1.35 ~j
“.' -

-

Diameters (mm), of eggs from

-~

2

"1.31
1.35
1.30
1.28
1.33-
1.31
1.33
1.35
1.31

1.3}

1.43 .

"1.30
1.28
1.37-
1.37
1.31
1.38
1.35

N 38

1.33

0.03

1.35°

0.08 .

3

1.35
1.52
1.45 )
1.31
1.35 °

. 1.33;

'.1.59 -

'1-40

.35 V1.1

1.56

' '1.45;;
1.37
1.59

1.42

- -

1.3k

1.40
.

" 1435

1.30

z.

-

.35

. v
-

1.40

0.08

»

4 5. 6
1.38  “T.40  .1.28
1.64 1.33 1.3
1.49 1.35  1.28
1.45 1.30 1.23°
1.47 1,33 1.38
1.61 1.28  1.28
1.31 . . 1:40 1.25

1.31 1.25 1.25

1.35 1.25 .
1.38 1.28 gl.21

“1.66° 3 1.25 .18
1.56% 1.31° / 1.12
1.35 1. 1.25
149 + 1.40  1.28
1.47 1.28 1.18
1.45 " 1.38  1.28
. ;
1.42 1.30 ~  1.21
1.45°  1.35 . _1.26
1.45  1.28 1.29

4 P .
1.59 1.35 1.30 -

Y
1.44 . Q.33 1.25

y .
0.09 0.05 - 0.06
: 4
-
»

AY

eight female longears.

1.28
1.31
1.33
1.42
1.31
1.44
1.28
1.49
138"
1,3f

.31
1.31
1.31
1.30

.i.35

1.31

1.37

1.35
1.38 N

'1.31°

2.35

0006

N

1.35
1.44
1.
.35
.38
.33
.38
.38
1.31
"1.

< 1.38

37
T .35
1.33.
-.lly
1.38
1.38
[
"1.35°
\1,3;-
10“2 -

1.35

-

LY

1.36

**0.03

33 °

k]

"

)
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III-2"' Diameter -(mm) of eggs from five female pumpkinseeds:

2
N * X Y -
1 - 2 - 3 4 5 ..
’ - .
. _ 1.11  3l.11 1.14 1.21 ¢ 1.11 4
° - . 1.06 1.12 1.23 1.21°-  1.14
, ¢ S1%09 111 19 L2l 1l
PR} ] '
o 1.16  1.16  l.1& 1,12 1.14
i 1.1 111 u21 1.23 . 141
. 1.00 112 118 121 - .12 .
) : , p - . .
mL .. L4 .11 1.48 - 1.25 1.11
1.2 1.11  1.18  "1.21  ».16
o148 118 L4 11§ L.l
o 1.2 118, 121 1.14 ) BEPE
. \ * ] . . (3
o |, T 1.25  .T.16 1.18 1.2 1,11
S112 0 a6 16 L8 14
1.26, 116 cnast "L 1.18 !
1.16 - 1.16.  1.18 1.19 " 1.14
8 : . .
- " N . 1-16 1-09 l-16 1-16 1-07
- 4 )
1.23 109 121 ' 121 "Ll
‘1.14  1.11 1.‘ 1.28  1.14
‘r o = . . Al ’ . v ~' «
oo 1.07 1.16 - 1.26  1.18 1,07 ) .
- AN / ' N ' . " N " . .
> . - 1-21 i 1016 101‘ -1‘:19 - 1318 .- K
- ‘_ " - + .
.-1.18  »1.09' f.a8 . 1.21 0 1.02
’ °. . L 4 ’
| Mean  1.13 113 . 1.9 120 1.13 , :
! s.0. 9.07. @03 ° 0:03  ‘0.03  0.05 o 7
e .. | \ T
Total Mean® 1.16 oM N -

) E.\ ‘. SCDI . . 0105 ' , ¢ " ~
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. Appendix IV Total Eggs Stripped, Numbers of Eggs Hatched and
° S ’ -
: Percent Hatch for Artificial Crossing Experiments.

