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ABSTNACf

The Mlnk and. Valley rlvers, Ì{anltoba, contaln two

synpatrlc specles of d.ace (Cyprlnldae¡ Rhlnlchthys). These

flshes, although lnterfertlle, have never been reported to
hybrld.lze nlth each other ln nature.

Seasonal lsolatlon ls only partlally d"evelopedr

slnce overlap 1n tlne of spawnlng exlsts. Durlng spawnlng,

ad.ults of the two specles tend. to occupy d-lfferent habltats,
the longnose d.ace, Rhlnlchthys catatact,ae, belng most

abund.ant ln water velocltles faster than 45 cm/sec and ühe

blacknose d.ace, R. atratulus, ln water velocltLes less than

4J cm/sec. But sone overlap exlsts. However, the place of
spawnlng of the two specles ls d.lst,lnetly d.lfferent. Nests

of longnose d.ace nere found. ln water veloclüles exceed.lng

45 cn/sec wlth large stones (upper llnlt > 5 cm) whlle nesüs

of blaoknose d.ace ü¡ere found. ln slower water veloclüles wLth

smaller sËones. The patterns of spawnlng behavlour of these

two cyprlnld.s reveal marked dlfferences and. obvlous lnconpatl-
bllltles. Males of both specles actlvely defend t,errltorles
prlor to spawnlng but observatlons reveal dlstlnct preferences

for homospeclflc females over heterospeclflc feuales.
observatlons further lnd-lcate that females are receptlve
only to patterns of oourtshlp behavlour shown by nales of
thelr oürn specles.

The comblnatlon of dlfferent plaoes of spawnlng and

patterns of behavlour ls consldered to be a very powerful



barrler to lnterspeclflc hybr1d.lzatlon. Spern longevlty of

both specles ls of consld.erable d.uratlon (50% not,lllty after
3I-32 sec) and could., ln the absence of other relnforclng
mechanlsms, permlt accld.ental fertlllzatlon. Ilowever, the

lnterplay of the pre-natlng lsolatlng mechanlsms would

appear to effectlvely nalnüaln a hlgh d-egree of reprod.uctlve

1solat1on.
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1

INTBODUCTION

Prellnlnary ecologlcal stud.les were cond-ucted. d.urlng

the sprlng and. sunmer of 196?, on the Fllnk and. valley rlvers.
These stud.les revealed. the ¡resüern blacknose d_ace,

Rhlnlchthys atraturus meleagrls .å.gasslz and the longnose

dace, Bkrlnlchthys cataracüae (valenclennes) to be well
d.eflned. specles whlch are s¡m.patrlc, occur together ln the
sane secflons of the rlversr â,rtd spavrn at slnllar tlmes of
the year. although hyìrrld.lzatlon between these üwo specles

ln the fleld. has not been reported to date ln the llteraüure,
lnterspeclflc hybrld.s prod.uoed. ln the laboratory show a

survlval rate conpafabre to ühaü of homospeclflc matlngs
(J. I[. Gee, personal eonmunlcatlon). Clayton and Gee (]969)

have shown that both specles and. ühelr laboraüory-prod.uced.

hybrld.s can read.lly be 1dentlfled. by electrophoresls of
ülssue extracts. IIowever, of 19 d.ace ta^ken fro¡n the ¡ftnk

Blver and- exa.mlned. by thls processr rro hybrlds could. be

ld.entlf 1ed..

Nelson (L966) has revlewed. the llterature on

hybrld.lzaülon of Birlnlchthys gataract;ae. The followlng
specles have been reported üo hybrldlze wlth R. cataractae¡
campostoma anomarum (Gree1ey, Lg3B), Hybopsls mlcroposon
(Baney, l-940b), Rlrlnlchthys osculus (stgler and. M111er,

L963), Rlchardsonlus bplteatus (!,telsel , rg5s) and. Hybopsls
plumbea (Nelson, 1966l.
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Tne obJect of thls stud.y was to d.etemlne how

reprod-uctlve lsolaülon ls ¡aalntalned. so as to prevent

lnterspeclflc hybrld.lzaülon between longnose and- blacknose

d.ace. The followlng lsolaülng mechanlsms are consldered.¡

ülne of spawnlng, place of sparmlng, spawnlng behavlour and.

longevlty of sperrn.

