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ABSTRACT

Discrininant functíon analysis of 30 measured morphologieal

charact.ers wâs used to compare reference samples frorn AlberÈa Ëo

Prince Edward Island of 825 male Bufo americanus and 819 male B.

hemiophrys and 59 female B. amerieanus and 118 female B. hemiophrys.

BoLh analyses provided compleLe separation of the tl,ro taxa. tr^Ihen

the resulting weighËs were applied to 246L mal-e and 225 f.emale

Bufo from southeastern Manitoba, an area excluded from reference

samples, a relatively narrol¡¡ zone oÍ inËermediate populations was

defíned. Separat,e analysis of three additional scored characlers and of

selected ueasured characters, alone or as ratios, followed the same pattern.

Audiospectrograms of male breeding ca11s substantiated the presence

of the int,ermediate populations and laboråÈory- and field-raised

crosses between americanus, inËermediaÈe, and hemiophrys parents

indieaËed some trarisformation success in all combinaËions.

Discriminant scores for B. woodhousei fowleri (19 uales) and

B. w. woodhousei (17 roales) gave mean values differenË from the

closesË B. americanus or B. hemiophrys populations. Separate

discríminant, analysis comparing B. hemiophrys i¿iËh B. cognatus

(48 males) and B. boreas (60 nales) showed eomplete separation of

Ëhe taxa in areas of synpatry, and the norphological intermediacy of

a single B. hemiophrys boreas field-identified hybrid was

confirmed.

The t.axa americanus and heniophrys are conspecifíc and lack
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apparent barriers Ëo ínterbreeding. Because of the

narrovrness of the zone of internediate populaËions, and the

distínctiveness of these taxa outside of this zone, Èhey can

be considered megasubspecies: B. (-"*"tigg¡g9-) americanus and

E. (americanus) heuíophrys. Two previously recognized

subspecies, B. a. copei (northern Ontarío and Quebec) and B. h.

baxteri (I^Iyoning) are noL taxonomíeally distj-ncË.

The intermediate zone between americanus and hemiophrys

corresponds to the mid-point in Ëransition beËween eastern and

central herpet,ofaunas, elements of which are posÈulated to have

been separaËed during ¿ break in the trans-corit,inenËal Boreal

ForesË during Èhe l¡lisconsin, and perhaps earlÍer, glaciaLions.
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Five species of toads of the 187 (Gorham, L974) recognized in

the nearly cosmopolitan genus Bufo (Amphibia: Anura: Bufonidae)

occur in northern NorËh AmerÍca (Canada and Alaska). Their

geographical relationships may be sr:marized from Conant (1975) and

Stebbins (1966). Three are broadly disÈribuËed: the American Toad,

Bufo americanus, the Canadj-an Toad, B. hemiophrys, and the

NorËhwesËern Toad, B. boreas. These are largely allopatric and

replace each other from east t,o \^resË (Figure 1). North-south

boundaries lie through eastern Manitoba and western Alberta. Al-1

are widespread in the boreal or monÈane forests which cover much

of this region, but none invade Ëundra or tTue alpine 'conditions.

Also, they are abundant in the deciduous forests of Ëhe easË

(r*"ti*), the parkLand and northern fringes of the grassland

of the cenÈral portion (tt*i"phræ-) and the arid interior valleys

and coastal rainforest of the wesÈ (boreas). . Two additional

species invade or approach the southern fringes of the region. In

the easË, Fowlerts Toad, B. woodhousei for¿leri, reaches its norËhern

lirnit along Ëhe sandy north shore of Lake Erie in southern Ontario.

Here and souËh to the AtLantic coastal p1-aín it is geographically

syapatríc wiEh, but largely ecologically separated from, Bufo

americanus. In the central portion of the conËinenË l^Ioodhouse I s

Toad, B. r¡oodhousei woodhousei, is allopatric Lo Bufo hemiophrys



Figure 1. The geographÍc distribution of Ëoads in northern North

America based on conant (r975), srebbins (1966) rq-ith rnodÍficatÍons

and additions from NatÍonal Muser:m of Natural sciences (Herpetology

Section) collections and Cook (1977).

Top: Bufo americanus, B. hemi-ophrys and B. boreas replace each

other across the conÈinent from east to \.Jest respecËively. Note

Ëhe narrolz zone of syrnpatry beÈween B. heuíophrys and B. boreas

Ín central Alberta, and the disjuncË population of B. hemiophrys

Ín Wyorning (botton of map, r^resË of 
.center).

Middle: The Bufo r,¡oodhousei complex: B. w. voodhousei in
the vresË (hatched) and B. w. for¿leri in Ëhe east (solid).

Compare with the top map for area of synpaËry beËween B. r,¡.

fowleri and B. ameFicanus in the easË, for allopatry beËween B.

woodhousei and B. hemiophrys in the central portion and sympatry

between B. r¿oodhousei and B. boreas in the r.resË. Eeological

separation occurs within the areas of geographie overlap.

Bottom: Bufo cogriaÈus. compare with t,op and iníddle for areas

of synpatry with B. herniophrys and B, w. woodhousei. There is
some ecological separation between B. cognatus and Ëhe other

species within Ëheir overlaping ranges.





along a line from northern Montana to northern South DakoËa (Figure

1). The Great Plains Toad, B. cognaEus, which is widely sympatric

with B. woodhousei over the interior of the continent south to

northern Mexico, is narrowly synpatric with B. hemiophrys along

the grassland southern fringe of its range in southeastern Alberua

and southwestern saskatchewan (Figure 1). A disjunct population

of B. hemiophrys occurs in the Larâmie Valley of i^iyoning. In

\,üest.ern AlberËa and in British columbia, the yukon and coastal

Alaska, B. boreas ís the only Èoad, but Ëo the south its range

interdigiÈates v¿íth oËher speeies (e,g. B. w. woodhousei in

I,Iashington and further south).

The liLerature on toads is voluminous (Blair LgTz) and the

evoluËionary relaËionships, and many of Ëhe comparative aspects

beËween species are extensively document,ed (osteology, chromosomes,

electrophoretic patterns of proteins, venom eonstituents, and

laboratory hybridization, among others). Blair (r972 and previous

papers) has placed all Ëhe specÍ.es consid.ered here in his

narrow-skulled (or thin-skuIled) northern evoluEionary line
within the genus, and concluded that Ëhey represent three

species-groups. B. americanus, B. hemíophrys and B. wood.housei

are all included in Èhe americanus group; B. cognatus and B. boreas

each are placed in distinct groups. However, relaÈívely lítt1e has

been published on northern populations of these taxa and. their
geographic variation and interactions within t.his region have been

poorly documenËed or are unknor^¡n.
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This study atËempts to clarify Ëhe relationship and interaction

beËween B. americanus and B. hemiophrys. rt has been possible

to examine larger number of specimens than any previous authors

had available Ëo them from over the combined. range of the two

forms. This sample encompasses norËhern North America from prÍnce

Edward rsland to Ëhe easËern foothills of the Rocky Mountains in
Alberta. The geographic variaÈíon of their populations over this
vast area is compared Èo the variation in population samples

obt,ained through transects of their conËacË zone ín eastern

l"fanit.oba. ca11s of individuals from'int,ermed.iaËe populations are

compared to Èhose of both eastern ("*"¡i"+@ and. wesËern

G.rigphrr) populations adjacerit, to Ëhe conLact zone and. the

relaËionshj-p of morphological variaÈion and calt varj-aÈj-on is
compared. The data on crossing success is less exËensive and less

saË,isfacËory due to the hazards of the Ëechniques, but it is the

first, aËt,empt to field-rear Ëadpoles of crosses between Èhese

forms and compare their viabiliry in differenÈ pond environments.

Also discussed are comparisons beÈween the B. americanus-

hemiophrys complex and samples of B. w. woodhousei, B. w. fowleri,
B. cognaÈus and B. boreas.

Throughout the bulk of this paper r have used current,

Ëerminology and referred to the taxa of primary concern as Bufo

americanus and Bufo hemiophrys, or for brevity sirnply as americanus

and heroiophrys. This usage is for convenience and not intended to

confuse, contradicË, or preempË Ëhe conclusion on thei_r taxonomic



status advanced later in the discussion.

MeËric units were used throughout Ëhe study for morphologícal

feaLures of t.oads, and celsius for temperatures. However Ëhe

dimensions of tádpole rearing cages and., more importantly, the

dist,ances along roads which speeify mosË localitj.es, \¡rere Ëaken in

English units aÊ the time of the study. These laËÈer uniÈs are

retained here because to convert them would eiËher convey a false

sense of additional precision if the equÍva1ent,s vrere given exacËly

in metric decirnals or else add further iuprecision by rounding to

whole metric uni-ts.



MATERIALS AND METHODS

Descrj-ption of areas sampled

The prirnary vegetaÈion zones of canada have been discussed

and roapped by Rowe (1959) and these are used on the base maps

showing variation in reference samples of Bufo americanus and. B.

hemiophrys in eastern and central North America (Figure 2).

Forest region distributions depend on a variety of climatic,

Ëopographi-c, soi1, and geologic variables and aïe, at reast in

parË, a functio the combined effecÈ of these on gross

vegetation. Anphibian and reptile distríbutions are influenced by

Lhe same variables and often show some general agreement wiÈh

vegetaËion zones (savage 1960) though exact range li¡oits for

particular speeies vary as much as those of individ.ual tree species.

Forest regions are used here as a crude measure of clinatic and other

variables vihich affecÈ toad distribution. The wide geographic

area covered by Ëhe reference samples does not jusÈify any at,t,empË

Lo correlaËe Ëoad. variability with lnore precise individual

enviJonrnent,al measures aË the present tíme.

souËheastern ManiEoba rnras nosË inËensively sampled because

i-t includes Ëhe contact, zone between toad taxa that is central

to this sLudy. Figure 3 shows the collecEing loealities and.

vegeËaËion types in Ëhi-s area. The souËhern tongue of Ëhe

Manitoba lowlands sect,ion of Rowe (1959) is imporÈant in

the following analysis. This is an area of change from



Figure 2. Map of eastern and central North America showing the

localities from which reference collections of toads were obtained.

These 1ocaliËies are numbered separaËely T,rithín each province or

sÈate and are listed in Appendix r r¿iEh catalogue numbers for
each collection examined. The ForesË regions shown are simplified.

from Rowe (1959) with souÈhern exËensions from clarke (1973).





Figure 3. Map of southeastern Manitoba shov¡j.ng Ëhe localieies

from which collections of toads for analysis r,,zere obtained..

Locality nr:mbers are listed in Appendix r with catalogue numbers

of specimens examined. The forest regions shown are simplífied

from Rowe (1959). The dashed line represents the nid-poinË of the

contact zone beËween Bufo hemiophrys (vrest of line) and B.

americanus (east of line) as discussed subsequently in the text.





predominently coniferous trees of Ëhe Boreal and. Great Lakes

complex Ë.o aspen and grassland vegeËation. At some localit.ies
(e.g. Ëhe Brokenhead River at Híghway 1) the change is abrupt and

can be readily appreciaËed in the field. However, various coniferous

outliers exist to the west (e.g. at Birds Hill), and simpre

correlaËions of toad morphology and. tree species cannot be readÍIy
made.

southeastern Manitoba has been mod.ified by clearing for
tillage and drainage for agriculture, primarily in i-t,s ¡¿esËern

portion (tr^Iarkentin L967). The veget,ational Ëransitíon and area of
contact. between toad taxa features abund.ant beach ridges of glacial
Lake Agassiz and is bordered on Ëhe easË by peat and. swamp and.

Êo the wesË by clay soils (Fígure 4 in Elson L967).

Lðve (1959) and shay (1967) have presenred. d.iscussions of
the post-glacia1 vegetaËÍon in this area, d.emonsÈraËing the changes

Ëhat have occurred over the past 12r000 or more years.

Field Survevs

Field work was eonducted largely by motor vehicle along

highways and rural roads. For thi-d reason road.side ditches, pond,s,

lakes, and rivers r¡rere Ëhe main areas saupled. Breeding toads

r¿ere of prirne concern. These are here assumed Ëo provide the

best population samples for geographic comparisons because the

individuals are knor,¡n Èo be mãture adulËs. However, samples

were also Ëaken throughout the active season for amphibians and

reptiles whenever possible, in order t,o obËain tadpoles of



10

various grov/th sLages, meËamorphosing individuals, and samples

of juveniles and adults out.side Ëhe reproducÈive season.

General survey collecting sites were chosen Èo provide a

wide geographic sample. In Manitoba, Ëransects r¡/ere run across the

souËheastern corner of Ëhe province on Ëhe east-west network of

public roads. Parti-cuIar atÈention was given to intensive sampling

r"rhere the putat.ive zone of taxa contact seemed most obvious.

An eighÈ-cell headlamp was used for illuuination during

after-dark collecting. At peak breeding, and usually aË other

Èímes as wel1, this arËíficial light is apparently ignored by

Ëoads and Èhey continue normal activiËy.

Attenpts were made Ëo obtain a minimum of 20 breeding males

per loca1ity, although thís vras not always possible. Mueh larger

series (a hundred or more) were occasionally taken Ëo provid.e a

robust sample for sÈat.istical analysis. Many Trans-canada

Highway localíties vrere resampled Ëo a1low analysis for possible

within- and beËween-year variation.

Generally, a large proportion of males utilizing a part,icular

siËe for breeding could be expected to be presenË on a peak

breeding night, buÈ fe'nales t.ended to arrive over a more extend.ed

períod through Ëhe breedÍng season, breed shorËly after joíning

Ëhe chorus, and leave after deposiËing theír eggs. This results

in few females relative to the numbers of males being available

aÈ any sampling period. rn addiËion, females tend. Ëo come to the

ponds in greatesË numbers on a few peak nights of the breeding
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season, v¿hereas mn1es, though in reduced numbers compared Ëo peak

intensity, conLinue to call and be present over mueh of the breeding

season. Because of Ëheir call males are also more conspicuous.

Juveniles lrere rarely present. at the breeding sit.e, buL when

present could be recognized as ir¡mature by síze and lack of

breeding ionditíon

Field notes on habitaË, general topography and vreatheï

conditions, as r+e1l relaËive densiËy and behaviour of toad.s,

were made for each locality at the end of each sampling period.

specimens for preservation were usually processed wiÈhj.r- L2

hours of capture, but occasionally Èhey were retained j.n dampened.

cloth bags under refrigeration for longer periods.

All were killed with ether, vTere injected vriËh 102 forrnalin

and individually tagged, Èhen irLnersed j-n formalin of the same

strength (cook 1965a). Permanent muserm catalogue nurnbers

were assj-gned to each collecËion in the field and individuals

were given a subnumber within Ëhat caËalogue number. For muserutr

storage collections '$¡ere rinsed and transferred to 457" ísopropyl

alcohol.

Morphological characËer set

The following characÈer seË eTas devised primarily t,o compare

B. auericanus and B. hemiophrys on the basis of charact.ers which

appeared to differ beËween the tT,,io taxa or which shor,¡ed variation

of interest, \"/ithin each Ëaxon, rË was later applied to one sample
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of B. boreas and one of B. cognatus and to small samples of B. w.

woodhousei and B. v¡. fowleri to compare their variation in these

characters with B. heniophrys and B. americanus. Additional

characters could have been added which would have improved. the

separat.ion in certain of Ëhese combinations.

Many of these characters, in the same or slightly different
forms, have been used previously Ëo dífferentiate americanus and

herniophrys. Blair (1957a), Inlright and liright (1949), Breckenridge

(L944), conant (1975) and. oËhers have presented. compararive

descripÈions. Previous aËtenpts at quantification have been mad.e

by underhill (1961), to compare variation within populaËions of

hemÍophrys and between hemiophrys and woodhousei and americanus.

Porter (1968) compared Ëhe I,Iyoning relict with samples from the

conËinuous range of hemiophrys, and Henrich (196s) assessed.

populations frou south Dakota which he showed to be intermedj.ate

betr¿een hemiophrys and alnericanus.

All measuremenËs and coding states for the present analysis

were mad.e afËer several years preservaËion. Measurements r,rere

taken with dial calipers to the nearest 0.1 nn. The following

T^rere recorded for all specimens except for some Bufo boreas in
i¿hich the cranial crest,s weïe not obvious, t.hus forcing the

ommissi"on of all characters involving these struct,ures. Figure

4 depicÈs the measured characteïs and Figure 5 the ventral
paËtern variat,ion. Figures 6 and 7 compare d.orsal viervs of

toads st,udied here, and Figure 8 depicËs venËral viev¡s of hínd
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Figure 4. Dígram:tic views of a toad showing undersid.e of ríght
hind fooË, dorsal view of head and shoulders, and d.orsal and laËeral

aspects of a whole animal.

CA: cranial crest: anterior width

CL: cranial cresÈ length

CP: cranial crest: posËeríor width

EL: eyelid length

IIW: head widËh

Ii,I: tubercle width (inter metat,arsal tubercle)

LtrrI: diameter of largesÈ rÀrart on tibia

NP: nostrj-l to paroËoid

NS: nostril separatÍon

OI,I: "spade" r¿idth (ouÈer metatarsal Ëubercle)

PL: parot,oid gland: length

PS: parotoid gland separation

PW: parotoid gland: r,¡idth

TL tibia lengrh

TH: tympanum height

TL: tarsus lengËh

SL: spot lengËh

SV: sriout,-vent lengÈh

SI.J: spot width

tr^II,I: rrrart, !üidËh
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Figure 5. Diagramatic venters of toads shor+ing the range of

ventral spotÈing and the seoring values (0-6) assigned. (see text

for definitions of scored conditions).
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Figure 6. Dorsal views of selected ¡na1e toads in the Bufo

americanus-å. hemiophrys complex showíng external strucEure and,

patËern.

A. B. amerícanus, NMNS(HS) L4797-4, whiteËop creek, Moosonee,

Ontario

B. B. americanus, NMNS(HS) 11795-3, 3 miles v¡est on Highway I of
juncËion Highways l&11, ManiÈoba

c. B. americanus x hemiophrys, NMNS(HS) g4B4-11, 17 niles wesË

on Híghway 1 of juncËion Highways 1&11, Manitoba

D. B. hemiophrys, I{MNS(HS) LzzLT-L, 30 miles r¡rest on tlighway

1 of junction Highways 1&11, Manitoba

E. B- hemiophrys, NMNS(HS) 9543-2, 10.5 niles \,resË and north

on llighway 28 of St. pau1, Alberta



B
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Figure 7. Dorsal vÍews of other Bufo Ëaxa and one hybrid.

A- B. boreas, NIß{S(HS) L7oL4, Mile 1.9 on Kananaskis Lakes Road.,

Alberta

B. B. boreas x hemiophrys, NMNS(HS) g523,2.4 niles north on

Highway 44 of tr^Iestlock, Alberta

c. ' B. cognatus, NMNS(HS) 4L69, 3.1 niles east on Híghway 1 0f
junction Highways I&ZL, Saskatchewan

D. B. w. woodhousei, NMIIS(HS) B.5B5-3, 3å niles ssE of srockËon,

Rooks Co., Kansas

E' B. w. fowleri, NI't\s(HS) 3zgh-5, Turkey point, Norfolk co.,

Ontarío
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Figure 8. ventral víews of the right hind foot of selected toads.

A. B. herniophrys, NMNS(HS) 8521-35, 2.4 miles norrh on Highway 44

of trùestlock, Alberta

B. B. americanus, NMNS(HS) 7064-33, l0å miles east on Highway 17

of North Bay, Ont,ario

C. B. boreas, NMNS(HS) 8530-33, 2 miles \¡rest on Highway 2 of

Athabaska, AlberËa

D. B. cognatus, NMNS(IIS) 7110-5, 8.3 miles easr on Highway 1 of

PiapoË (turnoff), Saskatchewan

E. B. w. fowleri, NMNS(HS) 15783-55, Long poinr, Norfolk Co.,

0nËario
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feeË.

1.

4,5.

t

3.

Sex: specirnens \,rere sexed by presence of nuptial pads

and darkly piguented vocal sac in males, boËh of which

are absent in females. since most collectíons anaLyzeð.

r.rere from breeding populations t,his was generally

adequaLe. Specimens less Ëhan the breeding size of

the smallest maturê m:ls for that, locality were

designated as juveniles.

snout-vent: taken from the tip of the snout t,o the cenËre

of vent, with the toad pressed as flat as cond.icions of

preservaËion would allow. Differences in preservatíon

affect snout-vent lengËh more than other measuremenËs.

Nostril separaËj-on: the dísËance separatíng Ëhe

nostrils measured across the nose between Ëheir ínËerior

(nedial) edges.

'rcraníal cresttt lengÈh, ríght, and left sid.es: measured.

from the nostril to the posterior edge of the cresË.

The anÈerior edge of the craníal crest. merges with Ehe bony

st,ructure of the nose so variously that the nosËril

was Ëhe besË fixed point for ant,erior reference although

Ëhis necessitat,es including more than the crest itself.
Cranial Crest type: four arbÍ-tary categories \¡rere

based on the difference beËween exLreme B. americanus

and B. hemiophrys and the inËermediaLe condiËion.

6.
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0)- a solid, fi11ed-in boss caused. by the cranial

crests lacking a groove beËween Èhem or having

only a slighE trace of a groove. The exËreme

B. hemiophrys condition.

1) - erests paral1e1 or divergent anteriorly wíth a

bridge joining them across Èhe back, and a

disÈinct., but, shallow, groove between them in the

boss. Many B. hemíophrys.

2) - crest.s variable, buË always with either a trace of

filling-in between Èhem or a partial posËerior

bridge. Conrmon in mâny individuals from hybrid

populations.

3) - crests distj-nct, no trace of filling-in between

them and usually convergenË anteriorly and st,rongly

dj-vergent posteriorly, but ofËen hooked in slightly
t,oward each oËher aË Ëhe extreme posterior. The

typieal B. ameri-canus condit,ion. of the other toads

analyzeð,, B. cognatus and B. woodhouséT vrere also

scored in Ëhis cat,egory. The anterior convergence

and post.erj-or divergence is extreme in cognat,us,

and the cresËs usually less divergent in B.

woodÞouseí. B. boreas has low indistinct cresËs

if Ëhey are visible aÈ all, and al1 crest

characters Írere omitËed for this species.

