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ABSTRALT

The Kakisa River, southern Mackenzie District, North-
west Territories, forms part of the common boundary between

Clethrionomys gapperi and C. rutilus in northwestern-North

America. There is no discontinuity~in the mosaic of cam-
munity types at the river, nor are there differences in
the known ecological requirements of the two species. Be-
cause individuals of each species are occasionally trapped
onfthe side of the river occupied by the other species, the
‘river does not represent a complete barrier, but probably
aéts as-a filter which prevents mass erossing. \

Censuses on a pair of 2 ha grids revealed that g.‘k
gapperi wefe consistently mére numerous than C. rutilus
but seasonal and annual changes in numbérs Qefe the same\
in both species. Mean Intercapture Distance was somewhat
greater for C. gapperi, but the difference was not signifi-
cant, |

Observations of inter- and intraspecific behavior in
semi-natural enclosufes revealed that both length of time
active and distances moved during each 8-hour ébservation
period were greater for C. gapperi than C, rutilus. Yet the
rate of occurrence of each species in the fange of the |

: ~

other (2-3%) was the same for both. A partial e#ﬁlanation
may reside in the obéérvapion that C. gaEngi was less

active in interspecific than in spec¢ies-true trials, wheres

.
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as the activity|of C. rutilus increased in interspecific |
. e ——————— ) } H

trials.

Four aggresgive acts (approach, attack, chase, 'scent-

)
frequency of each act(?y the. appropriate-

tion and summing the resultant figures. 1dices of aggres-

\\\\_////ﬁsion were signific

rutilus in intraspe&ific encounters, but the indices did

tly higher for C. gapperi than for g.'

not- differ significantly in interspecific encounters. C.

rutilus was dEmiqant to C. gapperi in 9 of 13 1nteraction§f
no dominance coald determlned in the remaining 11 1nter—‘
ractions. Aggressien id not appear to be lmportant in
either inter- or lntr specific encounters- mutual avoidance
was the most common response.
Observation of coppulatory behaVior{indicated that male
voles were indiscrimina&e in their matiﬁg, although none of
‘the copulations observeé'produced of£Spring. . Reproductive
isolation appears to be reasonably well develped &;77cro§s-
breeding trials yielded o lonne hybrid litter: howevef}
species—true breeding trials were less than‘SG{ suxessful.
While theseiapecies jke similar}ﬁorphologiéﬁlly and
phy51olog1cally species integrity seems-&>be upheld in
sympatry, these species would be 1n strong competitlon, yet
nelther Seems to have a competltlve advantageqover the othen
- Thus the parapatrlc relationship at the Kaklsa River appears

N
-4
to be malntalned by mutual exclu81on. '

. v"”’

{iscriminant func-
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INTRODUCTION

(1) The General Problem

Clethrionomy: éppéri and C. rutilus are two closely

related species of red-backed vole which, while possessing |
large geographic ranges, have apparently retained a dis-
tinc¢t separation at a common boundary. The slight differ-
ence in morphological and anatomical features of the two
species, andioverlaé displayed in their serum'proteins
(canham and Cameron 1972), suggest a common origin, prob;
ably in Eurasia, prior to the Wisconsin or Illinoian gla-
cial period (Holland 1958). The two populations of

Clethrionomys must have been Separated by more than 2,000

miles during the Wisconsin glacial maxima at 35,000 and
25,000 years B.P., according to ﬁhe probable extent of |
continental ice sheets (gbpkins 1967), although it is
impossible to say whether they were fully speciated by
then. Following the decline from the last glacial maxi-
mum, and the re-—establishment of an ice-free corridor be-
tween Alaska and central North America around 12,000 to
10,000 years ago (Hopkins ibid), the two species extended .
their geographic ranges (Macpherson 1965) until they caﬁe
into contact along a line from Great Slave Lake to the:

Pacific Ocean (Banfield 1974).



In bgfh Eurasia (Ognev 1950) and northwestern North
America (Bee and Hall 1956, Manning 1956), C: rutilus has
been recorded throughout tundra and boreal forest. Mar-

" tell (1975) suggested that tundra constitutes suboptimal
habitat, so that C. rutilus can be regarded as primarily

a forest species which has secondarily exploited tundra
habitats. C. gagggriion the other hand: is a more strictly
boreal forest species. It is not found far beyond the.
tree-line in the Ungava Peninsula, in spite of the ab-
sence of any definite barrier (Banfield 1956), while near
Churchill, Manitoba, it is only found in the tundra in
periods of high numbers (Smith and Foster 1957). Thus it
seems that C. rutilus has not expanded to the theoretical
southern extent of its range when C. gapperi is present,
and C. gapperi has not reached its potential northern limit
in the presence of C. rutilus. Instead, a conterminhous
boundary has been established between the species from
Hudson Bay to the Pacific Ocean (except where separated by
- Great Slave Lake), and a situation of parapatry now appears
to exist. l )

Instances of parapatry between species are relatively
rare, since they generally represent but a brief period
between allopatry and sympatry. In his description of the
process of speciation in more than 70 species oleew

Guinea montane birds, Diamond (1973) characterized eight

stages, of which the parapatric condition is but one.



In the tropical situation, with its multipliéity of
species representing many different stages in the speci-
ation process, parapatry is more easily envisaged than in
the boreal forest where there are few species of cricgtidi
rodents with which to make comparisons. Dobzhansky and

Spassky (1959) obscrved the process of species formation

in the superspecies Drosophila paulistorum, although it

is acknowledged that such events are relatively rare,

since the critical stages of the speciation process are
A

probably passed rather rapidly. Cognizant of this problém,

then, I will now consider the particular situation of

parapatry in Clethrionomys at the Kakisa River.

(2} The Situation at the KakisabRiver

Little is known of the exact demarcation of the range
bf each Specie57 traditionally, there has been no overlap
acknowledged (Hall and Kelson 1959). Common boundaries
have been known to exist for at least 30 years in northern
British Columbia (Rand 1944) and 16 years at the Kakisa
River (Fuller 1969). 1In thekformer area, Canham and Cameron
(1972) suggested that marginal montane habitat has kept the
species apart. Although Fuller (ibid) cited four instances
of C. rutilus occurring on the "wroné" side of the Kakisa
river,‘éhere is no evidence of'hybridization at this boun;
dary,. Discovery of animais displaying intergradation of
morpﬁologicai features in the vicinity of Churchill, Mani-

toba, hoWever, suggests hybridization there (Smith and



Foster l957i.

The Kakisa River, with an average width of about 100 m
does not rgpresent a sufficient barrier to movement of
voles, since at some time’in the paét C. rptilus crossed
the more expansive Mackenzié River and now occurs on most
of the islénds near Fort Providence, Northwest Territéries,

‘Crossings of bpen bodies of water, from 8 to 233 m wide,

has been achieved by Peromyscus leucopus (Sheppe 1965) and

inter-island migrations have also been demonstrated by
&
Microtus pennsylvanicus in Newfoundland, over distances

ranging from 60 to 750 m (Pfuitt and Riewe, reported in
Crowell 1973). The Kakisa River is frozen over for at

least 4 months of the year, which would facilitate tra-
versing the river in winter. Crowell (ibid) noted., however,

that C. gapperi and P. maniculatus tended to exhibit con-

siderably lower dispersive abilities than M. pennsylvani-
cus, and that C. gapperi reguired larger founder populations

than P. maniculatus to become established on islands.

The presence of ajbridge carrying the Mackenzie High-
way‘across the Kakisa River for the laét 16 years could
also affect hovemen£ of eitﬁér species into the range of
the other. Buckner (1957) has shown that roadways up to

20 m wide did not hinder movement of C. gapperi. During

.the winter of 1974-5, P. maniculatus crossed the Mackenzie-
Highway in the vicinity of Heart Lake several times during

the same night-(pers. obs.). That same winter, a live

N\



"masked shrew (Sorex cinereus) was apprehended by a dog

et

halfway across the frozen surface of the Hay River, North-
west Terrltorles, a rlvervwhlch is a least tw1ce as wide
as the Kakisa (Rick Geddes, pers. comm. ) However, Oxley
et alv (1974) found that C. ga pgerl did not Cross any of
the roads they studled whrch varied in w1ath from 11 to
137 m, and they suggested that hlghways ‘'with c¢clearances

of 90 m or more were as effective barriers to the dispersal
'Qf small forest mammals as bodies of fresh water twiee‘es
wide. Cameron (1962) also‘demenstrated that an artificial
land-bridge 25 m wide and 1.6 km long was insufficient to
induce emigration of mammals from mainland ﬁeva Scotia to
Cape Bretoh Island. - In spite of the limitations on move-
ment~imposed by physical obstructiods, diSpersing veles
are capable of covering COnsidereble distances through
unfamiiiar terrain (Watts 1970a, Hilborn and Krebe 1976).

Thus it seemsé&ikely that the Kakisa River acts as a filter

o

rather than a_barrier,to movement of Clethrionomys.
Most studies of sympatrie species have indicated that
separation is maintained by some form of resource.alloe
qﬁtion (Vaughan 1974), although mechanisms involved differ
‘;ﬁong different species. Interspecific aggressien is held
- responsible by various authors for maintenance of separ-
a..or sSetween many species of small mammals, such as Sig-

modc 7iventer and S. hisEidus (Petersen 1973), five

S Tl Microtus (Colvin 1973), M. pennsylvanlcus and




Dicrostonyx groenlahdicus (Banks and Fox 1968), Peromyscus

Speciés-and Mué musculus (King 1957[ Caldwell and Géntry

1965, Sheppe. 1967), Thomomys bottae and T. talpoides

‘(Baker 1974), ahd four species of/ Eutamias (Heller 1971).

Closer examination of competitive situations has
shown that so-called sympatric species tend to exhibit
habitat segregation and mutual avoidance rather than dir-

ect conflict, as for example Eutamias dorsalis and E. um-

brinus (Brown 1971), M. pennsylvanicus and M. montanus

(Murie 1971) and M. pennsylvanicus and C. gapperi (Morris

1969, Grant 1970a, Morris and Grant 1972, Grant 1972). The

%
relative importance of these two forces in shaping the
distribution of species is not always easily assessed, as

interspecific aggression often leads to habitat segregation
. - 2

‘and, conversely, habitat segregation tends to reduce com-

petitive interactions (Koplin and Hoffman 1968). The

absence of one species from a particular habitat in which

it normally occurs, however, often permits spread of

’ano%herfSpecies into that area, as suggested with g; pen-

nsylvanicus andsC. gapperi (Clough 1964, Morris 1969).

A similar proceSs of mutual avoidance could well be the

basis for a separation of the two species of Clethrionomys

at the Kakisa River. With more distantly related Speciés

occupying the same habitat, segregatioh has often been

<::$;Bhieved on the basis of different food requirements or

-

different times of activity, or both (Vaughan 1°74, Andrze-

P



jewski and Olszewski 1963).

Several studies have already been oonducted on cer-
tain ecological aspects of .C. gapperi and C. rutilus in
the southern Mackenzie area, which indicate their close
phylogenetic relations. Population fluctuations and re-
productive strategies of the two species have been shown
to be essentialLy the same, and no obvious‘hagitat differ-
ences which might explain separation can»bedaScribed to
either side of the Kakisa River (Fuller 1969). 'Frequentlyx
the boundary between-two species coincides with a sharp
hab;tat change, so that the competitive advantage of
either species in its habitat is lost when in the habitat /
of the other. Thus, a narrow zone of overlap w1th a cer~-

tain amount of 1nterspec1f1c aggression may become estab-

lished, as in Eutamlas dorsalis and E. umbrinus (Brown

. 1971). Clethrlonomys species differ markedly from P

maniculatus in dietary preferences, but no difference has

been shown between g.~gaggeri and C. ruéilua (Dyke 1971).
Wﬁile there is a broad spectrum of serum proteins common
to both species (Canham and Cameron 1972), considerabie
differencea.jn levels of activity have been observed -
(Murie and Dickinson 1973, Stebbins 1972, Frieseo 1972).
Thus it‘would.seem that if an isolating mechanism is at
work, it may‘be achieved by some form of behav1oral dif-
t

ference. 1If the species have only reached the common

boundary in relatlvely recent times, however, behav1oral



differences would notrbe well developed and one would
expect them to be slight and subtlej

Another aspect of closely relaf d species occurring
in syﬁpatry is the low level of crosz

-breeding. ' In clas-

sical terms, a species was defined on the basis of the

“ability to inéerbreed and producé viable offspring, which

in turn were capable of breeding (Mayr 1963). Such a cut-
and dried definition of species has been found inadequate

(Dobzhansky 1972), since cross-breeding has been achieved

in the laboratory with species of Drosophila (Sturtevant

‘and Dobzhansky 1936, Miller 1939 and 1941, Patterson 1954)

and some of these hybrid crosses have proved fertile

4

X .
ﬁMille 1941, Patterson ibid. ). More recently, hybridiz-
be

ween species of Drosophila has been observed in

the wild (Carson et al. 1975). 1In a populationocomprisihg

two closely related species in an area of sympatry, 2% of

the naturally occurring individuais were_hybrids yet,
despite ﬂybridization, the essential intégrity of eaéh
separaté gene pool appears to be maintained.
Crosé—breéding haé also been induced in séveral
species of small mammals in the laboratory, ihcluding

species of Peromyscus (Dice 1937, Clark 1966, Bradshaw

1968), Microtus (Hatfield 1935, Pokrovskii’et al. 1970),

and Clethriondmys-(Spannhof 1960, Rauschert 1963, Zimmer-

mann 1965, Grant 1974). Prior to this study, only one

instan: has been reported of cross—breedfh%,in_Clethrion—

\



omys gapperi and-C. rutilus in capﬁivity (Puller, pers.
comm. ). However, cross;breeding under laboratory con;
ditions does not constitute proof for cross;breeding in
the field. Even when cross-breeding is achieved, reduc-
tion in feproductive success often occurs, uSually in
terms of litter size, hybrid viability or relative fer-
tilityfof‘hybrids, factgrs which would all favor.selec-
tion against hybridizatioﬁ in nature. Reduced reproduc-
tive succass has even been shown in certain subspecies of
small mammals, notably in'island subspecies of C. glareolus
(Godfrey l9585, and total reproductive isolation has been

observed in subspecies of Mus musculus (Hunt and Selander

1973). Thus, if reproductive success is so affected at
the subspecific level, one would eXpect.that it is-affegted
.even more between most speciés.

‘Furthermore, in apparent éoafradiction to the Gausean

Principle, closely related species of Drosophlla have been

‘shown to coexist, albeit at lower populatlon denSLtles
than each species on its own (Ayala 1972). Rlchmond and

Dobzhansky (1976) have also shown that ethologlcal iso~

lation among the semispecies of D. paulistorum is strong
enough that two or three semispecies are able to coexist
sympafrically in manf localities. Thus much of the iso-
lation between closely-related_species is generally achievedv
by prezygotic ethalogical processes and, should this fail,

by reduced reproductive success, i.e. postzygotic processes.
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Since the production of less fit cross-bred individuais
" 1s wasteful both genetically and energeticallyf it weuld
seem- that evolution ef differences in behavior would tend
to be.favored in areas where similar species have recently
come into contact. | |

It is a truism that, apart‘from "chance" iﬁtroduc—
tions e.g. floating across on a log, only dispersing voles
would cross the Kakisa River. Howard (1960) suggested
that there -s‘aAstrong innate predisposition for some indi-~
viduals to disperse, and it has also been suggested that
dispersal has a genetié basis (Chitey 1967, Myers and
Krebs 1971, Krebs et al. 1973 and 1976, Hilborn 1975),
although conclusive evidence of sach a connection has yet
to be shewn. Christian (1970) proposed thaﬁ t'ere is a
direct link between aggre351ve behavior and dlSpersal,
espec1ally in Mlcrotus Spec1es, and while some work sup-~
ports thls notion (Healey 1967), other workers have pre—
sented data to the contrary (Krebs et al 1973, Rese and
Galnes 1976). Thus it is nQt easy to(predlct the re :ive
success of individuals of each spec1es in colonizing the
'opp051te bank based on differing levels of aggression,
which has been sHo between the two species (Murie and
Dickinson 197 3).

'The role of diSpersal in regulating‘topulation den—
sity (lelcker 1962 and 1973) and in occupatlon of depopu-

lated areas (Van Vleck 1968) is generally accepted, al-
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though how such roles would affect the dispersal of indi-
viduals from a peak population into an area already occu-
pied by a closely related species in the same phase of

population is difficult to envisage. Furthermore, migrant

EahY

Clethrionomys have been found to be qualitatively poorer .

tﬁan settled individﬁals (Kozakiewicz 1976), which sug-
(gests that migrants may be less fit to deal w1th the
ygompetltlve situation awaiting them on the other side of
the river. Th' while dispersal doubtless plays an ;m—»
portant role in the Kakisa River situation, the nature of
the,disPe;sers would affect the ability to colonize the
range >f the other species.

Having acknowledged the'relatively poor dispersive

abilities of Clethrionomys (Grant 1970b, Crowell 1973), it

is still possible that small breeding colonies of either
or both species have already become established on the
vopposife side of the river. Thus'the question is raised
as to whether the rate of flow of individuals acroés the
river could be sufficient to establish and sustain a
beach~head, as has beén suggested for Microtus and

Clethrionomys in aspen pe .land (Morris 1969), or whether

the.rate of extinction is too great for such colonization
to occur.

From the foregoing considerationé, then, and in
acknowledgement of the fact that very little work has been

conducted on these two species at the boundary formed by
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the Két?sa River, I embarked upon the present study. The

hypotheses I set out to investigate were:

Main Hypothesis p

That the Kakisa River acts as a filter to the move-

‘ment of the two species of Clethrionomys; and that be- %
havioral interactions are involved in the maintenance of

- spatial segregétion of these species.

Sub-hypotheses

(1) Thét individuals of each Specieé can and do cross
the Kakisa River to invade the range of the other species,
and that the majority of such crossings are accomplished

during the winter. o

(2) That reproductive isolation is sufficienply well
developed to prevent hybridization of the two species in

this area of potential sympatry.

v

(3) That if the levels of activity.differ markedly in
Vi ' '
the -two species, the migration of the more active species
-across the river would tend to occur more frequently than

. . ~ a
that of the less active species. 2 b

(4) That Specific behavior patterns of each species
are modified by the presence of the other species, so that
aggressive interactions between the two species are re-
duced and mutual exclusic.. -s achieved. |

/ .
' /

(
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METHODS

The main study was carried out at the Kakisa River,

Northwest Territories (60O 59'N, ll7o 16'W), where a

‘common boundary between Clethrionomys gapperi and C. ruti-

lus is found (Figs. 1 and 2). There were several differ-

ent aspects to the research, as follows:

(1) Live-Trap Plots

Two square grids of 1.8 ha each were established either
side of the Kakisa River (Fig. 3) in heterogeneous habitat,
comprising black spruce (Picea Mariana), white spruce (Picea
glauca), tamaraék'(Larix laricina) and muskeg. Trap loca-

‘ tions were marked out by means of numbered stakes, 15 m apart
in the form of é'tén—by—ten grid, ané traps were located with-
in 2 m of the stakes. This permitted tfaps té be located in
areas where vole activity would be most likely, e.g.‘next to
or underneath fallen logs, in runways in the moss, etc., r
rather than in exposed areas where voles would rarely be
found. The types of traps used were mainly Longworth's and
some Sherman 22 x 10 x 8 cm traps for the first ﬁwo summers,
but by the third summer, only Longworth's were used.