% . . [y
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- 3
N IV-1., Experiments using stripping method A. Summer 1. .
) P, pumpkinseed; L, longear; H, hybrid. - ®
Numbers in brackets indicate the order 'in which males were stripped.
LY . M . k
dP ) = dL . < dn
L Total # Hatch I Total # Hatch 2 " Total # Hatch I
. - .
. ' - ‘o Y .
1. 9p 123 25 20.3 3 157 59 37.6 1 167 58 34,7
L 112 8 7.1( ) 138 61 44.2( ) 124 30 14.0(2)
‘ -
2. 9P 268 1 0.4y 386 220 57.07py 356 155 43.5.4,
°L 200 0 0;0 223 77 34.5 328 ‘83 25.3
. 3. 9P_ 467 330 70.7(3) 251 242 96.8(1) 258 186 72.1(2)
. L _266 13 4.9 221 "136 61.5 191 17 f;9
A} . )
6. 9P 224 . 25 11.2(3y 238 23 9.7¢3) 219 49 22.4¢
L 301 23 1.6 1227 5 2.2 295 12 4.1
) . . '
5.9P 244 T 156 63.9(;y 204 : 99 4B.5(3y 276 118  43.1(3)
L 140 8 5.7 115 0 0.0 . 140 0 0.0
- - /
6. ¥P « 289 170 58.8(3‘ 277 250 90.3( ~ 313 152 48.6(2)
{3 1) o
°L 124 ) 0 0.0 100 5. 5.0 132 0 0.0

7.9P* 206 171 83.0(p), 267 146 Sk.7(3) . 292 264  90.4()
°L 159 %5 28.3 142, 21 14.8 T 159 42 26.4

8. 9P 491 404  82.3(1) 532 403 75.8(p 5527369  66.8,3)
- 9L 204 20 9.8 222 6 2.7 209 7. 3.3

)

9.9P 2100 "-179  25.5(3) 364 ° 195- 53.6(1) 398 185 46.5(p

. eL 275 52 - 18.9 214 65 20.7 212 - 34 12.5
10. °pP 278 105 - 37.8¢2y 339 96 28.3(3) 315 149 . 46.3(%)

- 2L 340 204 60.0 487 234" 347.9 328 195 59:5

. Total 9P 2900 1466 " 50.6 \'. 3015 1733 57.5 .3144 1685 53.6

QL 2121 373 17.6 2093 610 29.1 2178 420 19.3




.

Iv-2. Experiments using stripping method B. Replicates
1-10, Summer 1; replicates 11-15, Summer 2.

4P dL JH
Total # Batch % Total # Batch ¥ Total # Hatch % '
. b4
1. 9 605 515 -85.1 352 329 . 827 607
oL 4118 108 91.5 107 101 . 108 74

2. % 361 319 88.4 268 252 .0 145 126
L 193 \ 87 45.1 143 117 2. 90 - 20

3, 9 357 331 92.7 368 310 . 1770 286
Q376 102, 28.2 22 249 362 27

4, 9 299 226 74.9 335 282 244 171
L 189, 49 - 32.9 226 133 226 54

5.~ 239 187 78.2 282 270 215 182
a 110 36 32.8 124 117 89

6. op 180 169 93.9 Y65 143 : 205
. %L 108 9% 88.9 o6 . J7 80.2 . 19

7. 9 492 484 98.4 522 468 435
QL , 386 285 73.8 227 214 222

g. 9 402 393 463 442 309
a 199 244 . © 285 211 ' 314

9, -~ 277 228 . 464 366 : 422
L 124 11 ) 78 53 . - 230

. 53
10. % 135 92 S 30 129 326 ,
Qq 181 146 , 36 . 230 245 166
T % 389 374 428 360 T
s 3 208 a7 38 - 490. 262

12. % 327 182 55 w2 825 336 238
@ 500 376 715 321 290 362 292

13. 9 349 286 ¢ 351 268 . 390 65
32 287. i 639 285 . 315 \54

14. S¢ 183 174 174 170 . 71 18
L 267 198 926 211 . 248 173

9o 280 268 "213. 205 i1~ 132
oL 423 310 .3 293 .286 245 93

fotal WP 4875, 422 5047 4369 86, 5186 °© 3381
oL 3785 2440 360 2892 76. 3625 1723 °

Y
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V-1 Analysis of variance of cement tank data (X0 data not included)

Source

Type of Fish
Behaviour
Type-Behaviour
"Fish

Behaviour ~ Fish
Experimental Conditions (Fixed) 80
Behaviour - E.C.