7 r8. : the disËance
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from the mídd1e of the nosËril to Èhe anËerior edge of

the parotoid gland on borh the right and left sides. A

problem someËimes arose in defining the anËerior edge of

the g1and, which may be somewhat indistinct especially

ín cases where iË was pressed agaínsÈ Ëhe post-orbital

crest or where a sma1l warÈ was present between iËs

anËerior edge and Ëhe post-orbital cresË

craníal cresË, anteríor widlh: cranial crests are raised

bony sÊructures that 1ie between the eyelids on the

Ëop of the head. They "rå *or. or less complete from

Ëhe anterior edge of the eyelids to aË least their
posterior edges (and often beyond, especially in B.

americanus). In americanus then Ëend to slightly
converge ant,eriorly and flare widely posteriorly; in

hemiophrys they may be more-or-less para11e1 (sometimes

slightly bulging oï conËraeting in t,he niddle) bur generally

di.verge anËeriorly and slightly or stïongly converge

posteriorly.

The anterior width of the cresËs rzas measured. across

their exterior (laËeral) edges at approximately Ëhe

1evel of the anterior edge of the eyelids. Some

difficulties ín precision are inherent., as Èhe crests,

part,ícularly in B. hemiophrys, merge with the bony

cresË of t.he nose, and the latter begins to spread

just anterior Èo Ëhe reference point used. In B.
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americanus the nose crest is less prominent and the

anterior porÈion of cresË is more distinct. Despite

Ëhe potenËíal for inconsistencies in measurement, the

crest differences are sufficienÊ Ëo make this measurem.ent

one of the mosË apparent distinctj_ons between taxa.

Cranial Crest, post.eríor width: taken across Ëhe

posterior lateral cranÍal crest edges, just

anËerior Ëo their junct,ion with the post-orbital crest

or (in many B. hemiophrys) jusË anterior to the posr-

orbital t'wing", a short. right-angled spur more-or-1ess

in the plane of the posE-orbiLal crest.

rn B. hemíophrys the cresËs often do noË extend. past the

post-orbit,als and therefore a more posÊerior measurement,

which would have accentuated the cresË dJ_vergence in

B. americanus, T¡ras not possible if consistency in

measuring t,he Èr,¡o taxa úras t,o be maint,ained.

Post,-orbital cresË: Ëhïee arbiÈary categories rdere based

on the relative prominence of the bony cresË Ëhat exËend.s

behind the eyelids, from the laËeral edges of the

crani-aI cresËs, at or near their posËerior ends, to the

t¡rmpanrrm.

0) - post-orbital crest absent or nearly so (noË

including in this evaluation the short spur on the

1aËera1 edge of the cranial crest present in so¡oe

1) - an ínt,ermediaËe condiËion between 0 and 2, where the

11.
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72.

15-18.
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cresËs are slightly evidenE, either low and

relati-vely indistinct throughout or else broken

on one or both sides.

2) - post-orbital cresËs elevated and. generally distinct.
Eyelid length: the anteroposterior length of the

protruding pad of skin above Ëhe eye.

Head width: taken across Ëhe posterior portion of the

head at the 1evel of Èhe tynpani and betr¿een their
upper edges. There are bony ridges along Ëhe upper

edges giving a relaËivery'solid st,ruct.ure Ëo neasure

against.

Tympanr:m diameter: the gïeaËest diameLer of the eard.rum,

usually Ëaken on a vertical plane.

3 the paroEoid

gland lies roughly over Èhe shoulder of the toad and. is
generally an elongate, somer^rhaË bean-shaped. or oval

gland. Generally, Ëhe rnargins are distinct in B.

americanus but, in B. hemíophrys Ëhey rnay be indistinct,
especially at the lateral and posterior ed.ges.

Adjoining T¡rarËs sometimes merge with the borders of

the parotoid g1and, parË.icularly posËeriorly, and. m¡ke

definition of gland boundaries diffícult. The criterion
applied for wart ínclusion or exclusion in measureuent

of the paroËoid \,ras Ëo ouit them whenever possible,

that. is, whenever they had any appearance of beíng a

L4.
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19.

15, 16.

17, 18.

20,2L.

distinct T¡rart, v¡hether or not they did actually Êouch

the parotoid g1and. Often the left and right paratoid.s

were unequal- in size. separaÈe measurerDents were Ëaken

for left and righL sides.

LengËh: Ëhe longesË axis of thís gland.

!Íidth: Ëaken at righÈ angles to length, at, the widest

poinÈ.

ParoËoid separaÈion: taken between the inside ed.ges of

the tr¡o parotoíd glands at Èhe point where the left and

right glands approach nearest to each other

Spot lengt,h, right and left sides: a measure of Ëhe size

of markings on an indivj.dual Èoad and the various

relaËions of this to r^iart. size and number. The spot

that is usually present on the back at the leve1 of the

posterior edges of the parotoid glands and adjacent, Ëo

Ëhe midline on each side was chosen. In rare cases

where this was absenË the nearest spot. t,o its posiËion

r^ras used. There is consÍd.erable individual variation in
spoË size and shape in both species and in int.ermediates.

The spoË is mosÈ frequenËly round. or oval buÈ irregular

shapes also occur and Ëhere is a variable degree of

fusion of adjacent spoËs. Any complete separation,

no nat.ter how narrotr, T¡/as used to define the bound.ary

of this frorn adjacent spots, but generally

constricËions of varyi.ng degrees were ignored. In
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23.

some cases, the spoË would be quite regular but in

others it would extend far beyond the usual position.

Occasionally a spot was conËinuous far posteriorly on

the back and somet,imes ant,eríorly to the post-orbitals.

Only rarely did spots cross the nidline. SpoEs were

usually aligned anteroposteriorly, para11el to the

midline. In all cases thís measurement, r¿as taken as

the longest axis regardless of spot orientaÈíon.

Spot r¡idth: right and 1efË sides: the widest "rvidËh",

thaË is, the r¿idesË portion of the short,er of the Ër¡o

axes' subject to similar variaËion Lo thaË described in

Ëhe above sect,ion.

Tibia:, the length of the bone formed by Ëhe fusion of

the right tibia and fibula in Ëoads, measured from knee

Ëo heel wiËh Lhe 1eg flexed, as it is in mosË preserved.

specimens. The measurement Ëaken will be slightly

larger on preserved mnterial Ëhen on. the cleaned bone

itself because of ínclusion of ad.herent skin. Uinor

addiËional error may be introduced by difficulties

in completely flexing the leg in preserved material

and inadverËently including some of the adjoíning

arËicuIaËion of oËher 1eg bones. I'Iith care this can

be largely avoided. The right tibia was measured

in all buË a few speeimens in which it r+as obviously

deformed, broken, or missirig. In such cases Ëhe left
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24,25.

26,27 .

29 ,30.

\^ras used i_nstead.

: Ëhe width, or largest

diameter, of the largest wart in the above spoË,.

Generally warts are more or less circular, but in the

rare instances of elongate ü¡art,s Ëhe width was taken

across Ëhe wart in the same axis as the width of the

spoË.

: the

number of warËs present in each spot defined above.

Difficulties due to appareinË merging or fusing of

adjoíning vüarËs \^rere resolved by counting as d,istinct
vrarts each one defined by a separate peak or each

portíon separated by a disËinct crease. Lack of complete

separatíon of rvarts is most coünon in B. americanus.

Diameter of Ëhe largest warË of the Ëibia, right and

1efË tÍbia: Ëhe longest d.imension of the largest wart

on the upper surface of the tibia. rf two obvÍous

peaks Ï¡/ere presenË the T¡/art úras regard.ed as fused, from

ÈI"ro r¡rarts and the measurement Ëaken across Ëhe wart so

as Ëo measure only the larger one. However, elongated

r¡rarËs which had no obvious peaks \^rere considered one

warË and the measuremenË t.aken on the long axis.

Tarsus: measured from a point on an imaginary line across

the posterior (proximal) ed.ges of the meËatarsal

tubercles (see below) Ëo Ëhe t'heel" - the juncÈion of the

31.
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32.

33.

34.

tarsus and Ëibia. There is a certain amount of

lneasurement. variation introduced because of difficulties
in flexing the Libia clear of the end. of the tarsus in

some preserved specimens.

Spade width: the projection used for dj_gging, largesË

of the tvlo metatarsal Ëubercles on Ëhe ouLer edge of

the Èarsus, measured across its base from the inner

(nedial) corner to Ëhe outer (lateral) edge of the

peak. This measurement is an atËempË to expïess Ëhe

effect,ive digging edge width. It may not, as taken

express Ëhe fu1l vridth of spade but ís chosen because

of the clarity of its reference points.

Tubercle width: the sma11er, rnedial, metaÈarsal tubercle

on the Ëarsus measured across its base.

VenËer: a scoring system based on Blair (1943) for the

relative amount, of the undersurface covered by dark

markings (see Figure 5).

0) - no markíngs on the ventral surface (exclusive of

the throat)

1) - spot in the pecÈoral, region only

2) - spots covering the chest region only

3) - spotting over the ant,erLor L/3 of the venter

4) - spotting over anËerior 2/3 of venter

5) - spotting over t.he enËire venteï

6) - reti-cu1at,ed paÈteïn over the venËer
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This system, unfortunately, excludes much addiËional

variation in ventral markings. The spotting varies in

intensity from dark to faint. Horvever, because the

variation due to fading in preservative could noÈ be

distinguished from naËural variaËion no attempt rtras made

Ëo quantify intensity for geographic analysis. There

are also differences in the size of the irregular

ventral spots and in their relaËive density on the

undersurface that rn¡ere also ignored ín this analysis.
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sone additional characters, found useful by previous authors

in comparing variati.on wiËhi_n or between these Èaxa, such as

colouration (Gaige L932, Ashton, GuËtman and Buckley L973, conanË

7975 to dÍfferentiate B. a. copei), widrh of ¡nid-dorsal sÈripe,

height of boss, ulna lengËh (Porter 1968, to different,iaËe B. h.

baxteri), paroËoid distinctness (Breckenríð.ge L944, Henrich 1968),

apPeaïance of warts, snouL lengt,h, head length, paËtern of dorsal

bloËches (Henrich 1968), snout length and int,er-orbital d.isËanee

(Underhill 1961) rnrere not included in the present analysis because

of difficulties in objectively measuring or evaluatj.ng Ëheu, or

because the variatÍon they describe is accounted for by a diffeïent
approach here. 0f Ëhe omj-ssions, colouratj-on is the most, serious

because obvious differences are apparent beËween the two.Ëaxa.

Hor¿ever, intermedi-aËes show such a complete gradat,ion that. an

atËempt at objecËive cat.egories \¡ras abandoned.. ,n. characËer is

useless wiÈh preserved rnat.erial beeause of fading.

Cal1 analysis

During the 1969 and 1970 field seasons, Eape recordings of

breedi.ng ca11s of individual male toads were made on a Nagra rrr
Èape recorder. A hand-held microphone proved adequate because

in virtually all cases Èoads could be approached and the uj-crophone

held within a few inches of the calling individual, effectivery

screenÍng out.adjacent members of the chorus. occasionally

adjacent toads v¡ere transferred to anoËher portion of the breeding

pond when they were too close Ëo the individual being record.ed.
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use of a parabolíc reflector rnras Ëhus avoided, together wj-th any

distort.ions such equipment night int,roduce.

An effort. was made Ëo obtain at least four complete, clear

ca11s from each individual recorded. Most individuals were

recorded aË the ponds along the Trans-canada Highway, Ëhe main

transect along the ínËerbreedíng zone. rn 1969 efforÈs were

concenLraËed along the latËer transect from about 3 miles west

to about 31 uiles wesË of the junction of Highway 1 and Híghway

11 along Ilíghway 1. only the single transecÈ was monitored for
intermediaËe caI1s because of the Eime required to obtain individual

calls. The assumption r¡ras made that it was poËentially more

inforuaÈive to have many individuals along one eomplete transect

than a few from each of several transects.

rn 1970 call sampling was augmented on thi.s t.ransect, and.

localities r^/est in t.he range of hemiophrys Èo the pas, Manitoba,

and east in the range of americanus to oxdrift, ontario were

also sampled.

The body temperature of Ëhe recorded toad, as well as

adjaeent Tr/at,er and air Ëemperatures, r47as Ëaken irÍmgdi¿¿gly after

recording was completed. rnitially, body temperaËuïes r,rere

taken by insertíng the probe into the mouth and. ínto the vent

but it soon became apParenË that the difference between t.emperatures

taken by the two methods was essentially negligible and the

first method was abandoned. TemperaËures v¡ere Ëaken \¡rit.h a

Yellow springs single channel t,ele-thennomeËer (oo-sooc) equipped
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with ËhermisËor probe of snall flexible vinyl (ySl probe 402).

The laÈter r^ias inserted Ëhrough the vent Ínto the body and the

Ëemperature read as inserËion was completed. Every effort v¡as made

to insert and read the Ëemperature as soon as the animal was

captured j-n order Ëo minimize the effect of struggling while beÍ_ng

held (and thus Èransferring human body heat). rn general this

proved pracËicable.

rndivi-dual toads r¡iere t.agged after recording and the Èag

number read with temperaËure, date and locality directly on to

Èhe taped call for Ëhat individual. 'The nurnber read. was

subsequenËly used for Ëhe sub-number in the series in which that

toad was preserved, Ëhus providing a means of identifying the

individual preserved toad wj.th iËs call and allowing comparisons

between morphological parameËers and call parameËers.

Tapes were analyzed in the laboraËory on a "sona-Graph" 6061A

85-8000 cps spectrum analyzer manufactured by f.ay ElecËronics,

Pine Brook, New Jersey. The sona-graph produce_s audiospectrogïams

of a selected segment of a calI. The segmeûË-used i-n the presenË

analysis was chosen from Ëhe approxiuaËe nid-point of one

uninterrupËed call for each individual, afËer Èest samples of

several ca1ls each from select.ed individuals indicated no difference

between cal1s for the varíables considered. Zweifel (1968:27L)

also noËed, in a study of B. americanus and B. w. fowleri, the

same lack of difference between cal1s given by the same ind.ividual.

The wideband (300 cps filter) generally was used for deËerminino
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purse rate because \,riËh the narrow-band (45 cps filter) individ.ual
pulses were di-fficult to disÈinguish aÈ Írarm temperatures. The

number of pulses in a one second. in.erval T,,zere counted. directly
from the audiospectrogram produced. The mid-poínt of the dominant

frequency band ¡¿as measured by means of a secËion Ëo the nearesË

100 cps. This is produced by the Sona-graph as a graphic

representaÈion of the relat.ive amounL of energy found at different
frequency levels aË a selecËed point in a record.ing. These

sections vrere generally Ëaken about half-way through a ca11.

All calls recorded by a given Índivídual r,¡ere tined by a

stopwaËch and the mean duraËion of the call over the sample

determined.

Computer analysis of d.aËa

All measurements r,,/ere transf erred. to computer punch-cards,

r'rith two cards required for the data from each specimen. Analysis
I^Ias run on the rBM system 370 at t,he universit,y of Toronto computing

Center.

The discriminant, analysis program for Ëwo groups used. for
comparison of B. americanus and B. hemiophrys \,,/as programmed, aË

the university of Toronto by D.M. power, November L967, revised.

December 1970 and December rg7z. The proced.ure for this program

had been Èaken from Anderson (1966). Discriminant funcËion analysis
requires the use of Èwo groups chosen a priori. This was met by

excluding all sanples from southeastern Manitoba, welr t,o ej.ther side
of the area of peak inËeraction noted in field sampling. The reference
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samPles I^Iere all collections east and west of this area) chosen therefore

on geographical origin v¡iÈhout regard to morphology. The weights

produced by the analysis were then used. to prod,uce scoïes for the

unknor,ms from the excluded area. Scored characters v/eïe omi-tted

from the discrirninant analysis and. males and fenales were run

separaÈely on the remafning 30 characËers (a11 represenËing measured.

values except for two counts - the number of warts per spot on the

left and righÈ sides). Because the co*puËer would accept only a

maximum of 500 specimens in each reference sauple with this many

characters used, and over 800 r¡¡ere ávailable in each of the reference

samples (819 hemiophrys and 825 americanus) for mr1es, the program

rnlas seË up Ëo run every other speeimen in one run for each t,axon

and Ëhen re-run a second. time with the alternate specimens. Each

run comPared approxirnn¡g1t one-half the sanple of one taxa wj_th

one-half Lhe sample of Ëhe other. Group r included, 4rz B.

americanus and 409 B. hemiophrys, Group rr consisËed of 413 B.

americanus and 410 B. heniophrys. The t!üo sets of discriminant

wej'ghts were then averaged. and the resulÈant weÍght for each eharacter

was appli-ed to Èhe individual scores for all americanus and hemiophrys

in the reference samples and Èo 246L ma].e Bufo from southeast.ern Manj.toba.

Means, varianees, sÈandard deviaËions, and. standard errors were ealculaLed

for each collection- In addit,ion, histograms of Ëhe ind.ividual scores

for each colleetion r,rere generated.

The same program vras run for females, The srnaller femple

samples (59 americanus and 118 herniophrys) were included on one
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computor run and the resulting weights applied to 225 remaLes from

souËheastern ManíÈoba.

A sample of iuruature individ.uals proved too sma1l to yíeld
significanÈ resurLs, as alËhough the taxa r¡¡ere distinctive when

compared wiËh Ëhe program the number of characters exceed.ed. the

number of specimens in one reference sample.

Progr¡ms for discriminant analysis eomparisons of hemiophrys

vs' boreas were also run in the university of Toronto program.

Additional discriminant analyses involvÍng morphological comparÍsons

of hemiophrys vs. cognatus and Ëhe call comparison of americanus

vs. hemiophrys were run on t,he National Museum of Natural sci-ences,

rchthyology sectíon, Hewlett-packard 9g30 níni-computer,,rclirHos,,

using Program 29: Hostellíngs T2 and díscriminant.function for two

groups from Davis (1971:284-z9L), as pïogrnmmed by D.E. McAllisrer.
Analysis of call varíables and a discrininant. function

involving these r¿ere also compuÈed on "rcHTHos,,, as well as the

correlation of the discríminant funct,ion thus obËained for call
and Ëhe one previously generaÈed on morphological characters for
amerÍcanus, hemiophrys, and, intermediate populations.

Èybridization experÍments

During 1969 calling males and. gravid. fenales were corlected,
for mating experimenÈs from choruses along the Trans-canada

Híghway transect t,hrough the inËerbreeding zone. The localities
used were:

37-29 ni. W. on
fwv

I of Jct. of Hwys 1&11 "8. hemj_ophrysn
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(see Figure 9)

17 ni. I^1. on Hwy 1of JcË. of Hwys 1&11
populatÍon (see Figure 10)

3 ni. W. on Hwy 1 of Jct. of Hwys 1&11
(see Figure 11)

i.ntermediate

ttB. americanustt

A total of nine crosses r,¡ith Ëhree replicaËes of each (27

sets) r^rere attenpted

fem:ls

americanus

americanus

ameïr-canus

intermediate

intermediate

inËermediate

hemiophrys

hemiophrys

heniophrys

nale

X emeriCanuS

inÈermediat,e

hemíophrys

inÈermediaËe

amerl_cafius

hemiophrys

hemíophrys

intermediate

x americanus

Males and females r^rere collecÈed the same night fro¡n all
three localiËies and paíred ín selecÈed combinati_ons i_n one or

two-and-a-ha1f gallon jars in pond waËer from the locality where

the female had been collected.. Mating and egg laying usually

Ëook place overnight but oecasionally was delayed unËil the nexÈ

day. rf it did not occur rnrithín 48 hours the cross was aËtempted

wiËh another male and fenale.
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(roP)

Figure 9. Ponds 31 miles triest on Highway 1 of juncti-on

Highways 1 and 11, Maniroba (Localiry 31). This

site was a sample area for Bufo hemiophrys and

aspen is the najor tree cover. llay L969.

(BOTTOM)

Figure 10. Pond 17 miles west ori Highway 1 of junction

Highways 1 and 11, Manir,oba (Locality 35). This

sit,e was a sample area for an inËermediate Bufo

population. The pond is just wesË of Brokenhead

River and souËh of the Trans_Canada Highway.
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(roP)

Figure 11- Roadside ditches B rniles tr{esr on ilighway 1 of

juncËion of Highways 1 and 11, Manitoba. Bufo

americanus occurs aË Ëhis site which is siruilar Ëo

the si-te 3 ¡ni1es l,lest on Highway 1 of junction

Highways 1 and 11 (Localiry 39). Nore Ëhe

dominance of coniferous Ërees. 23 June L969.

(B0rr0M)

FÍgure 12. The urargin aggregaËion behaviour of Eglq tadpoles.

LocaliËy and date as in Figure 11.
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Two hundred eggs r/ù'ere counted ouË from the batch 1aíd by each

female of a successful cross, and divided j_nt.o four lots of fifty
eggs each. one set of 50 eggs from each cross was raised in the

laboratory, one of each other lot was placed in a conÈainer in

each of the three sites from which the adults had been collected.

Laboratory crosses vrere raised in dechlorinat,ed v¡ater in shallow

plasËíc pans (Figure 16), field crosses were iniÈial1y plaeed in

circular pet,ri dishes (Figure 13), each with a piece of their 1íd

removed and replaeed by plasËic screening to permit \,rat,er

circulation. After hat,ching, the tadþoles were released into
open plastic rearíng cages made from plastic screening with a

fr:mework of plastic rods. Each unit. was approximately 4 x 4 x
1 ft. and each included four r x 1 x 1 ft. compartmenËs screened.

on the sides and bottom but open at Èhe Ëop (Figure 14). They

were placed in the \,rater at, the edge of Ëhe ponds and submerged.