The trapping schedule was as follows: traps were
provided with sunflower seeds, a chunk of standard labora-

tory mouse chow and terylene nesting material, and were

13



Figure 1. Map of North America shc.ing distribution
of Clethrionomys gapperi and C. rutilus.

Inset 1s shown in more detail in Figure 2.






Figure 2. Map of inset from Fig. 1 showing the boun-
dary of the two species at the Kakisa River,

N.W.T. and the location of main study site.
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Figure 3. Map showing the location of live-trap plots

‘and behavior pens at the Kakisa River.
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laid out at each location during late afternoon of the

day preceding the first trap round. No pre-baiting was
carried out. Trap-rounds were made :t 0600 hr and 1800 hr
every day for 4 days, traps being closed during the 1800

hr round of the fourth day and gathered in on the following

day. During the summer of 1973, six such sessions were

carried out between mid-May and early September; in 1974

. and 1975, three sessions were carried out and in 1976 only

one trap session in mid—June'wés implemented.

Each animal captured was marked by toe-clipping and
weighed to the nearest 0.5 g by means of a spring balance;
lengths of body (snout-vent), tail and right hind foot.
were measureﬂ;.the reproductive status of the individual
was assessed by external éxamination and the trap location

was noted. » s

(2) Behavior Experiments

Observations were made on behavior of Clethrionomys

gapperi~and C. rutilus in theifield, a£ their common
boundary. Fuller (1969) provided a detailed description
of the location and habitat of this area. 'The behavior
experiments.were conducted in large seminatﬁral pens;

providing conditions somewhat between those of small open-

- field arenas commbnly employed by workers interested in

-aggressive encounters among small mammals (Clarke. 1956,

Johst 1967, Murie 1971, Turner and Iverson 1973) and field

enclosures used to study dynamics of small mammal popu-
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létions_in a po?tion of their natural habitat (Caldwell
and Gentry 1965, Koplin and Hoffmaﬁn 1968, Krebs, Keller
and Tamarin 1969, Grant 1969 and 1971, Morris and Grant
1972, Herman 1975). My pené, with their floor covering
of moss and falleﬂ logs, provided a far more diversified
terrain thah arenas and, being considerably lérger, en—~
abled stressful situations to be reduced or even avoided
by the interacting voles. ' Observations were also carried
out over a much longer period of time than that employed
in arena studies, so that a more normal level of activity

and repertoire of behavior patterns coul ~ observed.

(a) The Pens

Experimental pens were constructed in . = ar a of
“matu:é jack-pine next to the Kakisa River (Fig:.. - and 3,
Plates 1 and 2) and consisted of two pairs of 2.4 m -
2.4 m enclosures connected by a 4.8 m runway (Fig. 4.
Walls 0.6 m high were made from sections of sheet galvan-
ised steel screwed together and éemented at the base. Pen
floors were scraped clear of moss and wire mesh was laid
down,rtovprevent voles from digging their way out, then the
moss was replaced. Several fallen logs were added, to
recreate the forest floor conditions as far as possible,
and then a wooden nest box, feeding hopper and water bottle
Qere addéd to.Zach pen (Piates 3 and 4). The runway floors

were made of plywood. A wooden observation tower, 1.5 m

by 1.5 m by 1.0 m, locatedJmidway’between the pens and to



Figure 4. Layout of the behavior pens.
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Plate 1. General view of the

experimental pens and obser-
vation tower.

Plate 2.°

i, .
“View of thevobservatlon tower and runw
positioning of mirrors.

ayé to show



Plate 3. View of pen A from the observation tower. liote
the inclusion of logs, nest-box, feeder and water-
bottle.

Plate 4. View of pen D from the observation tower. DNote
the wire-mesh floor bared of moss by vole activity
{also pen A, above).

“as
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one side of the runwaYs and standing 1.3 m above ground
level, provided shelter for the observer and minimised
disturbance of the voles by the observer. Large windows
on three sides of the observation tower provided good
visigil;ty of at least 80 percent of each pen area, the
nearside walls preVenting a complete vi;w of the pen area
(Plates 3 and 4). Two mirrors, 1.8 m by 0.4 m each, were
‘positionéd at 45° in front of the observation tower and
2.5 m above the runways,‘so that movement of voles between
the pens could be seen.
(b)Y The Experimental Animals

' Vﬁles were captured from Ma§ through Augugt, 1973 to
1974, using Longworth traps baited in the same manner as
~ for the live-trap plots. Most trapping was carried out
within 0.5 km of the river and in most cases at leggst 1.0
km away from the live-trap plots, so that no marked ani-
malé would turn up aﬁong wild-caught individuals. A de-
cline in populations in 1975 necessitated trappinglof voles
from further afield for use in the behavior obser&ations,
from Fort Providence to the northwest (60 km) and Heart
Lake Biological Station to the southeast (40 km). Some
animals were also trapped in the camp, but no marked indi-
viduals weié evef taken. Only voles caught near the boun-
dafy Qegé used in ‘interspecific trials, whereas voles from
‘either source @ere used in intraspecific trials.

Wild-caught voles were brought to the Kakisa camp,*

2
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weighed, measured and toe-clipped, and their reproductive
status was assessed by external evamination. In most
cases, only sexually mature animals that weighed at least
20 g were used in behavior trials, although shortage of
animals during the summer of 1975 meant that a few under-
weight indiv1 1ials were used. Male voles were housed
individually in shoebox cages (28 x 18 x 13 cm), females
in rat-size cages (45 x 20 x 13 cm), and both were offered
standard laboratory mouse chow and water ad libitum. The
cages were maintained in an outdoor shelter under the
normal regime of temperature and daylight. ' Most animals

were caged for 1 to 4 weeks prior to use in the pens.

(c) Observations

| ‘During the summer of 1973 several preliminary trials
were conducted to see how "mouse-proof" * pens were, and
to formulate a system of recording the observed behavior.
To determine opﬁimum time for observing vole activity, a
-4—d§y set of observations was carried out, using Clethrion-

omvs gapperi in the left-hand pens and C. rutilus in the

right-hand pens, male versus male and female versus femzég;
In this trial, the runway doors were kept closed, and be-
havior was recorded by means of a shorthand notation of.
acﬂivity.

On the basis of}preliminary trials, and findings of

‘other workers (Stebbins 1972, Friesen 197 2)' it is

clear that both species of Clethrionomys exhibit peaks of
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activity around dawn and dusk. Thus to obtain maximum
activity while limiting obsorvatibns to periods with suf-
ficient daylight, each-trial was conducte.ld >ver two 4-
hour periods, from 1700 to 2100 hr in the evening and from
0600 to 1000 hr the following morning. Observations were
made u g groups of three animals per trial, six trials

of each of the four vossible combinations of voles being
~- *

——

carried out for males (3 C. gapperi; 2 C. gapperi + 1 C.
rutilus; 1 C. gapperi + 2 C. rutilus; 3 C. rutilus). For
females, only two of the possible combinations were used,
cither 3 C. gapperi or 3 C. rutilus. The decisioﬁ to use
ccmbinations of three animals par trial instead of two
was made when it was noted that pairs of animals rarely
ever interacted.
. A number of trials conducted during the summer of
1974 used voles from earlier trials, animals being placed
in triplets accofding to their previous experience, i.e;
three animals with two previbus trials, three animals with
three previbus trials, etc. -These trials were soon dis-
_continued since the effect of previous experience (Russel
and william§ l973) in the pens on behavior of voles was
noticeable in subsequent encounters. Accordingly, data
are only used from animals which had no previous pen ex-
perience, such that details of initial reactions of indi-
viduals to each other, éstablisﬁment of heirarchies and

ifferences between species in these respects could be

~
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_ascertained.

Triplets of voles used in ecach trial were composed of
similar weight animals as muéh as possible, to reduce
effect of.body Qeight on dominance of individuals (Grant
1970a). About an hour befope commencementlof each trial,
voles were weighed and marked for identification by ‘
clipping fur on the back of each. The animals were intro-—
duced to the runway at the’centre; one at a time, and each
one allowed to enter either pen before the next one was
introduced. Once all three voles were in the-pené, obger-

2 :
vations from the tower were commenced, recorded by means
of a cassette tape recorder and transcribed at a later
date. Details of locétionj minutes active, type of ac-
ti&ity and description of the interactions were recorded
fof each animal. By using the record of locations of
individual voles in conjunction with a §cale map of the
. pens, if was possible to calculate distance covered by
each animal accurately. At the end of each behavior
trial, voles were femoved from the pens and returned to
their cages. Between trials, nest boxes were washed out
and new terylene nesting material was added, to reduce
the known effect.of the odé: of other animals on béhavior
(Whittier and McReynolds 1965, Archér 1968, Jones and
Nowell 1973a). | | |

Two sets of breeding behavior trials were also con-

ducted during the summer of 1974, to determine if there
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A

- was evidence for reproductivé incompatability. In each
trial, pen doors were closed, two fecund females of each
species were introduced into the pens and the process of
settling down was observed from the time of introduction
at 1700 to ZiOO hr and again the following morning from
0600 to 1000 hr. Just prior to introduction, nesting
material from the cage of each female was placed in the
nest box of each female's pén. Twenty-four hours later,
a male vole was introduced into each pen, such that there
was.a cross—sPecific.and a species-true pair of each
possible configuration.— Subsequent behavior was recorded
from 1760 to 2100 hr g:;~from 0600 to 1000 hr the next

day. Voles were then removed froﬁ the péns and returned

to their own cages, and fenales were checked regularly to

see if observed copulations resulted invpregnanéies.

A thermohygrograph was in operation continuously
during the three summers, a maximum-minimum thermometer

was read daily aﬁd a general note of the prevailing weather

conditions before, during and after each observation period

was made (cloud description, wind strength and direction).

(3) Breeding Experiments

The first cross-breeding experiments were ¢onducted
from Jan;ary until April, 1974, at the Department of Zoology
of the Universiﬁy of.Alberta in Edmonton. A small number
of C. gapperi from Heart Lake Biological Station, Northwest

Territories, and Ministik Lake, Alberta (50 km southeast of
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Edmonton) and some C. rutilus from near the Kakisa River,
Northwest Territories, andenuvik, Northwest Territories,
were used in trials of species-true and crgss—specific
breeding. The voles were trapped at the end of summer of
1973 and were brought to the University and installed in
a controlled environmeﬁt room under a regime of 8 hr day-
light, a temperature of 5°C and refative humidity of 40%
-for six weeks. Over the next six weeks, light was in-
éreased by one hour per week, temperature by 2-3% per
‘Aweek, and humidit? was held constant. After this 12 week
period, light, temperature and humidity regimes were left
unchanged and péiring of animals for breeding was commenced.
Throughout the period, voles were housed individually in
'rét—size cages (except during breeding trials when males
wereJintroduced ihto the cages of‘ﬁhe’females%gaﬁa weré
provided water and mouse-chow ad libitum, the feméles re—~
ceiving a high-protein chow and green barley shoots at
intervals to helpﬁbring oh reproductive condition. Males
were.left‘with feméléé for 2 weeks and on removal, females
were left for a further 2 wecks before being checked for
pregnancy. Noﬁ—pregnant females were used agaimg3n breed-
ir1g_pairs, while pregnant females were lef£ to raise their
litters. )

Another set of cross-breeding experiments was conducted

during the winter of 1974/5 at Heart Lake Biological Sta-

tion using litters of wiid—caught voles which had been born
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and raised in captivity. In this inétance, however, it
was not possible to control env;ronmental conditions as
closely as the previous experiments in Edmontdn. From
mid November to early January, the weekly light regime
was increased from 12 hr per.day td 18 hr per dayxeié

the temperature was maintained around 15—2ooc; No control
of the humidity regime-was_possiblé. All voles Weré
housed individually in.shoe—box cages and provided mouse-
chow and wat?r ad libitum, feméles beaing given”highf
protein chow. Species—true and cross-specific breeding
trials ‘were attempted on the same basis as previously
from late August 1974 until mid February 1975. Then the
stock of voles, already somewhat depleted from natural

or stress-induced mortality‘(from confinemeht together

during the breeding trials) was killed and either autop-

sied or fed to capﬁive pine marten (Martes americana)
which were pért of another resea:gh project being conduc;
ted at Heart Lake at the sam%/time.

The main set of cross-brggding experiments wés car-
ried out during the summers Of 1974 and 1975, howevér,
with lees that hadmalréady bPeen used in behavior experi-
ments in the pensi,wfemaleé,'housed,in rat—sized cages and
fed a preferential diet of high-protein chow, had a male
vole introduced to the cage for 2 weeks. Two weeks after

the male was removed, they were examined to determine if

any were pregnant. Pregnant animals were permitted to
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raise their young while non-pregnant voles were often
paired again to see if further attempts would induce
breeding. Most voles were autopsied at the end of summer

to assess reproductive condition of the animals,

(4) Radio Telemetry Study

Activity of a small number of voles of éach species
was ﬁonitored in a 0.09 ha enclosure in undisturbed jack
pine forest during the winter of 1974/5 at Heart Lake
Biological Station. Details of the‘telemetry system are
in Chute et al. (1974). The orig}nal intention of the
study was to introduce one of each species into the en-
closure and to track the two voles simultaneously over a
period of 3-4 days (the usual life- Span of the transmitter -
battery) by means of the semi- —automated receiver system\
which was de51gned to scan the antenna wires and to print
rout resulting locations of the animals at certain set
intervals. of time. From thlS information it was hoped
that details of 1nteractlons of the two Spec1es under an
undlsturbed cover of snow could be ascertained and related
to the 51tuatlon at the Kakisa River. Although a number
of \attempts were made at tracklng pairs of voles, a series
of maffunctions of the semi-automated system onl§ permitted
tra kiné of single voles. |

Experimehtal animals were trapped either side of the
Kakisa River durlng August .and September 1974, housed 1nd1—

1dually in rat-size cages at Heart Lake, provided water
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and standard mouse chow ad libitum, and maintained in
temperature and light conditions approxihéting those of‘
the natural environment. In Novembe;, cages were moved
into a blacked~out room kept ét about —5OC} in an attempt
to simulate conditions experienced within the subnivean
space. Water boftles were replaced by snow auring this
period.

" Most animals used for radio tracking were adults,
or ét least sub-adult, as they were all at least 19.0 g
weight. At least 3 days before release into thé pen,
each volé,wés anaesthetized with ether and fitted with an
inactive transmitter. Prior to release thé transmitter
was activated by soldering the battéry connection, the
animal was weighed and then released ‘at the edge of the
.enclosure by means of one of 10 wooden chimneys located
around the periméte%, which permitted-direct access to .
the subnivean space withbﬁt$§isturbance to the sngw layer.
'Mghitbring_of activity beéan.immediately and was carried
out for as long as the transmitter gave a feliably strong
signal, usually 3-4 days. The samplihg time interval was
set at 5 minutes, to coincide with the 5 minute sampling
period employed in the behavior experimenté’at-the Kakisa
River. Thus in each 24 hr period a total éf 288 fixes on
the position of each animal was obtained.

ﬁuring the radio tracking»experiments, air and sub-

nivean temperatures were’recorded four times daily and

barometric,préssure was noted onceja day. Periodic snow

»
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Surveys were made in the vicinity of the enclosure, when
snow was sampled for depth, aensity, hardness and crystal
size of each layer. : .

After each expefimental run, animals were recaptured
in live-traps placed inside the chimneys, radio transmit-
ters were removed and voles were reﬁurned to their cages.
A number of voles .proved notoriously difficult to recap-
ture and thus remained in the pen during subsequent trials.
Others died during the experimental .run and so were not
retrievable from the enclosure. One or two animals also
managed to slip out of their radio collars. and, iike the
- untrappable voles, were possibly active during subsequént

trials.

(5) Confirmation of Species

As I worked at the common boundary of these species of

Clethrionomys, it was of importance to be!é’ > confirm
' that each individual used in the behavior -ar. civiﬁy
experimenﬁs was indeed the species it was deemed to be on
the basis of external features. For most. individuals, |
tyis was done by means of'(a) electrophoresis of the
blasma proteins and subsequent'clasqification by means of
the transferrins and élbumip¥ preSeﬁt‘and (b) measurement
of the anterior paiatine‘foramen and noting whether the
post-palatal bridge was fused or incomplete.

(2) Electrophoresis of the Plasma Proteins '

Folldwing the behavior and_breeding trials, voles
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were taken to Heart Lake where they were bled from the
suborbital sinus by means of a sterilized Pasteur pipette

and autopsied.  Cells and serum were separated by centri-

.- fuging the blood at 5000 G for 2 minutes and the serum was

stored in a chest freezer at —lOOC! The sera were trans-
ferred toqumontonlin a Dewar flask chilled with carbon |
dioxide "snow" geﬁerated from an iﬁverted cylinder of liguid
CO,. and stored at -10°C once more until électrophoresis
was carried out, usually within three months. Some sera
were not run until 12 months after collection but, on the
basis of runs on the same sera at ‘3 and 12 months, there
appeared to be no significant deterioration in the trans-

ferrin and albumin bands on which species confirmation

was based.

Disc gel electrophoresis was used to separaté the
serum proteins (Davis 1964). One or two minor alterations
to DaVié's‘technique were made iﬁ this study; the ofder’
6f making up gels &35 reversed. The sera were diluted
1:1 with 10% sucrose solution and 0.015 ml’ 6f. serum
mixture was ldyered on top of each gel column. A ‘current
of 60 milliamps was used during the electrophoretic run,
which generélly took_about’l hour. - Coomassie Blue was
employed as.a general prqtein stain and prdduced clear
definite dark blue bands within the gel. The location of

albumins and transferrins was achieved by noting the size

and distribution of the various bands relative to each



other: the_relative densipies'of the bands were also
noted when the gels were run through a spéctrometer and
a graphical tface of the transmission of light through
the banas'was obtained.
(b) Measurement of Skull Characteristics’

Skulls were retained froﬁ most of the voles used in
behavior and breeding trials. Segregation according to

species was achieved on the basis of the length/width

.ratio of the anterior palatine foramen and the condition

of the post-palatal bridge (Hall and Kelson 1959) for

"nearly all specimens.
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_RESULTS

(1) Demography of the Two Clethrionomys Populations

Populations on both sides of the Kakisa River followed‘
the same general trend (?ig. 5): the low number of animals
at the beginning of summer, consisting of overwintered
individuals, is supplemented by fitst litters of the year
by mid-summer and (in 1973 and 1974) reached a peak to-
wards the end of theqsummer, by which time most of the.h
overwintered voles had died off, and the early suﬁmer co-
hort was joined by the mid and late summer cohorts. There

is a considerable difference in density of Clethrionomys

on the two plots f -~m year to year (peak densities for

1974 are: C. gapperi ‘30 voles/ha and C. rutilus, 9’volesﬂa)
but the densities were strongly correlated (Fig.6,r=0.957,
af=11, p<0.001. I cannot say whether thlS reflects a real
dlfference in the den51t1es of the two species all along

the Kakisa River, since the plots are relatlvely small,
although Newson (1963) observed differences in numbers and
other population parameters in two. neighbouring populations
of C. glareolus. It could be that the north plot includes ;
a greatef area of unsuitable habitat than,thefsouth Eiigt/‘
The latter possibility is supported by evidence'of dif- —

fering soil types, and hence vegetational associations,

38



Figure 5.