Since the Typé-Behaviour interaction is'sigqificagt, detailed investigations

df

(Fixed) 3.
(Fixed) 6
18
‘(Random) 76
456

480

among behaviours may be pursued. '

@ .

Source

1. PGy~ PH in C-

. 9P

df

\
e s i

s

- el b

e

PSRV - S I RPN e ﬁ
*« * e . - [ ]
PO O WO

W
-00. O ON P

©0 0

F
<1

462.6

1.97

AN

{1
17.43
1,40

<1

<1

14,32

<1
<1

<1
1.12

<1

<i




Source : ’ df MS F P.

5. (FC, NG, PC) - (PH, NH, FH)in ¢ -

°p 1. 18.12 2,06 »0.
vy 1 197 <1
é P 1 0.06 <1
S 1L v 1 bos <1
6. (FC, NC, PC) - (PH, NH, FH) in:E ,
‘9P - 1 0.1 <1
oL . "1 108.12 ,27.10 <£0.
g P, 1 29 <1
é'L 1, 0.33 <1
N ns ~ not significant .
¢
- ’
- ¢
) S . ‘ _ -
pCR * -
LA T
2 g '
* -
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V-2 Analysis of variance of cement tank X0 data

Source - T df M F. P
Type of Fish (Fixed) "3 6.61 . 3.70 "< 0.0%
Fish 76 1.78 . .
Experimental Condition(Fixed) 1 77.92 102.35 < 0.001
Type - E.C. Interattiog 3 0.73 «1 }
Fish - E.C. Interaction 76 0.76
(E-C) x @P Q1) ‘ .1 0,06 <1 ns
(E-C) x (8P <3L) 10 030 <1 ° ns
(E-C) x @ 3) 1., 1.85. 2,43  >0.05 :
P -9L 1’ 3.50 1.9 7.0.05
dB -dL 1 3.90 2.19 >0.05
jj -d . 1 12,41 6.95 <0.025
~ 2 ’



©

. M ) 1 518
V -'3 Analysis of variance (two-way with unequal but proportional
subclass numbers) to determine if thel0 Method B crosses made in one
year differed from the 5 Method B crosses made in a second year.

N

\ . k -
Source df MS F op 3
el . .
Subgroups o 11 . 908.3 -
Years (Random) . 1 . 19.7° <l - - ns
Crosses (Fixed) ‘ 5 1689.7 8.9 ° < 0.025
Years x Crosses 5 304.7 1.7 , ns
Error - 78 187.4
Total . 89 :
D e ) o .
] - . '
[ 4
‘Q
] ’ ?
f:" T - . -
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V + 4 Analysis of variance {two-way with unequal Xut proportional
.~ Subclass numbers) .to determine if-Method A crosses differed from
Method B crosses. ' ’ -

Source . aF M - F P
) @ _
Subgroups . 11 3,816.5 16.8 . <« 0.001
Methods (Fixed) -1 24,135.4 , . 106.4 £ 0.001 °
* Crosses (Fixed) 5 2,839.2 12. < 0.001
Methods x Crosses 5 730.1 3.2 ns
Error 138 226.8
Total 149 3 ' ¢ ' . B
o v
"~ B T T o ) ‘ B
. ¢ |
| '
v}
v - v ' \
P4 ' -
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V-5 Analysis of variance to determine if differences exist ‘among the
six Method B.crosses.

-

[

Source ' af MS . F P

. b
Crosses s T 1682.7 8.78 <0.001
Error - 84 192.4 - )
Total : B'9 o ’ :
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