Èo approximarely half rheir height (Figure 15). Receding pond

levels due to evaporation during Èhe period from haËching to

transformntion of the tadpoles and. level rises after occasional

heavy raíns necessiËated moving Ëhe units to compensate for
these fluct,uatíons in ü/ater levels. rniLially, the eggs were

checked at daily i-ntervals, but later in Ëadpole d.evelopment

conËainers T¡/ere checked at, tr,¡o-day intervals, r:ntí1 Ëhe last
Ëadpole had meËamorphosed. Tadpoles were fed. Tetr¡min, a

comtercial "fish food" preparaËion ËhaÈ d.oes not unduly conËaminate
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Figure 13.

Figure 14.

(roP)

Plastic container with screening used t.o hold eggs

from each Bufo cross unËil Ëhey hatched. l{ray 1969.

(BorroM)

Four-compartmenÈ plasËic screen rearing container

for Bufo tadpoles raised in field siÈes. An egg

conË,ainer can be seen at the surface in the upper

right compartuent, and submerged contai"ners are

evid.ent in other comparËnents. ÌAay L969.
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(roP)

Figure 15. Rearing containers in posítion in pond 31 miles

trIesË on Highway 1 of junction Highways 1 and 11,

Manitoba. Note sheeL plastic lids Ëo prevent

predatJ_on. Each lid is weighted by stones. June

L969.

(BorroM)

Figure 16. Pans used for laboratory rearing of Bufo crosses.

Tadpoles may be noted in each pan. June 1969.
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!üater. The rnrater in laboratory pans was changed. rvhenever iË

appeared fouled buË this vras not necessary in field cages. Dead

eggs and tadpoles r¡rere removed and noÈed at each inspect.íon.

Part way through the experimental perÍ-od a najor disasËer occurred

at the "g.ti""r""" site when all rearing cages were removed.

fron the \^rater and placed neatly at the road.síd.e by person or

persons unknor"m. The roajority of tadpoles then desiccated due

to exposure to air before the next regular inspecÈion, thus

ËerminatÍng these crosses.
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RESULTS

1. Fie1d surveys

Field r¡ork ín eastern Manitoba in the breeding seasons of

1968, L969, and 1970 revealed no strong differences in breeding

times, either in the initiation, peaks, or termination of calling

between americanus, hemiophrys or intermediaÈe populations. B.

hemiophrys localiËies Ëended to be in more open siÈes, and Èhe

air and r"rater t.euperaËures dropped there more rapidly on cool

evenings, resulting in hemiophrys choruses Ëapering off or

sËopping earlier than auericanus choruses.

. The general pattern evident in the L96B-70 field seasons in

easterri Manitoba r^ras an initial emergence from hibernaÈion and

arrival of an occasional individual at the breedi-ng site as early

as 19 April but as laËe as early May. The earliest calling üras

24 LpriJ- in 1969, with the earliest amplexed pairs and eggs 6 May

the same year. The first good choruses r{ere heard 13 May 1968,

L4 YIay Lg6g, and 17 May 1970, indicating thaË an early or late

spring does not alter the tiue of the initial peak of breedj-ng by

more t,han a few days. It, r¡as common in all years to find good

choruses on warn nights from mid-May through to early June and

for calling Ëo gradually Ëaper off with a few persisËent

individuals calling as laËe as the fírst week in Ju1y. A few sma11

choruses were found in rniddle and late June in 1968 but the bulk

of the serj-es from breeding ponds r¡rere taken earlier (see list of
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specimens examined in Appendix r for dates of strong choruses

indicated by size of collections). A similar paËtern emerges when

Èhe collectÍon dates of breeding hemiophrys from throughout its
range are examined. one large collection taken later in the year

(60 specimens from the spruce tloods Forest Reserve 2o-2L Jury

1960) is a post-breeding sample from toads along a sandy road.

All large breeding samples are from the latter half of May

or early June.

rt is notable that there is a much greater variat.ion in the

dates

(Nro{s

on 17

toads

than

for americanus breeding series, especially the series

6916) obtained adjacent to Rond.eau park in southern ontario

April 1963. rn the milder cr-iniate of southrvestern ontario

apparently may reach full chorus as much as a month earlier
is possible in eastern lfand-toba or the prairie provinces in

general- rn eastern I'faniroba, there \.Jas no consistent pattern

during this study of either americanus or hemiophrys beginning

calling appreciably before the other, or contínuing rater. The

latest chorus sarnpled was of hemiophrys-like individuals (Grand

Beach Provincial park) 21 June 1968 but there 
'vere americanus

choruses at N.w. Angle Forest Reserve a ferv days earlier, L6-L7

June 1968. rn both cases the proximity of the breeding localíties
to large lakes may have retarded the start of the breedÍng and

prolonged Ít in comparison to other localitÍes.

Bufo sËarted to metamorphose in early July in eastern I'lani-toba.

with the

4ffiutrtvenç

OF MANITOB,4

{.lgp4s1fS-

The earliest noted r,¡as 2 July 1969. This coincided
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cessation of calling frour t.he last few persistent m:les and

ïepresented roughly a monËh and a half for development afËer the

initial peak breeding. The latest tadpoles r^rere noted 5 AugusÈ

1968, but mosË had transforned by the last week in July,

represent.ing a two-three week span of peak transformaËion thaÈ

roughly corresponded r¡ith Èhe span of most actíve breeding.

Breeding ponds for both americanus and hemiophrys in easÈern

Manitoba and elsewhere are variable. Artíficial dugout ponds

(see Figure 9 and 10) roadsid.e dirches (Figure 11) and shallow

quiet shores of rivers and lakes are.coumon breed.ing sites. A

fairly r¿ide area of shallo\,r water seems to be preferred.. The

breeding sites for heuiophrys, being maín1y in aspen parkland

and prairie, are in more open suïroundings d.ue Ëo the general

habitat, and no conclusions can be d.rar¡n on any difference in
site preference. rn general, the same types of breeding sites
seem to be chosen by the two taxa.

In 1970 a simple m:rk-recapture pïogram was carried out aË

the intermediaËe (contact zone) locality 17 niles wesÈ of juncËion

Highways 1 and 11. FífËy-one male Ëoad.s were marked and released

between 17 ÞIay and 11 June. An additional 23 males were collected.

18 May from this locality and. preserved.. Forty-nine recaptures

of 28 individual toads were made. A Ëotal of 16 feuales r¿as

also taken during Ëhe same collecting period. some males remain at the

chorus through the peak breeding period although unmarked. individuals

4ay be arriving throughout. Four individuals marked and released. 1g
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lufay were recaptured on each.of 22, 23, anð, 24 May and three others

rirere capÈured on two of those nights. There vras no evid.ence of an

uneven distribution of morphological types between early and

later samples. A sirnple populaÈion esËimate gives figures of 42, 47

and 64 male toads for 23 May, 24 raay and 5 June, respectively.

a. Discriminant analysis of males

The Ër¿o discríminations run on alËernate specimens from the

combined reference sample gave the weights or character coefficienLs
shor¿n in Table 1. A mean discrininant, Ì{eight for each character

was produced by averaging Lhern (Table 1) and Èhese mean weighÈs

used to coupute discriminanË, scores for each individual.

The size of the weights reflecË in part the relat,ive
importance of the characters consid.ered in separaÈing the taxa.

The relative effecÈiveness of the weights is dependant on

the number of units an individual character varies over, and the

separaËion betv¡een Ëhe Ëaxa wiËhin this character. A method of
expressing Ëhe general d.istance between taxa is Ëhe nMahalanobis

generalízed disËance" computed by finding the separation between

Ëhe mean discriminant scores of the taxa. The contribution of
each character weight Ëo Ëhis value can be obËained by multiplyíng
the weight by the difference between t,he means of each taxa for
Ëhat character- This gives the weight contribulion (to the

Mahalanobis generalízed distance) and the s rm of these contributions
is equal to the Mahalanobis generarízed d.isËance (D.E. McAllister,

2. Analysis of hologÍcal varíat.ion for reference samples
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personal coulmunication). This weighË conÈribution to separation
of the taxa is also given in Table 1.

rnspecËion of these values indicaËes Ëhat posterior cranial
cresË width, tarsus length, parotoid separation, and cranial crest
length are making relatively large contributions (in descending

order) to Ëhe separation betr¿een taxa.

High values for nostril separation, anteri.or cranial crest
width, head r¿idth, paroËoíd. separation, eyelid rength and v¡idth
of the outer meËaÈarsal tubercle (trspade") seem typical of B.

hemiophrys, and high values of posterior cranial cresË width,
cranial crest lengÈh, width of rargest r,¡art in a blotch, tarsus
length, and widÈh of inner meËatarsal tubercle see' typical of.
americanus.

tr{hen average discriminant weights were applied to Ëhe entire
male refere*ce sample of both species (L644 specimens) to obtain
a discríminant value for each specimen, a single specimen, a

hemiophrys from Delt,a, ìfanitoba, was misclassified, due Ëo an

error in measuremenË which was discovered. on re-examinat.ion of
the specÍmen and correcËed.. Recalculation r¿ith this measuremenË

corrected gave a discrininant score of -1o. zzz3, well v¡ithin
oËher hemiophrl¡s scores.

The sample size for each

in Appendix I. Ilístograms for
given in Figure 17. I^IiËh six
males per localiËy.

population sample of males is given

the pooled nale reference samples are

excepËions, sample sizes are over 20
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Figure 17. HisËograms of índividual d.iscriminant scores for
m:1e reference samples: Bl9 hemioÞhrys (open) and g25

americanus (hatched). vertical scale represer.ts number of

specimens, horizontal scale the discríminant score.
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The population mean for the discriminant score, ranging from

-L8.7 at Delta, Manitoba, ro -30.8 ar QurAppelle Valley ín

saskatchewan for hemiophrys and**13.3 at oxdrifË, ontario to

f33-8 at Rondeau ProvíncÍal park, ontario, for amerícanus. The

highest values for hemiophrys are in the Aspen parkland and Boreal

ForesË of Manitoba and adjacent North Dakota r¡riËh slightly lower

values across niddle Sask¿tchewan and Alberta and northern Alberta,

largely in t,he Boreal ForesË. The mean of the disjunct l^¡yoming

populati.on falls with these. southern saskatchewan and AlberÈa

populations have the lowest values irom shorËgrass prairie and

Aspen Parkland habitats. The lowest values for americanus are

from northern Minnesot,a (ttiuuing), northwest,ern ont,ario (oxdrif t)
and Ëhe southern end of James Bay (I^Ihitetop Creek).

The variance, as an indication of t,he dispersion of discrimi.nanË

values within the population sauples, is given in Appendix rr B.

variances of hemiophrys populaËions were generally lower than for
ameri-canus, although hígher variances are seen in heniophry_s

populations in areas adjacent to eastern Manitoba.

rn addiËion, hÍstograms of dÍscriminant scores for each

population sample, or pooled sample, are given in Appendix rr c-H.

rn general, they confirm that the values are roughly nornally

distributed r¿ithin each populat,ion and that individual values are

well away from the mid-point value of the dj_scriminaËion axis. The

closest approach Lo Ëhe níd-point is mad.e by an ind.ividual

heniophtys frou Perryvale, Alberta, and an ámericá4us from óxdrifL,



50

Ontario.

b. UnivariaËe and raËio analysis of males

In additíon to the dj-scriminant funcÈion analysis, Ëhe

geographic variation in Ëhree scored characters: cranial crest,

post,-orbiËal cresË and venËer (Appendix II, I-K) all excluded from

Ëhe discriminant, analysis, was examined. SnouL-vent lengËh and ratios

of tibia/snout-vent, spot lengÈh/snout-venL, cranial crest posterior

wídth/head width and outer metatarsal tubercle width/tarsus lengËh

(Appendíx II, L-P), were also examined for patterns of variation.

These measurements had been used individually, noË as raËj-os, in the

descriminant analysis.

Cranial crest score

Scores of 0 (boss) and 1 (grooved cresL bridged posLeriorly)

r¡ere thought to be characË,eristic of heuriophrys. A score of 3

denoted a typical amerj.canus crest. A score of. 2 was assigned to

any inÊermediate condit,ion. Mean values for hemiophrys range from

0.1 to 1.0 and all nean values for americanus are 3.0. Samples for

heniophrys do not shovr a geographic patt,erri outside of Manitoba,

although the Manitoba and North Dakota samples are consistently high,

l-. 0 Lo 0.8.

Post-orbital crest, score

All americanus populations examined in Èhis sÈudy had mean

scores of 2.0 and 1.9 excepËing 1.8 scores for the Lac Attila

and Moosonee samples and 1.5 for Oxdrift. The means for

hemiophrys ranged from 1.5 to 0.1 with high values (1.0 Ëo 0.8)
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in eastern Manítoba, buÈ consíderable vari.at,j-on exisËs between

populaÈions elsewhere in the range, wíËh one central Alberta

populatíon (Perryvale) scoring 1.5, and. one souËhern saskaËchewan

population (lonpkins) scoríng 1.3.

Venter score

This score ranged from 0 (ir.¿gu1.te venter) to 6 (reticulated

venter) and as such covers the variaËion ín americanus group

toads. Means for hemiophrys populations varied. from 4.3 Ëo 5.0,
" with 1ow values in cenÈral ManiËoba (4.3 at DelËa, and 4 .6 aE

spruce l^Ioods). The highest values wère in southern Alberta

(5.2 at Brooks and at sutherland) with northern values in
Alberta, saskatchewan and. Manitoba aIl at 5.0. The range in
americanus was greateï, f,rom 4.2 at Rond.eau to 6.0 at sept r1es.

NorËhern populations of americanus all t,ended to have high mean

scores (above 5.5) and southern populati-ons had. the lowest

scores, (4.-B and lower) wíth t,hose intermediate geographicalry

t,ending toward inËernediat,e scores (5.0 - 5.2). An anomaly ís the

cap-des-Rosiers population at the tÍp of the Gaspé v¡ith a mean

of 4-7. Less surprising is the 5.6 score for Roseneath, prince

Edrvard rsland, putLing it closer Ëo norËhern populatíons in this
character.

Snout-vent length

Although there is an obvious difference in means bet¡^¡een species

(Table rr) for the qrhole reference sample there is a great deal of
variaËion between populaËion means wíËhin each species. For americanus
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Ëhe range was from 71.8 ron (Rorhierville, Quebec) Ëo 53.9 nn (Moosonee,

OnÈario). Hemiophrys ranged fron 70.g mn (calgary, Alberta) to +5.8 mm

(Delta, Manitoba). For individuar males, hemiophrys ranged. fron 79.1 nm

(near Brooks, Alberta) to 41.3m (nelËa, l4anÍtoba) and americanus from
88.4 mn (near Rond.eau provincial park, Ontarío) to 42.1 nm (trnihitetop Creek,
near Moosofiee' ontario). f,6rr¡menly, there is abouÈ a 20 mm spread. from
the largest Ëo the snarlesË maÈure male in any gÍven sample,

though it ranges from about 5 to zJ ¡¡n, with the smaller heniophrys
generally havi-ng less of a spread. (often 10-15 nm) wíËhin one

population sample. However, in the Rondeau americanus sample the
range is 38.4 mr.

The largest hemiophrys sample means (6L.2 nm and larger)
are in the prairÍe regi-on of Southern AlberËa and. SaskaËchewan.

There is no clear-cuË geographi.c or vegetaÈion region arrangemenË of
Ëhe oËher groups, though there is a Ëendency for the sanple

means to be smaller in the easË and larger in the v/esË. ilithin
americanus the smallesË means are generally in the north (52.9

to 60'5 nn) but the large value of the sample fron Mile 134, North
of Sept l1es, is out, of lj.ne at 64.9 mrn and the smal_l value from
MoncËon, N.8., at 57.3 nn is aligned with the smaller northern ueans.
Tibia/snouÈ-vent lengËh

The relaÈive length of the Ëibia is variabre in boËh

americanus and hemiophrys. I^Iithin hemiophrys there is littre
apparenË patËern, though southern Manitoba scoïes are auong the
lowest, and southern Alberta and saskatcher¿an are among the
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highesf. In americanus Èhere is a

Ëo be Iow and southern scores Ëo be

Spot length/snout-vent length

The range in heniophrys (0.14g to 0.175) is much narrovrer

Èhan Ëhar in americanus (0.090 ro 0. ZL6). Within hemiophrys

there is no obvious geographic pat,tern to the sample means

of Ëhis ratio from north Èo south or beËr,¡een vegetation aïeas.
rn americanus, however, the norËhern populations (Moosonee, Lac

AÈtila, Mile 134, sept rres, Routhierville and cap-des-Rosiers)

have generally higher values (between 0.136 and 0.216) which
encompass the hemiophrys means, while more souËhern populaËions
(Oxdrift' Hibbing, Rond.eau, MoneÊon, Roseneath and Musquodoboit)

have low values (0.119 - 0.090). Kenogami, NorÈh Bay and otÈawa

are intermediate (0.12g to 0.134) as is I^Io1fvil1e (0.132). Thar

the western ameri-canus have smaller dorsar spots than hemiophrys

heightens the contrasË between the taxa in adjacent \,,resËern

Ontario and east,ern ManiËoba.

sr/head widrh

Heniophrys populaËion means of this character ïange f.rom 0.240
to 0'281' There does not seem Ë,o be any obvious geographic

paËtern to t.he ratio within the taxa, as both high and 1ow means

occur generally Ëhroughout the range, except ËhaÈ the two highest
values (0.280, 0.281) are in central Manitoba whereas

all other values are 0.269 or below.

rn americanus Ëhe values for means vary from 0.339 to 0.442.

Ë.endency for norËhern scores

high.
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The low value is from oxdrift in r¿estern ont.ario. The next lowest
value is 0.370 fron trrrhitetop creek. All other varues are 0.379
(Cap-des-Rosiers, Moosonee) or above. Values at 0.39g or above are
predominanË in the east (six out of eighË means). In extreme

southern ontario values are 0.408 at Rondeau and 0.401 at point

Pe1ee. The other central values are 0.390 - 0.395 in the Kenogami

to otËav/a area and, 0.382 at Lac Attila. There is no crear
north-souËh cline.

Spade/tarsus

The mean values for hemiophrys populations varÍed. from

0.352 to 0-402- The 10west is from The pas, ManÍtoba and the
highest is from staËhmore in western Alberta. rn americanus

means varied from 0.267 at Lac AtËi1a to 0.314 at Moncton, New

Brunswick, and sept r1es, Quebec. No clear geographic trends are
evident in eit,her taxon.

c.

The discrÍminant weights and. means for each charact.er for
females are given in Table III.

Posterior cranial crest, width made Ëhe largest contribution
as it did in the male analysis. Tarsus length and parotoid
separation also make conËribuÈions buË Ëhe largest wart, on the
right ËÍbia, rhe cranial crest length (right side) and distance
from nostril Ëo paroÈoid on the left side seem Ëo rnake disproporËionate
conËributions to Ëhis separaËion compared Lo Ëheir contribuËion in
the discrimin"tta analysis of mares. The Mahalanobis generarizeð,
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disËance is 104.6573390 for fenale reference samples eompared. to

less than half that value (51.3517513; Table r) in the male anarysÍ_s.

The histograms of the individual scores for the female

reference sample are plotted in Figure 1g, showing t,he separaËion

obtained. Because of the generally higher weights in Ëhe

discrimination and larger values of indívidual measurements the

scores are hígher than obtained in the male discriminatíon. As

individual population samples ï¡/ere sma1l , Ëhese have not been

plotted separately.



60

Figure 18. HisËograms of individual discrininant funcËj.on scores

for pooled reference samples of females of B. hemiophrys and B.

americanus. vertical axis shows number of individ.uals and Ëhe

horizontal gives Ëhe score. List of rocalities, dates, caËalogue

numbers and number of specimens is given in Appendix I.
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3. Morphological character eomparison of southeastern Manitoba

Bufo.

a. Discriuínant scores of males

Figure 3 gives the dístribuËion of samples in eastern Manitoba.

None of these co11ecËiorls T¡rere included in the reference samples

used for the discrimínations between herniophrys and americanus.

These collections can be divÍded roughly into six lrest-easË

transects for discussion:

1. The northern Ëransect: localities 1 to 14.

2. The Beausejour transect: localiËies 15 to ZL.

3. The Vivían Ëransect: localitíes 22-38.

4. The Trans-canada Highr+ay (highway 1): localiËi-es 29-43.

5. The Marchand. transecË: localiËi_es 44-4g.

6. The southern Ëransect: localities 49-6L.

. sample sizes for breeding males are given in Appendix r. There

is great disparity in nu'nber (2 - 268 índividuals) largely because

of local weather conditions during the breeding period. some

localitíes represent pooled adjacent samplesr' several sampl_es from

separate visiÈs during the s:me breeding season and/or several

collections Ëaken in different years

Figure 19 gives the mean diseriminant score for each

population sample. ThaL western scoïes are 1ov and eastern ones

high is immsdi¿¡.ly apparenÈ. The rapid Èransition from minus to

plus (betr,reen -10 and *10) scores occurs largely in the easterïr

half of Ëhe Manitoba Lowlands ForesÊ Regi.on (of Rowe 1959), wir,h
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Figure 19. Map of southeastern Manitoba showing discriminanË

function mean scores for co11ecËions of male Bufo.
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Ëhe southern transect transiËion in the western exËreme of Èhe

GreaË Lakes Forest. Figure 20 gives t.he variance values for these

samples. Generally a zone of very hÍgh variances (in the B0-25g

range) clearly coíncides with the internediate means in five of

the transecËs. rn Èhe northern transecL the variances are not

as large in the t,ransit,ion zone buË values of 61 and 64 are

larger than those in east.ern and r¡rest,ern samples in the region.

Perhaps the exact middle of the transition zone has not been

sampled as effecËively in Ëhis transecË as it was in the oËhers.

That high variances are correlated with intermed,iate scores ís

further brought out. by Figure 21 where mean discriminanÈ scoïes

are ploLted against the varíance. MosË very high variances are from

the contact zone.

Figures 22 to 28 presenË histograms of the scores of

indíviduals withín populations sampled. rn the northern transect,

(Figure 22) the transÍtion occurs beËween localities 9 and 10.