Total numbers of voles trapped on each

live-trap plot per trap session, 1973-1976.

. (The six trap sessions in 1973 were late

May, mid-June, early July, late July, early
August and late August. The three trap

sgﬁsions in 1974 and 1975 were late May, mid
July and late August. The one trap session |

in 1976 was in early June).
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Figure 6. Correlation between crude numbers of Clethrion-

v

omys gapperi* and C. rutilus per live-trap ses-

sion, 1973-6.
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on ecach side of th¥s soction of the Kakisa River (Day 1568).
The south plot is characterised by sloping, well ‘ained
soils which have a high content of stonés and Ioam, with
some sand and gravel. These well-drained areas are vege-

tated by jack pine (Pinus Ppanksiana), white spruce (Picea

glauca), aspen (Populus tremuloides). and willow (Salix.spp.),

and a ground cover of rose (Rosa woodsii), bearberry

" (Arctostaphylos uva-ursi), Labrador tea (Ledum groenlandi-

cum), lichens, mosses and grass. There are small areas of

poor drainage which contain black spruce (Picea mariana),

tamarack (Larix laricina), dwarf birch (Betula spp)., and-

juniper (Juniperus horizontalis). By.comparison, the

north plot is mostly level and poorly drained, with soils

that contain loam, sand and, in some localities, peat;

stones or gravel do not occur here. These soils tend to

support a growth of tamarack, black spruce, dwarf birch

“ and willow, with a ground cover of juniper, Labrador tea,

bearberry. Cladonia and sedges. A small part of the plot
was composed 5f'well—drained_sandy soil on which mature
jack pine and white spruce were found, with a sparse ground

cover of rose, bearberry, cranberry - (Vaccinium vitis-idaea),

lichens, mosses and grass. ) .
Densities of Peromyscus on each plot were also corre-

lated, but numbers were slightly higher on the north side

(Fig. 7). which might suggest that competition between

Peromyscus and Clethrionomys is responsible for the lower

&
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Figure 7. Correlation between crude numbers of Peromyscus

maniculatus on north and south plots per live-

trap session, 1973-6.
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densities of C. rutilus. Correlation between Peromyscus

numbers from each plot (r=0.616, df = 11, p<«£0.05) is not

as close as‘that for Clethrionomys (r = 0.957, df = 11, p«<

0.001), but the slope is much closer to 45°, which indicates

that the two populations of Peromyscus attain similar num-

bers at the peak density. Thus the evidence from Peromyscus

on each side of the river suggests that habitat conditions

are not as critically different as Clethrionomys might sug-

gest, @t least not for Peromyscus.

Allowing for the different densities of Clethrionomys,

then, the two populations generally exhlblt the same rates
of natural increase through each summer and similar rates
of‘decline over each intervening winter. 1In the latter
instance, there are two somewhat anomalous trends, however,
where numbers of o&erwintered‘animals for C. rutilus in
1973-4 and C. gapperi for 1975-6 appear to increase. Both
these increases could well be the result of immigration frem
the eurrounding area or capture of pre?iously undetected ju~
venf&es from the late cohorts of the previous summer, in -

' the difference 1n numbers between fall and spring in
(::is 1nstahces is created by the addition of two or three

<

unmarked individuals.

Population denSitles of both species were at a mod-
erately low level in 1973, increased to a peak in 1974 and
then declined sharply to low densities in 1975. - Fuller
(1969) has shown that pOpulation densities of these two

SpeCies peaked in 1962 and 1966, with low densities during
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the years 1963-5, although they appeared to be out of phase
in 1967, when C. rutilus numbers remained relatively high
while C. gapperi numbers declined. He also indicated (Fuller

1977 and unpublished data) that populations of both species

increased to peak levels during late summer in 1974 and 1976

and, to a lesser extent, in 1970. Thus fluctu%&ions in
' : ' (
abundance of C. gapperi and C. rutilus appear to move in

]

synchrony.

While obtaining voles for the behavior studies, I

caught a considerable number of pregnant females that I

‘housed in rat-size cages and permitted to raise litters

in céptivity. The average number of young per litter
(Table I) shows né significant difference between species
for the two years combined (t = 0.14, df = 48, p > 0.1).
Average litter size in both species was lérger in 1974,
when the vole‘pépulations reached peék densities, than in.
1975 whenvpopUlation density was considerably lower.b I
was unable, however, to find a signi..icant differencé be-
tween the figures for the two years (t'= 1.79, df = 48,

p » 0.05). The reason for the subgrouping of the figures
ihto'litters of overwintéred and young-of—ﬁhe—year females
is that age of the female is known to affect litter size

(Saint Girons 1971, Fuller, pers. com.).

On the basis of the foregoing considerations,‘there-

fe;g, I can see no obvious differences in the structure



Table 1.

Mean litter size for litters

‘wild-caught voles and raised

and 1975, OW = litters born

femaless: J = litters‘born to

48

born to pregnant

in captivity, 1974

to overwintered

females born in the

same year; C.G. + C. R. = data pooled for both

species, regardless of OW or

‘parentheses indicate sample s

J. Numbers in

ize.

QEAR C. GAPPERI C. RUTILUS C.G. + C. R.
Litter Size - Litter Size Litter Size

1974

(OW) 6.00 + 0.52(69 | 5.60 + 0.25(5) 6.07 + 0.29(14)

(J) 7.00 + 0.58(3)

ﬁ975 !

(OW) 5.13 + 0.35(8) | 5.33 + 0.69 (9) ,

(7) | 5.75 + 0.25(8) | 5.27 + 0.33(11) | 2-36 %+ 0.22(36)

1974+ _

1575 5.59 + 0.22(22)| 5.54 + 0.27(28)

K\?
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and dynamics of the two populations of Clethrionomys at the

Kakisa River. There also appears to be no noticeable dif-
ference in the repréductive pattern between the two species
(Fulier, unpublished data). It is possible that there is

a lower density of C. rutilus at the boundary than C. gap-
peri, although whether or not this is due fo the minor habi-
tat differences alréady noted is difficult to prove. Since
| Dyke (1971) has aiready shown that the habitat and food re-
qu}rements of these species do not differ markedly, the po-

teﬁtlal for competltlon between the Spec1es at the Kakisa

Ryéer, mist exist.

(2) Distribution of Clethrionomys at the Kakisa River

Intermittent trapping at the Kakisa River over the last
sixteen years has demonstrated that the boundary between the.
species is not inviolable (Table 2). It is not poésible to
say how long voles have been crossing the river. Contraryr
to my hyﬁothesis the rate of immigration appears to be equal
in each direction, with 2.5% of the south bank population
and 3.6% of the north bank pOpﬁlation being composed of the
'inappropriate species. Since the trapping effort was far
from equal on each side of the river, it is only posSibie
torcompére figufes within each population rather than be-
tween the populations.

Of the 18 voles which have been taken on the "wrongﬁj
side of the river (see next section for confirmation of

species), eight (+one possible extra) were overwintered
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Table 2. Total numbers of Clecthrionomys gapperi and C.
rutilus trapped on each side of the Kakisa River,
1961-1976. (Data for the years 1961-1972 and

1976 kindly provided by Dr. W. A. Fuller).

SOUTH BANK ) NORTH BANK

YEAR C GAPPERTI C. RUTILUS C. GAPPERI C. RUTILUS
1961 31 3 - -
1961 60 0 - -
1963 16 0 - -
1964 - - - -
1965 1 1 0 2
1966 39 0 0 23
1967 0 0 10
1968 0 - R
1969 - - - -
1970 - - 0 o 6
19715 - . R -
1972 o 0 Y 14
1973 37 0 0 | 25
1974 141 3 2 100
1975 56 3. 2 48
1976 8 0 3 41
TOTAL 397 10 8 269

% TRAPPED ON N ' ‘ Y
"WRONG" SIDE 2.5% : 3. 0% :

OF RIVER
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animals which could have crossed by traversing frozen river
ice wuring the grevibus winter (Table 3). The other 9 voles
were all young-of-the-year which either must have crossed
the river while it was not frozen, om were born on the "wong"
side. While it may seem unlikely that an/equal number of
animals could cross the swiftly-flowing Kakisa River in the

summer as could cross the ice in winter, dispersal is great-

est during summer and fall, when population density and re-

productive activity are both high, and so pressure td cross

i

lthese gﬂ%ups are large enough, or/acquire~addition—

al réé;ﬁité-at a rapid enough rate to sustain or expand
the’ r numbers, or whether they aré still being eliminated
after a year or two is ifficult to assess. On the other
hand, it wodld only take one pregnant female vole crossing
thé river in summér to introduce 4-6 new individuals into
the population of the other species. Two groups of C.
rutilus, three trapped in_September 1961 and two in May
1974, and three g,lgapgeri trapped in August 1976 (Table 3),
might well be litter-mates. None of the seven aduit female
voles taken on the "wrong" side of the river were pregnant
on capture (or had previously bred, accordingbto autopsy),
however, so Iham unable to éuppdrt either claim. Thus

data from three years of intensive trapping at this sr :1_

portion of the boundary of C. gapperi and C. rutilus ule



Details of all voles caught
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(E)
(E)

" (E)

(Nth)

Table 3. within the range of
the opposite Speéies during the years 1961-76.
(M = male, F = female, OW = overwintered indi-
vidﬁal, J = individual born the same year of
capture; E—= east, W = wesﬁ of Kakisa River).
SPECIES . ~ DATE
& SEX WEIGHT AGE OF LOCATION
NUMBER (GRAMS) CAPTURE
CR369 F 19.5 J 2 Sept 1961 Lady Evoelyn Falls (E)
CR370 M 19.6 J noon " " " "
CR378 . F 17.2 J 3 " " " " "
CR106 M 19.6 J 7 Aug 1965 " "
CG62 F 21.7° OW 24 June 1972 West ‘mouth of Kakisa
CG110 - - OW 10 May 1974 TIady Evelyn Falls(W)
CR32 M 19.5 - oW .27 "  ® 2 km sc;u{ﬁ.pc")»f_{éa'mp.
CR73 F 28.0 Ow? 17 July 1974. Live trap plot(Sth)
CG43 M - 15.0 J 28 Aug " " “ooo
CR115 M 14.5 J 8 Sept " Kakisa bridge (E)
CR12 F 16.0 OW 8 May “1975‘ ‘Kakisa bridge (E)
CcG41 Fv %9.0 Oow 10 June " Kakisa Ford (W)
CG43 M 25.5 ow 17 " " % km W. Kékisa bridge.
CR48 M 22.5 ow 19 " Lady Evelyn Falls(E)
CR64 M 20.0 oW 5 July " Kakisa camp |
CG460 M 18.1 ~J 19 Aug 1976 Kakisa bridge (W
cG519 - M 19.3 J 30 " " " "
cG521 M 17.8 g ovom o "
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not sufficient to resolve these questions.

(3) Confirmationrof Species

During the course of my study at the Kakisa River, I
trapped 232 voles and obtained an additional 11 voles from
Heart Lake and 12 voles from.Fort Pfoviéence. For full details
of individual charécters of each vble, see Appendix 1. I
assigned all :individuals initially to one or other species on
the basis of pelage coloration alone, and was impressed.by t
degree of definition with appeared to exist between the species
at this common boundary.

While I feel a reasonable degree of confidence in my own
visual'identificatioﬁ of individual voles, héwever, I acknowl-
edge that within the geographic range of each species, con-

siderable variation in pelage coloration does exist (Hall and

- Kelson 1959). Bolshakov (1962) also noted a great degreg of

variation in pelage coloration in C. rutilus and_C. glareolus,
and observed that there was a distinct clinal trend in the
variation. Nevertheless, he was able to attribute individual

C. rutilus captured in neighboring territories, to different

éubspecies on the basis of color alone (Bolshakov 1963).

‘Taxonomically, the source of species distinction in

mammals has resided in a few described skull characters. 1In

these two-.species of Clethrionomys, the single most reliable

character of species identification is the condition of the

post-palatal bridge, which is complete in C. gapperi and

incomplete in C. rutilus (Hall and Kelson ibid). Even this

IR RA 'ﬁl‘;‘c’_ ) ,
: o
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characteristic is not absolute in defining the species, how-
ever, since extremely old C. ruitlus or very young C. gapperi
may occasionally display post-palatal features normally éscri—
bed to the other species.

Anothef skull feature which enables a certain degree of
Specific.identification is the shape of tge nasal foramen.
In C. rutilus, the foramen tends to be somewhat "pear-shaped"
as compared to the more "rod-shaped" foramen of C. ﬂasperi,
such that the ratio of length to width of the foramen is lower
for the former than the latter. Since this feature exhibits
a considerable amount of variation in voles of“all ages, the
segregatiéh of the two species is far from complete (Figure
8). Suchyoverlap cannot be ascribed to hybfidization or gen-
etic introgfessibn, since individuals trapped at Béart Lake

;§ﬁd Fort Providence, . some 50 km from the common boundary and

;fthﬁs well within the range of each species, also showed a simi-
lar overlap in nasal foramen dimensions. However, in the few
cases where Speciesridentification was dubious accérding to
pelage coloration or condition of:ﬁhe postlpalatal-bridge,
the iength/width ratio of the nésal foramen proviaed a useful
supplementary measure. Onlyiqfeas of the histogram where
there was less than 10% overlap witﬁ the other species were
accepted for disignation of speciespwhen the other criteria

o

failed, so that the maximum value for C. rutilus was 3.59 and
the minimum value for C. gapperi wa¥ 3.80.

Of_the 232 voles trapped at the Kakisa River, I examined
the skull features of 184 individuals (90 C. gaprezi and 94

. ,’} . .
C. rutilus, as assigned by pelage). Eighty-eight of the 90
&



Figure 8. Distributicn of the ratios of the length/
width of the nasal foramen of specimens of
C. gapperi (hatched area) and C. rutilus

(open area). Four point above histogram =

g@pSEri/*utilus hybrids.
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C. gagéeri possesséd complete post-palatal bridges and 87

of the 94 C. rutilus had incomplete post-palatal bridges.
One of the two aberrant C. gapperi was a Qéry youndg individ-
ual (less than one month o;d) in which the sutures of the
_post-palatal bridge‘had not fused yet; unfortunately, I did
not obtain any ‘nform~‘ion on the nasal forgmen, although the

‘'vole was protably . C. gapperi. The other qués?igngle C.
‘ Ly A
gapperi posse. "rutilus-red" pelage, a post-palatal bri-

. £ 1\
dge that was incomplete on one side and fused ot the other,
’ . \

and nasal foramina which were indeterminate in character.

; LD
Furthermore, this individual was captured in the same aréaqat L e
w . e I
the same time as a confirmed:.C. rutilus individual (on the’ .~
. .QF‘;’,’» .

"wrong" side of the river), so was most probably a hybrid,,
fﬂié\conggntion is further supported by the discovery in the
same area é}fén individual C. gapperi, confirmed by the com-
pleteh%ost—palatal bridge, which also exhibited a "EBtilqureﬂ"
pelage. Thus there were two possible hybrids ébtaihed frog
the Q.kgagggri side of £ﬁe Kakisa River. |

Voles from the C. rutilus side of the river included 7
individuals possessing compmé%e'post;palatal bridges, of which
4 were old individuals (at least 12 mqnth% cld) and so had
probably possessed incomplete bridges éarlier in life. All
4 were ~ertainly "rutilus-red" in appearancévand possessed
nasal foramen ratios that fell within the'g. rutilus range.
Of the other thrée, one vole had the appropriéte red pelage

-and nasal foramen, but the other two possessed indeterminate

foramina. One of these two was a female which, being pregnant
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on capture, subsequently raised a litter of seven. All the
young appeared to be "rutilus-red" and, of the four skulls
which were kept, all possessed incomplete post—palatal bridges,
while two of the four exhlblted indeterminate nasal foramina.
Thus there appeared to be three possible hybrlds in the
population inhabiring the C. rutilus side of the river.
Frustration with the problem of designation of -these,
and Other,xspecies on purely morphological grounds has gen-
erated the recent surge of interest in Eiochemical taxonomy.
Despite development of mare refined techniques, however,

. . ‘ ) . .
characterisation of the species with comprise the -genus

Clethrionomys has remained relatively intractable (Johnson

1968). Canham and Cameron (1972) demonstrated that in the

' viciniry of the Kakisa River, C. gapperi Qh$ nomozygous for
either transferrins M or J, or heterozygoqs for both with
approximately equal frequencies, ‘whereas 98% of the C rutilus .
populatlon was homozygous for transferrln M, and 2% hetero-
zygous for transferrins M and K. ®&lbumin G was found in 90%

of C. ga Eggrl and 6% of C. rutilus$#file albumin P was. found

in the remaining 94% of C. rutilus only, and albumin M in 10%
of C. ga Egg ri. Thus 1t is theoretlcally p0551ble to assign
1nd1v1duals to one or other of tlie two spec1es on the. basis

of transferrlns and albumins alone. - _ o
I only obtained blood Samples from 101 of the 232 véies.

since 'this included snap-trapped ahimals, liveéfrappeqmani;!

mals rhat died during or shortiy after oonfinement, or died

'
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during subsequent breeding trials, before blood could be ob-
tained. Unfortunately, I found a certain amount of variation
in the actual distances migrated by the transferrins. Since
transferrin bands M, K and J are known to migrate distances
of 48, 51 and 53 relative to albumin G distance 100 (Canham
and Cameron ibid), occurrence of a number of individual samples
with one or two bands having migration Yalues ranging frém 45
to 56 meant that I was unable to confirm the idéntity of trans-
ferrins. Also, I coﬁld nqt assume that all heterozygous indi-

duals were most probably C. gaggeri,‘since I found a greater’
frequency of hef@fozygosity in C. ;utilus than Canham and":
Cameron (ibid) noted (4 out of 32 heterozygous, i.e. 13% com-
pared to 2%, or less, pfeviously reported). Thus the tech-
nique of electrophoresis and measurement of migration rates~
of serum proteins does not -appear to bé.a very reliable tool
for assigning individuals to dne species or the other at the
Kakisa River.