A.ccord.lng to Bred.er and. Rosen (1966), vlrtually
nofhlng 1s knor,sn about the reprod.uctlve hablts of Bhlnlchthys

cataractae except tlnal lt spavüns ln early sprlng. Carl,
clemens and. Llnd.sey (l-959) wrote that spawnlng ln Blrlnlchthys

cataractae occurs ln sprlng ln shallow gravelly streamsi no

nest ls consüructed., but the nales guard. a üerrltory over

whlch they entlce ühe females to spâwftr

Raney (1940à) d.escrlbed. ühe spawnlng act of
Rhlnlchthys atratulus meleagris and stated. that ad.ult males

establLsh and. d.efend. terrltorles up to 2 feet ln d.lameüer

for several d.ays, spawnlng wlth many females. Raney (1940a)

consldered. preferred spawnlng areas of thls specles to be

over sand. and flne gravel.

Íhe present süud.y lnvestlgates the breed.lng hablts
of both specles. spawnlng areas are d.escrlbed- ln deüall and.

patterns of spalrnlng behavlour are presented_.
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LTTEBATURE REVIEI,{

Ðobzhansky (1937) lntro¿uced. the term "lsolatlng
mechanxlsms" for all agents whlch prevenÈ or hlnder the

lnterbreed.ing of specles. Mayr (t963) d.eftnes lso1atlng

mechanLsms as "blologlca1 propertles of lnd"lvlduals that
prevent the lnterbreed.lng of populatlons ühat are actually
or potentlally s¡mpatrlc. " There are a host of mechanlsms

that nay lsolate closely related specles and. several

cLasslflcatlons have been proposed. lhe classlflcatlon of
Mayr (l.963) was adopted. ln thls lnvestlgatlon, Thls revlew

w111 be restrlcted to 1solatlng mechanlsms ln freshu¡ater

flshes as they pertaln to the present stud-y. îhe llteraüure
on the followlng lsoIatlng mechanisns w111 be revlewed_¡

tlme of spawning, place of spawnlng, spawnlng behavlourr and

longevlty of sper[r.

A. Tlne and. Place of SpawnilCg

Accorrllng to Y[ayr (1963), the less often two pot,entlal

mates 1n breed.lng cond.ltlon co¡qe lnto contact wlth each other
the less l-lkely ühey are to lnterbreed., Many sympatrlc

specles are lsolated only or ln part by dlfferences ln tlne
of breed.lng' Hagen (1967 ) has shorsn t]nat seasonaL lsolatlon
ls partlally d.eveloped. between ühe stlcklebacks, QasËerosteus

lelurus and. Q. trgchurus. one fom breed.s from early March

through to JuIy wh1le the other breed.s from late May to

September, Hagen QgeZ) provld.es evld.ence to show that
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ecologlcal lsolatlon ls a very powerful barrler to
hybrldlzaülon between these stlcklebacks. The two specles

show numerous adaptatlons to the d.lstlnct1y d.lfferent
habltaüs that they frequent and- each show a strong afflnlty
for lts ot^ln habltat. Ilowever, ln localltles r¡rlth lnter-med-Late

or contlguous habltats¡ co-€xlstance and- lnterbreed.ing occurr

Specles whlch nomally breed_ ln d.lfferent seasons may

lnterbreed. where condlËlons are such as to cause an overlap

ln the breed-lng seasons (nutUs , 1955). In typlcal strea¡os

and- lakes of western Montana contalnlng üemperaüure grad.lents,

red.sid.e shlners, $þþStEgEigå balteatus, rlpen several weeks

to a month earller than the squawflsh, Ptychochellus

oregonense. Horarever, when both specles occur ln ¡¡ann

sprlng-fed. sloughsr the wamth of ühe slough r'iater, whlch

remalns constant at 17-1BoC, causes the tlço specles to rlpen

at approxlnately the sane ülme. Welsel (l-955) suggests that
thls factor ls cond.uclve to mlscegenatlon between the

squawflsh and. shlner.