Various other sauples show occasi-onal Índividuals over the nid-point
of the discríminaLion axis. rn Ëhe Beausejour transecË (Figure 23)

Ëhe shift occurs betr¿een locality lg and locality 19, buË localitíes
17 and 20 show slight extensions over the nid-point of the discrÍmination.
rn the Vivian transecÈ (Figure 24) the shift is beËween localit .'es 22

ar:d 23 but Ëhe samples from locaLíty 24 show some extensions over

the nid-poinË. This is also marginally evid,ent, in locality 25

and also in locality 28. The individ.ual left of uríd-poinË in the

laËËer sample may be sinply a chance extreme recombinaËi.on from
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Figure 20. Map of southeast.ern ManiËoba shov¡ing variance of

discríminant funcËion scores for co11ecËions of male Bufo.
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Figure 21. RelaËionship of mean discriminant score and variance

for reference samples of B. americanus and B. heniophrys and for

Bufo samples from easterri ManiÈ,oba. The most int.ermediate

scores have the largest variances.
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ELgsre 22. Ilistograms of individual discrininanË function

scores of collections of male Bufo for collecting stat.ions 1-14,

the northern ETansect through southeasËern Manitoba. The two vert,ical

lines indicate the nid-point of the discrimínant analysis betrn¡een

americanus and hemi-ophrys reference samples. M indicâtes the position

of the mean for the sample and D is the position of one standard

deviatíon on eiËher side of the mean (the unequal disËances apparent

in some histograms are due Èo rounding of values to fit the whole

number scale units used). For each sample the locality designat,ion

is given, and to the right of it the catalogue number (National Museum

of Natural Sciences, Herpet,ology Section, unless otherwise noted)

followed by a dash and Ëhe nuuber of specimens in that sample. The

horizontal scale at the bot.t.om gives the discriminant. score values,

the vertical one on the left gives the number of individuals.
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Figure 23. Histograms of individual discriminanÈ function

scores of collections of male Bufo for collecting stations

L5 - 2L, the Beausejour transecÈ through souÈheastern Manitoba.

An explanat,ion of leËters, scale, eLc. is given in the legend of

Tigure 22.
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TLgure 24. Ilistograms of individual discriminant funcËion

scores of collecËions of male Bufo for collecting stations 22 -

28, the Vívían transect through southeasÈern ManiLoba. An

explanation of letËers, scale, etc. is given in the legend of

Figure 22.
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Figure 25. HisÈograms of individual discriminant scores of

co11ecËions of male Bufo for collecting stations 29 - 34, the

vrestern portion of the Trans-canada Highway transect through

southeastern Manitoba. An explanation of the letters, sca1e,

etc. ís given in the legend of Figure 22.
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Figure 26. Histograms of individual discriminant funcËion scores

for collecËions of male Bufo for collecting stations 35 - 43, Ëhe

eastern portion of the Trans-canada Highway transecË through

souËheastern ManiËoba. An explanation of lett,ers, sca1e, eËc. is

given in the legend of Figure 22.
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Figure 27. Ilistograms of individual discriminant function scores

for colleetíons of male Bufo for collecting stations 44 - 48, the

Marchand transecË, and staËions 49 - 50, the wesËern porËion of the

souËhern ÊransecË through southeastern Manitoba. An explanation

of letters, scale, eÈc. is given in the legend of Figure 22.
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Figure 28. Hist.ograms of individual discriminant. function scores

for collections of male Bufo for co11ecÈing stations 51 - 61, Ëhe

easËern porËion of the southern transecÈ t.hrough southeast.ern

ManíÈoba. An explanat,ion of letËers, scale, eËc. is given in the

legend of. Figure 22.
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introgression. In the Trans-Canada Highway transect, which is the

most Ëhoroughly covered of all the transecÈs (Figures 25 and 26)

the shift can be seen between locality 33 and 36. Localities 34

and 35 clearly are int,ermediat.e populations from the center of the

zone of conËact. Localíty 38 shor^rs one individual t.o the left side

of nid-point and Èhis ís eiËher a stray from a \¡Iesterfi locality

or a chance extreme recombínat,ion. The Marchand TransecL

(Figure 27) is the most poorly sanpled but clearly locality 46 has

an intermediate population. The southern transect (botton of

Figure 28 and Figure 29) cuËs a diagonal Ëhrough the intennediate

zone and one sample (locality 57) is geographically "out of

place" in the arïangemenÈ of Ëhese samples as it, is souËh of the

general sample line (see Figure 3). The number of intermediate

populations is greater because of the Núü-SE axis of sampling

ínsËead of the general r¡Iest-east 1íne in other Ëransect.s except

Ehe norËhern one. Clearly int.ermediate populations lie aË

locality 54, locaLity 55 and locality 56. LocaliEy 57 is souËh

"aof these and is largely on the hemiophrys side of the axis buL

has inte:mediate and americanus-like individuals. Other localities

northwest and souËheasË show occasional individuals across the

nid-point.

The mean discrininanE scores for populations to the easË

and ¡,¡est of the narro\4r intermediate zone d'efined' by the line

connecËíng Ëhese points are consistenÈly above 10 to the west

r¿ith Ëwo exeeptions, localiËy 13 mean +5.8 and locality 38
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nean +9.8. In both these cases the sample size is very small, 5

and 4 specimens respeetively, and only in Èhe latter sample is

an individual on Èhe heuiophrys side of the discriminant axis

present. However, the "herioÞhrCt means in easËern ManiËoba

-LO.2 Ëo -19.2 are consistenËly higher than those for the reference

sample (compare Appendix IIA and Figure 19). All reference sample

mearis, excepË Delta at -18.7, are below -20.0- Similarly all

ttamericanus" means in eastern Ì4aniËoba (r¿ith the exceptíon of

localities 13 and 38 mentioned above) are t10.1 to +18.6. In

the reference sample of americanusr'means are all above +20.0

wiËh the exception of OxdrifË (t1¡.3), Ïlibbing (t17.5), and

trnlhitetop Creek, NE of Moosonee (+L6.2).

Figure 29, 30 and 31 show hisÈograms of individual discriminant

scores by daËe of collection for localities 31, 35, and 39

respecËively. The pooled results of these scores were used in

Figures 25 and 26 as populati-on histograms and in Figures 19 and

2O for means and variances.

For locality 31, a herniophrys site, several individual

localities are designated in what is essentÍally a conLinuous

roadside ditch and adjacenL pond couplex. i^IiËhin-year samples

T¡reïe generally sma11 and have Eherefore been pooled by year.

There are no obvious shifts in distribution beËween years or

adjacent localities.

Locality 35 is a Ëransition site. Roadside pools of the

Brokenhead River where it is crossed by Highway 1, adjacenL
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Figure 29. Histograms for individual discriminant function

scores for collections of male Bufo frorn coll-ect ing staÈion 31

in southeastern Manitoba to shorv variation in collections from

adjacent sites and different years which rvere later poored to

form a combined sample for this station (see Figure 25). An

explanation of letters, scale, etc. is given in the legend of

Figure 22.
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Figure 30. Ilistograms of individual discriminant function scores

for collections of male Bufo from correcting station 35 in

souËheastern Manitoba Ëo compare samples frorn different. daËes and.

years later pooled Ëo form a combined sample for this staËion (see

Figure 25). An explanation of letters, scale, etc. is given ín

Ëhe legend of Figure 22.
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Figure 31. HisËograms of individual discriuinant function

scores for collections of nale Bufo from collecting station 39

in southeasterri Manitoba frorn diffeïent dates and. years later
pooled Ëo form a combined sample for this station (see Figute 25).

An explanaËion of leËters, scale, eËc. Ís given in the legend of

Figure 22.
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roadsid.e diËches, and one adjacent dugouÈ pond back from Èhe

roadside are included in this data. These almost certaínly

represent one breeding uniË (the 16 - L7.4 tange in mileage

represents odometer variability in different years rather than

a Lrue rnile-and-a-half spread). There is some fluctuation

between samples from either side of the nid-poínË Particularly

between rhe 11 May 1968 and the 22-23 May 1969 collections. The

former only conËains 6 males, however' and may not be

representaËive. Comparison of Èhe three 1968 samples (11 l"fay'

14 May, 21 May) seems Èo rule out thé possibility that hemiophrys

-1ike individuals are breeding earlíer and americanus-like ones

later as the latest collection ütiËhin the year (21 May) has the

most inËermediate sample. In Lhe eight years spanned by Ëhe

sarnpling (L962-L970) there seems to have been no shift toward

either hemiophrys or americanus.

Locality 39 is an americanus site and represents roadside

ditches along the Trans-canada Highway spread along a distance

of less Lhan one rnile. The samples show little variatíon wiËhin

a year or beËween Years.

b. Univariate and Ïatio analysis of males

The same characters examÍned individually oT as ratíos for

geographic variation in the reference samples were compuËed for

eastern Manitoba samples (Figures 32-39).
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Figure 32. Map of souLheasËern Manitoba shor¿ing sample means for

cranial cresË scores for collectíons of male Bufo. In this and

subsequent, maps adjacent samples which !7ere exâmined separately

in discriminant mean and variance figures have been pooled Ëo

facili.tate mapping.
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Figure 33. Map of southeastern Manitoba showing sample means

for post-orbital scores for collections of male Bufo.
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Figure 34. Map of southeast,ern ManiËoba showing sample means for

venËer scores for collections of male Bufo.
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Figure 35. Map of souËheastern ManiËoba showing sample means

for snout-vent length of collections of male Bufo.
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Figure 36. Map of southeasËern l-lanitoba showing sample means

for tibia/snout-vent lengÈhs ratio for collections of male Bufo.

original values have been multiplied by 1000 to remove decimal.
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Figure 37. Map of souËheastern Manitoba showing sample means

for spoË/snout-vent lengths ratio for collecËions of male Bufo.

original values have been ioultiplied by 1000 to renove decimar.
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Figure 38. Map of southeastern Manitoba shor¿ing sample means for
cranial crest post,erior width/head width ratio for collections of

male Bufo. original values have been nultiplied by 1000 to remove

decímal.
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Figure 39. Map of southeastern Manitoba shov¡ing sample means

for "spade" (outer met,atarsal tubercle) r¿idth/tarsus length

raËio for colleetions of male Bufo. original values have been

multiplied by 1000 Ëo remove decirnal.
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CranÍal crest score

Lorv mean values (1.0 and below) are evident to the west and

high values (:.0¡ to the east. Values on or adjacent to tl-re

transition line plotted from Èhe discrirnínant histograms are

clearly intermediate and some intermediacy can be seen immediately

east or west of this line.

Post-orbital score

Values near 1.0 are evident in the west and near 2.0 in the

east, but there is much more variability in this score than in

the cranial crest value within hemiophrys and americanus as

earlier pointed out for the reference sample results, and iË does

not as clearly separate the taxa. However, the intermediate

naÈure of populations withj-n and to either side of the transition

area is evident.

Venter score

In the reference sample comparisons, thís character, as

scored, did not separate hemiopirrys and americanus. The

variation betrveen population samples across eastern Manitoba

bears this out buË there is a marked increase ín values in

eastern l'Ianítoba r¿here americanus is present and more of ten has

a complet-ely spotted or retÍculated venter (see Figure 34).

Hemiophrys populations have generally lower values in this

region than throughouE their range and thus the transition zone

does lndicate a change in mean values from the low scores typical

of rvestern Manitoba iremiophrys to the higher scores of eastern
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llanitoba americanus. This holds true despite the fact t.hat

western populations of americanus (íncluding those in eastern

Manitoba) have somewhat loiver venter scores than those in the

eastern portion of the range.

Snout-vent length

Mean population values are plotted in Figure 35. Values ín

the rvestern portíon of southeastern Manitoba are relatively low

and this trend is nost pronounced as the transition zone is

approached. In the eastern portion the values are higher than in

the west, but the body size increase is most pronounced along

the transi-tion line and fa1ls off somervhat to the east. It is

evidenË that there Ís a sÍze decrease in iremiophrys populations,

especially in the south r¿here means for localitíes 44 and 50 are

45.6 and 43.5 respectlvely, the loruest mean síze of all populations

sampled throughout the study. The range of mature males varíed

between two collections pooled for the value of locality 44. A sample

of 74 males collected 27 l{ay 1968 ranged from 39.0 to 51.2, mean

44.7 mm, a sample of. 12 taken at the same locaLíty 12 June 1970 ranged

from 48.8 to 56.0 mm. A sample of 37 males taken at locality 50

ranged from 38.l to 47.9 mm. Generally in both species, populaEion

means to either side of the area of rapid transition were as large as

any in eastern Manitoba, though greatly exceeded by some populations

in the reference sample from the rùestern portion of hemiophrys

range and the eastern portion of americanus range (see Figure 29).
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Tibia/ snout-venË length

The values for this rat.io in Eastern ManiËoba populations are

plotted in Figure 36. Over the enÈire easËern Manitoba area they

range from 0.346 to 0.379, compared wirh rhe ranges of 0.351 to 0.385

in americanus and 0.341 to 0.381 in hemiophrys in the reference

samples (Appendix II M). There are some notably low scores in

Ëhe western porËion of eastern Manit,oba (note locality 50 at 0.346)

and these are often associated with lov¡ snout-vent measuremenËs.

Spot length/snout-vent

The values for easË.ern Manitobâ populations are

Figure 37. Means in the T.restern portion of Ëhe area

higher, and fa1l into Ëhe range (0.L44 to 0.175) of

sample for hemiophrys. Means in the eastern portion

portion of the amerj-canus 
-ref"rence 

sample range are

southern and ínt,ermediate populaËíons (Appendix II N) though they

are not. as 1ow as Èhe Rondeau sample mean. The values on and

near Ëhe transition zone are clearly intermediaËe

Cranial cresË - posterior width/head widËh

The population means are given i-n Figure 38. Values are

clearly 1ow in the western portion of easËern Manitoba and high

j-n Ëhe easËern portion with an abrupt shift over the t.ransit,íon

line. In general the \,restern values are in the hÍgh portion of

the hemiophrys reference sample range r¿hereas the easËern values

nlott¡{ -in
are clearly

the reference

and lower

typical of

tend Ëornrard the lower portion of the americanus ïange (Appendix rr D).
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Out.er meËaËarsal t.ubercle rniidËh/tarsus length

The mean values for easËern Manit.oba populaËions are plotÈed

in Figure 39. Generally values are high in Èhe western porËion

of the range and lower in the eastern portion of the ïange.

Comparison v¡ith reference samples values of Appendix II P shows the

lack of a trend in the values rn¡ithin wesLern Manitoba corresponds

with the hemiophrys range in general but in the eastern portion

Ëhe values approach the highest values of the charact,er for

emericanus. The t,rend across the Ëransition zone in eastern

Manitoba is noË as even as in some characÈers but the drop in

ratj-o values _is clearly evident, particularly Ëo the west of Ëhe

Ëransit,ion 1ine.

Comparj-son of d.iscriminanË, univariaËe and raËio values

Table IV gives a comparison of t.he values for the localities

on each Lransect where the mosË rapid change in values occurs,

and shows Ëheir general agreenent.

c. Discriminant function scores for females

The representaËion is meager compared v¡ith rnale samples,

and only 2-4 individuals fron the majority of localiÈies, buÈ a

few large collections r^rere available. Figures 40 and 41 give

the histogråms of individual scores from each locali-ty represented.

MosË localities show individuals to the left or righË of the bulk

of Ëhe sample giving an impression of more intermed.iate localities,

buÈ where a significant number of specímens are available, such as

localities 31-35-39 along the Trans-Canada, the intermediate zone
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Figure 40. Histograms of individual discriminant function scores

for collections of female Bufo for 11 collect.ing sËations in

souËheastern Manitoba; 5-10 frorn northern transect, 15-20 from

Beausejour LransecË, 23-28 from vivian transect,. An explanaËÍon

of let.ters, scale, et.c. is given in the legend for Figur e 22.
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Figure 41. Hist.ograms of individual discriminant function scores

for collections of female Bufo for L2 collecting stations in

southeastern ManiËoba: 3r-43 from Ëhe Trans-canada Highway

transect' 50-61 from Ëhe southern Ëransect. An explanation of letteïs,
scale, etc. i.s given in Ëhe legend for Figure 22.
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is clearly in the same position as iÈ was for males. The problem

with fenales uay be in the smaller reference sample used., arthough

females may actually be more variable. The tendency for americanus

localities in eastern ManiËoba Ëo show some i.ndividuals over Ëhe

rnid-point of the axis Èoward hemiophrys is mosÉ evident in

locality 27 and localiËy 61, although neither of Ëhese has any

indíviduals classifying as heniophrys in Ëhê range of the reference

sample (compare with Figure 18).

4. Breeding call analysis and comparisons

Tape recordings were obtained fn the field of the breedíng

calls of. 223 individual male Ëoads (Figure 42). rn the laboraËory

three call parameters were det,ermined - pulse rate, dominanË

frequency and. duration. The call sanpling r"" ¿on. rainry along the

Trans-Canada Highway transect, wiÈh additional populations sampled in
the western half of eastern Manitoba as rnrel1 as The Pas in westeïn

Manitoba and OxdrifÈ in wesÈern OnËario (Appendix III). The reference

samples for both hemiophrys and america-nus inc-luded popula':'ons

from eastern Manitoba which are excluded from the morphological

reference sample, and those in the t'intermed.iatet' sample

included indívj.duals recorded 2r to 17 uiles vresË on Highway 1

of the juncËion of Highways I and 11.

Table v gives the results of correlation tesËs between each

possible paír of variables and scaËt.er ploÈs of these are shop,rn in

Appendix IV, A-I.

The number of pulses per second increased d.irectly with an



95

Figure 42. AudiospecÈrograus of portions of nating calls of male

Bufo. For each example a portion of a single call in r¿ide band

(300 cps filter) display is given on the left and a "section"

showing relative energy at different frequency Ievels at one

selected point in the call is given on the right. The first
display r¿as used Ëo determine pulse rate, the second to det,ermine

dominant frequency. Duration was timed from Èhe Ëape.

A. B. americanus NMNS 11793-1 (tape 24): 3 niles trI on Hwy. 1

of Jct. Ifurys. 1&11, Maniroba, 16 May 1969. Body temperaËure of

Ëoad 10.Ooc, pulse rate L7/sec, d.ominant frequency 14g3.33,

duraËion 11.0 sec.

B. B. americanus NMNS 11807-1 (tape 34): 3 miles I^i on Hwy. 1

of JcË. Hvrys. 1&11, Manitoba, 26 r"Iay Lg6g. Body ternperature

of toad 23-5oc, pulse rate 45f sec., d.ominant frequency

2083.33, duraÈíon 7.1 sec.

c. B. heniophrys NMNS 11831-1 (tape 39): 31 niles r^I on Hwy. 1

of JcË. Hwys- 1&11, Manitoba, 3 June 1969. Body tenpeïature

of toad 10oc, pulse rate 27 /second, d,omÍnant frequency

1879.17, duration 5.7 sec.

D. B. hemiophrys NMNS LZZ4T-Z (rape 64): 1-2 ni. S on Hwy.

75 of Letellier, ManiÈoba. Body tenperature of Ëoad 23.5oc,

pulse rate 103/sec, dominant frequency L84g.17, duraËi-on

2.1 sec.
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increase in teuperature in both ámericanus and hemiophrys samples

as shovm by Ëhe correlation coefficients (0.959 and 0.929

respecËively). The relatÍonship of temperature and call length is

inverse and t,he correlation is weaker (-0.635 and -0.459

respecËively) than wíËh pulse raËe. There is consÍd.erable

variat,ion from call to call within a single indj-vidual aË any

given temperature and the value used here is an average of several

ca11s from each índividual. The relationship of dominant frequency

to Èemperature is posiËive and the correlation, although significant,

is not hígh in americanus (¡O.4L6, P <0.01) but negat,ive and nor,

signifícanË in hemiophrys (-0.036, P >> 0.1). InËerraediate populaËions

show weaker correlation between pulse rate ( 0.583, p( 0.001), and.

call lengËh (-0.359, P (O.OS> 0.01) wirh remperarure and. are

intermediate in Ë.he relationshíp of dominant frequency and

temperaËure ( 0.272, p ( 0.05) 0.01).

trieak positíve correlation \Àias presenË in hemj_ophrys between

snout-vent and pulse rate (+0.304, P( 0.01) bu-t the correlaËion

in americanus T¡ras not signifieant,. In the int.ermediate populaLions

the correlation \Àras negative and. weak (-0.335, p (O.Of ). Ca1I

length showed a weak correlat,ion wiËh snouË-vent length in

intermediates (10.267, P(0"05) bur rüas not significant, in

americanus or hemj-ophrys. Dominant, frequency showed weak

negative correlation and significance (-0.246, p( O.05) in

hemiophrys buË r¿as not significant in amêricanus or int,ermediaÈes.

NoÈe that dominant frequency r^ras noÈ correlated with temperature,
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buÈ was weakly correlated with size, in hemiophrys.

Pulse rate correlation with call lengLh \^ras negatj.ve and

weak but signifieant.. Domínant frequency showed a weak posit,ive

correlaËion with pulse rate in qqçqicqnl¡q and an almost negligible

negative eorrelation in i.nt.ermediates, but was not sÍgnificant

in heuriophrys.

Ca1-1- length in americanus showed a weak negaËive correlat.ion

with dominant frequency (-0.235, P (0.01) in americanus but no

significanË correlat,ion in intermediates or hemiophrys. In

hemiophrys in this sLudy snout-vent. lengËh correlations r,¡ith

pulse rat,e (-0.304) and dominanË frequency (-0.246) were

significant (P( 0.01, P ( 0.05 respectively).

Discrimj-nant analysís of call variables and comparison r¿ith

morphological discriminant scores

A discriminant function cornparison \¡ras run using Ëhe three

call variables (pulse rate, dominanË frequency and duration) as

well as temperaËure and. snouË-vent length Ëo conpare equal

hemiophrys and americanus samples of. 45 specimens each (Appendix III

gives samples used). This comparison produced conplete separation of

Ëhe two taxa, and r.¡as based on Ëhe mosL geographically separated samples

for which call data were avaílable.