The occurrengglof more heterdzygotes'thap expected in

" the population on the C. rutilus side of the river is of great

T T » ) - )
interest. Since frequency of heterozygosity in the C. ruti-

-

lus popuiation north of the common boundary.on the Alaska
highway was as high as 12% (Canham and Cameron ibid), the
"higher value could be due to natural variation within the
éobulation.-.HOWeGer, it could well be that a certain degree

=

of genetic "leakage" may be occurring at the Kakisa River,

RS e 4

. spch,that genes governing heterozygosity inAg. gapperi could
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be appearing in the C. rutilus population. Of the four het-
erozygous C. rutilus-types, two had appropriate pelage. post-
palatal bridge and nasal foramen characters. One individual
had C. rutilus-type pelage and nasal foramen, but possessed
a oompiete post—pelatal bridge, which may indicate hybridiz-
ation.® The fourth vole was C. rutilus-like in all-three
characters, although it was captured on the C. gegggri side
of the river. The display of heterozygosity may hot neces-
sarily be limited to the Fl‘generation, but may indicate the
reoccurrence of characters accuired from the crossing of
spec1es -true types in earlier generatlons; This is supported
by data on relatlve frequencies of xX- élobullns, which differ
‘markedly across the spec1es' range, but are strikingly simi-
lar in both species at theé common boundary (Canham and Cam-
eron ibid).

The four individuals which comprised the single cross-

bred litter raised in captivity present an interesting com-

binatioﬁ of the two‘si:gies' features. The'pelage color—
ation in all four was Qenerally “rutilus- red" on the back
and ears, but the tail was not characterlstlcally orange

or as thick as the rutilus type. The post-palatai\tmtdge

was incompletely formed in all four, a distinctly rutilus-
like featﬁre. Howeverf the serum proteins indicated that

- all four were heterzygous fof transferrins. Dimensions of

the nasal foramen dlstrlbuted the four individuals evéﬁly

from predomlnantly rutilus-like to predomlnantly gapperi

v\.
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like (Figure 8), although no single vole was cleariy indica-
tive of one species or the other. Thus the hybrid voles
appeared to comprise a mixture of the features of the two
species.

The evidence I have presented indicaé;s that 95% of
the voles trapped at the Kakisa River were readily assigned
to one or other of the two species on the ba51§ of pelage
coloration and post—palatal bridge alone. Th;s includes the
seven voles %;apped on the "wrong" side of the ri&er which
were assignedﬂtp species by all three morphological charac-
ters. The remaining 5%, comprising 9 voles, could not be
readily assigned and appeared to include at least five possi-
ble hybrids. If I add to these the one confirmed C. rutilus
from the C. gapperi side of the rlver, as mentloned above,

I end up w1th at . least 6 and poss*bly 10, of the total of
184 voles as’ pos51ble hybr;ds Thos 3-5% of the porulations
either side of the Kakisa Rlver appear to be composed of

- hybrid individuals.

(4) Aspects of Reproductive Isolatlon in Clethrlonomys

(a) Copulatory Behav1or

A summary of my observations of the copulatory bo-
havior of the two species is glven in Table 4. Although
two experlmental se551ons were run,nwhlch would have re-
sulted 1n‘two of each type of possible‘pairing, a female

: ' | | . -’
C. gapperi instead of C. rutilus was mistakénly placed

with a male C. gapperi so tHhat three; C. gapperi x C. gapperi
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Table 4. :Summary of copulatory behavior of voles in
species-true and cross-specific pairings per
8-hour obsecrvation period. All copulations
were observed during the first 4-hour section
of the observation period. No litters were
produced by any of the mated females.

25N , ‘ ‘
&Y, VOLE PAIRS|{ MINUTES MINUTES |MINUTES TOTAL NO.| COPULATION
' ACTIVE ACTIVE TO FIRST| OF COPU~ | FREQUENCY
M P M F | TOGETHER |COPULA- LATIQONS (C/MINUTE)
: TION

C.G. C.G.| 210 110 95 95 9 0.09

C.G. C.G.| 250 165 160 40 32 0.20

C.G. C.G.| 75 120 15 - 0 -

- (}
- P ,

C.R. C.R.| 90 20 15 - 0 -

C.R. C.R.| 155 65 25 - 0 -

C.G. C.R.| 245 60 60 130 15 0.25

C.R. C.G 150 100 40 - 0 -

C.R. C.G.| 115 135 80 15 14 0.18




trialé were run and only one trial of male T. gapperi x
female C. rutilus. Nevertheless, certain information.
emerges from even this low number of trials.

First of all, there is a large amount of variation

in the amount of time that voles were active and the "

amount of time that they spent together. Second, not all’

pairings resulted in copulation; notably, the species-
true pairs of c.- rutilus did hot attempt to copulate at
all durlng elght hours of observatlon. This is not to.
say, of course, that they did not copulate during the
nine-hour overnight period between observations.

For cross-specific pairs, two out of three trials

yielded copulatory behavior, the same as occurred for C.

gapperi x C._gapperi. What is more, frequency of copula- '

tion in the two trial conditions is of 2 same order.

63

35

g

Thus individual voles did not seem to behave any differently

towards the mate as far as reproductive behavior was con-
cerned; regardless of Species.f

I do not feei that this necessarily means that there
is no segregation between these species reproductively.
Certainly, I did not see any difference in éﬁé repertoire
of behavior exhibited by male voles in a%proaching_a

female, nor in the subsequent responses of the female to

_the mating attempts of th . in any of the three types

S
of sgecieS/cGEEIhations where mating was observed. None

" of the mated females produced any litters however, even
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though copulation appeared to be successful. Dewsbury (1975)
has shown that although copulation between two species of

- Peromyscus was possible, differences in actual copulatory

techniques ensured that no successful insemination occurred.
It could well be that segregation in these two species of
Clethrionomys is achieved in a similar manner, although I
have no’evidence to either support or refute such a claim.

(b) Breeding Trials 3
I conducted a total of lOB breeding trials u31ng

adult wild-caught voles during the winter of 1973—4 and
the summers of 1974 and 1975. The breeding success in‘
species~true pairings was 14% and 41% compared with 1% in
cross—épecific pairs (Table 5). The single litter raised

as a result of cross-breeding

etween a male C. rutilus
and a female.g. dgapperi chp sedndhe male and threé females,
and badkicfossing with parehtal stock demonstrated that. at-
least gﬁé male individuaX was fertile when crossed with a
femqlg C. gapperi. ese cross-bred indfviduals‘were some-
whéé»"rutilus—like“‘in external features although skull
features were termediate in éharacter ( see sectign

tlon of Species"). I also noticed that indi--

“on ”Conflxr
viduals in. the hybrld litter were very aggressive toward
one another, phenomenon which Godfrey (1958) noted in

-hybrids produced from inter-racial crossing in C. glareolus;

The low level of spécies-true-breedihg might well be:
a result of stgyss induced by confinement, although one

would naturally expect similar effects in cross-snecific.
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Table 5. Sdmmary of breeding trials conducted in Edmon- .

ton, 1973-4 and at the Kakisa River, Northwest

Territories, 1974 and 1975.

GAPPERT/ RUTILUS/ GAPPERI/
GAPPERI RUTILUS RUTILUS
No. PAIRINGS (P) 14 ' 17 77
No. LITTERS (L) 2 , 7 1
L/P ' 0.14 0.41 : 0.01

No. LITTER SIZES

1 n 0

2 0 0

3 0 0 0

4 1 2 1

5 0 1 0

6 1 1 0

7 0 1 0 4
MEAN LITTER SIZE: 5.0 .4.5 4.0
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breeding. I have observed several wild-caught pregnant fe--
males abort their litters or consume them shortly after giving
birth: thus it seems that cg;tain i.dividuals dg not exhibit
normal reproductive activity.in confinement. Since I did not
provide voles with fresh green food (such as barley sprouts)
in breeding trials during the summers of 1974 and 1975, it is
possible that voles lacked certain nutrients in théir diet

essential for the maintenance of reproductive condition (Bat-

.zli and Pitelka 1971). Another point is that I only caged

voles together for 2 weeks, which might not have been iong

enough for some pairs to breed. A Lur  r point is that
véles are most susceptible tc .acoming prernant again a
few days after giving birth a. since 1 did not have large
enough cages to enable a m lc vole plus é female witn youﬁg
to live in close proximity without severg*fighting, I probf
ably missed the optimum fime for breeding in every case.
Finally, it has been noted that while C. glareolus is an
induced ovulator, pregnancy is easily‘blocked by the ex-

posure of feWales to strange males (Clarke et al.  1970);:

‘perhaps breeding in some female C. gapperi was suppressed

in a similar fashion.

It should not’ be assumed that 100% breeding succeés

is possible in Clethrionomys in the laboratory; Saint 3irons
(1972) demonstrated that reproductive success in laboratory
bred C. glareolus was significantlyvlower than in wild-b-

animals. Grant (1974) found that even when species-true
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pairs of C. gapperi and C. glareolus were set up %3: 
1-12 months, only 50% breeding success was gbtainéd.
Morrison et al.(1976) also only obtained 46% breeding
success with C. rutilus continuously caged together in
breeding pairs in the lgboratory. Reproductive success

of C. gapperi in my own breeding trials was somewhét lower
than that of C. rutilus. Murie an: Di-%kinson (1973) and

I have shown that in captivity gapperi is much more
active than C. rutilus (see section entitled "Behavior
Experimenps"). Such activeness, and possibly aggressive-
ness, in caged C. gapperi could well reduce the repro-
ductive success compared to the less perturbable C. rutilus;

such maternal "aggressiveness has been shown to reduce

litter-raising success in Peromyscus (Savidge 1974). A

similar situation has been observed in C. glareolus, in
which island subspecies were found to be much more docile-
than their mainland counterpérts (Steven 1953, Godfrey
1958).

'No cross-breeding was achieved duringlwinter trials
in Edmonton. Among species-true breeding pairs, however,
a litter was raised from a C. rutilus from Kakisa and one
from Inuvik, which indicates that breeding is possible
across the geographic range of one of the species at least,v
even if it is extremely limitedlbetween'species at the
boundary. ’

Of 118 cross-specific and 53 species—trve breeding

. ..
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trials using voles from litters born to pregnant wild-
caught females, conducted at Heart Lake during the winter
of 1974-5, only one species-true litter was produced. The

overall luck of breeding in these voles was = 'bly due

to a failure to attain sexual maturity beforc .oter came

on. .Ingzpite of providing high-protein chow and increasing

iight a temperature, - onditions were not suffiéiently
controlled to induce breeding. I also noticed that many
of these voles were extremely active, whiéh would make -
them even less-amenab;e'to cagiﬁg and breeding than wild~
.caught voles. There certainly seemed to be a higherwmor~
tality of these voles when they werg in pairs than was

, & 3 ;

seen in any of the other breeding_trials. For these rea-

sons, then, I have not included these figures in the re-

“

sults.

Thus there is very low incidence of cross-breeding

in captivity and, according to my identifications to species,

in the wild. However, it is more important to consider
reproductive isolation in ter~ of gene flow and not in
terms of interbreeding (Bigelow-1965)r as selection will

inhibit gene flow between-&w69§ifféréhtly well~-integrated .

1

gene pools despite interbrggding:v‘Cherefore a small

X, N

amount of cross-breeding between C. gapperi and C. rutilusk
is unlikely to lead to any reduction in specific inéegrity
at the Kakisa River. Even when ghereﬁare no barriers to

dispersal, and overlap of species' ranges occurs, such as

&

ey
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a-

(Nevo and Bar-El 1976) and ln subspeC1es of pocket gopher, RX
‘ . o

' spec;es. That reproductlve 1sc is less developed

. C. gapperi. and Cc. g areolus is reasona

‘(Nadler et al. l§76) On the other hand C. rutllus, hav1ng

69

that found in subspecies of mole rat, Spalax ehrenberqi,

Thomomys taLp01des, (Nevo et gi. 1974), selection aga;nst

hybrids in terms of cytogenetic, ethologic and ecologicai ~ &

y Y .

incompatibilities has resulted in very narrow hybrid zones

and has ensured maintenance of species identity;'

Demonstration of almost complete reproductiwe. com—' 3&
, -

patibility between C. gapperi and C. glareolus (Gr?nt 1974)

would seem to run counter to the arguments above, particu~.
. L
larly con51der1ng that these two spec1es were separated
R Ji

by thousands of‘mlles for many thousands of years (Rausch
1963)./,It could be as-sumed that C. gapperi and C. rutilus,

now in close geographlc prox;mlty and probably separated

for a shorter perlod of tlme than C. gapperi and C. glareolus,

would ea51ly interbreed and,th‘ © ‘egarded as sibling !

',
4 -

e 1f one aCCepts that

U
they have responded to 51mllar env1ro.

tal pressures-Whlle

&

28

geographlcally ssolated in’ Eura51a and North Amerlca, 30

‘»that reproduct;ye 1solatlon would only dﬁyelop by chance

possibly leg}ged from gapperl—g]areolus ancestral stock,

is more ofja tundra+dwelling species than C. gappgri and

C. gapperi ~nd C. réﬁi&us have had more recent‘dontact

than C. gapperi and C. glareolus. ~In xgprt; adaptatlon o -
to dlfferent habitats and ‘a background of geographlc coné’ o

< .
Lot s

X . . .
) . A ———
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.]FK : 2

4 tict have combined to produce a more rapid evolutionary
fiveradonce between C.o gapperi and €. rutilus (Nadler
1by1th,

(5) »orvality of Clothriconemys in the Figld

Ixhave hypothesized that there are differing levels
G mobility 1n the two specics of Clethrionomys which re-
“. | )

!Aagﬁ,in a grfater tendency for the moroe mobile species to
' g

jrate across the Kakisa River. Is there any indication

I
from the live-trap data that mobility is any different

; : : 4
KV;§ betweer. the species? Although the mean distance travelled .

g

between traps by Q.‘gasgeri anpears to be greater than

that cxhibited by C. “ﬁélluQ, Ehe diffcrence is not statis-

tlcally 51gn1f1cant (Tablegp), ﬁecaUSe 6% the paucity ofly, -

data on @ *utllus, however ;@nb cannuc accept or reject

the pqssipility<of§ﬁffferences in the movement of voles
' ’ o SRR S | ,
between traps. Of the seven combina.ions tested (LOW NOS:

'Cg male vs. Cr maleu Cg female vsACr female, Cg male vs.

. Cg female, Cr male vsn Cr female° HIGH NOS- Cg male vs Cg

female~ Cg malée low*Gbk hlgh Cg female low vé hlgh) the  w_

onIy flgures whlch‘sﬁowed 51gn1f1cant dlffErences were be< .

tween low density C: gaQQerl-males ‘and females (t = 2.00,
af = 5£J\p'< 0.05) and C.‘E EEerl males at low and high den-

sities (t = 3.12, df = 46, p < 0.01)." These differences | -

RS ] -
.« agree with findings of other workers that females tend to
* occupy smaller home rahgesbcompared to males (B:owﬂ 1969,

L]
*
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Table 6. Mean inter-trap distances fo: voles captured'on
the east and west sides of the Kakisa River,
l973—5,,segregated according to low (< lO'vo%gs/.ﬁ

'“hecéare), medium (lQ—20~vole§/haw) énd high -
(> 20 voles/ha.) pdpulation densities. ‘NﬁﬁberS“

in parentheses indicate sample size.

> . C. GAPPERI  C. RUTILUS
v P A
MALES a
, LOW DENSITY #6.58 +,4.97 (23) . 30.90 % 6.77 (11)
MEDIUM DENSITY ﬁ&s W+ 4”67 (20) _
el ot - o
"HIGH DENSITY "19.02 +72.85 (25) ' o
. 9 LR ) :‘y‘{“?")
e ‘ R S -
Low DENSITY ~ - . 24.10°F 3. 55 (20) € 20.87 + .92 (10)
e *‘; :._ ) ‘ . - -‘R:.
MEDIUM DENSITY  22.19 .+ 2.49b (18) - S
o g ‘» . , - 4 .
& O . oo A . . - ~ g
HIGH DENSITY .= 18.64 + 2.61 (17) “e <
L Q" | &a )
@ | . 8
5 )
& s ®
o o >



'Mazurklew1cz 1971, Herman 1975, Wells 1976), ghd that as

mopulation density increases, 1nd1v1dual vole movement is
decreased (Andrzejewski 1967, Watts 1970b). -
mobility and the similar proportions of each species in

the populatlon o?g‘ gaother, thefe appears td be little

support for the hypoe esis of unequal migration across the

Kaklsa River. In the next section, I will deal with the
large dlfferences in levels of activity, and other aspects
of behavior, which weri readily apparent in the pen experi—

ments. Whether such differences in activity in the pen

indicate a real difference in the behavior of the two

1

’ Y - .
‘.0 ¥ . . . .

(6) Behavior’ Experiments - ‘ DA o

species in thé wild,. however, “remains open to speculaon.

hid

(a) General'Remarks, o o S

")

Observatlons on 72 male voles in the dlfferent Spe01es

e
pomblnatlonsfand 36 female voles in Spe01es—true combln—

atlons occupled 288 hour EXomrthese observatlons I cal-

)&

:‘ N .
culated distance moved, length of time”active, distance/

. . . ' : &
time ratio and number of wins, losses and neutral outcomes .

to thé encounters for eacn individual (for detdils See ,
o . - Y L ’- LS
Appendix 2). I noticed that there is a high degree of

\individual variat%pn betweenuvoles, with distances covered
\ .

. A B ’

anglng Qrom 22 m to 1722 m,,tlme actlve from 13 mlnutes

to 287 mlnutes and number of encounters ranglng from o to;ﬂn

76 in the 8-hour observatlon perlod
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e As the latter figures indicate, there were fair f.wer
Qﬁ» :
" interactions, especially aggressive encounters, observed

in this study compared to, similar studies of these'soecies
using smaller arenas (Johst l9§7, Grant 1970a, Murie and
Dickinson 1973, Mihok 1976 ). Neutral encounters con-
sisting mainly of ﬁutual avoidance, which Brown (l§64) |
cescribed as a means of reducing aggression between species,
appear to make up the greatest proportion of interactions
observed. Not only»doesaaggreésion seem to be reduced by
an increase in arena size (Poole and Morgan l976),-but it
is also affected by the complex1ty of the arena, i. e. by
the provision of moss, logs, nest-boxes and feeders, such
"that flghtlng and cha51ng are both greatly reduced (Crow—

~

croft and Rowe Lﬁ63) v )

Thus oné his-¥ caught between the problem of unreallstl—

. & . '
;;‘cally high levﬁs of aggress:.on resultlng fro ﬂ

small and 31mple aren& 51Ehatlons, and the pro ‘of too

few encounters due to a_large and complex pen whlch more

‘closely resembles the natural sitpation. °I feel.that I

L3

haye leaned towards the latter. Having allowed for these

N o

problems,; it still seems that aggressive interactions are

-

not comion in these-epecies in the wildhahd are probably,\
| not asaimpongent in populetioﬁ regulation as_suggestec
for other specied of ‘voles-‘r‘(Cthltty 1960, Krebs‘l970): -
7 In the following sectﬁbns, Iwwill examine variodsJ“hﬁli

<

/‘aééects.of the behavior of Clethrionomys gapperi and C.



e

g"‘ . v
74

rutilus.