Ilubbs and. Strawn (lg57a) found. seasonal lso1atlon to
be lneffectlve for the d.arters Etheosto¡oa lepld.r¡n and. $.
spectablle whlch breed. ln response to d-lfferent temperatures

that overlap wldely. Hubbs (r96],a) states tlnat serectlon of
d.lfferent areas for spawnlng often acts as a mechanlsm for
reproductLlve segregatlon. T?re two darters Ëtheosto¡na lepld.ug

and $. spectablle d.lffer ln substrate used. for spawnlng

(guUbs, I95B), Etþgostoma Fpectablle prefers gravel botto¡t
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(l{lnn, 1957 ) and E. lepld-un prefers fllanentous algae (nun¡s

and Strawn , I95?b). lllnn (l.95? ) states t]nat ln the subfamlly

Eüheostomatlnae (d.arters ) tfre site ¡ihere eggs are d-eposlted.

appears to be relatlvely speclflc and- consüant for several

specles. Tkre sllght d.lfferences ln gravel slze utlllzed- for
ühe d.eposlülon of eggs by Etheosüona caertrleum and $,
spectablle results 1n spatlal lso1atLon on a gravel rlffle.
Keenleysld.e (l-96? ) has shol,m that where the sunflshes

Lepomls nesalotls and !. glÞÞggË are sympatrlo, the former

usually breed. ln areas of faster water flow than the latter,
although ühe üwo specles may spawn wlthln a few meters of
each other. It has been observed- l''},:.aL certaln specles of
bltterllng sparsn and. fertlllze thelr eggs preferentlally
lnto d.lstlnct specles of fresh¡vater mussel, Duyvenê d.e i,ilt
(1962) notes ühaü thls pred.ilectlon may thus act as an

isolatlng mechanlsm. Accordlng to l{lller (1961+), Exoglossum

sÞ. woul-d- not be able to nalntaln posltlon and. carry out

spawnlng actlvltles ln the swlft currents where nany

E¿þgpglÊ sp, and. Semotllus corporalls nest. In thls way

somewhat d.lfferent habltat preferences relnforce other

lsolatlng mechanlsms (e.9. tenporal) malntalning a fal,rl.y

fllll barrler agalnst hybrld.lzatlon.

Nelson (]-266) fras süated. thaü many closely related

specles that co-exlst ln und.lsturbed areas rnay hybrld.lze lf
envlronmental changes occurr One of the nosü frequent

causes of hybrld.lzatlon ln freshwater flshes ls d.ue to such
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changes, resulülng nostly fron human lnterference. Süud.les

ln whlch envLronmental changes are known to have been

assoclated. wlth the hybrld.lzat.lon of fish specles have been

revlewed- by Balley and ragler (1938), Hubbs and. Mrtler (1943),

Jurgens (L95L), Akslray (tgSZ), Kosswtg (Igíil, Hubbs, Kuehne

and Ball (L953), Hubbs (L955) , bielsel (tg51), Hubbs and

Strawn (L956), GlLbert (1961), Delco (tg6?) and. Nelson

(L966),

B. Spawnlng Behavlour

In most flsh specles ühe patterns of courtship
behaviour are composed. of a serles of reclproeal or mutual

slgnals lnvolving both sexes. hlhen lnd-lvid.uals of two

specles meet, reprod.ucülve lso1at1on may be nalnüalned. by

the fallure of one or both to glve the approprlate slgnals
and. responses (Lttey, L966). Reprod.uctlve lsolatlon ührough

behavlour has been d.escrlbed. for @@þEgg conmersonll and.

g. macrochelLus (Nerson, Lg68) , Gasterosteus r,vheatland.l and.

g. aculeatus (McÏnerney, 1969) and. for Achellognathus

lanceol-atus and. g. llnbatus (nuyven6 ae üIlt, J"g6Z). Mlller
(1964) states ühat the tilt d.1spLay and spawnlng clasp of
terrltorlal nale Noüropls cornutus are not presenü ln N.