Application of the resultanË weights (Table VI) to the

individuals from the intermedj-aËe populaËions confirmed their

inËernediaËe position (Figure 43). Pulse raËe made Ëhe largest
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cont,ríbut.ion t.o the separation between means (centroids).

Figure 44 plots the call discriminant vs. Ëhe norphological

discriminant values for americanus, hemiophrys and inËermediates.

Table VII gives Ëhe results of correlaËion for each of the three

units and the toÈa1 sample. There is a positive correlation

(+0.820, P<(0.001) wirhin Ëhe whole sample, and a correlation

(10.552, P<0.001) for morphology and call within Èhe inËermediaËe

populations. However, within eíther hemiophrys or americanus

there is no signi-ficant correlation beËr¿een call and morphology,

indicating they are varying indepenàently r,¡iÈhin each Ëaxon.

These correlations (of total sample and intermediaÈes) are evident

despiÈe Ëhe fact t.hat, a portion of the reference sample for call

data includes populations where some introgression is evident in

morphological characters, as demonsËrat.ed earlier.

5. Crosses reared in laboratory and field

During the 1969 field season, males and females Trere

selected from Èhree sites along the Trans-Canada Highway: TresE

of its junction wiËh Highway 112 3L-29 miles (h.*i9ptr=E_), 17

miles viesË (intermediaËe) and 3 miles west ("*.ri""r"Ð. Crosses

v/ere aËtempted of every possible combination of males and females

beËr"reen these Èhree popul-ations (see Materials and Methods). In

all, 61 pairings Þrere Eried but only 28 of. these produced eggs,

and in three of these the eggs did noE develop, leaving on1-y 25

successful crosses. However, these did include at least one

cross of every possible combination.
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Figure 43. Histograns of

Bufo in reference samples

103

call discriminanË scores

and in eight inËermediate

for individual

populations.
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Figure 44. Relationship of call discriminant score to

morphological discriminant. score in three samples of Bufo

(Appendix III gives localj-ties and. number of specimens).
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The number of individuals metamorphosing in each cross, the

date the cross rvas made and the dates of first and last transformation

are given in Table VIII. The mean number of individuals transforming

from all complete replicates (with some transforming individuals in

laboraLo¡y and both ponds) are composed ín Figure 45.

In the laboratory crosses using americanus females had high

transforming success, and those using hemiophrys females had 1ow

success, with intermediate females yielding intermediate results.

The water used in the laboratory r4/as pumped in from Shoal

Lake (PC: K.I^I. Stewart) in eastern Manitoba, an area well r¿ithin

amerj-canus territory. No similar marked contrasts existed rvithin or

betl"een the fíeld-raised replicates. A Chi-square test of pure americanus

and pure hemiophrys between intermediate (17 rni.w.) and hemiophrys

(3t mi.rv.) ponds gives a value of)L1=1.30 which is not significant

(O.S) p) O.f)" The experj-ment lacks sufficíent sLlccessful replicares,

ís unbalanced because of unequal replicates betr¿een crosses, and shows

wide variation in transforming success between some replicates (a

difference of as much as 28 índividuals transformed). rn addition

some laboratory crosses took an abnormally long tÍme to transform

(eg. to Dec. 13 in AT-4t ) possibly because of suboptimal temperatures

or food.
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Figure 45- llistogram of mean number of tadpoles reaching transformaËion

(from s:mples of 50 eggs) for each combination of americanus,

inÈermediate, and hemiophrys parent,s in laboratory (open bars), in pond

17 mi. Irl on Hwy 1of jet Hwys l and 11 (horizontally hatched bars)

and in pond 31 mi. lü on llrv-y of jeÈ Hwys l and 11 (vertically hatched

bars). The first 1eËÈer given of each cross ís the female païenL,

the second is Lhe ma1e.
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6. comparisons of hemiophrys and americanus wi-Ëh other Bufo in

northern NorËh America

a) Hemiophrys - boreas

In 1965, the area north of Edmonton rn/as examined during peak toad

breeding and four breedíng siËes were found where boreas and hemiophrys

v/ere presenË in mixed choruses. SíËes visiÈed easË of Ëhese conËaíned

only hemiophrys and r,¡esÈ only boreas. (see Appendix r, Figure 46 and

Table IX for loealities). ExaminaËion of Èhe collecËion of the UniversiËy

of Alberta zooLogy Department. documented a slightly more extensive

overlap zone (Figure 46).

itt tro of the mixed. chorus sites exami-ned., boreas was the more

common speeies (but one of Ëhese contained only 3 calling rnales), in Ëhe

oÈher Ëwo heuríophrys predominaËed. Mismated paÍrs were found, usually a

female of the less abundant species mated wiËh a male of the predominant

species. only one individual suspect,ed of being a hybrid was found,

Ëhat in " l-ottd 
(2.4 miles North of tr^Iestlock) where hemiophrys was the

more common species.

To coupare Ëhe two species and evaluate the suspected hybrid a

dj-scriminanÈ conparison was made beÈween 48 heuriophrys (NMNS (HS) 8521)

and 60 boreas (NMNS (HS) 8530). The hemiophrys were from rhe same pond

where Ëhe hybrid was Ëaken, but because of the snaller sample of boreas

available from this localiËy, a larger series from a nearby locality
(2 rni W on ilwy 2 of Athabaska) was used. lfeasurement.s \Àreïe those taken for

the hemiophrys-americanus eomparison, except that all characters involvíng
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Figure 46. Map of west central Alberta showing the distributional

relationship of Bufo boreas (B,b) and B. hemiophrys (H,h) in a

narrovr zone of sympatry. A capiËal letter indicates more Èhan 20

males collected, a lower case 1eÈËer, less than 20 males. All

collections from breeding choruses. uA refers Èo collect.ions Ín

the university of Alberta, and NMNS to those in the NatÍonal

Museum of NaEural Sciences.
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Ëhe cranial cresË had to be omitËed sínce boreas usually lacks crests, or

has crest,s so low that they are barely discernible and rarely can be

measured with confidence. Several other characLers r,¡hich disti-nguish

boreas and hernioÞhrys were not included in this comparison. Besides the

lack of cranial cresLs, boreas also lacks a dark throaÈ in Ëhe male, and

possesses a prominent tarsal fold.

The discriminant weights, weight contribuËions Ëo the Mahalanobis

generalized distance, means for hemiophrys and boreas samples, and the

neasuremenËs for the suspected hybrid are given in Table X.

The weight contribuËj-ons indicàte thaË I'spade" width, nosËril

separat.ion, size of tibia wart, body size, inner metaËarsal tubercle

width, È,lmpanum diameter and. tarsus length are making the largest.

conËribuËion to separatj-ng the taxa in the analysis. B. boreas has a

smaller spade, a larger inner metatarsal tubercle, a much larger

Libial warË, somewhat larger snout-vent, smã11er tJmpanum diameter

and a longer tarsus. The mean of the discríminanË scores for hemiophrys

was +106.9462 (+78.I6L48 to 1L32.4602) and for boreas +L9.47962

(+++.11512 to -14.2396). The suspecËed hybrid had a scoïe of +63.0288.

Histograms of the díscriminant scofes are given in Fígure 47.

In addition Ëo it,s inËermed.iat,e score the hybrid had d.istinct, but

open, cranial crests, with no indication of a heniophrys-like central

filling or posteríor bridging. The anterior width of the cranial cresË

r¿as 4.9 m and t,he posterior 6.1 mm and on the americânus-hemiophrys

boss scoring system it would be assigned a score of 3, clearly

distinguishing it from the 0 or 1 score normal for a hemiophrys. The
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Figure 47. HisËograns of discriminanr funcËion scores for
reference samples of male Bufo boreas and B. herniophrys and. one

natural hybrid betr¿een these Ëaxa.
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crest, neasurenents, posterior wider than anterior, are the reverse of

those Ëypical for heniophrys. Post-orbital crests were absent and

therefore scored 0. The venter scored 5. The hybrid lacked the tarsal

fold typical of borêas. AlÈhough the spot length does not differenËiat,e

the tvro species in this analysis, boréas often has spots t.han run

together, in conËrast t,o the distincË blotches typical of nany hemiophrys.

b) Hemiophrys - cognatus

Only one míxed breeding chorus of B. hemiophrys and B. cognatus

was found in the course of herpeËofaunal surveys of the

Canadian Prairie Provinces, but Lhis was the only time when any breeding

aggregation of B. cognaËus was found during these surveys. B. cognatus

breeds typically ritur heavy rains. on 28 Nlay 1963 a large praírie

slough 8.3 ¡ailes easË on Highway 1 of the PiapoË turnoff yielded 48 nale

and 4 female B. cognaËus arrd 22 male and 2 fernale B. heniophrys. No

misuated pairs v¡ere noted.

B. cognaËus is morphologically distinctive from hemj-ophrys. Ma1es

in Ehe PiapoË series ranged fron 66.1 to 76.4 nm snout,-vent length.

Part.ícularly obvious r¡/ere the charact,eristic^tt, t.r- cranial crests

'.which unite on the nose and diverge strongly posteriorly. The posËorbital

cresÈs are st,rongly developed, and the large, prominent dorsal blotches

each contaín L4 to 54 sma11 rrarts. The ouLer !ûeËatarsal Ëubercle is

large and broad. The venÈer is slightly spotËed Ëo unspotted (score

values of 3(2) , Z(LZ), and 0(34) among the nales).

A discriminanË analysis was made beËween r¿iËh the 48 rnale B.

cognatus from Piapot (M8IS (HS) 7110) and 22 mare B. hemiophrys from
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Piapot (NMNS (HS) 7111) pooled with an addiËiona1 36 rnales from nearby

Tompkins (NMNS (iIS) 6014). The discriminanË weights, weight contributions,

and.mean values for each character are given in Table XI, and the

discriminanL scores presented as a histogram in Figure 48. This analysis

confirms Èhe distinctiveness of the t!Ío taxa and the lack of int.ermediates

where they are synpatric.

The largest contrÍbuËions Lo Ëhe separation beËween these Èaxa are

rnade by the posËerior cranial cresÈ, cranial cresL length, inner meËatarsal

tubercle, snout-vent length, spot width and number of wart,s per spoÈ.

B. cognatus is a larger toad than B, hemiophrys with much gïeater

posterior divergence of the cranial cresÈ, larger spot.s with more warÈs

per spot, and a somewhat, larger spade.

c) Ileqiophrys - w. woodhousei and americanus - w. fowleri

Two sma1l series, one each of w. fowleri (19 nales taken 19 June

1973 at Long Point,, Norfolk Co., OnËarío) and w. woodhousei (10 nales 22

June 1965, 7 males 23 June 1965 frorn 3å iniles southeasÈ of SËockton,

Rooks County, Kansas) were available for comparison (see Appendix I).

The discriminant weighËs produced by Ëhe comparison of americanus

and hemiophrys were applied to woodhousei and fowleri- specimens Lo see

where they would rank ín comparison with these taxa. The result,s aïe

given as histograms in Figure 49. InËerestingly, they both score as

internediate between hemiophrys and americanus. Tr¿o subspecies produced.

nearly identieal scores on Ehe basis of the charact,ers used. The

variance in these samples, no*"rr.r, is low in conËrasË Èo Èhe generally

high variances of populations in Ëhe americanus and hemiophrys conËact
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zoÍ7e. OËher characters, rvhich are not included in this comparison,

effectively separate the subspecies of r¿oodhousei and each froro ¡mericanus

and hemiophrys
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Fígure 48. HisËograms of discri-minant. scores for reference
sauples of male Bufo hemiophrys and B. cognátus.
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Figure 49. Histograms of

of male Bufo wood.housei.

discrinj.nant scores for Ëwo sauples

trfeights produced by the americanus_
l-reniophrys discriminatÍon were used to complete these values.



Bulo w. woodhous€i

3.5 ml. SSE. Stockton, Rooke Co'
Ka nsas

8585 - l0

850t - 7

Eulo w. f owl@Í¡

Long Point, No?folk Co.
onta?¡o

r5972 - l9

-6'0 -s0 -ó0 -30 '2s -r0 0 l0 20 30 40 50 60



L23

DISCUSSION

l. Habitat

a) Breeding habitat

In general, americanus populations seemed to be larger and

males more clustered. In contrast, i! was common to find hemiophrys

males more dispersed, ofEen in scatt,ered smal1 clumps cf only two

or three calling together. This contrast becomes obvíous on

examining the sample sizes in collections of the tr,7o taxa.

Partly, this difference in the field Ís due to the fact Ehat

ponds are often larger and deeper in boreal forest and relatively

smaller and shalloruer Ín aspen parkland and grassland. 0n the

subjective basís of field experience throughout the range of both

species, the impression exists that toads in the eastern part of

northern North America occur ín more extensive and densely

populated breeding colonies Ëhan they do in the central region.

b) Summer habitat

BreckenrÍdge and Tester (1961) reported from intensive

studies of B. hemiophrys in Minnesota that it v¡as found to live

almost exclusively in or near the margins of prairie ponds.

Field observations of hemiophrys over its Canadian range do not

strongly support this as typical of hemiophrys populations in

general. Samples of hemiophrys (such as the one through the

Spruce Inloods Forest Reserve in July 1960) have been taken of many

individuals foraging well away from r^¡ater. Surveys made in the

sr-trnmers of 1959-1967 al-or.g the margins of lakes, ponds, sloughs,

@
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and poËholes of all types throughout the range of heuriophrys

seldom revealed large numbers of posL-breeding or post-metamorphosing

heuiophrys aË such siËes. Exceptions are the l{ascana marsh at

Regina, SaskaËchewan, and the Delta marsh in ManiËoba, where

large sunmer series of all sizes of foraging hemíophrys were

Èaken. Single adulË hemiophrys r¡rere occasíonally present at pond

margins but usually òccur Lhere at Ëhe end of the breeding

seasorl. However, a large series of americanus of all sízes was

taken along a lake margin in east,ern ManÍtoba in August, and

occasional adulC americanus \^rere found at pond margins near the

end of breeding activj-ty. If there is a tendency for hemiophrys

to be restricted to pond margins more often than americanus it is

not clearly indicated by present field data.

2. Morphology

a) Non-quanËitative

Live Bufo americanus and B. hemíophrys are readily distinguished

in the field but their differences are hard to quanËífy. Colour

characterisÈj-cs, not. treaËed quantitatively, are helpful in this

respect. B. americanus is usually more brightly coloured - with

backgrounds of red, brown, yellow or green. B. hemiophrys is a

more drab toad, usually greyish or dull brov¡nish. A rusty-

coloured phase occurs (Cook I964c) but it is a more subdued

colour than the red of americanus. OËher good field characËers,

such as distribufíon of Írarts, spoË size and cranial crest
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features have been treated in detail Ín the morphoiogical analysis.

The difference between the ca1ls of breeding males makes tire two

Ëaxa easily distinguishable to the ear.

In field sampling across the east-vrest transects of the

inËerbreeding zone Ëhe variety in morphology and vocalizatíon gíves

the impression of sleíght-of-hand by a master conjurer. In eastern

Manitoba one can collect what appears to the eye and to the ear

as ttgoodrt americanus, as recognizable as any from Prínce Edward

Island to Íiestern OnËario" Tf. one mísses Èhe íntermediat-e zoÍLe

then in the Aspen Parkland east of Èhe Red River one can sample

"good" heniophrys, as recognizable as any from central I'fanitoba

to i^Iestern AlberÈa" When the gap between the Èwo is sample<l , the

change between breeding sites is subtle and almosË imperceptible.

b) QuantitaËive

A major problem in any morphological comparison is finding

an objective and practical nethod to evaluate and contrasË variations.

The discriminant function analysis used here has produced a high-

resolution, repeatable analysis of uorphological varíation over

Èhe range of the parent Èaxa and Èhrough Èhe Èransition zone

between them.

The reference samples represent a good geographic dispersal

for hemiophrys. Although they are relatively weak in material

from North DakoÈa and the northern portions of Alberta and Saskatchewan,

al1 major habitat types which íts range covers are represented.

The Laramie Valley (Wyoming) disjunct population is also included.
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The sample largely avoids Ëhe southern periphery of Ëhe conLinuous

range of herniophrys and possible j-nfluence from the presunably

allopaËric B. w. woodhousei. The sample of americanus is drawn

enËirely from the northern porËions of its range, largely Ëo

avoid it.s exËensíve area of geographic sympatry over the eastern

UniËed StaËes wiËh B. w. fowleri. Only two localitíes, Rondeau

and PoinË Pelee parks ín souLhern Ontario, are wiËhi-n that conËact

area. Thís resËrict.ion on the geographíc area of sarnples used

means that the discriminant analysís does not represenE total

amerj-canus variation. However, the samples do cover three major

habiËaË ar_eas occupied by americanus in the northern part of its

range. tr^Iestern Ontario is the least well represented geographic

atea. Encompassed by the samples are areas supposedly occupied

by Ëhe norËhern race B. a. copei (Logier and Toner L96L; AsLon,

GutËman and Buckley 1973; Conant L975) and the transition between

iË and B. a. americanus.

In general, the variation in population mean discrirninant

values withín taxa does not markedly follo\rr geogrâ.phic clines or

forest. zones though some trends are pointed ouË in the ResulLs

section. However, Lhe r¿ide area of 1ol¡ T¡restern scores for americanus

and narrow area of high east.ern scores for hemiophrys nay be of

some importance (see beloç¡). MosË previous comparisons of B.

amerícanus and B. hemiophrys (Breckenrídge L944, B1aír L957a,

Underhill 1961) have agreed that these Ëaxa are as morphologícally

distinct as go,od species, but sample size, geographic represenËaËíon
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and number of charact,ers have noË been very exËensive

A post-orbital score was used by Henrich (1968) as part of

his basi-s for separating the two Ëaxa. It is clearly shor¿n here

from the much more exËensive geographie coverage of hemíophrys

that post-orbital crests rnay be present on individuals well

withín herniophrys range and neither Ëheir presence nor that of

the internediate conditions clearly esËablísh an individual as

intermedi-at.e.

The ventral scoring used here unfortunately encompasses only
t_

part of the ventral paËtern variaËion exhibiÈed ín.Lhe Ëwo Ëaxa,

sínce iÈ deals so1e1y with the area covered by pigment. As

Henrich (1968) pointed out, there is a Ë,endency for hemíophrys Èo

havê lighter ventral markings, and he used a scoring sysËen which

attempted to evaluate Ëhj.s difference. However there is a large

subjecËive element in any aËÈempt to score relat.ive intensiÈy of

markíngs, and this is especially true of trying Lo assign scores

to intermediate specimens objectively. Furthermore, preservation

may affect collections differenËly and there is a danger of

scoring preservation differences rather than real phenotypic

ones. Sinilarly, the sometimes obvious difference beËween

individuals in the relaËíve síze of markings, spots or reticulations,

has not been íncluded in this assessment because of difficulËies

in obtaining objecËivity. Differences are most, obvious in the

northern populations of americanus and this characLer does not

have a prime importance i.n the general hemiophrys-amerÍcanus

comParr-son.
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It is notable ín the ventral score results that northern

americanus populations score high, southern score 1ow The

tendency of Prince Edward Island toads to have a high ventral

score has been noted previously b¡r Cook (1967). The suggestion

of Bleakney (f952) that there is a difference between Annapolis

Valley populations and those outsÍde this valley withín Nova

Scotia is not evident in conparing i'lolfvílle (valley) and Musquodoboit

(Halifax County) sarnples here.

There is ,ereat variation in mean snout-vent length in both

taxa. The largest population mean lengths (71.B for americanus

and 70.8 for hemiophrys) are surprisingly close, although Ehe

smallest means (53.9 and 45.8 respectively) are

tr,lhen individual rnaxima and minima are examined,

atd 42.1 vs . 4L.3 for americanus vs. hemiophrys

the agreement is closest in the

analysis has responded to this

to size ín separating the taxa.

maturity, and the maximum size

more disparate

88.4 vs . V9.L

respectively,

smallest size range. The discrirnínant

variation by givíng 1íttle iveight

The potential minimum síze at

atËainable are, evídently, not

that dífferent betü/een the tr¿o ta)<a" Much remains to be understood

about geograohic variation in size in toads, and the influence of

local ecologic condÍtÍons and yearly variations in rainfall and

the length of the effective groruing period. Perhaps abr¡ndance of

food and the size at transformation and the total hours per year

of optimum foragi-ng weather (in terms of temperature and moisture)

have an important bearing on the quesEion. Clear-cut north-south
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or easÈ-hrest gradaËions in either taxa are noË apparent in the

present samples, although there is a genetaLízed trend for hemiophrys

Ëo be smaller in the east, and amerieanus to be large in the

south and smaller in the north.

The relatíve tibia length has been thoughL Ëo decrease

toward the north in some anurans (Sctrmi¿t 1938, Bleakney L974).

This ís not clear-cut in heniophrys or americanus populations

sampled, although there may be a trend in this direction in

americanus. Jameson et a1. (L973) has suggested for the Pacific

Tree Frog (Iyþ regill-a) that various proportions are correlated

vrith local- clinatic conditions.

The relative length of the spot (spot length divided by

snout-vent 1-engLh) is much more variable ín americanus than in

hemiophrys. tr{estern and southern americanus populations have a

smeller meari spot size than hemiophrys, though the entire amerícanus

range encompasses the variation in hemiophrys. It is also

noËeworthy that there is a difference in dorsal sPotËing beLween

norÈhern americanus, where large (and often írregular) spots are

present, and. souÈhern'(and western) populaËions where smaller

spoËs are more typical. The fact that western americanus are

small spotËed argues against the large spots in norËhern ameri.canus

being derÍved from contact with hemiophrys.

The separate discrimination for reference samples of females,

Ëhough based on a much smaller numbers (59 auericanus and 118

heniophrys) than for males, also separated Ëhe Ëwo grouPs compleËely.

The differences in weighting nay be due to both the smaller
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sample and Ëhe very uneven geographic disËribution of female

samples (see Appendix I). The Mahalanobis generalízed distance

beËween americanus and hemiophrys is 104.66 in Ëhe female analysis

eompared with a mean of 51.35 in the male diserímination, possibly

indicaËing that larger body size accenËuates the dífferences in

neasurements.