(b) Brief Description of Clethrionomys Behavior

After introduction to the runway, each vole ran - immedi-

ately into one or other of the two pens, the longest time
taken to enter a pen being two minutes. Initial pen selec-
tion appeared to be entlrely random and within each trg?l,
selectlon~*y first and second voles did not affect choida:
of pen by second and third voles. Once 1n“£he pens,'voles
proceeded to explore actively, moving in a short, jexky'
gait with ears forward and tail ragoéd in ‘an attentive®

manner such as described for Microtus (Clarke 1956Y d%n:

\ -~

the first 30 minutes. or SO, voles were in’ a “hyperaen81t1ve"

Rt »
st&te, and .the sllghtest nOISe or encounter w1th or 51ght

v o J

of, another_vole woyld-send them scurrying for the covet

of ay;oé'or nestbox. At‘this time there was. usually a

&,
jof ”rootlng" in the moss coverlng the pen floor,
by dlgglng ‘with foreﬁﬂﬁgj ‘nasal: 1nvest1gatlon and tunnel-

“ling; such that the whole animal often dlsappeared from _
3 -

view for a perloo of tlme. This facility for burrowing f

.and_hiding from view seemed to be extremely important to

voles in their proéess of "settling down",'and alSO redué@dv

the incidence of encounters, as a vole in a moss pile would
frequently be overlookéd by aﬁother explon;ng vole.
At no time could I drscern any\d;fference in patterns

of behavior in the two Species7 manner® of exploration,
approach, and encounters (including aggression, when it

-



that desaribed by Colvrn (1973) and what Skirrow .(1969)

occurred) were the same as that described by Johst (1967);

-

Skirrow (1969) and Mihok (1976). There was, however, -a

considerable difference in?the quantitative aspect of be- ~'jﬁﬁﬂ
havior (see section on analy51s of act1V1ty levels) Also, R
since I use! ¢ larg(r area than commonly employed in open— §

fleld exper . ment ard observed the voles from a greater
dlstance (about 4 m), I did not see soOme of ‘the more de-
talled aspects of 1nteractlons. Behavioral characters

that I dld not see, but whlch have been described for C

gapperi (Mihok 1976), were the stretch posture (after

, Johst 1b1d),naso—anal 1nvestlgatlon (except in the male-

female palrs of volés in™ the copulatory behav1or trlals),

'ralslng of front paw only*or whole front of body ‘ifter

L %

: Johst 1b1d), groom other vole, huddle with other ‘vole and

',pawbeatlng o% opponent Vocallzlng was 1nfrequent and,

Ny -

\(\,

when rt ‘did occur, 1t ‘was 1mp0551ble to tell Wthh vole

\,.

<hgd emltted the sound thus, although vocallzlng may be

assoc1ated w1th\aggre551on (Turner and Iverson 1973), it

was not 1ncluded 1n the follOW1ng analysrs.
s %

‘ Components of behavgor that I dld seé 1ncluded explor—
ation, escape moves (leaping up at pen walls), sitting e

& ' 5 . .
still, approach, stare, attack,- chase, flee, av01d 1gnore

__other vole, retaliate (aggressrve response of vole to

-~

attack by domlnant), self-groom; \%st bulld\and scent<mark

'(see'hext sectlon) The attack component was. similar to"



76

1
called “lunge“ but also 1nclﬂdod what other termed

"fighting" (Cl&r&e 1956, Krebs 1970% and Colv1n 1973),
simply because fights occurred too 1nfrequen€Ty to warrant
scparaﬁe classification. Chase differed from attack in
that no pbysical contact was made and one vole fled while
the other followed for a considerable dlstance at full

v
speed. Therefore only a g;all number of behavioral com-
ponents were- analysed, since many did not occur sufficiént-
- ly frequently to warrant attention. jOne exception was |
scent—markiné whicH;,although observed relatively infre4‘
duently, rérprobably of considerable importance in the

1nterspec1f1c and lntraSpec1f1c interactions of voles in

the wild. : d‘x

ﬂﬁﬁrklng Behav1or _‘ , L .J@;

i‘c;.éntlon has recently been devoted to olfactory

oommunicat;ony especially scent-marking, in mammals (John—»
son l973), and more particularly in. rodents (Bronson l97l)
Although the specificity of what were or%glnally descrlbed
as mammalian pheromones has been qdéstioned (Beauchamp et
al. 1976 ), there is no doubt that oﬁfactlon plays an-im-
portant role 1n rodent behav1or (Lge 1976, Rlchmond and

Stéhn 1976). "ff:" , : ',

-

.
2

\

The effects of olfactoryistimulation on various aspects

of rodent behavior have ‘been extensively studied in labora-

";ﬁ

tory mice, with respect to aggression (Archer 1968, Ropartz

Al968, Jones and Nowell 1973a), exploratory behavlor-(Jones

Na
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and Nowell l973b and l977) and male/female social behavior
(Dixon and Mackintosn‘l97l, Davies and Bellamy 1974) and,
in Microtus, with renpect to trap response in the field
(BoonStra and Krebs 1976). Very little investigaﬁion of

olfactory»pommunicaﬁion in Clethrionomys has been done,
- A : .

~however. Godfrey (1958) demonstrated that individual

C. glareolus were, ahfg to discriminate between voles fro
vy

their populatlon and *those fromﬁnelghborlng populations by 54

.scent alone. Skirrow (1969) and Skirrow and¢R-san (x976)

f
-

described scent marking in C. gapperi, and Clarke (1956)

obs crved similar behav1or in Micretus Agrestls, but termed

it'”diSplacement digging".” Skirrow (1969) noted that
Clarke's descédption of "displacement digging" in M..
agrestis almost exactly matched that for scent-marking

in M. pennsylvanicus, and so concluded that similar be-

havior in C. ga Egerl also consu;tuted scent—marklng. Johst
(l967) also descrlbed marklng behavior in several Spec1es

of Clethrionomvs, including C. rutilus, but,like Clarke

; p )

regarded it as a form of displacement activity. ~Thus P\\\

scent-marking, and its association with dominance and ,\
. 7 .

»‘ ) . .
aggression, could be of importance in ti. 1inter- and 'int a‘/ ,

- N

1

specific behavior of C. gapperi and C. rutilus (see sectlonf\‘ﬂ#
on index of aggression). >
While I observed scent-marking'by voles at theKakisa
¢ 7 {

‘Rlver, the lnc1dence Wwas much lower than that in C. g Ep

<

in the central part of 1ts range (Sklrrow 1969), 21 of the



-78

72 male voles engaging in scent-marking activity (14 C.
g_gggg; and: seven C. rutlkﬁ s). The greatest number-of
marklngs observed for a szngle vole during an 8-hour
observatlon perlod was 12 w1th C. rutilus exhibiting

a lower frequency of marking than C. gapperi, although

the difference was ﬁot significantly different (C. gapperi
= 1.94 + 0.54,on = 36; C. rutilus = 0.72 i 0.33, n = 36;
t = 1.93, df = 70, p » 0.05). Mihok (1976) also noted
‘that scent—marking was less frequent in C. gapperi 3é>
Heart Lake (50 km east of the Kakisa River)_cdmpared to
' Skirrow's (1969) findings. As in this study, Mihok did
not observe flank-scratching as deecribed by Skirrow

(1969), even Ehough Clethrionomys are knowh”to possess
3 s

flank glands ( uay 1968,f hok 1976)

-

_tthltyuLevels

(d) Analy51&

'%%e‘hlgh degree of 1nd1v1dual varlatlon,

«’

- there are notable dlfferences in levels of activity be-

In splte k

' tween the groups.of voles according to the species com-

binations (Table 7). Using Duncan's multiple range test,
Pag
I calculated significance of differences in act1v1ty gﬁ

‘ the two species in the dgffefEﬂé triplets, for both males

and %emales, accordlng to dlstance moved tlme)actlve and

- l/
"

ratio of distance to time (Table 8). Level of act1v1ty of

-females  is considerably iower‘than that of males, aithough
o X7

; . i o A
sincéactivity is much lower in C. rutilus, in ‘general, the
- }, . - - ” - B ; f .

d

levels are not signifidantly different in the one- species.
e T ’( I o ‘e i N ’ . ‘A . } ' ) ':,:.’,
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in- SpeC1es~true or combined trlals.‘ C. rutilus, on the R
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»
A

These observations agree with the differences in mobility
of voles at low densities in the wild.

2 Examination of mean flgures for dlotance moved and

v

time active for voles in dlfforent spec1es comblnatlons
shows that C. gapp eri activity is reduced in the presence

of C. rutilus, whereas the ackivity of C. rutilus appears

{ - \
to, be 1ncreased somewhat in the presence of C. gapper ,

e

&3

(T able 7). Because of the dlfferent numper of voles w1th1n
cach trial sarq'tm and the greater degree of variance
imh&ch this cauaes, I have combined flgures for the two

interspec1f1c trials .such that three' situations comprising

18 Voles each are compared species—true C. gaEEeri, Specios— %
-

-true C. rutllus and a comblnatloa ofﬂthe twao species (TaBle

8b). From thlS 1t ise eV1dent that activity of male C.

ga Egerl is 51gn1f1cantly lower in the preaence of C. ruti—.

lus than act1V1ty in spec1es ~-true trinls, and that both

'@hese flgyres arefglgnlflcantly greater than C. rutllus'
‘&r el

=

. * &)
other hand does: not show any 51gn1flcant dlfference in

\ -
levels of acthlty elther in Spec1es ~-true or comblned—

i

species trlals. Although there is a good coxrelatlon be-

_tween drstance moved and time active for pooled data on

the two sPec1es (C. gapperi r = '0.89, N.= 36; C rutllus -

r = 0.85, N = 363 p'<.O Ol), there is a large amount of

individual varlatlon in the two measures such that dlstance—

tlme ratios are Less sen31t1ve measures of relatlve actLV1ty

i
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in aifferent trial conditions than distance or time on
their own (Table 8).

There are,tWO further measures of activity in Cleth-
rionomys which I was able to make. The first I obtained
by pooling all encounters (wins, losses and neutral) for
each species in the fourAtrial combinations (Table 9).7 T%f
other measure I made was a calcnlation of mean nuﬁber of
moves between pens for each species in the four trial com-
binations (Table 10). Oncevagain,-thelnumber of encounters
and moves between pens was greatest for male C. ga REE
in g%e01es true comblnatlons bd%h flgures belng approxi-
ﬁ%tely ten tlmesathat “for C. rutilus ift species-true com-~

binations. .Accordlngly, the former figures' were 51gn1f1—y

cantly dlfferent from all the others when tested by Dun-

. can's multlple range test, and even the fewer numbers of

[

encounters - for C. gapperi in 1nterspec1f1c trlals were H
\

51gn1f1cantly greater than those for C. rutllus in spec1es—'

true trials (Table l£). C. gapperi - males exhlblted a

" greater number‘of_moves between pens in species-true than

in mixed-species trials, and, when mixed—sﬁbcies figures

s

are pooled male C. gapper1 exhlblt 81gn1f1cantly more

moves between pens than C. rutllus, regardless of trlal

- condltlons As with other measures of. activity, C. rutl—

lus showed no slgnlflcant dlfference betweenvgroups.

In considering the various measures’of“activity. it

could be ‘construed that many of them were strongly cbrre—
- ﬁ/\ LYY .
” .. (R4 St
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Table 11.

Significance of difforences accor-ling to Dhun-
can's multiple range test between (1) mean
number of encounters per pair of voles and (2)
mean number of moves beotween pens per vole pet
joined

g-hour obscrvation period. Vole clas:es

by a line ave not ditferent at the p<< 0.05
level of significance. (CG = C. qavperi, CR'=
tables (a) include data from all

tables (L)

g. rutilus;
Wwssible combinations of voles,
show pooling of interspecific figures from
trials comprising 2CGlCR and 1CG.CR for encoun-
ters and intraspecific figurcs for moves between

pens).

(I) ENCOUNTERS

(a) 3CR 3CR éRxCR CGxCR 3CG CGxCR CGxCG 3CG
(F) (M) (1CG2CR) (2CGlCR) (F) (1CG2CR) (2CG1CR) (M)
(b) 3CR 3CR CRx<CR CGxCR 3CG CGxCG 3CG
(F) (M) (lCGZCR) (ALL) (F) (2CGlCR) (M)
(2) MOVES BETWEEN PENS
(a) 3CR 3CR .1CR  3CG 2CG 1CG 3CG
(F) (M) (+2CG) (F) (+1CG) (+1CR) (+2CR) (M)
(b) 3CR 3CR 2CR+1CR 3CG 2CG+1CG 3CG
(F) (M) (M) (F) (M)
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lated because they reflected a common causative agent. If
one assumed, for instance, that the movement of an individual
vole was entirely random, and took no account of the presence
of other voles, a correlation between number of encounters
and distance moved, or tiT= active, might well be expected.
Such a correlation does indeed exist. Since distance moved
“and time active are strongly‘cor:elat(?d, however, I applied
a partial correlation, in which «:ther time active of dis-
tance moved isnheld constant, and wds unable to ascribe

the correlation of activity and number of ¢ counters to

either activity variable alone (Table 12).

A more obviogs example of spurious correlatioﬁs is
that obse:ved between distance moved and numbers of moves
between pens. Since the distance bgiween the pens is rela-
tively large, a vole which made many moves between pens
would oﬁigously move gquite a few metres in a 8-hour observé—
tion peri¥®d. Another area where a correlation might be |
expected.??ﬁlee movements were random is'betweén the num-
ber of encounters and the number of moves between pens;
vhowever, no such correlation was found. Thus the number
of encounters per véle is independent of number of moves
between pens.

While it is instructive to.look at the overall activ-
ity of inaividual voles, such figures do not indicate how

much time voles actually spend in each others' presence.
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It is possible, for instapec, that two voles could be
active for the same time period, but by remaining in oppo-
site pons would never meet.  In nearly all trials, fortun-
ately, such a situation did not arise; nevertheless, it is
important to know the dogree of overlap of pairs of voles
as it relates to the number of encounters between Lhose
individuals. Looking at the Eirst.part of this problem,
I‘found a good corrclation between the mean of the indi-
vi.iual number of minutes active for a pair of voles and
the number of minutcé they were acﬁive togothef in the
same pen. Since the minutes active together and overall
activity for the three voles in cach trial were not totally
independent of each other, Spearman's rénk test was used
on the data. and produced signifiéant corrclations for
all four trials (rS: CgCgCg = 0.88, CgCgCr = 0.73, CgCrCr
=0.77, CrCrCr = 0.88; df =vl67 p<C'0.0l). 

How does this relate to the number of encounters? Once
again, because of the interdependence of time active for
individual voles within each trial, I have taken tﬁe mean
value for time active together and numbers of encounters
for each trial for species-true triplets. For th@,intef—
specific trials, I have t&ken each inter- and intraspecific
component of each trial and taken the mean of that figure,
where appropriate, and performed a Pearson correlation‘
test on each group of in£eracting voles. Of the six pos-=

sible groups of voles (CgxCg {3Cgl}., CgxCg [cgcgCr], .CgxCr



v
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89
[qugCr], cgxcCr [egerer], Cerr[@gPrCr], Crxcr [crcreor]),
'only two groups showed a significan§ correlation: CgxCr
Logerer]) (r=0.97, af=4, p<-0.002) and Crxcrlcgcrcer] (r=
0.87, df=4, p< 0.05). £ all .6 pairs of figures from‘
all the trials are pooled, however, a highly-significant
correlation botwéon minutes active together and number og
encounters is obtained (r=0.87, df=34, p<0.00l). Thus
there is a gencral overal!l +orrelation between these two

factors, although it is Jquite varied from trial to trial.

(e) Quantitative Analysis of Ercounters

Hévind‘bbtained a picture of the trends in activity,
I now turn to ﬁhe results of the specific trials. I found
that in spite of the greater number of wins that C. rutilus
sustained over C. dapperi in interspecific trials (104 wins
to 41 losses for 24 interspecific §airs), most intéractions
were too inconclusive to be able to state which voles were
dominant and which were subordiﬁate. Ofii2 interspecific
trials, 11 pairs were classifiable, of which eight pairs
were C. rutilus dominant over C. gapperi and three pairs
were C. gapperi dominant over C. rutilus; and l3.pairs could
not be classified. Dominants were defined on the basié of
which individuals had significantly mofe wins than losses
over their opponents,; as indicated by the chi-squared test
(or Fisher's exact test where numbers were small),

The next test I carried out was to see if there was

a significant difference in the total number of encounters
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between inter— and intraspecific pairs of voles within
cach trial (Wable 13A7). I also tested to see 1if there was
a significant difference in the proportions of cncounters
whiéh comprisca mgtual avoidance compared to wins/losscs
(Table 13B). I had postulated that even if the two species
do not become segregated by direct aqggression, then the
number and/or type of interactions between the species
would differ from that cxhibited within cach species. As
can be secn. from Table 13, however,vthere'is no-evidence
to suggesf that the number qf encounters was reduced (or
increased) between species, or that tho incidence of mutual
avoidance was any different inter- or intraspecifically.
Indced, 'the impression gained from the data is that the
majority of voles simply do not exhibitivory strong segre-
gational bchavior.

Working with the null hypothesis that the proportioné
weald be the same inter- and intraspecifically, I pooled
figures from the four trial combinations, and analysed num- .
bers of mutual avoidancé relative to wins/losses (Table 14).
Statistically significant diff;rences in‘proggxtions of
these two groups of encounters were found in only three
comparisons. The differences shown confirm earlier re-
sults that.g. gapperi is affected by the presence of C.
rutilus, the incidence of mutualiavoidénce being much lower
than that for species-true trials. If the behavioral

strategies of the two species were dissimilar, a difference
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1
Table 13. Pairs ot ﬁale voles vquqinq in sitomificantly
difforent numbers of cncounters (A) and incidence
-of mutual avoidance (B) compared to wins and
lossces, according to interspecific and intra-
_specific encounters. (Data from trials using
2C. garmpera + 1C. rutilus and 1C. garnoeri + 2C.
rutilus, significance cstablishcd by Chi-scuared

test, p< 0.05).

NUMDBERS OF

(A) NIRMBERS OF ENCOUNTERS, E VOLE PAIRS
NUMBERS INTERSPECIFIC E DNULNBERS INTRASPLCIFIC E . 5
NUMBER3 INTERSPECIFIC E<LNUMBERS INTRASPECIFIC E 6
NO DIFFERENCE IN NUMBERS INTER- OR INTRASPECIFIC E 12
VOLEVPAIRS WITH INSUFFICIENT INTERACTIONS 1

; . ‘ “J

(B)INCIDENCE OF MUTUAL AVOIDANCE COMPARED
TO WINS/LOSSES

MUTUAL AVOIDANCE GREATER 1IN INTERSPECIFIC E 1
MUTUAL AVOIDANCE LOWER &N INTERSPECIFIC E 0.

NO DIFFERENCE BETWEEN MUTUAL AVOIDANCE
AND WINS/LOSSES 17

VOLE PAIRS WITH INSUFFICIENT INTERACTIONS 6
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between the two species-true groups would have been expec-
ted, but this was not so. mainly because of the low number
of encounters which C. rutilus exporienced. A difference
is evident between C. gapperi in species-true trials and
rutilus/xrut '.j_encountgrs in the gapporA/rutilus rutilus
trials, however. The only conclusions LI can tentatively
draw from theée data are that C. gapperi appear to exhibit
a greater freguency of mutual avoidance in their encounterg
than C. rutilus, and that when the overall activity of C.
gapperi is depressed by the presence of C. rutilus, a
greater proporfion of encounters 18 composed of wins/
losses. In a sense, then, depression in activity of C.
' gapperi could be regarded aé a form of avoidance behavior
in response to C. rutilus and’when encounters do occur,

fight or flight are the only alternatives.