rubellus. slnce these motor patterns assoclated. wlth
spalrnlng dlffer marked.ly between the two specles, Mlller
(1964) suggests that they are probably an lmportant lsolatlng
mechanism.
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Numerous stud.ies have shown mate-recognltlon to be

a maJor behavloural- lsolatlng mechanlsm. In hls stud.y on

three specles of sunflshes, KeenLeysld.e (196?) found. that
males d.lstlnguished between females of thelr own and. other
specles conslstently, courtlng homospeclflc females ln
preference üo the other two specles. He conclud-ed. that thls
behavlour probably contrl-buted to reprod.uctlve lsolatlon
betlreen sympatrlc populatlons of ühese three specles. clark,
Aronson and. Gord.on (]-954) and. Hubbs and. Ðe1co (1960, l-962)

revealed- sl¡oll-ar behavioural isolatlon anong s¡rnpatrlc
specles of xlphophorln and. gambusllne flshes deüe:mlned by

means of such tests of preference. plcclolo (196l+) found

vlsual sülnuIl ühe most funportant of several posslble

mechanlsms for d.lscrlnlnaü1on ln four specles of anabantld.s.

However, Hubbs (l-955) states ühat great scarclty of
one specles coupled. wlth the abund.ance of another often
lead-s to hybrldlzatLola; lndlvld.uals of the sparse specles

seertr to have d.lfflculty ln flnd.lng thelr own mates. t¡Ielse1

(1955) suggests tnat hybrld.lzatron between Ehlnlehthys
cataractae and. Blchardsonlus balteatus nay be enhanced. by

the fact Þhat the dace 1s rare ln some streams whereas the

shlners are exüremely abundant. .ê.nalogous cases r¡rere found.

by Hubbs, Hubbs and. Johnson (1943) for lnstances of hybrld.s

among suckers and. by Hubbs, Illa]ker and. Johnson (1-glþ3) for
hybrld.s anong cyprinod.onts.
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C. Longevlty of Sperr

A.ccordlng to Mayr (1963) , ethologi ca;.- f actors have

only linlted. value as lsolatlng mechanlsms ln aquaülc

anlmaLs wlüh external fertlllzatlon. Eg;gs and. spern of many

flshes are freely dlseharged- lnüo the water and If there ls
any lntelmlngllng of specles, the eggs of one specles nlght

be ferülIlzed by sperm of another. laboratory experlments

by Ilubbs (1957 , 1960, ]-96ljo) have d-emonstrated. t]nat sperm

longevlty w111 perrnlt aocld.ental fertllLzaLlon, Hohrever,

Hubbs (L957, 1960, l-96f'þ) and Hubbs and Drewry {l-958) have

found. ga^metlc lnconpatlblllty after a tl¡re-lapse whlch would.

red.uce the chances of accld-ental lnterspeclflc fertlllzatlon,
Since delayed. fertillzatlon may result ln lower hatchlng

survlva1, short tenporal functlon of spem nay be a slgnlfl-
canü mechanlsm ln restrlcüed. spavrnlng areas (Nelson, 1968).

Hubbs (l-957) states that lt ls not surprlslng t]nat ln
logperch, &.æ.L& caprod-gs, a fish rolÈh frequent natural

lnterspeclflc hybrld.s, sperm longevlty ls greater than ln
the orangethroat darter, Etheostona spectablLer a flsh that,

seld.om hybrld-lzes. In many sy:npatrlc specles of flshes

whose temporal functlon of sperm ls comparatlvely long,

elements of chance llnked- wlth lnsufflclent seasonal and.

spatlal 1so1atlon have explalned the occurrence of hybrlds.

Such cases have been noted. by Hubbs and- Brown (1929), Hubbs

(1955), Gllbert (1961), Duyvené d.e hilt (L962), and Stewart

(1966),
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Most of the above stud.ies on lsolatlng mechanlsms

of freshwater flshes have been lnltlated. by the record,lng of

hybrld.s. The usual approach ln these studles has been to

d-etemlne whlch normally effectlve lsolati.ng mechanisms have

broken d.own. The lnltlation for the present nork, however,

took a rather d-lfferent forr, slnce the two cyprlnld.s

concerned are lnterfertlle yet have rÌever been reported to
hybrld.lze v¡1th each oüher ln nature. The present stud.y

aütenpËs to deterrnlne the facËors preventlng lnterspeclflc
hybrld.lzatlon and- thelr slgnlflcance 1n reprod.uctlve

lsolatlon, whlch must be consldered. as near-perfect.
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DESCRIPTTON OF TEE STUÐY .â.BEA.