The discriminanË scores for males from southeastern Manitoba

clearly defíne a narroúr zone of populations which are int,ermedíate

ín mean value and have a wider díspersal of scores (as shown by

Ëhe histograms and the high varíance'values) beËween reference

sample populations of amerícanus and hemiophrys. This zone is

only a few miles wide, and its narrowness mosÈ clearly indícated

on the Trans-Canada transect where Èhe most intensive sampling

was conducted and there it is clearly 10 niles or less in wídth.

The narrowness of the zone j-s also apparent in the oËher fÍve

transects. The histograms show no clear indicaËion of bimodel or

trinodel distribuÈion which would have been indicaËive of hybrids

mj-xed with "pure" examples of either or both pårental types. The

distribuLion presenLed seems best interpreted as complete inËerbreedÍng

and back-crossing with no segregaËíon into americanus or hemiophrys

types within the int,erbreeding zones.

The lor,¡ered scores easL and west of the narror¡ inËerbreeding

zone could be interpreted as due to convergence in each Ëaxon

Ëoward characËers of Lhe other as the intermediate zone is approached"

Thj"s interpretaËíon would require selection to be acÈing on the



131

natural varíatíon withín each of the hemiophrys and americanus

sËocks and would ignore the likelihood of gene flow from the

intermediate zone. Discriminant. scores of hemiophrys do not tend

toward those for americanus over the northern part of Ëhe formerrs

range where it is occurring in boreal coníferous forest nor do

scores of northeastern americanus tend toward hemiophrys where

americanus is also occurring in boreal coniferous forest. It may

be more reasonable, because the lower scores grade relaËively

smoothly toward the area of inËensive inLerbreeding, to posËulate

thaË they do reflect the direcË effecËs of inËrogressÍon from Ehe

conËact area. The distribuLion of lowered mean scores only as

far as Delta in central Manitoba, but all the rüay to i^Ihitetop

Creek, northeast of Moosonee in central OnËario, suggests Ëhat

introgression is far more successful ínto americanus than inlo

hemiophrys populaËions. That Ëhis is real-ly occurrÍng is further

indícated by Ëhe observation of Logíer (1928) of a speeimen v¡ith

tttemporal crestsr' (cranial cresLs) resem-bling B. heniophrys in a

sample of toads from Lake Nipigon (geographÍcally between Oxdrift

and trlhiteLop Creek samples analysed here).

CharacËers analysed separaËely or in ratÍos also shor¿ the

same paËtern of abrupt change over a narroüI zone that is evident

in the mulËivariate analysis. Cranial crest score, cranial cresL

posterior width/head width, and "spade" width/tarsus lengLh show

the abrupt change in their means across this zone, as does Èhe

spot length/snout-venL length ratio. The laËter value is different
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beËween western americanus and all hemiophrys. IÈ did noË weight

heavily in the discrímination buË this may have been because of it,s

broad variation over Ëhe rvhole of americanus dísËribut.ion.

The comparíson in Table IV shows ínterrnediat,e populations on each

of the six transects througli eastern Manit.oba and gives the mean

discriminant score and variance Èogether wiÈh Lhe scored and measured

univaríate characËers or raLíos. These data clearly define the

position of the inËerbreeding zone Ëhrough east,erri Manitoba.

The scores for females from souË,heastern ManÍËoba show a

similar paËtern to that obÈained wiËh Lhe scores for males though

the narrovTrress of the transition zone between Ëhe tr¿o Ëaxa is not

as well defined by the former. This may be partly due Ëo the

meager samples of females available, as the largesË sampLes show

the greatest, agreemenL with the resulLs obtained for mâles.
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c) SelecËÍve advant.age of t.axonomic characters

B. heniophrys has a major portíon of its range Ín Aspen

Parkland and Prairie regions and ís Ëherefore subjecË to more arid

and exposed conditions and greater environmenLal fluctuation than

B. americanus. The latter inhabits the mesic GreaË Lake-SË.

Larnrrence, Acadian and EasËern Deciduous forests over much of its

range. BoLh occur widely in the Boreal ForesË in the northern

porEions of Ëheir ranges, and. B. americanus conËinues into Ëhe

Boreal-Tundra transiËion. Harper (1956, 1963) has pointed out

thaË the norËhern lirnit of each is reached. south of the limit of

permafrosË..

The appearance of the cranial crests is Ehe most sËriking

difference beËween B. heniophrys and B. amerieanus. This difference

rnay be related t,o selecË.ion pressures arising from differences in

soil type and aridiËy in Ehe respect,íve environments of the two

forms. Although experi-mental evidence is lackíng, Lhe cranial

crests m¡y function as Ehe protection for the eyes, since Ëhe

laËËer can be r,rithdrawn into Lhe head below Lhe leve1 of the

crests. The solid or grooved boss forned by Ëhe crests of heuiophrys

may be of advantage in emerging from the heavy prairie soils found

over much of its range. Sinílar thiekeníng, or thickening and

filling in of Lhe crests is found in the closely relaLed B. w.

woodhousei, Èhe more distantly related B. cognatus, and in the

Plaíns Spadefoot, Scaphiopus bombifrons, røhich belongs Ëo a separate
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fanily. AJ.l occur in prairie habitats over much or all of Ëheir

ranges. In contrast Ëhe eastern foresË-dwe1ling B. americanus has

well-separat,ed, relaLively narro\,t crests (though they nay be

pronounced posteríorly) as does B. r+. for¿leri. The Eastern

SpadefooÈ, Scaphiopus holbrooki, which typically occurs on light

sandy soil-s, lacks a boss. The Ëoad of the northern foresËs of

western North America, B. boreas, either lacks cranial crests' or

has only weak, low traces of them.

The relaLively shorter Larsus of g. hemiophrys would result

in shorter muscles Ín Ëhís port,j-on of the leg, which uray provide

additional strength aL the expense of some agilíty compared with

B. americanus. This could be an advantage in digging in heavier

prairie soils and for digging Ëo greater depths.to avoid aridiËy

and frost. The relaËívely large spade in B. hemiophrys would also

be an adapËation for more efficíenÈ digging ín more dífficult

conditions. B. cognaËus has a large spade as well, whereas this

strucLure is relatívely narrov¡er in B. amerícanus and much narrovrer

in B. boreas. The parallel reductÍon of the Ínner meLaËarsa1

tubercle thaL seems coincident r¿Íth a large spade is noteworthy as

the spadefoots (_S"gp!1.p*.), whích are primaríly arid-adapËed,

lack this tubercle entirely.

Tíhen (L962a) posÈulaËed that Ëhe development of metatarsal

spade and heavier limbs is associated with burrowing abilíty as an

adaptaËion Ëo arid condÍË,ions in the "amerícamrstt group in which

he includes B. cognatus_.
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Martin (L973) found Lhe tibiofibula and femur of hemiophrys

Ëo be shorËer and broader Ëhan all other members of the amerícanus

group and Ëhe humerus shorter Èhan it is in all buË B. woodhousei.

He suggested these proportions r¡rere due to selectj-ve pressures for

efficienr burrowÍng apparatus "in the cold environment" of this

species.

Other characLers, such as the nostrÍ1- separation, head width

and parotoid gland separaËion are relaËed to a wider, stockier

build in hemiophrys and cognatus compared wiËh the forest-dwelling

forms.

If B. amerícanus, exclusive of its northern-most populationst

is compared wiËh å. heuiophrys, the latter has larger dorsal

b1oËches containing smaller and more numerous îIart,s. B. cognatus

shows a more extreme Lrend in Èhis direction. However, norËhern

B. americanus populaËions have large bloÈches and generally more

rnrarËs per blotch. These northern toads may be uore diurnal because

of longer day length and cooler nights and occur ín more open

habitats than more souËherly B. americanus. Larger blotches may

provide a more conËrasted pattern and betËer camouflage for a toad

in open habitaÈs. The more subdued colours in B. hemiophrys'

where grey colouration is couton basic background, is evidenË also

in B. cogfiatus. Both lack the deep browns or reds that are evident

in some B. americanus and B. boreas, and reach extleme developmenË

in northern populations of the former. Nevo (1973) ín a study of

color polymorphism in cricket frogs (Acris) found Ëhe frequency of
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a grey morph increased, and red and green morphs decreased, along

increasingly arid habitat gradients.

Whí1e there is general agreement that Bufo amerieanus americanus

is a forest Load, some midwestern populations may show prairie

adapËations. Smith (1961-) designated it as a "prairie toadrr in

northern Illinois. However, he also expressed reservations about

its equivalence to Bufo americanus Holbrook. Garman (1892) noËed

that. an americanus he examined from Illinois had the cranial

crests bridged posteriorly but did not índicate where ín the SËate

iË had been collected. Smíth (1961) regarded B. a. charlesmithi

of southetr,. illioois as a forest toad. The variation and ecology

of toads ín this and adjacenL states obviously deserves further

aËËent.ion, particularly as the posË-g]acial prairie península once

extended over the northern port,ion of Illinois.
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3. Breeding call analysis and comparisons

Blair (L957a) has previously pointed out Ëhe disËínctions and

resemblances betvreen the calls of B. americanus and B. hemiophrys

and thÍs comparj-son 1ed hin to posËu1ate their close relatíonship.

Henrích (1968) did not have cal-1 data available for his conparison

of these taxa.

The samples for call analysis were rest,ricËed. Ëo a much

smaller geographic area than those available for morphologieal

analysis. 0n1y those tapes recorded.during L969-L97O had body

Ëemperatures of ealling toads recorded. ZweLf.el (1968) has

s.lressed the importance of using actual body ternperaËure in analysis

of call parameters in preference to the air or T¡raÈer Ëemperatures

in the vicínity of a recorded anímaI. The body ÈemperaËure of a

toad may be close or identical to eiËher that of the air or r,rater

in its vicinity. However, body ternperature can also have an intermediate

value because of recent Eoveuent from one medíum Èo the other, and

even adjacent. Ëoads may have dífferent body temperaËures.

The results obtained in this study of the relative effects of

t.emperaËure and snout-vent length on the call parameLers (pulse

raLe, dominant frequency and duraLion) are in general agreemenË

with those of Zr¿eifel (1968) who compared sanples of 50 B. americanus

from two populations in New Jersey and 63 B. woodhousei foú1erí

from New Jersey and New York populat,ions. Z¡¡eífel found a strong

positÍve correlation beËween t,emperature and pulse raËe in both

species and a negaLive correlation similar t.o the one reporËed
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here for Ëempelature and call length. He did find temperature and

dominant frequency to be correlated for NorËhville, New Jersey,

americanus (r= +0.38, P 1 0.05) and this is quite símilar to the

americanus resulË ín Ëhis study (r=+0.416,P < 0.01) but his Hayworth,

N.J., sample showed a weak negative correlation whích r,7as not

significant (r= -0.08, P > 0.1).

Zweíf.eLts comparísons of body size wiLh pulse rate' call

lengËh and dominant frequency for americanus are similar to the

results of this study in thaL he did noÈ find any sígnificant

correlaËion. (The later claim for this correlation by LichË L976,

noËwithsËanding). His results for fowlefi in comparisons of body

size, however, gave a significanL correlaËion (+O.47, P=0.001)

urith eall length in the Hayworth sample and correlations with

dominanË frequency of. -0.49, (P (0.1)0.05) in a Long Island

sample and -0.59 (P <0.00f) in Lhe one from Halruuorth.

A eomparison of Zweifelrs values for the LT¡lo mosË highly

correlated variables, pulse rat,e and temPeraËure' for his two

americanus and two fowleri samples wiËh samples analyzed in this

sËudy of e4eriçegge and hemiophrys shor¿s the similarity of the New

Jersey and Manitoba - l¡esLern OnLario populaËions of amerícanus.

As well, it indícates that hemiophrys occupies an intermediaËe

position beÈr,¡een anericanus and fowleri (¡igure 50).

The separation of taxa based on call and associated variables

is equally as effective as the separatíon on strictly morphological

variaÈion. IntermediaËe populaËÍons show the ¡,¡ide varíabiliËy
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which is úypical of the morphological analysÍ-s. However, in Ëhe

eall discrimj-nation Ëhe body Èernperature of the toad has made a

contribuÈion, apparently because of the relatively fewer hemiophrys

recorded at low readings.

The comparison of the di-scrimj-nant. scores for call and rnorphology

indicates thaË call variation does not follow morphological variation

wiËhin eiËher Ëaxon, but that in the intermediate populations

there is a tendency for eall type to correlate with morphological

Ëype. I{ithin Ëhe contact zone hemiophrys-like toads morphologically

Èend to have hemíophrys-like ca1ls and. americanus-like morphologically

tend t.o have ameríg.anus-1ike caIls. The comparison of the total

pooled sample shows Ëhe same correlation of call and rnorphology

between Ëaxa (Table VII).
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Figure 50. RelatÍonship between pulse rate and Ëe'perature in
three samples of Bufo fron Ëhis sËudy (daÈa fron Figure 60) and

fowlerÍ populaËions from northerntwo B. americanus and Ëwo B. w.

New Jersey and Long rsland, New york (data from zweifeL 1968:

Figure 8).
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4. Crossbreeding experiments

The most importanË aspect in the results of these crosses is

thaÈ all combinaÈions can produce metamorphosing individuals.

This supports the norphological evidence that natural int.errnediates

are freely produced. Unfortunately tiue and facilities were not

available to rear Ëhe metamorphosed toadlets to maturity and the

experíments \sere terminated at transformaËion. However, the

success of toads from inÈermediate localitíes, as well as Ëhose

fron the most separated localíties, indicates thaÈ no absolute

fertility barriers exist. The differences in results in some of

the replicate crosses and the unequal number of replicates makes

any conclusíon based on relative success between combinaEions

hazardous

Previous hybridizaÈion experj"ments summarized in Blair

(L972) involving hemiophrys and americanus have also demonstraËed

their ability Ëo produce meËamorphosing offspring. Porter (1968)

demonsÈrated fertility between indj-viduals frou Ëhe Inlyoning relicË

population of hemiophrys and those from North Dakota and Manitoba.

B1air (L972, Appendix II) reporËed Ëwo arËificial crosses

involving a female amerícanus and a nale hèmiophrys in r¿hich 85.27"

and 34.97. of. the resulting larvae metamorphosed. Three crosses

involving a hemiophrys female and an americanus male gave 64.3,

93.9 and 43.52 fertilízation of eggs. In tr¿o of the crosses 37.87.

and 86.9% of Ehe fertilized eggs hatched and 42.0 and 29.47. of the

larvae reached metamorphosis.
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Taxonomic conclusions

Comparisons of hemiophrys and americanus wiËh other

Bufo in northern North Ameríca.

(i) Hemiophrys-boreas

In souËhern Albertâ, B. boreas is resËricted t,o the Roeky

MounËains and Lheir foothills, whereas hemiophrys occurs in Grassland

and Aspen Parkland regions Ëo the edge of the foothills. To date,

no conËacË has been found in this region (unpublished results of

herpetofaunal surveys of canadÍan PrairÍe provinces). However,

north of Edmonton, B. boreas occurs v¡est of the foothills in the

Boreal ForesË region and has a narrorü area of sympatry with

heniophrys. To the northt¡esË, only B. boreas occurs ín Aspen

Parkland islands of the Peace River region an area where, by

habitat, herniophrys would be expecËed.

EasËern Alberta boreas, although larger than hemiophrys at

t.hese localities, are narkedly smaller than typícal boreas from

BriËish Colunbia (unpublished NMNS daËa). A1so, although ir_ has

been ofÈen assert,ed thaË boreas lacks a true breeding call (Blair

L972 ar.d elsewhere), populaËÍons in eastern AlberËa have a dístincE

call, r¿hich has a low dominant frequency and ís very slow1y

pulsed. It has been noted aË Banff, High River, and in the

overlap zone rrith heuiophrys (unpublished daÈa). Although very

distinct from the higher, rapidly-pulsed call of hemiophrys, Ëhe

frequency of mismatings in mj-xed choruses Lhror¡s doubt on iËs

compleËe effectiveness as an isol-ating mechanism within a common
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breeding pond. Different calls may, however, serve to differenËíally

aËtracË females and males r¿hen breeding ponds are disËinct.

Blair (L972: Appendix H) reporËed Ëwo arËificial crosses

beËween female hemiophrys and male boreas in whích 4L.77" and 79.72

of the eggs r¡rere fertilized and 77.42 and 3 .22 of. the larvae

metamorphosed. only one cross involving a female boreas and a

male hemiophrys üras report,ed and Ëhis resulËed in 98.22 fert,ilizaÈion

and 81.8% hatching but none of the resultíng larvae reached

metamorphosis. No naturally occurring hybrids have been previously

reported between these taxa.

The boreas-hemiophrys overlap r^rithout loss of distinctness

and only rare survival of naËura1 hybrids provídes an interesting

conÊrast to the americanus-hemj-ophrys inËeractions. However, the

narro\¡ness of the overl-ap, Ëhe apparent sinilari ty Í-n breedíng

time and siËe, and Ëhe closeness in body size may be índicaÈions

ÈhaË Ëhese two forms have noË diverged enough to partÍtion an area

beÈween Ëhem.

( ii-) He¡niophrys-cognatus

B. hemiophrys and B. cognatus are sympat,ric ín Ëhe short-

grass prairie of southern Alberta and Saskatchewan and Ëhe adjacenË

Dakotas and r'restern Minnesota. B. cognatus ranges souËh into

Mexico (stebbins Lg66), is much more grassland adapted Ëhan B.

hemiophrys and their. synpaËric area, which Ís much broader Èhan

thaÊ of B. henj-ophrys and B. boreas, represents the area rnrhere B.

cognaËus reaches its norËhern limit and B. hemiophrys, wíth the
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exception of the iniyoming relicË, reaches its southern 1imit. In

Minnesota, a natural hybrid between B. cognatus and B. hemiophrys

has been reporLed (Brown and Er,rert, L97L) .

B. cognatus has a very long distincËive call resembling the

sound of a pneumatic hammer (Conant, 1975). Thís call has Lremendous

carryíng eapaciËy and is stríkíngly distíncËive from calls of Èhe

americanus group. The vocalization of males in this chorus could

be heard aL least a half a míle over Ëhe prairie from the road

where we had stopped our vehicle. B. heroiophrys Inlas not heard in

this din until T¡re were much closer to the pond.

B1aÍr (L972b, Appendix I1) has recorded one arËificial cross

of a female B. hemiophrys and a uale B. cognatus where 68.02 of

Ëhe eggs were ferËílízed, 73.52 of those ferÈilized hatched, but

only 3.57" of Ëhe larvae meËamorphosed. In addit,ion, in one cross

of a B. cognatus female and a B. hemiophrys rnal-e 33.37" of. the eggs

were fertilized but none haËched, all stopping in gasËrula or

neurula stage.

(iÍi) Hemíophrys-r.r. woodhousei and americanus-w. fowleri

The subspecies B. w. v¡oodhouseí is not. known Lo extend into

Canada and ín Lhe norËhern United States its range as currently

understood is allopatric to that of hemiophrys.

Blair (L972: Appendíx II) reporËed tl^Io crosses using a female

hemiophrys and a male w. r.roodhousei. One of these resulted in

97.07. fertility, with 83.67" of the fertilized eggs hatching and

26.62 of the larvae reaching metamorphosis. For the oËher the
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only daËa given are t,haË seven larvae were obtained and 85.62 (or

six of Ëhem) metamorphosed. rn two crosses betr.¡een a woodhousei

female and a hemiophrys male given in Ëhe same report, 1002 were

fertilized and 24.47" of 600 larvae meEanorphosed in the first and

3L.22 of 279 larvae metamorphosed in the second. These values for
hatching success are only marginally lower than those obtained

wiËh crosses between hemiophrys and americanus.

The subspecies B. w. woodhousei has prominenË, usually

somewhat parallel cranial crests, few vrarts per dorsal blotch and

generally has an unspotted venËer. n1aÍr (L972) mentíons that

Great Basin populaËions are smaller and may have a cranial boss,

but there is no published comparison of this variant, wíËh prominently-

bossed heniophrys. å. w. vroodhou.sei occurs prirnarily in Ëhe great

plains of the centraL uniËed sËaÈes, often in river va11eys, and

Ís syrnpaËric over much of its range wiËh cognatus, which tend.s to

occupy the upland prairies (Tirnken and Dunlap 1965).