(£) Index of Aggression

In the preceding section, 1 aualysea encounters simply
on the basis of wins, losses and mutual avoidance;- 1 also
noted that, compared to the behavioral observations ofvothers,
the frequency of Qvertly aggressive acts was very low, such
that dominance cov ! ¢. .Y be ascribed to about one third
of the male voles. ~iace aggressibn is made up of moré
components than just fighting, it is useful to considef
other, less obvious, aggressive acts and, by using these

behavioral characters together, to produce some cumulative



measure, o: index, of aggression.  Othe o owor kers have

used various approaches t«‘w Jdescribe the ' havioral compon-
ents that make up g ression. Hoaley (1907) used the cotal
of threats and chases to measure aqgrossion in Porlomyvsous,
while Kiebs (1970) used attacks per anproach in Microtus.
Turner and Iverson (‘1‘,\73) used mutual uprvights, threats,
fights and vocalizations to desoribo ;‘m indox of aggression,
and also weightod the acts (l(éCOLdiIlq to frequency of occur-
rence. Working with C_‘_ gappori, Mihok (19790 vecegnised
soven bohavioral charactors associated with aggression and
defined an index of dominance accorvding to those and other
factors. '

Scent-marking, although relatively infrequent, appeared
to be a characteristic of dominant voles. I found scent-
marking more often amond dominant and intcrmediate voles,
i.e. those wh;ch werce dominant to at least one other vole
in a triplet, than among subordinate ;oles (14 out of 22

i
compared to 2 out of 14), with few of the unclassifiable

voles marking (six out of 35); Thus, while the oc¢currence

of scent-marking in Clethrionomys may be associated with
dominance, it cannot, on its own, be used as a measure of
individual status within a heirarchy. .

Of nine characters possibly associated with aggression
(stare, approach, attack, chase, flee, avoid, ignore, move
to other pen and scent-mark), I found only four that were

strongly associated with dominance and aggressiveness.
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When ¢ sted by a Chi-squared test, the numbers of acts dis-
played by .iominant voies compai i to subwodinate voles were
significantly greater than thatc expect. i ir “he characters
were not  ssociated with.oi:dividual statu: L Chi -squared
values: approach - 40.36, attack = 12.5" ch-se = 108.98,
scent-mark = 15.6; p<0.001l in all cases). The relative fre-
quency of each aggressive act in each volcﬁpair per trial was
then subjected to discriminant fun_-tion analysis and the mean

discriminant function for each of the four factors calculated.:
N

\

I determined the index of aggression for each,vole by muiti—
plying the number of occurrences of each aggressive act by its
discriminant function and summing the four resultant values;
Thus each vole had two indices of aggression, one for each
set of interactions’ with the other two voles in the triplet.
I grouped the indices of aggression for individuais
from each species combination in the behavior triqls, and -
found that these valles varied significantly (F ='3.73,
af = 7, 136, p<0.01l). Wwhile therg-was'a Efend from maxi-
mum aggression in C. garperi to a minimum in C. futilds ;
(Table 15). only pairs of C. gapperi in species:trué trials
were significantly more aggressive than other. pairs accord-
ing to Duncans' multiple range test. Howéver, wﬁen aggres-—
sion indices of the four possible pairs were pooled,‘I
found that not only was C. caooeri'considerably more aggrés—
sive than C. rutilus in species-true trials but, in inter-

specific trials, aggressiveness of the former was decreased



Table 15.
TRIAL

TRIPLET-

3CG

2CGICR

2CG1CR

1CG2CR

3CR

CR vs CG 2.21 + 1.03 (12)'}

. 36

Mean index of aggression (4 S.EV) for intoer-

and antraspecitfic encounters between C. gavperi

and Joorutilus according to the four trial
triplets, as Jderaved from discriminant function
analysis of aggressive acts.  ~Numbers in paren-

theses indicate sample size.

VOLE PAIR MEAN INDEX OF AGGRESSION

CG vs CG 5.19 (36)

|+
o
}_.4
No)

4.75 + 0.96 (48)

" 1.68 + 0.49 (12)
CR vs _R 1.28 + 0.55 (12)
.19 (48)

" 0.50 + 0.16 (36)

153+ 0.51+(24)

1.95 + 0.56 (24)
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while that of the latter was increased (Table 15). These
figures are similar to those obtained from inter-trial com-
parisons of levels of activity and numbers of encounters
(Tables 7, 9 and 10). Furthermore, the indiées of agres-
sion for interspecific encounters indicate that ncither
species 1is significantly more aggressi?e towards the other.
Although the difference is not statistically significént,
intraspeéific éggression appears to be greater than iﬁter—
specific aggression in C. gapperi iﬁ 2CG1CR trials, while
in C. rutilus both inter-~ and intraspecific aggression are
approximately equal in 2CGlCR and 1CG2CR trials.

Once again it coﬁld be.construed that the index of
aggression simply reflects the different level of activity
of each species; a éooling of data from all trials cer-
tainly shows a strong correlation between number of minutes
voles spent together and mean index of-aggr%§sion of the
interacting voles (r = 0.577, df = 70, p< 0.00l). Since
C. gapperi had high scores for aggression and minutes to-
gether, and C. rutilus had low scores for the same factors,
a strong correlation between the two factors is hardly sur-
prising. When tested in separate trial groups, however,
only two of the six triél conditigns appear to be corre-
lated (CG x. CG: CGCGCG r = 0.01l, df = 16, p>0.1; CGCGCR
r = 0.521, df = 4, p» 0.1; CG x CR: CGCGCR r = 0.699, df

= 10, pL0.02; CGCRCR r = 0.712, df = 10, p<.0.0l; CR x CR:

CGCRCR r = 0.736, df = 4, p>0.05; CRCRCR r = 0.307 df = .6,



/ 98
N

p>0.1). 1Thus I would say that index of aggression is,

at best, only weakly correlated with activity and that the
differences In aggression in the different trials are not
un-iuly biased by differen i in activity.  Although Lager-
spoetz (1069).and Hoaloy (1967) obsecrved that more active
animals tended to be more aggrcséive, LKrebs (1970) found
no correlation betwoon the two.

Since values of discriminant functions for the four
agjressive acts were derived from confirmed dominant and
subordinate voloé, it would scem reasonable that unclassi-
fied pairs of voles which displayed a similar difference
in their respective discriminant functions could also be
assigned as dominant or subordinate animdls. Althdugh
there was a considerable overlap of discriminant functions
in the dominant gréup, all subord%nate voles were clustered
at the low end of thé\scale and‘I‘was able to select a
minimum value for dominants and a maximum value for sub;
ordinates which segregated 95% of known voles with which
to scparate the unknowns. Six pairs of C. gapperi and one
pair of C. rutilus from species-true trials were assigned,
while only two more pairs of voles from intérspecific trials
were assigned, one with C. gapperi dominant to C. rutilus
and one g;gg versa. Thus no great differences in'dominance
rolationsvwére exposed by taking into aécount Several com-
ponents of éggresssion instead of merely wins and losses,

and 38 ~f the 72 pairs of voles remain unclassified, whic
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further supports my contention that neithor species has a-
i I ;

s&rong competitive advantage over the othoer in oncountorsﬁ
(g) Wounding Data

Several studies have indicated an association between
the levels of wounding and aggraessive behavior in small
mammals, which may in turn be a function of donsiﬁy (Clarke
1956, Rowe ot al. 1964, Christian 1971) or scason (Lidicker
1973, Turner and Iverson 1973). >MNore rocehtly, Rose and
Gaines (1976) have obsoerdAthét sex, body weight, recpro-
ductive condition and season all have an cffect on patterns
of wounding in two symvatric species of Microtus. Thus it

would seem worthwhile to make an examination of the wounding

data on the two speciecs of Clothgiénomys.

I examined the skins of 78 g; gapperi and 85 C. rutilus,
including 80 of the 108 animals used in behavior trials, and
tallied thé number of bites sustained by ecach individual.
Although subordinate voles appeared to Have a greater num-
ber of bhites than dominants, the difference was not sta-
tistically significant (dominants = 9.48 + 2.92, subordin-
ates = 16.73 + 4.32, t = 1.44, 4df = 34, p>0.1). Many of‘
the wounds were obviously old (and so'were most likely re-
ceived prior to capture), bﬁt it is not possible to be
certain when many of the wounds were inflicted, some prob-
ably being: sustained during the behavior trials and some
afterwards when the voles were placed in breeding pairs.’
Therefore no correlation between raﬁk and wounding is to be

i

?
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expected.

The mean number of bites for C. gapperi was 10.23 +
1.55 (n = 78) and for C. rutilus was 6.91 + 1.56 (n = 85),
which tends to support the noti.n that C. rutilus is the
les:s aggressive of the two species; the difference, how-
ever, is not statistically significant (t = 1.51, df = 161,
p>0.1). Since females are generally acknowledged to be
less aggressive than males (except possibly when pregnant)
I then considered the two sexes separately. C. gapperi
males had a mean of il.29 + 1.98 bites (n = 48) and females

had 8.53 + 2.50 bites (n'= 30); C. rutilus males had 6.52 4

1.84 bites (n=48) and females had 7.41 + 2.72 bites (n=27).

Once again, although the trend is apparent for C. gapperi

males to have sustained more bites than females, and g;
gagéeri more bites than C. rutilus, none of tHe figures'
are statistically significant aécording to the t-test
(C. g. males versus C. g. females: t = 0.87, df = 76,
p>0.1, C. r. males versus C. r. females: t = 0.28, df =
83, p>0.1, C. g. males versus C. E.‘malés:vt = 1.76, df
= 94, p>0.05, C. g. females versus C. r. females: t =
0.30, 4f = 65, p>0.1).

As already méntioned, level of wounding has been cor-
related with pppulation density, so I have further broken
down the daﬁa ipto groups accordiﬁg to whether the voles
came from the increase, peak or decline phases of the popu- -

lation (Table 16). Unfortunateiy, by the time the data are
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Table 16. Mean (+ S.E.) number of wounds sustained by C.
gaggeri and C. rutilus according to autopsy data
on voles from the increase, peak and decline
phases of the population. Numbers in parentheses
indicate sample size.

MALES FEMALES MALES AND
FEMALES
&
CG 3.8 +.1.8 2.7 + 1.0 3.5 + 1.3
(14) (6) (20)
INCREASE -
CR 0.7+ 0.6 0.5 + 1.0 0.6 + 0.9
(16) (12) (28)
CG 19.2 + 3.5 14.0 + 5.5 17.1 + 3.0
(18) (12) (30)
PEAK
CR 9.5 + 4.0 8.4 + 6.5 9.0 + 3.5
(15) (10) (25)
CG 8.9 + 3.2 6.0 + 2.5 7.7 + 2.1
(16) (12) (28)
DECLINE
| CR 9.4 i 3.5 12.3 + 4.9 10.8 + 2.9
(17) (15) (32)
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subdldivided again to sex, the Samploé bocome so small and
the amount of within-group variation so large that thore
is no significant difference between any ot the groups, as
indicated by Duncan’'s nultiple range test. If the data
for males and females are pooled for cach species in cach
population bhase, however, some’ signific.at differences do
bocome apparent. According to Duncan's multiple range
teét, C. gapperi from the peak population had significantly
moroe wouﬁds than those from either increase dr decline
populations, while C. rétilus had significantly fewer wounds
in the increase phase than in the other population phases.
The lack of statigtical significance 1n many of these
data ié aggravated by the fact that gach category contains
a variable proportion of animals with no bites, thereby
reducing the degree of difference in the mean bite numbers
as contributed by.individuals with differing numbers of
bites.blBoCause of this fact, I decided.to classify voles
info three groups according to the éeverity of wounding

Figurce 9). Inter-group comparisons of the numbers of voles

c ~urring in eaéh wounding class were made by Chi-squared
tost (Tar . 17). As can be seen, C. ruéilus in all phases
of the L “ation tended to have a greater proportiqn-of
individuc’ nwo bites than C. gapperi. Wounding sever-—
“ity increo - o ly iﬁ C. gapperi from the ingréase to
the ;eék pi.- S°o ‘hen returned to the pré—peak level in

C. ~iti. 3, wounding increased in a

the declir - ph



Figure 9. Numbars of C. gapperi (light stippling) and
C. rutilus (hecavy stippling) occurring 1in
each wounding class during the incycasc,
pcak and decline phases of the population.
= 1-19

. Wounding classes: 1 = no wounds, 2

wounds, 3 = 20 wounds or more.

W
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S similar fashion, albeit at a much lower level of ngority,
but did not return to the pre-peak level.in the decline
phnﬁn, such that a significant difference remained between
the increasce ahd decline wounding figures.

Thus the observation of a lower incidence of wounding
inug. rutilus than C. gapperi appears to e generally con-
firmed. ‘The higher lovels of wounding, both in mcan num-—
bors of bites andlproportion of scverely-wounded animals,
during the pecak phase than at othcf phases of the population
could be attributed to a preponderance of agéressivo indi-
_viduals in the population (Chifty 1967, Krebs 1970). How-
ever, I found no correlation between number of wounds and
index of aggression for individual voles (r = 0.024, t =
0.18, df = 55, p>0.1). It is possible that increased
wounding was achieved siﬁply by the increased frequency of
encounters with other individua!s, rather than an increase
in aggressiveness per se (Clarke 1955, Archer 1970, Chris-
ﬁian 1971). Considering that gensities at peak populations
in this area are still far below those found furtherAsouth
(Krebs and Myers 1974), I feel that wounding data here
probably reflect an increaséd frequency of encounters |
rather than an incrcase iﬁ aggressiVeness, or proportion
of aggressive animals in the population. The iack of cor-
relation between numbers of wounds and genotype (see seé—

tiomon effects of genotype on behavior) tends to support

Ehis,argument.
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(h) Effects of Genotype and Population Phase on Behavior

If aggressive behavior is involved in the regulation
of population size in small mammals (Chitty 1967), species
that exhibit periodic fluctuations in numbers should show
parallel fluctuations in behavior. Chitty (1960) also pro-
posed that a decrease in the fitness of individuals at the
peak phaée of a population cycle could bring about a de-
cline in that populati - »n. A denetic basis to these possible
regulatory agents has been hypothesized (Krebs et al. 1973)
and although support for this)idea.has been reported for cer-
- tain populations (Myers and Krebs 1971, Myers 1974), the.con—
“nection between genotype and behavior cannot always beﬂmade
(Krebs 1970, Blackwell and Ramsey 1972, Garten 1976).( In
laboratory populations, where conditions can be carefully
controlled, the effects genotype (Abeelen 1966, Gervais
1976);'prior experience (Henderson 1967), maturation
(Christian l97l),\or a combination of these factors (Lager-
spetz 1969) on individual behaviorihave certainly been
demonstrated. Thus it is important to know if such changes
were apparent in my trials‘at the kakisa River, and whether
they affected the outcomé of the inter- and intraspecific
behavior.

The véles I used in behav;or trlals came from popula-
tions born in l973 1974 and 1975 so that individuals
from increase, peak and decline phases of the pOpula»;on,

as defined by Krebs and Myers (1974), were included. Num-
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bers of voles born in each phase were as follows; in-
crease 3 C. rutilus, peak: 22 C. gapperi + 15 S. rutilus,
decline; 14 C. gapperi + 18 C. rutilus. . Since there were
but three voles from the increase phase of thé population,
I considered individualé from the other two phascs only.
Animals born into the peak phase appeared to exhibit.
slightly higher levels of activity in'terms of distance
moved, minutes active & numbers of encountcrs per 8-~hour
activity period, but the difference was not significant
according to t-tests applied.’ Peak'énd decline phase
animals were also found to exhibit no significant differ-
ences in index of aggression (C. gapperi: peak = 4.31 +
1.40, decline = 2.67 + 0.94, t = 0.86, df‘; 34, p>0.1;

C. rutilus: peak = 1.53 + 0.49, decline = 0.90 + 0.25,

t = 1.20, df = 31, p>0.1).

If should be noted that a‘few animals used in behavior
trials during tﬁe peak vyear (l974)hwere overwintered animals
born in 1973, and So were increase p ase members, whereas
young-of-the—year were peak phase w~mders. A number of
voles used~during the aecline year (1975) were oVerwintefed

animals born into the peak phase df the population, i.e.
duri;g iate'summer‘l974. Since most of the wild voles.

in the peak population died during the winter of 1974-5,
the small pértion that survived into the summer of 1975,

arid which formed the -bulk of behavior trial anim;lslin

1975, was presumably a particular remnant of the peak pop-
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ulatio:., In other words, having survived the seloction
pressures of Cthe post—pmﬂ{" period, these individuals are
probably not typical of peak phase animals.  Tf this is
50, t‘pon the lack of significant diffoerences 1 obsorved in
activity and aggression beotweon voles from difforent popu-
lation phases does not necessarily conflict with tho‘find—
ings of Krebs and others.

ng stated that the effect of population phasce 1is
proba mot operative in this instancul then, of what con-

sequence 1is genotype as indicated by homo- and heterozygos—

itybin trénsferrins, on individual behavior? Sinc the inci-
dencce of transferrin hetecrozydgosity in C. rutifLs populations
is relatively low (Canham and Camcron 1972), and ncting that
.ctivity and cncounters were too few to obscrve significant
differences within members of this specics, I have confined
my attention to aata on C. gapperi. Unfortunately, I only
obtained sera from 29 of the 35 C. gappecri used in bechavior
trials (16 homozygous, 13 heterozygous), but, in spite of
‘the small sample, I found some interestingizesul%s.

First of all, for those individuals for which both
serum and hierarchy information was available, there are
insufficient data to show any dominance advantage of one
genotype over the other (dominants: 4 homo + 1 hetero:
intermediates: "1 homo + 1 hetero; sulrdinates: 2 homo
+ 2 hetero). I then pooled indices of aggfossion for the

two genotypes, and found no difference in levels of aggres-—
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sion (homo = 4,93 + 1.88, hotero = 3,006 + 0094, t = 0.83,
df = 27, p>0.1). llowever, when T looked at numbevrs of

wins, losses and noutral cencounters and levels of activity
of the two geonotypes, I tfound that there was a signiticant
o

difference in provortions of eoncounters (\-Ji':x;%/'los:so:’:/nyutral:
homo = 193/1.18/227, hetoro = 85/7158/1806, Chi—“:f[uaz‘nd = 23,76,
Jdf = 2, p<;0.0015, although no signiticant Jditrforences wore
apparent in mean Jdistance moved and mean minuates active
(giistancw moved:  homo = 902 4 175, hotero = 714 + 80O, t =
0.94, Jdf = 27, p\:O.l; minutes active: homo = 163 + 19,

hetero = 157 + 12, t = 0,25, df = 27, poO.L). Thus there
appecars to be a tendency for homozygous voloes Lo win more
cncountors thgn hetevooygous vo;ms, which 1s consistent

with the hypothesis that homozygotes are the more aggressive
type (Myers and Krebs 1971, Krebs et al. 1973, Myors 1974,
although other moasures.of aggressicn and activityldo nct
support this.