Tire Mlnk and. Valley rlvers both orlglnate ln the

Ðuck Mountalns (ivlanltoba) and- flow eastwarriL, enptylng lnto
the northwestern shore of Dauphln Lake (Flg. 1). Several

statlons vüere establlshed on each rlver system for ühe

purspose of observlng behavlour and. collecting d-ata on tlme

and place of spawnlng. Both rlvers are characterlzed. by

relatlvely hlgh grad.lents. .å.lthough the Valley Blver ls the

larger, the two are slmllar, conslstlng of serles of rlffles
and. pools. They are d.eep and. fast-flowlng ln early sprlng

but generally become slower and more shallow later ln summer

and. faII. Al-1 statlons except Statlon 6 were sltuated- on

the upper reaches of the rlvers ¡rhere the wld.th rarely
exceed.ed. 10 m. and. the depth varled from less than 0.J m. 1n

rlffles to between 1.0 and. 1.J m. 1n poo1s, Velocltles
throughout the stud.y area- ranged from less than 7.5 to 82.5

cm/sec.
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FLgure 1¡

A Map of southwest Maniüoba, showlng locatlon
of the stud.y àTèâ.¿

Map of süud.y area., showing locatlons of
statlons on the I,llnk and. Valley rlvers d_urtng

1968-69. Numbers wlühln clrcl-es refer to
sfations.
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IVÍATERIAI,S ¿,NÐ METHOÐS

A, Tlme of Spar,rnlng (Season)

On Apr11 26, ttay 5, 16, 2?, June 5 arrtd 25, 1968,

boüh specles of d.ace rlere collected. fro¡s a îild.e range of

envlror¡nents ln the Mlnk and. Val1ey rlvers to obtain

lnfomatlon on d.evelopment of gonads. Collectlons T4rere made

wlth a two-man selne (5 neshes/cm). Dace collected- were

preserved Ln IOfi fomal-ln and- later transferred. Eo l+O%

lsopropyl alcohol. Flsh hrere d.rled. llghtly on paper

towellng and. weighed on a Sartorlus electrlc slrrgle-pan

balance (+,OOZ5 gn). Tkren gonad.s were renoved. and. welghed.

to the nearest .002J gm. The welght of the gonad. expressed.

as a percenü of the body welght was used. to d.eteznlne the

approxlmate lnterval of tlne over whlch the two specles

spawned., Only flsh aged. 2 years or ol-d.er rlrere used.

(d-etermlned. by length-frequency ) .

B. Place of Spawnlng

a) Ðlstribution of ad-ult d.ace

Collectlons made on the above d.aües also provld.ed

evid.ence on d.lstribution of ad.ult dace ln d.ifferent envlron-

ments prlor to, d"urlng and- after spar'Ining. A daüa sheet was

conpleted- for eaoh coIlect,lon, record-lng the area seined.,

water veloclty, substrate slze and composltlon. lrlater

veloclty was measured. on the surface by tlning the movemenü

of a floatlng object over a known d-istance. Tkre area seined.
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in each collection was as homogeneous as posslbl-e with

respect to each of ühe above envlronmental varlables. Once

these ö.aþa rlere analysed-, the number of adult d.ace per

square meter taken ln slow water velocltles (. l+5 cm/sec)

and ln fast water vel-ocltles ( t 45 cm/sec) was calculated..

b) Dlstrlbutlon of red.ds

Durlng the sprlng of 1968 and. 1969, exüenslve

searchlng throughouü both rlvers was carried. out ln or"rC.er to

locate nesü-sltes of the two specles of dace. By flnd.lng.

recently d.eposlted. egg clutches or "red.ds ", ühe environ¡ient

utillzed. for egg d-eposltlon could- be described for each

specles. Tlris phase of the research was compllcated. by ùhe

presence of redd.s of common shlner, &!gg.p.!g cornutus,

northern creek chub, Semotllus atromaculatus and. common

sucker, Catostomus cornmersonll. Once collecüed., red-d-s r¡rere

returned- to the laboratory, hatched and. the fry reared. to

ldentlflcatlon. Red.d.s of these other specles were noË

consld.ered.