The other northern subspecies of wo_odhous€, B. rn¡. fowlgri,

is eastern in dísLribution and largely sympaËric with americanus.

rË is smaller than B. w. r¿oodhousei and generally has nore warËs

per dorsal blotch. rts ínt,ergradation wiÈh B. w. woodhousei has

been documented by Meachan (L962). underhill (1961b) has compared

morphological variaËion between heniophrys and w. woodhousei in

South Dakota but hís sample of the former was probably contaminat.ed.

by introgressj-on from americanus (cf. 1oca1iËies given by underhíll

1961 and Henrich 1968)



L46

The call of w. for¿leri has a faster pulse raËe Ëhat, heroiophrys

(Figure 50). rt is interesËing to note thaË, while w. fowleri is

intermediat.e between hemiophrys and americanus morphologicall_y in

the characters studíed here, hemiophrys is the inËermediate wíth

respect to this call variable. The heniophrys samples geographically

closest, to the northern linit of w. woodhouseÍ (those from Ëhe

prairie grassland of southern Alberta and souËhwesËern SaskaËchewan)

have 1ow mean discrimi.nanË scores (-:0.8 to - 26.9, see Figure

18). These give no indicaÈion of inËrogression from inËerbreeding

with woodhousei- further south as, if'Ëhis r¿as affecËíng southern

herniophrys scores it would presunably raíse Ëhem. Another indication

thaÈ interbreeding of woodhousei and heniophrys j-s not widespread

is the survival of the I^Iyorning disjuncË of hemiophrys within

woodhousei range. However, the narroviness of Ëhe conËact zones

beÈween other Bufo Ëaxa where compleËe interbreeding can occur

leads one to be cauËious in drawing any but tentaËive conclusions

until adjacent populations can be analysed. The possibility does

exisË that introgression from woodhousei had some effecË on the

scores obtained by Henrich (1968) for hi-s 160-ni1e intergradat,ion

zone between hemi-ophrys and americanus in south Dakota. Much of

this zone is a souËhern exËension.of hemiophrys which is not. only

adjacent Èo americanus on ÍËs east, buË also Ëo woodhouseí on its

vresË. Conparison triËh woodhousei. \,ras not made by Henrich. Bufo

hemiophrys was considered a subspecies of B. r,¡oodhousei by schmidË

(1953) but Blair (L957a) presenËed convincing evidence for its
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closer relationship to B. americanus.

sinílarly, Ëhe mean discriminant value for B. americanus

samples adjacent to Ëhe range of B. w. fowleri (+33.g at Rondeau

and f35.3 aË Point Pelee) is high, perhaps even indicating divergence

(characËer dispracemenË of Brornm and trIilson, 1956) between these

forms ín adjacent 1oca1iËies. Elsewhere in a wide area of geographic

sympaËry Ëhe two taxa are knot¡n to hybridize (e.g. Zr¡reifel 1g5B)

and selection against hybríds may be an important, facËor here.

b) Status of B. amerÍcanus copei and. B. hemíophrys baxteri

The validity of t,he northeast,ern Bufo auericanus copei (yarrow

and Henshaw 1878) is open io question. unmistakably Ëhere are

populations of brightly coloured B. amerícanus with contrasted

pat,terns accentuating reds and oranges in Ëhe norËhern portion of

it,s range. These populaËions have also been characÈerízed as

having heavily pigmented venters and shorter hind legs. such

characËers formed were the basis for the ínitial recognitíon of

copei as a d.ist,inctive form, and. for Gaige (Lg3-z> resurrecting it

from slmønomy. IË was first described from J:mes Bay met,erial ,

buË subsequenËly Trapido and clausen (1938), Granr (l-941), vladykov

(L94L), Net,ting and Goin (1946), Backus (1954) and, Harper (1956)

extended its range across norÈhern Quebec. schueler (1973)

reaffirmed the dístinctÍve colouraLion of James Bay Ëoads. Bleakney

(L952) on the basis of relatively smalJ- samples applied the name

to Nova scoËia populations ouLside the Annapolis valley which had

shorter Ëibias and more heavily pignented venÈers. subsequenÈly,

(i) B. a. copei: northern B. amerieanus
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however, Bleakney (1958) did noL recognize subspecies within B.

americanus in eastern Canada. Most recently, AshËon, GuËËman and

Buckley (1973) have extended the range of B. a. copei south over

much of central Ontario and Quebec. However, B. a. coPeí characters

are noË pronounced in all norËhern indivj-duals (Cook L964, f968).

EarlÍer Logier (1952) and Logier and Toner (1955, 1961) presented

a discussion of the validity of Ëhe race in which Lhey poinËed ouL

Ëhe internediaËe naËure of supposedly diagnostic characLers across

a wide geographic area. 0f all these Papers, only Logier (L952)

presented any statístical eomparison'of coPei and americanus

populatíons, and even in this account only relaËive 1eg length was

so Ëreated. In the present study neither tíbia or tarsus length

appear to be usefuf in defining a distincÊ northern race r¡ithín B.

americânus.

Two measuremenËs of varj-aËion in Ëhe present analysis whích

do have bearing on the staLus of B. a. copei are Ëhe length of the

dorsal spoË and Ëhe venËral pigmenËaËion score. ParËicularly hígh

mean values for these characters are present in northern population

samples: Whitetop, Moosonee, Lake Attila, Sept I1es, Mile 134,

and Routhierville. To the south there is a wide zone of interroediates

until Èhe "typical" (southern) americanus with sualler dorsal

spots and a less heavily pignented venter is found. The variaËion

ín colouration seems to parallel these characters with the most

brightly coloured toads in the north. The wide dorsal strípe and

more contrasted paËtern menËioned by mosË observers recognizing
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copei are also evident in the maLerial exauined here and speeínens

\^rith large dorsal blotches generally have these features as r¡el1 .

The dorsal rrsËripe" cited by previous authors seems to be an area

largely defined by the dorsal bloÈches, and may therefore be

highly írregular in width, varying wiËh evenness of blotch edges

and difficult to measure objectively. A "trace" mid-dorsal strípe

can also be seen on many specÍmens which is very narrornr with

paral1el edges, and is somewhaË paler than Ëhe broad sÈ,ripe" This

narrow stripe is widespread in americanus group toads.

Northern B. americanus are appaiently ofËen strongly diurnal

in habit (personal communicaÈíons: Ross MacCulloch, northern

Quebec; F.I^I. Schueler, James Bay) in contrast to the generally

nocËurnal or crepuscular behaviour, especially of adults, further

south (FitzGerald and Bider, L974,65 m. NI^I of Montreal, Quebec).

Diurnal acLívity is to be expected in the north because of

long day length and cool eveni.ng Ëemperatures during the short

summer. The bright colours and highly conËrasËed paËËern of

northern populations may be of selective advant.age during diurnal

activity because of the disruptive visual effect of such contrasËs.

Because of Ëhe wide area r¡hich is Lransitional from north to

souLh, there seems little justification in distinguishing norËhern

populations as a dístincL subspecies. As Logi.er and Toner (1955,

1956) have pointed out, Ëhe intergrade zorte would be wider Ëhan

Lhe range of the norËhern race. Ashton, GuËËman and Buckley

attempted Ëo resolve thís difficulty by redefining copei Ëo ínclude
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mosÈ of Èhese internediaLe populations but failed to provide

evid.ence that this enlarged concePt of copei could be adequately

distínguíshed from southern americanus. GuLtman (1975) failed to

find distinctive isozyme distribuÈions between "copeí" and americanus'

The reduct,ion ín blotch size and ventral pigUrentaÈion in americanus

1s tor¿ard iLs southern area of sympatry wiËh B. w. fowleri. It

ís suggest,ed here that the transition between "-gÉt' and southern

americanus is due in parL to different selective pressures on

extreme northern and southern populations resultíng in a relatively

smooth cline Èhrough the area where selection is presumably urore

neutral on paÈËern characteristics

E-. h. baxteri r,ras named by Porter (l-963) from a comparison of

34 trIyoning specimens and an equal number from a composíte sample

drawn from North and south Dakota and Manitoba. The differences

used to define Ehe subspecies were mainly statístícal comparisons

of certain morphological characters.

He concluded that l^iyoning toads Lended to be smaller, wiËh

shorter radío-ulna and Libio-fibula measuïenenËs, narrol¡Ier heads,

a more prominent boss and a narrower mid-dorsal stripe. ulna

lengËh, boss height and. mid-dorsal sÈripe were excluded from ühe

present sËudy. Ilowever, measuremenËs of sfiout-venË lengËh, tibia

length and head. width (remeasured on uosL of Porterrs sample) do

noL disËinguj-sh l^iyoning populations when considered agaínsË Èhe

(ii) B. h. baxteri: Èhe ¡nins dísiunct of B. hemioPhrye.
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variation ín populations from t,hroughouË the range heniophrys.

The relatively small differences found by Porter in the characËers

noË measured here would probably not validate the distincËiveness

of the Wyoming hemiophrys. The discríminant score mean for the

'l,tryorning population is well \üithin the range of score lneans over

Èhe rest of the geographíc range of hemiophrys.

Criteria for subspecíes vary widely between workers, buË

commonly a signíficant proportion of individuals wiËhin a geographic

area have to be dístinguishable fron all other individuals in

other areas to warïanË taxonomie recognition (the so-cal,l-ed 757

rule). Smith (L974) has argued thaÈ an "abrupt geographícal sËep"

in Êhe varíat,ion of at least one character should be present to

warrant subspecíes recognition. B. h. baxteri does not appear t,o

meeË either criterion for a subspecies. A dÍsjunct distribuÈíon

is noË generally recognized as suffj-cient. cause for erecLing of a

taxon unless distinguishing norphological- or other characters can

be clearly defined (Mayr L963). The over-emphasis of Ëhe signífieance

of its geographic isolat,ion even 1ed Packard (L972) to recoumend

its recognition as a full species. However Porter (1968) presented

evidence Ëhat. trIyoming Ëoads T¡rere successful in crossíng with

ManiËoba and Dakota toads under laborat.ory conditions. There is

no reason to suppose they would not inËerbreed freely Ín naÈure if

re-expansion of range brought Ëhe i^iyoming populaËion into conËact

wiÈ.h any other hemiophrys populaËions. Porter (f968) found only

slight difference in the call of the Wyoming population. As he
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did not record toad body temperatures exact

with the variation presented here could not

comparison of his data

be atÈemPÈed, but I do

not believe Ëhat the dífferences aPpear significant'

c. The status of americanus and hemiophrys'

The contrast betÌùeen results in the analysis of southeastern

Manitoba samples compared \^líth the reference samples from throughout

therangeofB.hemiophrysandnorthernB.americanusisevident.

Clearly the distínction betrueen the morphologically "good species" '

B.americanusandB.hemioPhrys,d.ísÍ-ntegraLesbiologicallyacross

this zone, and extensive interbreeding and backcrossíng are freely

occurringintheappalentabsenceofstrongísolatingmechanisms.

The narrol,/ness of the contact zone betr¿een the taxa is emphasized

by both morphological and call analysís' Its límited extent may

be a function of the relative abruptness of the vegetatíon ecotone

where Ít occurs. It may also be affected by the dístance moved by

individual toads in their lifetíme'

Thissituatíonmaybedesignatedallopatrichybridizationin

thesenseofl^Ioodruff(1973).Bothparentalformsaredistincton

eithersideofazoTLepopulatedbyintermediateanimalsbutpure

individuals of either parent are not clearly distinguíshable

\^/ithin the intermedíate zofle. This term contrasts rvith l^loodruf f rs

parapatric hybridi zation, rvhere both parental forms are identifíable

in an intermediaLe zor1e contaíning hybrids, and symPatric hybridízation'

rvheretherangesoftheparentalformsmayextensivelyoverlapand

hybricìs are produced in varying numbers' These interactions
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represent, various gradations beËween the relatively free and

complete gene flow generally assumed to occur within a species and

the absolute reproductive barriers (no gene exchange) between

indísputably good species. The various natural inËeracËions

which demonstrate sone, but incompleËe, isolat,ion between populations

have been desígnated as semi-speeies, allospecies or incipíent

species as extensively reviewed by Amadon and Short (L976).

Mayr (1963, L969, 1970) clearly regards cases where extensive

interbreeding oecurs beÈvreen two essential-ly allopaLric populations

as evÍdence of Lheir lack of reproduôtíve isolatíon and concludes

that such populations belong Ëo the same species. Rising (1970)

reviewed some of the inconsistenË treatment of a selectíon of such

Èaxa by many workers. Bigel-or,r (1965) argued Ëhat reproductive

isolat,ion rather than interbreeding is the essentíal part of

Mayrrs defínition and ËhaË the former could exist and be maintalned

even if interbreeding produces a range of recombinaËions of the

parental genoËypes in a hybrid zone. Although forms may have

no barriers to inËerbreedíng where Ëhey meeL, he reasoned, strong

selection on either side of the hybrid zone which elimínaËes o

varíants carrying genes of the other form would produce effective

isolation. Short (1969) suggested that Bigelow ígnored the

differential action of naËural selecti-on on characteristics. One

or a few genes from one dífferentiated populaËion may be incorporated

into another due to interbreedíng and, as selecËion is unlikely to

be so severe that sone introgression is noÈ occurring, compleËe
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reproductive isolation is not likely to be maintained by seleeÉion

where Ëhere are no barriers to free interbreedíng. Only the

sympat.ric occurrence of the tr,ro forms can be taken as an indication

of reproductive barriers. Mayr (1963) largely discounted introgression

as of any consequence beLween species in animals, as he regarded

speciest gene pools to be internally cohesive and coadapted thaL

Ëhey are largely resisËant to íncorporat,ing genes from other gene

pools.

Sibley (1969) has provÍded a framework for Ëaxonomie judgement

of Ëhe varying gt"a." of interbreeding sítuations. Evidence, or

lack or iË, for some degree of reduction in int,erbreedíng as shor,¡n

by at leasL some degree of synpatry is of paramounL imporËance.

The natural occurrence of some hybrid individuals or some geographic

areas where complete interbreeding occurs (including isolated

inst,ances of Ioca1 hybrid swarms) is weíghed against Ëhe geographic

extenL or numerical preponderence of "pure" forus or populaËions

in cont,acË. If contact without extensíve inËerbreeding predominates,

the Ëaxa have specj-es status. But, if in the najoríty of conËacts,

interbreeding between distíncË taxa produces a populaÈj-on in which

all or nearly all individuals have some degree of inËermediate

characteristics Ëhe Ëaxa are regarded as subspecíes. Their gene

pools are obviously not ísolated.

Schueler and Rísing (1976) provided a Ëhoughtful analysís of

cases r,shere "hybridízation" could be reeognízed, sÈressing the

importance of mean, variance and nodality of discriminanL analysís
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scores. Although they would regard results such as obtained here

as indicating hybridizaLion, it ís unclear if they would consider

species sËaËus a mandatory consequence.

In the presenË case, int,erbreeding is occuríng beËween americanus

and hemiophrys Ëhroughout their contact. zone in east.ern Manitoba.

Henrích (1968) has clearly demonstrated Ëhe same siÈuatíon at the

opposite end of theír contact, in South DakoËa. AlËhough Henrichrs

zone as presented is apparently much wider, his measure (a coefficient

of sími1aríty) may not be as precise for delímiting the conËact

zone as Ëhe discriminant function and Ëherefore the resulÈs of Ëhe

Lwo studies are not exactly comparable. His sampling area ran in

a NW-SE direction, and may be euËËing the contact area on a diagonal,

raËher than at right angles, thus not evaluating the true wÍdËh of

conËact. A sinilar effect is noticable in the ttsouthern" transect

presented here. IË has been suggesËed earlier ËhaL analysis of

Ëhe South Dakota contact should also consider possible introgression

from B. v¡. woodhousei on the r^rest, which could-introduce additional

variability, and perhaps broaden the apparenË contacÈ area.

MinnesoÈa, ín eontrast to the northern and southern contact

in ManiÈoba and South DakoEa, respectively, has not received

comparable analysÍs. That the contact zone there is narrow is

apparent from statemenËs by Breckenridge (L944), Blair (L957a),

and Tester, Parker and Siniff (1965), who had no difficulty in

assigning co11ecËi-ons to one Ëaxon or Ëhe other, and doubËed any

ïange overlap existed. Henrich included a few Minnesota specimens
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in his analysis and found evidence of inËermediacy of characLers.

Guttman (1969) found some Lransferrins with identical nobilities

in Minnesota hemiophrys and americanus.

This evidence indícates a continuous interbreeding zone

between the southern end of Lake Manitoba Ëhrough Minnesota t.o

northern South Dakota wherever B. heniophrys has come in contact

with B. americanus. The contact is centered on the ecoLone betr¿een

Great Lakes and Decídous Forest with Parkland and Prairie (this

st,udy, Henrich 1968) .

No evid.ence exists of primary isolaËing mechanisms (physical

inability to physically nate or absoluËe sËerilíty of hybrids) or

sLrongly developed secondary isolating mechanisms (ecological or

temporal) (Mayr, 1963).

The difference in calls may, however, be a weakly effective

behavioral isolatíng mechanism. LichË (L976) in a sÈudy of B.

americanus has suggested thaË female toads select maËes, and has

presented some observaËional evidence. He hypothesizes that call

variables of vocal males allow females to selecL a male siiËhin a

narror,r size range. The evidence for call variables following

precisely enough with male snout-venË length within a single Ëaxon

to allor.¡ such discriminaËion is r^reak (this study; Zweifel 1968).

If the choruses in Ëhe inter¡oediaËe zone consisËed of clearly

definable parental forms and hybrids, such díscriminaËíon by

females rnight be reasonably postulated. However Ëhis is not Ëhe

case. The majoríÈy of Ëoads in the contact zor'le are intermediaËe
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in both call and morphology, and no clear assortment into parental

types and hybrids is evident. Ilate selection by females, Íf it

occurs here, may be effective at the edges of the contact zone in

allowing a female to select a "pure" male, or chorus, instead of

an hybrid indivídual or chorus of hybrids. This may Íncrease in

effectiveness with distance to the east and ruest of the zone. It

is interesting to note in this regard that the hemiophrys males

west of the contact zone are the smallest that occur (both in

range and mean). Some character displacement (Broi^¡n and Wilson

f956) in size may presently be occurring in hemiophrys. This may

account, in part, for the reduced extent of apparent introgression

of americanus genes inco hemiophrys populations

It seems reasonable to assume that if hemiophrys characters

are adaptations for relatively more arid environments, and if

selection is most severe on toads in arid habitats because of

recurrent drought then, "mesic-adapted" genes may be less able to

penetrate westward than "arid adapted" genes can penetrate eastward.

The geographic distribution of discriminate scores suggests

that this could be true. Higher variances in discriminate scores

on the eastern side of the contaci zone, and the possible character

displacement in síze of xgmíry¡¡ys to the west support the possibility

of more restricted gene f 1or¿ t.o the west t-han to the east of the

contact zone. Tester, Parker and Siníff (L965) concluded, from

behavioural studies, that americanus is less vre1l a<lapted to avoid

heat stress in open areas than hemioPhrys. This could impose
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further restriction on the v¡estward flow of americanus genes.

In summation, although americanus and hemiophrys are clearly

as distincË as good species in morphology and eall, Lhe lack of

any recognizabLe synpaËry between pure forms of each indicaËes a

lack of isolation mechanisms where they contacË each other. They

cannot, be considered as having isolaËed gene pools and should be

Ëreated as subspecies (Sibley 1961, ShorË L969, Mayr 1963, T,Ioodruff

L973, Amadon and ShorË f976).

The morphological distincËness of americanus and hemiophrys

and the high variability of hybrid populations indícates thaË

their respective gene pools have inconpatabilities and are perhaps

more dj-fferentiated Èhan most subspecies. Amadon and Short, (L976)

have used the Ëerrn megasubspecies for well-ma.rked subspecies

known, or judged to be, approaching Ëhe status of a species. In

trinomials designating a megasubspecies the species name is placed

in pararentheses, and Ëhe taxa here should be written

Bufo ("r.ti*-) americanus

Bufo ("r"ri"r""Ð hemiophrys

This notatíon complements Amadonrs (1966, 1968) suggestion

that allospecíes should be listed wiÈh Ëhe superspecies they are a

member of placed ín brackets. The disËincËion beËween allospecies

and megasubspecies is developed from the díscussion given earlíer

by Short (Lg6g). I{hen the designaËed forms contact, a closely

relat,ed form a predominance of allopatric hybridízatíon in Ëhe

sense of lüoodruff (I973) Índj-cates megasubspecies and a predominance



159

of parapat,ric or sympatric hybridízation indicates allospecies.

6. Zoogeographic significance of Ëhe eastern Manj-toba transition zone

The significance of location of Ëhe americanus - hemiophrys

transiËion and iÈs origin can be relaËed to the general herpetofâuna

distribution paËËerns of northern North America.

EasÈern Manitoba is the center of a transition beÈween eastern

and cenËral herpeLofaunas (Cook L974). The americanus-hemiophrys

contact líne defined here also is the approxímaËe r¡resËern límit

for at l-easË t'wo eastern species, Ëhe Blue-spotted Sal-amander,

AubysËoma laterale, and the Spring Peeper, Hyla crucifer. It is

Ëhe \^restern limit for at least one central specíes, the Plains

Garter Snake, Tha¡anophis radix. In addition, the wide intergrade

zone between the central Red-síded Garter Snake, Thamnophis

sirtalís parietalis, and the Eastern Garter Snake, T.s. sirtalis,

whích extends from extreme \¡restern OnLario to central Manitoba, is

approximately centered on this line (Cook, unpublÍshed daËa) and

parL of the overlap beËween Ëhe Gray Treefrogs Hyla chrysoscelis

(l¡estern) and Hyla versicolor (eastern) in Manitoba occurs trere

(Stewart and Cook L974, and unpublíshed data). This conËact zone

may be regarded as a zoogeographic suËure zone in the sense of

Remington (f968), a regíon where two faunas thought to be previously

separated have re-established contact, result.ing in a varieËy of

inËeractions. Because the northern faunas are poor ín specíes

diversi-Ey, the number of inËeractions are few. As poinËed out

above, Ëhey vary from t,he zone of synpaËry of apparently good
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species in Hyla versícolor and H. chrv-soscelis t,o Ehe wide area of

subspecies inËergradation beLv¡een T. s. pariet.alj_s and T. s.

sirtalis. The amerícanus-hemíophrys inÈeraction ís interrned.iat.e

between these extremes, shor.ring a sharply demarcated contact wíth

limited íntrogression.

trüestern linits for widely dístríbuted eastern amphibíans and

repËÍles correspond to gradually increasing aridity from east to

hrest (cook 1974; see also Figure 77, p. 295 in Bryson and trIendland

1967), as do, in reverse, east,ern liniËs for many cent,ral forms.

A marked change in relaËive aridity ín the Manítoba lowlands is

indicated by Ëhe sharp break between largely coníferous foresË and

aspen parkland. The americanus-hemiophrys peak ínterbreeding

seems centered in this area.

The central herpetofauna as d.efíned by cook lC-jgl4) is bounded

by this eastern ManiËoba suLure-zone in the easË and by Ehe

foothills of the Rocky MounÈains Ín the krest. The najoriLy of

arnphibian and reptíle specj-es which range north int,o the Boreal

ForesË areas in each of the eastern, central, à¿ western-regions

beËr,¡een these boundaríes are specifically or subspecifícal1y

unique to each region. The Ëranscont,inental Boreal Herpetofaunal

Zone postulaËed by savage (1960) exÈendíng from Alaska to the

Atlantic coasË, seems based primarily on one species, Ëhe Ïlood

Frog, Rana sylvaËica, which is the sole taxon r¿hich ranges widely

across all three regions. However, Ëhe l^Iood Frog is not, resËríct.ed

to savagets supposed Boreal zone buË occuïs far south of it in Ëhe
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easË conLinuously and in the wesË as disjunct populations. rn the

cenËra1 region, all Boreal species (Ra"r sylvatica; Ëhe Leopard

Frog, Rana pipiens; the Boreal chorus Frog, pseudacris triseriata

maculata; B. (a.) heniophrys and T. s. parietalis) also occur

throughout the adjacenË Aspen Parkland. rn Ëhe easË, four r¡ide-

rangÍ-ng Boreal species, Ambystoma 1atera1e, Hyla crucifer, and the

Mink Frog, Rana sepÈentríonalis, reach their wesÈern limit in

easËern Manitoba at or near c.he Aspen Parkland boundary. None

invades Ëhe Aspen Parkland. Two others, B. (a.) americanus and T.

s. sirËalis, are replaced over thÍs boundary by central subspecies.