Taking sera data from Z. gapperi according to which
vear they were born in, whether used in behavior trials or
nct, I found no significant difference in numbers of indi-
viduals which were homozygous or heterozygous for transfer-

~insg (1973: homo = 8, hetero = 7: 1974: homo = 15, hetero

8, hetero = 12; Chi—squared = 0.66, df

i

= 16; 1975; homo
= 2, p>0.1). Admittedly, the sample size is small, yet it
indicates no trend towards homozygotcs in the peak and

heterozygotes in the decline phases of the population, as
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suggested by others (Canham 1909, Tamarin and aebs 1969
aftd 1973, Galnes and Krebs 1971). If 1 regroup they figures
and pool threo years' data according to age, there is a

- v

suggestion.of a Jdiftference in proportions among young-of-

the-year (overwintored: hemo = 22, het o ro = 21 young-of-
the-vear: homo = 9, hetero = 1L4), although the difference
1s still not ctatistically significant (Chi-scuared = 0.38,

df = 1, p>0.1).

Although I have Jdealt with the wounding data more fully
in another section, I have pooled all the information here
on the number of bites sustained for the two genotyp: of
C. gapprri. As with the activity data, there 1s no siganifi-

cant difference between the two groups for mean number of

bites (homd = 11.2 + 2.5, hetero = 11.9 + 2.7- t = 0.19,

df = 56, gy)O_i), or between numbers of woles 1in the three
wounding classes (homo/hetero: 0O wounds - 11/11, moderate
wounding = 8/l3,»scveré woundiné = 8/8; Chi=squared ; 0.78,
df = 2, p>0.1). (Those findings are contrary té what one
would expect 1if oné genotype were more aggressive than the
thér. |

From the'forogoing considerations, tlen, I do not feel
that population phase has influenced the ﬁrials suf: -.ontly
to -ffect the comparisén of the behavior of the two species.
Wnile there is some suggestion from my data that genic heu-

erozygosity does affect aggressiveness in Clethrionomys,

numbers of each genbtype were sufficiently dispersed among
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the différent trial conditions ta ensure fhatfvéry little
bias.would result. Also, by confining my behavioral ob-
servations to the summer months, I was utilizing only re-
productlvely active individuals, so that I avoided the
plOble of decreased aggression aSSOClath with non- repro-

ductive periods of the year {Turner and Iverson 1973).

(i) Radio Teclecmetry Study
Between 4 January and 11 June 1975, a total of 24

Clethrionomys, comprising 8 male and 5 female C. gapperi and

7‘male and 4 female C. rutilus,.were i..::oduced into the
radio—tracking enéiosure. Of these 24 voles, only five.
were tracked with any degree of success since, even with
prior acclhnatﬂan in the iaboratory, many voiles died from
thermal shock only hours after the commencément of tracking.
Other tracking trials failed because of faulty transmitters
and, in a few instances, because the vole managed to slip
out of ﬁhe‘radio collar. Due to'é malfﬁnction in the radio -
receiver system, I was\unéble to track two voles simultan-
eouéiy, so I did not obtain any data on the interaction of
the two species under an undisturbed snow layer in winter.

I was able to collect some information on the agtivity
patterns of the five voles menéioned above, howéver, and
those data are included in the section on circadian and
short-term rhythms (g.v.). pu

During the course of the radio telemetry study I ex-
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perienced difficulty in recapturing certain individuals
after they had Eeen releaéed into the enclosure. Ten voles
were récaptured within 3 days of the traps bélng.set at the
perimeter of the ehclosure, but two C. rutilus males and
one g.bgaggeri male were not recaptured until 54, 42 and’
22 days respectively after being introduced into the en-
closure. The 54-day C. rutilus male was recaptured with

a feméle g; gapperi, and the 22-day C. gapperi male was
recaptured with a female C. rutilus. Both the females

had been introduced (at different times) into the enclosure
some while after the maies, when I had assumed that the
other voles had died. There is evidence that during the'
winter Q, gapperi tend to huddle as a means of increasing
the efficiency bf thermoregulation (Friesen 1972, Stebbins
1972, Herman 1975), and thus there would be a corresponding
decrease in intraspecific aggression. ié is interestiné to
note, therefore, that two species which normally exhibit a
high degree of mugual avoidance in summer should be found

occupying the same trap 'in winter.

(J) Circadian and Short-Term Activity Rhythms

"Small mammals are known to exhibit circadian rhythms,

and the genus Clethrionomys is no exception to this rule.
Red-backed voles are generally assumed to be diurnal ani-
mals (Brown 1956), yet have been shown to display poly-

- phasic diel activity with peaks of activity around dawn
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and dusk (Miller 1955, Buchalczyk 1964, Karulin et al. 1973).
The interval between the periods of activity in small mam-
mals car vary from 2 to 5 hours, Qith the duration of the
activity period in C. glareolus reported to range fram 0.75
to 2.5 hours (Kikkawa 1964) and 3.5 to 5.9 hours (Karulin

et al. 1973). It has also been fecognised, however, that
circadian rhythms vary acco;ding to the-season, in response
to change in photoperiod (Erkinaro l96£\{ or latitude
(Stebbins 1974), or both (Erkinaro 1972, Stebbins 1972).

What infofmation can I derive from my data regarding short-

term activity periods and circadian rhythms in Clethrionomys,

and to what extent are the behavioral experiments affected
by seasonal shifts in circadian rhythms?

. Although I was unable to obtain any information on
species interactions durihg the Winter by means of the
radio teleﬁetry s?stem at Heart Lake, I did gather somé
data on the act. ity of individual voles. The data cover
an 8-week period from early February to early Apfil, 1975,
dﬁring which time the snow depth varied frém 48 am to 64 cm
and subnivean temperatures ranged between -9°C and -4%¢c.

In other words, the subnivean environment was relatively
stable with little va;iatibn in temperature and a sufficient
depth of snow to prevent light peneﬁratidn (Evernden and
Fuller 1972). 1Individual voles wefe tracked for the life-
time of the transmittér battery, whigh was generally 4 days,

although one battery lasted only 3 days and another lasted

¢ i
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for 2. Activity over a 24-hour cycle was calculatoed from
the mean number of 15 minute periods in each hour in which
movement of an individual was noted, averaged over the
number of Jdays that it was tracked (Figure 10),.

The first thing that is tmnodiately apparent is the
polyphasic ndturo of vole activity; with no strong trend
towards diﬁrnal or nogturnal peaks.  These data contrast
with the findings of Stobbins (1968), who claimed that C.

ADVDeri are nocturnal in winter, and Friesen (1972) and
llerman (1975) who maintained that they are dlurﬁgl. The
discrepancy prbbably ariscs from the fact that Sé&bbins'
only winter obsorvationg at Ieart Lake wera during Novem~—
ber and Decenber, before sufficient snow had accumulated
to bring about light oxtinction; thus photoperiod could
still act as a zeitgeber (Aschoff 1960). During late win-
ter and spring,'Herman.a975) showed that C. gangeri tcended
to revert to nocturnal and crepuscular activity once more,
the normal pattern of activity during summér, which Ffiesen
(1972) and Stebbins (l972)ialso found.

The single activity trace for C. rutilus appears to
follow the same polyphasic trend as that in C. gaEEefi,
which agrees with Stebbins (1972), and suggests a basic
similérity in activity rhythms of the two species. When
the individual activity patterns for C. gapperi arevpleed,
a strikingly regular pattern of peak$ of activity at 4-

hour -intervals emerges, as has been found in other winter

Lo
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Figurc 10. Individual activity patterns for 4 C.-gapperi

and 1 C. rutilus based on mean number of 15-
minute periods active per hour over the 4 day
tracking period, and pooled activity for C.
gappgri as revealed by radio-tracking at Heart

Lake, winter 1975. .
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data from Illcart Lakes(Frieson 1972, Herman 1975).

1 conducted all observations on behavior of C. gapperi
and C. rutilus between 1lst June and 24th August. Since
these obscrvations were only composed of two 4-hour periods
for the individuals concerned, it is difficult to relate
them to. circadian rhythms; I have represented the éctivity
Shythms for C. gappefi'and C. rutilus over the summer in

six time periods of 15-16 days as a mean of the cumulative

individual figuros, according to minutes active (Figure 11)
and distance moved (Figurce 12). In calculating t se

figures, I have not accounted for the proportions . 2
different combinations of the two specics involved

six time periods, alﬁhough I recognise that such ‘comb. -

ations affect the activity of the individuals concerned.
L "\‘ .
Thus the differences in levels of activity between Bime

\

periods should not be d@elt upon, oxéept_to say that activ-

ity appéars to be lower in late summer than early summer,
\\

possibly as a result of the decline in reproductive actiVity
4 ) \
in the populations. \ k

The most notable feature in both figures is the way
in which both species display similar fluctuations of
activity in each time period, with C. rutilus continually

exhibiting a lower level of activity than C. gapperi. I
' !
should point out, of course, that activity during the even-

ing observation period can scarcely be regarded as normal,

\ .



Figure 11.

Mcan number of minutes active per 15 minute
periQd for .C. gapperi (soiid line) and C.
rutilus (doﬁted line) according to time of
year when obscrvétions were conducted.

Data compiled from activity of males and
females. Numbers in parentheses indicate

sample size.
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Figure 12.

Mean distance moved in metres per 15 minute
period for C. gapperi (solid line) and C.

rutilus (dotted line) according to time of

year when observations were conducted. Data

compiled from activity of males and females.

Numbers in paréntheses indicate sample size.
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since voles, freshly introduced into a new onvironmenﬁ,
were all in an excited state and were spending the firsﬁ
hour or two exploring. After this large peak of activity,
most voles settled down to a lower level of activity, one
which I presume approxima;ed more closely their normal
. activity level. |

" The levels of activity observed the following morning
were lower than those of the evening session in all periods,
except for C. gapperi in early June. In terms of minutes
active, the reduction in activity for all other periods
ranged from 55% to 25% of the previous evening's level; and
in all periods the reduction in activity was significantly
greater (Chi-square, p<0.025) in C. rutilus than it was in
C. gapperi. The same reductiéﬁ was found for the distance
moved by C. rutilus, thus lending further support to the
hypothesis that C. gapperi is thg more "cmotional" of Ehe
two species and seemed to settle down'in confinement less
readily than C. rutilus.

Iﬁ is difficult to detect any definite peaks of short-

" term activity in any of the graphs. ndeed, it would be
surpri~ing if they were detectable, since the 4-hour obserF
vation p=sriod might at best coincide with two such peaks or,
more likely, oniy a single peak. Other studies have indi-

cated that maximal peaks of summer activity in Clethrionomys

occur between dusk and dawn (Miller 1955, Friesen 1972,

Stebbins 1972, Herman 1975), although the study by Buch-
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aleoyk (1904) suggested strong nocturnal ac civity during
Audgqust, but no Jdiurnal/nocturnal preterence in July or Sept-
cmboer. At no time did my observations cover the time be-
twoen sunset and sunrico, divect observaticons not being
possible at such tim coursae, hencae no poaks oflmnximal
activity wore seon.

considering these factors, 1 feel that the seasonal
shift of activity, waich 1s likely occuring during the
summer period whon my obsorvations wore made, was not suf-
ficiowély groat to projucdice the outcome of th~ trials using
different comblnations of voles. Althouagh the onset of
light and dark neriods is known to be involved in the com-
mencement and cossation of peaks of activity (Erkinaro 1972,
Friesen 1972, lorman 1975, Lenmann 1976), the occur nee of
smaller bursts of activity and resting appear to alternate
morc or less regularly, regardless of seasoh. 1f one‘ig—
nores such major peaks in Friesen's data, for instance, a
more or less rcgular scatter of minor peaks at any time of

the year may be seen, much as the peaks of activity appear

o to be distributed in my own data (Figures 11 and 12).

)

One should be extremely careful not to consider short-

| .

term and circadian rhythms in complete isolation from each
other, however, sinlce there is evidence to show that the
latter is indeed based on the former (Stebbins 1975, Leh-

mann 1976).
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The concopt f allopatry and sympatry, as they re-
Jate to distribution of speocies, can bo readily onvisaged.
One can casily understand doyolopmont and perpoetuation of
distinct spcecies 1n inétancos of geographic iSol@tion.
Furthoerro, when range ovﬁrLap ;S obsc;vod batween two
closely related specics, closer examination ‘often reveals
niche chroqatioa basad on allocation of tcmporal; spatial
Or resourco compongnts. The  dynamics of parapatry, on
the otlier hand, are much more difficult to conceptualize.
what factors influcnce the contiguity of two species such
that range extension and overlap arovscgmingly obviated?
Inguiries of thié nature arec often frustratgd: sadly, the
gaze of the inguirer must be restricted to but a brief
moment in time. Any view of specios distribution must
take 1into accounﬁ the temporal component of speciation.
?his study revolves arouna the problem of parapatry, 1illus-
trated in this instance by two closely related species,

Clethrionomys gapperi and C. rutilus. On the basis of my

investigations of their present status, and with due re-
gard to aspects of their past history, I have attempted to
charé?ferize this parapatric.relationship.

One of the first things I was able to discover was
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that g.wqanuori and C. ‘rutilus are not only capable of
croéSinthhd Kakisa River, but have been deing so for at
least sixteen years, and probably much longér. Contrary
to expoctations, there is no evidence to Suggost that mi-
gration is more freoquent in one divection than the otheg,
cven thongh pen studies indicated a much higher level of
activity in C. gapneri. My obscrvations of different
levels of activity of the two species agree with the find-
ings of Murie and Dickinson (1973), who also suggested
that low activity levels in €. rutilus could be an adap-
tation for roducing cnergy oxpenditure which would place
them at an incraasing~compctitive advantage to C. gapperi
along a latitudinal gradient northword. Howovcr,uthe
greater distance covered by'g!‘gaopori in thovpens did not
appcar to be matched by a grecato: distance moved on the
livo—trap plot. It coula be that this higher level of
cactivity of C. gaoperi was mofely an artifact of the experi-
mental'siﬁuation, but if so, why was C. rutilus not affoctéd
in a similar way? Even under such cohditions of artifici-
ality., then, there appears‘to be a discernible difference
in the bchaviocral constitution of the two species.
An interesting aspect of behavioralAinteractions of
these species is that the relatively docile é. rutilus was
more frecuently dominant over the more aggressive C. gapperi

‘in interspecific encounters, and restricted the movement of
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the latter. Getz (1962) observed a similar situation in

Microtus pennsylvanicus, which was subordinate to the less

éggressive M. ochrogaster. It has been suggested that

competition between these two species of Microtus has been
the main factor limiting the disﬁribution of the two
species (Findley 1954). However, Findley indicated that
bptimal‘habitat was different for each species, so that |
each could occupy a variety of habitats in allopatry, but
in sympatry thé two species were restricted to their opti-

mal habitats, thus reducing direct competition. A similar

Situation(z%pears to exist between M. pennsvlvanicus and
M. montanu! (Douglass 1976). C. gapperi and Microtus

pennsylvanicus have been found to exhibit almost total habi-

tat segreéation (Clough 1964, Morris 1969), although of

‘greater interest was the fact that M. pennsylvanicus tended

to restrict the movement of C. gapperi in aspen stands more .

than C. gapperi restricted M. pennsylvanicus in grassland
(Morris_igig). Restriction of movement of‘one Speciés by
another not énly limits the range of habitats which either
species might occupy, but also affects their survivai when
they do occur in sympatry (Caldwell 1964, “Sadleir 1965).
Inyestigations of altitudinal zonation in chipmunks
(Eutamias species) have shown £hat interSpecifié aggression
and habitat preferences serve to‘reduce species overlap to

a minimum (Brown 1971, Sheppard 1971, Heller 1971). Inter—.
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estingly enougll, it has been suggosted that aggression

hos been selected for in two species, E. alpinus and E.
amoenus, but not in E. minimus becausc aggrossive inter-

actions in the extreme environment of the hot sagoebrush
decort in which the latter lives are not feasible for
motabélic reasons (lleller 1971, lieller and CGates 1971).
It may'woll be that the low level of aggression obsorved
in C. rutilus could have becen Sélectod for during its
oxposure to a more extreme cnvironment in the past. Un-

fortunately, there is no study of which I am aware in which

the metabolism of these two species of Clothrionomys has

been compared, even though the possibility of a physiologi-
cal difference potween Q. rutilus and C. gapveri has been
suggested (fuller.l969, Murie and Dickinson 1973). DNatur-
ally enough, it is much casier to detect disﬁinct differ-
ences.over short distances where altitudinal change is
‘concerned than in my own study,area, where there is:no sﬁch
zonation of vegetation bf climate. .

My data do not provide any evidence for'preferentialq?
traversihg.of the river during summer or winter, even
though it might appear that crossing would be facilitated
by a frozen surface. Thé impetgs.to migrate is not equal
at all times ofithe year, of course, as it is during peri-

ods of high population density and when young voles are

dispersing}ffom their natal sites that migration is most
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likely (Lidicker 1975, Krebs et al. 1976, Hilborn and
Krebs, 1976). A restriction of jJuvenile access to tggﬁs

by adult C. gapperi during the summer months was observed
by Watts (1970b), which suggested that adults promdte ju:\\
venile dispersal and migration. bispersal would tend to

be highést during the breedihg season (Turner and Iverson

1973), when aggression is highest. Iverson and Turner

(1972) also showed that during the fall, a ﬁumber of C. gap-
Eg;i_migrated.iﬁto suboptimal grassland habitat normally occu-
pied by Microtus and were able to coexist fﬂrough winter under-
neath .the snow. Thus migratory tendencies are probably great-
est in the summer and fall when the river 1is still open, and |
are probably reduced in winter when the river is frozen. And-
rzejewski and WrocX¥awek (1962) observed that resident C. glar-
eolus tended to fill vacaﬁt Spaceé in an area and migradﬁs
Toved on, while Kozakiewicz (1976) noted such vacant‘spaces

were filled by migrants, which differed gualitatively from

residents. It séems likely that'invading members of either
species woula tend to be composed. of subordinate, non-
breed;ng, non-territorial individuals, which would be the

- least fit‘tyﬁé fbf"colonising-a new area; especially when
that area is alreadyboccupied by a more numerous species
having very similar needs (Narise 1965).

Any indication of the optimal time of year for river

crossing could eesily be masked by breeding within each
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group of voles already established 1in the range of the
other species.  Captures of two OT three same-aged indi-
viduals in the same place and timei suggesting that they
may well be littermatés born in the range of the other
species, may bo an ihdirect sign of breeding. However, no

pregnant females of either species have been trapped in

the range of the other. while there is littlemdirect evi-
dence of breeding by invading voles, thevpresence of a num-
ber of individuals displaying intermediate specific charac-

ters suggests that hybridization is occurring.