In searchlng fast-flowlng rocky rlffles, the bottom

ÌìIas examlned. by uslng a face-plate and. snorkel, slnce the

d.epth ln most rlffles r^ras generally sha1low, less than e.J m,

one couLd kneel on the botton whlLe llftlng rocks and.

scannlng the substrate for the presence of eggs. In the

flner substrate areas eggs ÌÍere found. to be burled. and- were

not vlsible. In these aTeas, the subsürate was exa"mlned.

uslng a Surber sa.lopler.
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The search for red.d.s ln fast-flowlng turbulent

rlffles was a conopletely rand.om proced.üter However, ln
slower flowlng portlons of the streams where the bottom vüas

clearly vlslbler the search for red.d.s was easler. In

ad.d.ltlon to rand-om Surber sa^mpllng ln these areas, ülny

sllt-free d.epresslons often helped- to indlcate a recent slte
of spawnlng. Observations of terultorlal males also a1ded.

ln locatlng several red.ds. tthen a red.d. was l-ocated ln a

rocky rlffle, several- of the rocks with adherlng eggs were

removed. fron the stream, placed. ln an enarnel pan fu1I of

waüer and. the eggs were nud.ged. loose. A Surber sampler was

then used- to retrleve eggs from the und.erlylng gravel. All
eggs collected- were then put lnto an egg-ho1d.lng basket

uslng a large-bore eye-d.roppê?r To retard. fungal growth, a

nethylene blue solutlon was ad.d.ed to the eggs. Egg-holdlng

baskeüs were plastlc contalners (10 x l'2.5 x l0 cm) wlth a

nltex screen (15 mesfres/cm) which covered. openlngs on two of

the opposlng sld.es. Thls screen allowed. v¡ater to clrculate
yet retalned. the eggs. 4.fter the basket was labelled_ and.

tlghtly closed. lt was welghted. wlth a rock and. placed. in the

stream. A d.ata sheet was completed for each red.d. found_,

showlng substrate slze, surface veloclty over the nest-slte,
d.epth and. number of eggs collected-. Ðlagrams and. d.escrlptlons

of the nest-slte were ofüen lncluded, To red.uce accld.ental

d.ri-ft of eggs from searchlng and. to lncrease efflclency,
searches for redd.s were always starüed. at the d.ownstrean end.
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of a d.eslgnated area to be sa^mpled..

surber samples taken from areas of flner substrate

were emptled. lnto an enamel pan ful} of t¡¡ater and. exa.mlned-

for eggs. If the sanple revealed. a redd., it was d.ealt wlth

ln the sarne maruler as prevlously mentioned.

Egg-baskets were returned. üo the laboratory within

the next few days. Here each red-d. was lncubated. at rooln

temperature (18-20oC) fn egg-baskets suspend"ed. lrnmed.lateIy

below the surface of well aerated. aquarla. Followlng

hatchlng, alevlns from each red.d. were transfered- lnto an

aquarium. As soon as the yolk sac rlas absorbed" ' fry were

fed. Tetramln paste and. powd-ered. Teüra¡cln flake. Fry ïiere

reared- to a sLze (greater þ]nan Ç.J nm) where they couLd

eas1Iy be ldentlfled. to specles. Id.entlflcatlon was mad.e on

plgnentaülon of lateral band. and. on snout length' d.eflned. as

the d.lsta;nce fron the tlp of the snout to the anterlor

margln of the lower lip. Measuremenüs Ïrere made uslng a

dlssectlrrg mlcroscope ürlt'h a mounted. vernler stage'

C. Spavanlng Behavlour

Durlng the wlnüer of ] 968-69' pre-seasonal breedlng

was lnd.uced. j-n the laboratory for purposes of stud.ylng

spawnlng behavlour. Fish of both specles were collected- orl

October 5, L968 from statlons 7 and 3l on the l/Tink Blver.

Flfty ad.ults of each specles were returned to the laÞoratory

where they ÌIere held- in a 100-ga11on flberglass tank located-

ln a controlled. temperaüì¡re room. Photoperlod. was regulat'ed