None of Ëhese five eastern forms occurs in the cenÈral Boreal

ForesË although suitable habiËaË appears to exist for them there.

Hov¡ever, all central Boreal ForesË species eiËher shovr some range

ext.ension or genetic influence to the east,. In R. pipíens no

differences between central and eastern northern populaËions have

been defined. rn R. sylvat,Íca a st.riped morph, cortrnon in central

populaËions, shows a decreasing abundance from to east 
_in

northern canada. The number of individuals possessing a sËrípe

shor¿s its most rapid drop south and east of southern James Bay

(schueler and cook, MS). Pseudacris !. maculat,a îanges east Ëo

Moosonee on souÈhern James Bay. south of the Great Lakes it is

replaced by an easËerri subspecies, the l^iesËern chorus Frog, p. t.

triseriata. These forms do not contact in ontario (cook, L964b;

tr{e11er and Palermo, L976; and unpublished observations) but do

souËhr"resË of Lake superior (conant L975). This sËudy presenËs
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evidence of introgression in Bufo americanus from the cenËral form

(!"ri.f!¡æ.) east to James Bay in \,¡estern Ontario. This area

corresponds to the easËern rarlge of pseudacris t. maeulaËa. The

influence of T. s. parietalis Ínto T. s. sirtalis populations is

not knovm to be as exËensive, apparently reaching its easteïn

liniË j.n extreme wesËern ont,ario. These distributions of species

and variations raay indícaËe past isolation of cenËral and easËern

herpetofaunas, followed by the re-establishment. of contacË and.

subsequent eastr¡rard dispersal of some forms and gene flow from

others prinarily from the central region into the east.ern region.

Most of the regions discussed here were covered by glacial

ice during at leasÈ four successive conÈinental glaciations (Flint

Lg71) each of i¿hich would have obliterated northern faunas and

floras over Ëheir present ranges. rË is generally assumed that

much of the present northern fauna and flora was dísplaced southward

in response to changing clÍmatic conditíons south of glaciat,ion

and survived souËh of the ice sheet in "gross refugiat' (Líndroth

1969). The nost recenË continental glaeiation, the wisconsin,

reached its maxiuum extent, about 181000 years ago (presË, eÈ al.,

L969). Bryson and Wendland (L967), Flinr (1971) and. Terasmae

(1973) presenË mâps reconstrucËing climaËe and vegetation during

t.he trniisconsin maximum r,¡hich depicË Ëhe entíre glacíal margin

bordered Ëo the south by Eundra and boreal foresË. However,

recent evidence indicates Lhe possibility of a region in Nebraska

during peak glaciation of drifting sand dunes whích may have been
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treeless or even vegetationless (I,Iright I97L). If t,he area

between Ëhese dunes and the glacier margin was occupied only by

tundra, the Boreal Forest, v¡ould be broken ínto easËern and central

segments, assuming the souËhern edge of Ëhe dune areas was occupied

by prairie vegeÈation. (Mengel, 1970, invokes this possible break

in discussing zoogeography of bird taxa). Present central Boreal

forms shour a gradation of southern límiËs from Rana sylvaËÍca

which does noÊ penetraÈe grassland habítats (Cook f965b) t,o Pseudacris

ÈriseriaËa maculata which is well adapted to northern grassland

buË is replaced by relat,ed species in the southern prairies (Conant

L975). All would be excluded from a severely aríd barrier. If

Ëhe Boreal Forest was broken in central North America, central

Boreal forms would be isolat,ed along the eastern side of Lhe Roeky

MounÈains and adjacent. areas. Rana sylvatica and B. (a.) hemiophrys

now have disjunct populaËions in southeast,ern trrlyoming and the

present ranges of Rana pipiens, Pseud.acris and T. s. parieËalís

also include this area (Conant 1975, SLebbins 1966)

AlËhough not a primary barrier, post-glacÍal Lake Agassiz

which covered much of scuthern Manitoba (Mayer-Oaks, 1967) may

have had an effect on the present distribuËion patÈerns. It has

been postulated by LUve (1959) that the veget,atÍon which firsË

eovered the lake bed after Lake Agassiz draíned was grassland and

another grassland int.erval occurred in the Hypsithermal. Duríng

either of these transíËional periods, B. (a.) herniophrvs, assumj-ng

ít had reached the area, may have been able to invade farther eást
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Ëhan at present. At least some of what has been inËerpreted here

as eastward introgression of hemiophrys genes could be the result

of initial heniophrys invasion of the area, and subsequenË swamping

by americanus which spread into the area r¡ith the invading species

from Ëhe eastern foresË. However, it is unlikely that the posËulated

post-Agassiz invasion of hemiophrys was exterisive enough to explain

Èhe far eastern extenË (Janes Bay) of indicaËíons of int,rogression

from heiniophrys.

The east-central faunal split may have occurred much earlier

than the trIisconsin or more Ëhan once Ëhrough successive Pleistocene

glaciations. Tihen (L962b) Ëentively identífied maËerj-al from rhe

Kansan glaciation in Kansas as similar to B. hemiophrys. Tihen

(L972) has suggested that B. hibbardi from the Miocene-Plioeene

boundry and Ëhe Middle Plíocene, and B. rexroadensis of the Upper

Pliocene m.ây represenË t,emporal stages in a síng1e population line

leadíng Ëo B. woodhousei. If this interpret,ation is correct it

indicates the comparatíve anËiquity of the americanus group and--.-
the long period available to differenËiat,e distinctive forms. In

a survey by Gelbach (1965) the oldest fossil assigned to other

members of the americanus group ís the tenËative hemíophrys above.

Many cases of inËerbreeding beËween rnorphologícally distincËíve

taxa have been explained in terms of comparatively recenË human

changes to the environment, particularly through land elearing for

agriculture (Mayr 1963). In the present case, the inËerbreedíng

sampled is along east-rÀrest highways Ëhrough a relatively well-
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drained area (l^iarkentin 1967). Here road-side ditches provide new

breeding sites across the transiÈíon zorLe. If call serves Ëo

actract females and/or other males to breeding sites (Bogart 1960)

then lack of ponds before human alterations at tha eastern foresË-

Aspen Parkland transition could have lessened. the chance of a mal-e

coming to a pond in the "r^Irong" vegetaËion zone and of a female

responding to Ehe "vrrong" chorus. EasË-west highways through the

region are a comparatively recent development, and even east-west

railways date back only about 100 years. However, the evidence

for ex!-en.sive eastern inËrogression argues againsË conËact, being

recent enough to have been man-induced. A test of this hypothesís

would be in the relaËively unaltered area norËh of Lake l^Iinnipeg

where the nature of contact is yeË unknornm. Hemiophrys and americanus

are present in Ëhe area, and their ranges are in close proxiniLy.

No adult preserved materíal is available. Harper (1963) noted

what. he recognized as calls of hemíophrys aË tr^iabowden, and Vere

Scot.t (personal conrm.unícat,ions based. on his own observations_ and

Ëhose of Leígh M. Nelson and Gordon Shaw) idenËified auericanus

from triarrenrs Landing and I^lillian River aL Èhe north end of Lake

I^Iinnipeg, based largely on the diagnostic cranial crests. In

addition, I have examined three samples of t.oads collected from

rhe area by F.üi. Schueler (FI^IS 6870, 6873 and 6875 from Sipiwesk

Lake, Jenpeg, arrd 7 kn Nl^I Jenpeg respectively). Unfortunately all

are juvení1es and because of their small síze useful measurements

can not be obtained on a significant number of them. The Ër,¡o
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largest, from Sipiwesk Lake, appear to be B. he¡oiophrys.

7. Taxonomic significance of the americanus-hemÍophrys relationship

v¡ith respecË Ëo the other nouinal species of Èhe B. amerj-canus

group.

The B. americanus group of Blair (L972) consists of B.

woodhousei-, regarded as an early split from the remaining species,

and the largely or compleËely allopaËric B. ËerresËris, B. americanus,

B. housËonensis, B. hemiophrys and B. microscaphus (Conant, L975,

and sËebbins 1966). B. v¡oodhousei is known to hybridíze naturally

wíËh all of these Ëaxa except B. herniophrys. A study of the

region where conËact betr,treen woodhousei and henj-ophrys ís probable

through SouËh Dakota, North Dakota and Mont,ana is long overdue.

B. t,erresËris and B. americanus nay hybridize along a conËact zone

but the evidence is dispuËed (Netting and Goín, L946; Nei1, L949).

B. housËonensis in Texas and B. microscaphus in Èhe southwest are

di-sjunct frou contacË üriËh oLher Ëaxa ín the americanus subgroup.

B. housËonensis shorrrs some features of both B. terrestri_s and B.

americanus (Sanders 1953) but is soÍTms¡ly assumed to be a post-

glacial isolaËe of B. amerícanus (glair L972). Blair (L972 and

earlier papers) suggested an easË-west split of a henigphrys-

microscaphus stock from Ëhe east.ern americanus st.ock. Sanders

(1961) posËulaÈed hybridizaxíort and inËrogression beËween amerieanus

and an invasion of a broad- skulled toad, possibly of the B.

valliceps group, as an explanat.ion for the divergent osËeological

features of B. terrestris. A.P. Blair (1955) postulated inËrogression

from a B. boreas stock to accounË for some morphological feaLures
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of B. microscaphus, although this view was not considered by W.F.

Blair (1957b). This study shor¿s that hybridization between h.qioptrly"

and boreas results ín a t.oad wiËh well-separated, 1ow, somer¿hat

americanus-like crests. A previously defined subspecies of B.

woodhousei, B. v¡. veletus in Texas and Louj-siana, is now regarded

as the producL of hybridizaËion beËween B. r,r. woodhousei, B. w.

fowleri, and B. amerícanus (Conant L975).

I^I.F. Blair (L972 and earlier papers) has shown thaË roads of

the B. americanus group have a marked ability to hybridize in all

combinatíons in Ëhe laboratory, and many F, individuals have

proved fertile in backcrosses (Blair, 1963). Only B. woodhousei

is sympatric to any extent with oËher species in the complex, and,

although hybridízation is conmon (as i1 B. americanus and B. w.

fowleri) partial temporal isolatíon and ecological ísolatj-on

(breeding site and non-breeding habitat) have developed and distinctness

is ofËen mainLained over large areas of geographic sympatry. B.

woodhouseí seems Èo l¡arranÈ iËs st,atus as a species distíncË from

Ehe oËhers of Ëhe B. americanus group by the criteria of Short

(1969). In addiËion, Jones (L973) has presented evidence that

reproduct,ive isolation may have intensifíed in 30 years in one

area of synpatry of B. woodhousei and B. amerícanus. However,

Loftus-Hills (1975) has quesLíoned aspecËs of this analysis.

The status of the other species is more problematical. The

case for conspecific sLatus of americanus and heuiophrys, two of
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the most, morphologically disËincLive t,axa in the group, has been

presented. The americanus - Lerrest,ris relationship has never

been sufficiently analyzed. B. houstonensis has been regarded as

the most, weakly distinctive of Ëhe group (Blair 1972). The

geographi-c isolation of housÈonensis and microscaphus ís not

sufficienË in iËself to !üaïrant separate specíes status for each.

LaboraËory hybridization studies (Blair L972), ecology and the

occurance of natural hybridization of both B. housËonensis and B.

microscaphus rn¡ÍËh woodhousei, suggesÈ Lhat if either were in

cont,act with other americanus subgroup t,oads they would ínterbreed.

It may be that the most pragmatic evenËual classificaËion to

indicate relationshj-ps wiËhin Ëhe americanus subgroup will be to

regard Ëerrestris, americanus, houstonensis, hemiophrys and microscaphus

as either allospecies or megasubspecíes of americanus (or raËher,

of terrestrís r,¡hich is the oldesÈ name, see SchmidE 1953). A

choice between Lhe two r^rould be difficult buË because of their

simílar ínËeracËions v¡iËh r.yoodhousei the laËte1 r"y be best.-

Either would t. "oi"i"tent with Ëhe close relationshíps noted by

many auËhors from many lines of evidence (Blair 1972) and place

them int,o bette¡ evolutionary and zoogeographic perspect,ive r¡rith

other Ëaxa of NorËh American Bufo.

In parË, a taxonomic decision on taxa pairs as closely

related but distinctive as Ehe pair analyzed here is often coloured

by the speculative opi-nion of the ËaxonomisÊ concerned as Eo the

past evenËs influencing the present situaËion and eventual ouLcome
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of Èheir interacËíons. Some assume Ëhat isolating mechanisms will

ineviËably develop arrdfor intensify (Remington 1968) and therefore

the allocat.ion of species-status is actually a prediction. Others

regard any interbreeding as evenËually breaking down the distinctíveness

of presenË morphological differences wiËh Ëhe eventual merging of

the two forms. However, some zones of inÈerbreeding along ecotones

are known or assumed to reuain for J-ong periods wiËhout changing

the Èaxa (ShorË 1970). The advantage of the Amadon and Short

(L976) LreaËment is thaË it distinguishes Ëhis intermedíate dístincËíveness

of the Ëaxa and avoids the obscuríËy of conventional subspecies

status (Rising L970)

Because of the síze and geographic ext,ent of the samples

used, Ëhe presumed objectivity of the discriminant analysis, and

the repeatabilíty of the measurements and scoring systems used,

re-sampling ín the fuLure should be possible with resulËs directly

comparable to those present.ed. The weights generaÈed should allow

precíse evaluation in 10r 25r 50 or more years.of the then currenË

status and perhaps provid.e an insight into exactly how, and if,

the inËerbreeiding and inËrogression affecËs fuËure populaËions of

Ëhese Ëoads.

Obviously, the possible importance of such interactions in

evolutj-on could be in either adding additíona1 varíation for

selection Ëo act upon or as an inËermediate step in eventual

aËtainment of complete reproductive isolaËion. 0n1y long-term

studies, probably exceedíng one or more human lifetimes will give
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sound assessment of such situaËions.

Until novr, rnany laboratory Ëechniques have been applied t.o

problems of interspecific classification in roads (Blair rg72).

Too little attention has been paid Ëo inËraspecific variation (for

a notable exceptJ.on see GuËtman I975). Although natural inËrogression

has often been invoked to explain variable results wíthin Laxa,

insufficient attentÍon has been paid Ëo documenting its exj-stence

and extenË. As Blair (L972) has suggested for inÈerspecífic

sËudies, a multidisciplinary approach to íntraspecific relationshíps

involving exËensive analysis of geographic variation in cytogenetic

and biochemicar characÈers as well as additional morphologieal

comparisons of the type present,ed here are needed.
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Appendix II. A: Map of cenËral and eastern northern North America

showing sample mean of discrirninanÈ funcËion scores for reference

collections of uale B. hemiophrys and B. amerícanus.





205

Appendix rr. B: Map of cenËral and easËern norËhern North America

showing sample variance values for reference collectíons of male

B. hemiophrys and B. americanus.
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Appendix rT. c: HÍstograms of individual discrimÍnant function scores

for eight Alberta reference collections of male B. hemiophrys.

The two vertical lines indicate the mid-poÍnt of the discriminant

analysis between americanus and hemiophrys. M indicates the

posiËion of the mean for the sanple and D is the positíon of one

standard devíation on either si.de of the mean (the unequal

distances apparenË. in some hístograms are due to rounding values

to fít Ëhe whole number scale units used). For each sample the

locality designatÍon is given, and to the right of it the

cat,alogue number (National Museum of Natural scíences unless

oËher¡¿j-se indicaËed) followed by a dash and Ëhe number of specimens

in the sample.

The scale at the bottom gives Êhe dÍscríminanÈ score values,

the one on the left the number of indíviduals.



I:q

I
lL
j

I

1

L
l

10

5

10

5

10

5

t_I n li-
l '--lirl 

l= n
rDMD

'o 1ttLsi .J\I Ltl-,

ln,ol 
¡ ttS] JLirLJl

i n/ Lr

A L B t R IA
Bulo lrenrrophrys

Mrkkwa Rrver

0-5 nri- E, on hwy 16

Stoney Plain

lllltS- ¡

8502- 8

8505- 47

il

10

10

5

tt

DMD I I --

6 mi. SW. on hwy 2

Perryvale 852?-36

2,¡l mi.N, on hwy ¡t4

Westlock 8521- 48

8541- 21

r0325-3
10332-12
10333-9
f0755-r2

3.2mi. N.& l.6mi.E, ict.
¿thSt.lr¡Ê. & Northmont Dr.
Cålgary

o -2.s mi. E. on hwy t llll: 
t'

Strathñore ?1'17- 3

0.5 - 2.2 mi.NW.on hwyr ||'ri-it,
Brooks (turnofl) 6023-26

I D¡vl D

'o'l

,.1I r-¡I "Jll Lq

I

,, .l

ttoMo

DMD tt
I

'I 0

3.3 mi. SW.
St. Paul

tttrt
-60 -50 -{0 -30 -20 -f0 0

¡ f------- -------T-------'1
20 30 40 50 60



207

Appendix Ir. D: Histograms of individual discrininant function scores

for seven saskatcherr¡an reference collections of mare B. hemiophrys.

see Appendix rr c legend for explanaËion of letËers, scar-e, etc.
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Appendix rr. E: I{istograms of individual discriminant function scores

for two saskatchewan and one i^iyomíng reference collections of mare

B' heniophrys. see Appendix rr c legend for explanaËion of letËers,
sca1e, etc.
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Appendix I1. F: HisËograms of individual discrinínanÈ functj-on scores

for five western and cenËral Manitoba and one North Dakota

reference collections of male B. hemiophrys. see Appendíx rr c legend

for explanaÈion of 1etËers, scale, etc.
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Appendix II. G: HisËograms of individual discríminant function scores

fcr seven Ontario and one Minnesota reference collectíons of male

B. americanus. see Appendix rr c legend for explanatíon of letters,

scale, etc.
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Appendix II. H: Histograms of ind.ividual discriminant function scores

for five Quebec, one Nev¡ Brunswick, one prince Edward rsland and

tu¡o Nova scotia reference collections of male B. amerícanus. see

appendíx rr c legend for explanat,ion of leËters, scaIe, e'c.
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Appendix II. I: Map of cent.ral and eastern norËhern I'Iorth America

showing sample means of cranial crest scores for reference

collecËions of male B. hemiophrys and B. americanus.





2L3

Appendix II. J: Map of central and eastern northern North America

showing sample means for posË-orbital crest, scores for reference

collections of male B. hemiophrys and B. americanuq.
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Appendix II. K: Map of central and easËern northern North America

showing sample means for venter scores for reference collections

of B. hemiophrys and B. ameriç,enus.
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Appendix rr. L: Map of cenËral and eastern northern NorËh America

showing sample means for snout-venÊ lengËh for reference collect,ions

of B. hemi.ophrys and B. americanus.
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Appendix rr. M: Map of cenËral and easËern northern Nort.h America

showing sample means for tibia/snout- vent lengËhs raËios for
reference collect.ions of B. heniophrys and B. amerícanus. Each

value has been rnultiplied by 1000 to remove the decimal point Ëo

sinplify napping.





2L7

Appendix II. N: Map of cenLral and easËern northern North America

showing sample Eeans for spoË/snouË vent lengËhs raËios for
reference collections of B. hemiophrys and B. americanus. Each

value has been nulLiplied by 1000 to remove Èhe decimal point to
sinplify napping.
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Appendix II. O: Map of cenÈral and easËern northern NorLh America

showing sample means for cranial crest posteïior width/head width

ratíos for reference collectíons of B. hemiophrys and B. americanus.

Each varue has been mulËiplied by 1000 to remove Ëhe decimal point
to simplífy mapping.
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Appendix rr. P: Map of central and easÈern norËhern North America

showing "spade" (outer metatarsal tubercle) width/tarsus length raÈ,ios

for reference collections of B. heniophrys and B. americanus.

Each value has been mulËÍplied by 1000 to remove Ëhe decinal

point to sinplify napping.
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Appendix rv.A. ReraËionship of pulse raËe Èo temperature Ín t,hree

samples of Bufo (collecting staËions and number of toads recorded

are listed in Appendix rrr). solid squares indicate inËermediare

and heniophrys indj-viduals wiÈh identical values.
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Appendix rv.B. Relati.onship of duration to temperature in Ëhree

samples of Bufo (Appendix rrr gives localities and number of

specimens) .
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Appendix IV.C. Relationship of dominant frequency to Ëemperature

in three samples of Bufo (Appendix rrr gives localj.ties and number

of specimens).
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Appendix rv.D. RelaËionship of pulse rate to snout,-venÈ length in

three samples of Bufo (Appendix rrr gives localíties and number

of specimens).
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Appendix rv.E. Relat,ionship of call duration to snout-vent length

in three samples of Bufo (Appendix III gives localiËíes and

number of specimens).
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Appendix rv.F. Relatj-onship of dominant frequency to snout-vent

lengÈh in Ëhree samples of Bufo (Appendix rrr gives localities
and number of specimens).
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Appendix rv. G. Relationship of dominant frequency to pulse rate

in Èhree samples of Bufo (Appendix rrr gives localities and

number of specimens).
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Appendix rv.H. RelaËionship of dominanE frequency Ëo duration in

Ëhree samples of Bufo (Appendix rrr gives localities and number of

speci:nens) .
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Appendix rv.r. Relationship of pulses per secorid to duration in

Ëhree samples of Bufo (Appendix rrr gives localit,ies and number

of specimens).
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