A high degree of variation in pelage coloration is

known for different species of Clethrionomys. My own ob-

servations of museum specilmens collected from other parts

of the ranges of the two species in northwestern Canada

are consistent with these findiﬁgs; Seasonal variation for
ahy given individual may also be expected. However at the
Kakisa-River‘they appeared remarkably 'distinctive. On the
basis of paiage coloration alone, I was able to distinguish
over 99% of the specimens captured, while in island and |
mainland SQESpecies of C. glareolus, which differ in size,
distinction by coat color is not possible (Delaney aod Bish-
op 1960). Identification of a representative'sample of C.
gapperi “and C. rutilus was confirmed by laboratory avaluation
of the post-palatal bridge (Hall and Kelson 1959) and the len-

gth/Width ratio of the nasal foramen. Specimens for which iden-

tification by pelage coloration was some wha t dubious .were
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confirmed in the same manner. Thus it would 'seem that

there is reasonable segregation of the species on pelage
charécteristicsAaloné. Bolshakov (19635 came to a simi-

lar conclusion aftér analysing the pelage coloration of
specimens of ‘C. rutilus and C. glareolus from the Preuralia-
Kiznersk r~gion of Udmurt A.S.S.R., where both species

were found in the same habitat (Bolshakov 1962), iﬂ mﬁch

the same way as C. gapperi and C. rutilus are found in

the Heart Lake area (Fuller 1969, Dyke 1971). 1In spite

.‘of_possible overlap in pelége characteristics, then, the

species appear to have remained relatively distinct.

vFrom the geographical evidence; is it pdssible to
ascribe a time Sequence to the eveﬁts that led to the éep—
aration. of C. gapperi and C. rutilus.gnd their subsequent
re-expansion to their presént §istribution?
The northern red-backed vole was first recognised as
a holarctic species by Coues (1877) and was nahéd EVotomxs‘
rutilus. -Merriam (18885 regarded the North Amesrican form

as a distinct species from its Eurasian counterpart and

named it Evotomys dawsoni. The name Clethrionomys was

given to the erstwhile Evotomys by Palmer (1928), after

which five subspecies of the new Clethrionomys dawsoni were

recognised by Orr (1945), as well as a new species_from St.
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i)

Lawrence Island, C. albiventer., Rausch (1950) considered
that, on the basis of similarity of skulls and extensive
overlap of pelage coloration, C. dawsoni, C. albiventer

and the Furasian C. rutilus warranted inclusion in a single

species, C. rutilus, diffcérentiated into subspecices cither
side of the Bering Straits and on St. Lawrcence Island.

n
Manning (1956) reduced the five described North American
subspeciecs of C. rutilus to ;wo, C. xr. dawsoni and C.. r.
‘washﬁurni, and also described a new subspecies, C. r. platy-
cephalus, from Tuktoyaktuk, Northwest Territories, which
bore a closcr resemblence to Eurasian subspecies of C.
rutilus than to the other North,Aﬁericaﬁ subspecies. A
similar history .of naming and renaming'has characterised
C. gagéeri, although the species from the southern Méc‘

Kt

zie area has persisted to the present day as C. g. athc

0

cae, as designéted by Preble (1908). It should be remem-
bered, however, that‘thisﬁsubspecies is but one.roéresen—
tative of a highly polytypic species. The checkered
career of the taxonomic status of these Spécies, then, be-
lies their close morphological éimilérf%y, which is also
born out by their close chromosomal affinities (Rausch
and Rausch 1975, Nadler et al. 1976). ’
Rand (1944) recognised and described C. gapperi and\ i

C. rutilus from within 40 miles of each other along the

Alaska Highway, and 'was in no doubt that his specimens

e
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were strictly assignable to one or other of the two species.
Recently, Fulle% (1969 ) showed that these species are para-
patric at the Kakisa River. Macpherson (1965) also recog-
nised C. gapperi and C. rutilus as distinct species. How-
ever, Bee and Hall (i956), on the basis of Tappﬁélogicél
similarity, considered Q: gapperi and C. rgtilus to be
conspecific, a view most recently upheld by Youngman (1975).
More recently, Bee considered that conspecific status for'
C. gapperi and C. rutilus is less plausible (pers. comm. in
Nadler et al. 1976). |

With regard to the subSpecies\gé C._rutilus, C. r.

platvcephalus and C. r. washburni are thodght‘to represent

.

relict populations which have become subspeciated from the
main C. rutilus stock during the Wisconsin glacial period
~in a pair of isolated refugia (Manﬁing 1956). Manheréon
(1965) regards both subspecigs of C. rutilus as ha&ing
oriéinatéd from a common north,Beripgian‘ancestor. BoL—
shakov and Schwartz (1963) noted a striking.similarity bé—;
tween'Siberian'Specimens of C. rutilus from the Yamal
Peninsula and C. r. washburni, lending further support to
the theory of a common ancestor; however; tﬂe evidence
could also be iﬁterpreted as morphological coﬁ;ergence in
the subSpecies. Manning also suggested an alt@rnati?e for

the origin of C. r. Elatycephalus, by accidental introduc-

tion from Siberia via whaling’Vessels which called at
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Tuktoyaktuk. lowever, at present there is a general con-
sensus that subspecies of C. rutilus arose during the Wisf
consin glaciél period; If this is true, then the specia-
tion of C. rutilus and C. gapperi could well be ascribed
to an earlier, possibly giacial, period (Holland 1958,
Macpherson 1965).

Further clues to the ancestry and past distributions
of species of Clethrionomysvmay be gained from other species.
which experienced the same glacial history. Rand: (1954) views

Microtus pennsvlvanicus and M. Oeconomus as having bcen simi-

larly separated during the Wisconsin glacial period which,

unlike Clethrionomys have established broad overlap in

ranges sincé the breakdown of geographic barriers, although
they appear to be ecologically isolated (Cameron 1952). Cor-
bet (1961) commented that Microtus species tend to be far

more efficiént post-glacial colonizers than Clethrionomys

since, as grassland species they Would be more adept at in-
vading tundra areas newly-formed by the retreating icehsheets.
This observation is supported by Good (1966), who calculated

‘that M. oeconomus invaded new terrain 30 years after deglaci-

ation, whilebg. rutilus did not invade until 100 years'after.

This slower rate of range extension in Clethfionomys during
' post-glacial times has meant that C. gagéeri and C. rutilus
have not YEt become ecolcgically isolaﬁed. Steven (1955) came
to the same conclusion regérding the non—pverlép of ranges

in C._glareolus and C. rutilus in northern ~:ndinavia, and
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thought that the northward distribution of C. glarcolus was,
like that of C. gapperi, limited by competition with C. rutilus
'rather than by environmental factors. C. rufocanus, on the other

hand, while overlapping the ranges of both C. glareolus and C.

rutilus, is a much larger vole than other Clethrioncmvs spe-—
cies and appears to occupy quite different habitat from, and
thus competes little with, the parapatric pair (Steven ibid).

Both pairs of species of Microtus and Clethrionomys

are known to carry distinct species of fleas (Holland 1958).

‘Holland noticed, however, that in their areas of overlap,

M. Eennsvlvanicus were sometimes found to be infested with
a flea speccies normally associated with M. oeconomus. C.

rutilus was found to carry a flea lalaracus penicilliger

dissimilis throughout its ronge in North America (Holland
ibid); the same spgcies of flea has been discqvered_on

C. rutilus from Kamchatka (Ioff andlScaﬂpn 1954). InAthe
northern part of its range, C. gapperi is infested with

M. p. athabaséae,-although the differences between this
flea and the C. rutilus flea are marked enocugh for Holland
to consider them distinct species. An abparent lack of
divergence of the Asian and North American subspecies of
C. rutilus 1is evidenéed by their common species of flea;
by'comparison, much greatervdifferepce in the flea compli-

ment of the North American species of Clethrionomys is

known. The pattern of distribution of their fleas sug-

gests, therefore, that these species of_Clethfionomys be-
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came speciagéd before the Wisconsin glacial period. It
is interesting to note, however, that less host-specific

species of fleas do exist, such as Catallagia dacenkoi,

which has been cbll¢cted frém C. rutilus in easterzzAsia
(as subspecies C. d. ioff), C. gapperi and C. rutilus in
Nortﬁ America (as subspecies C. d. fulleri) and even from
Microtus species (Holland ggig).

In the light of the ecological aspects of the present;
day status of thesebspecies, what can be learnt from the

paieontological record? Fossil remains of Clethrionomys

have been collected from early middle-Pleisthene (?Kansan)
deposits in China (Kurtén 1968) and northeastérn Siberia
(Sher 197lx while remains from Illinoian deposits in the lat-
ter region have been ascribed to C, rutilus, on the basis of

present distribution (Vangengeim 1961). The earliest record

of Clethfionpmys from North America is of C._gapperi-tvpe re-
mains from deposits of probable Illinoian ap in Marylad (Guilday
1971). C.gar i has also been reported from Wisconsin deposits
in Pennsylvanla 'Hibbard 1558) and other late Pleistocene
cave deposits ;n Tennessee, Illinois and Missouri (Guilday

et al. 1969). However, the earliest record of C. rutilus-
type remains from North America is that of Harington (1977),
who described Spéciﬁéns ﬁrom late Pleistocene irterglacial

(?Sangamon) deposits near Old Crow, Yukon Territory. The

only other report of Clethrionomys remains from sedimentary
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deposits in castern Beringia is that of Repenning ot al.
(1964), from the Tofty fauna, Alaska, which is probably of

postglacial age.

It should be oted, however, that no method 1s presently
availablGTESr Soparatiﬁg C. rutilus from C. gapperi and C.
glarcolus on the basis of skeletal remains alone, s0 that spe-
cies assignment has been madé purely on the basis of present-
day distribqtions. ‘Even the differing skull fecaturcs of post-
'palatél bridge and nasal foramen cannot be uscd in most species
identification, és the only remains that most workers have®
found ha&e been dentaries (Harington 1977). Thus comments on
the dispersal history of red-backed vales are highly speculative.

From the fossil cvidence, then, it is apparent that Cleth-
rionomys originated in BEurope, probably in late Pliocenc time,
i.e. more than two million years ago (Harington 1977). if
the ancestral form of the genus had an acrocentric male sex
chromosome it may first have differentiated into a large C.

rufocanus—like form and a smaller form assumed to be C.

glarecolus—like, in that most early fossils. originate

from parts of Eurasia that fall within the Qgesent—day

range of that species. While this form was probably wides
vSpread in the temperate forests of Eurasia 500,000 years
ago, the northeriy C. rutilus-type was not evident until
175,000 years BP, that is, aﬁ the beginning‘of the Illinoian
glaciation. This'suggests that the latter form diverged

from the former, and then spread to liorth America by 100,000
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years BP. Since C. gapperi-type remains are also known

from Illinoian deposits in midwestern U.S.A., Clethrionomys

had obviously reached North America during or prior to the
Illinoian glaciatioun. Thus it is possiblé that C. rutilus
and C. gapperi diverged from ancestral stock during ecarly
Illinoian time, then became separated by the Illinoian

. glacial period, which LAsted from about 175,000 to 100,000

years BP (Hopkins 1967). Contact between theseg;sblates
may have been established during the Sangamon interglacial,
which lasted.from approximately 100,000 to 50,000 yeérs LP,
and then again between the Wisconsin glacial maxima arodnd
30,000 years BP, when an ice-free corridor was briéfly re—“
established. It is impossible to say whether or not a
significant amount of overlap and geniq introgression
occurred during these periods of contact, but it seems
likely that by the beéinning of the Wisconsin glacial,
there were already two reasodﬁ%ly yell—definéd speciéé.'
Grant ﬂl9¢iL while acknowledging that his figure was
conservative, suggested a period of only 10000 years for
" separation of C. gapperi and C. glareolus. But if the close-
ly related subspecies of C. rutilus on St. Lawrence Isiand
and mainlénd Aiaska have been separated for at least 12,000
years, as Rausch and Rausch (1575) claim on the basis of:

sea-level history in Beringia (Hopkins 1973), a consider-

ably longer period of separation is more likely. Thus, ten-

-
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tative dates for scparation between C. gapperi, C. glare-

“olus and C. rutilus range from 30,000 to 200,000 years.

sPerhaps even these figures are too consecrvative, since

Nadler et al. (1976), 1in postulating the existcnce of a

trans-Beringian forest-dwelling C. gappecri/glarcolus an-

censtral form, envicaged a holarctic distribution of

Clothrionomys about 600,000 years ago, from which C. ruti-

.
ius was subscquently derived.

llow do these estimates of the length of isolation com;
pare with those calculated for other species of Clethrion——
omys? The situation concerning the British subspecies of
C. dlareolus is quite fully documented because of the
‘rather complete knowledge of the recent_glacial histofy of
Britain and iﬁs satellite islands. On this basis, Steven.
(1953) suggested a period of separation of 7,000 to 9,000
years for offéhore island and main>island subspecies;. Camer-
én (1965) agreed with this assessment, but‘Corbet (1961) was
of the opinion that subspecies on of fshore islands arose from
individuals introduced by man as recently as 2,000vyears ago
f:ém the main island. Corbet considered that the large‘dif—
ference in,morphological'characterS'(Stevén 1953) and repro-

ductive strategy (Jewell 1966) of subspecies on small islands

resulted from the founder effect. Since C. gapperi Z.
v - us are both mainland forms, however, their situation

total v comparable with the above.
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It is also interesting to note that cC. g. brltannlcus
from Britain and C. g. glarecolus from the European main-
‘land have becen distinguished on the basis of a few trivialH
characters (llinton 1926) and most likely do not cven
warrant subspecific status (Corbet 1964), even though they
have been separated for as long as the subspecies on of f-
shore islands have been Separated from Britain proper. The
proeduction of hybrids from these two forms of C. glarcolus
in the laboratory (Rauschert 1963), therefore, is not |
surprising.

A number of attempts have been made to cross-breed

other species and subspecies of Clethrionomys. As noted

earlier, Steyen (1953) and Godfrey (1958) demonstrated
that all five British subspecies of C. glareolus were
interfertile in the laboratory, and that all .the hybrids
were also fertile, Spannhof (1960) and Zimmermann (1965)
successfully cross-bred C. glareolus X €. rutilus, although
the male hybrids were found to he sterile.‘ Sterility was
also found with male hybrids of C. glareolus X C. frater
oroduced in captivity (Zimmerman 1_96 5). Zimmer-

N

mann (ibid.) also attempted cr0551ngs between C. gapperi X

'C. glareolus and C. gapperi X G rutilus, but failed'to ob-

tain any progeny. Grant (1974) found that Cross-specific

breeding was as frequent as Species-true breeding between

the North American vole, C. gapperi, and the European vole,
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C. glarcolus. Littef sizes were not significantly differ-
ent, survivorship of hybrids was no less than that for
species-true C. gapperi litters;fhowéver, attempts to pro-
duce F2 progeny failed. Thus these species, while separ-
ated by ﬁhousands of miles today, appear to exhibit a lower
level éf reproductive isolation, than that found between
C. gapperi and C. r.cilus. My own attempts at crass—breedr
ing between C. gapperi and C.. rutilus resulted-in but a |
single litter. All resultant offSpriﬁq appéared to be
abnormally aggressive; Godfrey (1958) Qbserved similar
aggressiveness in hybrids of C. glareolus subspecies. Sin-
ce high levgls of aggression aftect breeding success (Lager-
spetz 1969) and longevity (Christian "1971) in voles, one

.

may infer reduced fitness, and therefore selection against,

rd

hybridization in Clethrionomys. However, prolonged exposure

of the two populations at the Kakisa River to a certain amount

of genetic introgression is no reasoﬁ fbr assuming that spe~

cific definition is being;lost. | :
Wh}le Clethrionomys species have been shownvto_pos—

a) .
sess thé same diploid number %f chromcsomes (56), two

“karyotypic groups ‘have been distinguish: i ov  he form of

the male sex chromosome (Rausch and Rau:ch 1$73). The

form of the male sex chromosome is acrocentric in .

C. rufocanus, g.‘occidéntalis and C. gapperi, and meta-

centric in C. glareolus and C. rutilus.. Thus the Asian
s \ '
J

o
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C. rutilus mikado and North American C. r. dawsoni and C.

r. albiventer appeared to have indistinguishable karyo-

types, whereas the form of the Y-chromosome differentiated
betwcen C. rutilus and (. gapperi in North America.
A more variable number of chromoéomes has becen noted

in different species of lMicrotus. In the European M.

agrestis and North American M. pennsylvanicus, which are
thought to have experienced‘ﬁhe same iéngth of isolation
as C. glareolus énd C. gapperi, the same chromosome number
of 52 has been found (Matthey 1956)( altﬁough some differ-
ences were noted in the heterosomes. M. occonomus, on the
other hand, was found to have 58-60 chromosomesv(Matthey

ibid.), which would permit reproductive isolation\from

M. pennsylvanicus in North America. Isolation is further

enhanced, in spite of the considerable overlap of rangeé
(foungman 1975), by different habits of the two Species
(Cameron 1952).

On the basis of daté from breeding trials, Grant (1974)
considered C. glareolus an@’g. gapperi to be Semiigécies,

in the terms of Mayr (1963); that is, they exhibit some of

" the characteristics of separaté species and some of thé

characteristics of subspecies. Some workers consider C.

gapperi and C. rutilus to be conspecific (Bee and Hall

1956, Youngman 1975). On the basis.of the available

evidence for reproductive isolation and the definite evi-
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dence for differences in the‘lGVels of activity of the
two species, I do not believe that such a conclusion
is warranted.

Other isoléting‘mochanisms between the two species
do not scem, on the face of it, to be well developed.
For example, I was able to demonstrafé no differences 'in
the general reperseiré of behavioral characters between
the:two species,a'This is consistent with the finaings
of Johst (1967) who:noted stereotypic patterns of aggres-—

sive behavior in several species of Clethrionomys. How-

évef, species recognition:may involve more subtle nuances
of behavior, in which olfactory communication may be im-
portant% given the cheice, wvoles tend to select mates

from their own:kind father than from another'speéies
(Rauschert 1963) or race (Godfrey'l9585. A similar situ- .
ation appears to be prevalent in two closely related

species of Peromyscus which, although able to cross-breed

in the labgratiyry, seem to avoid crossing in the wild

(Moore 1965\). I5was:éer£ainly able to demonstraﬁe‘an altér—:
ation in levéls‘?f activity be?ween interspeciﬁ}c and
intraspecific trials, which indicated that species recog-

nition was occurring, and mutual avoidance, a low-intensity

form of competitive exclusion, was achieved.

Potential isolating mechanisms may also involve struc-
ture ana function. Latitudinal variation of these attributes

may be expected within and between species. An example of
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physiological variation in C. gapperi is cvident in differ-
ing litter sizes,. where southern Alberta populations have
fewer young per litter (Skirrow 1969) than northern popu-
lations (this study). A similar pattern of latitudinal
variation in litter sizes was evident for C. rutilus popu-
lations from the Mackenzie belta (Martell 1975) as com-
pared to populations from the southern boundary of its
rangé (this stUdY). Qa the other hand, my data indicate

no difference iﬁ litter size of the two species at the
cbmmon boundary of their raﬁges which suggests con&ergence
under the~influence'gf similar environmental constraints,
.Variation in external and craniéi characﬁers of these
»specles also exhibité clinal patterns (Bee and Hall 1956).

A similar clinal change.in morphological characters has
been observed 'in subspecies oflg. glareolﬁs,from France

to northern Britain (Corbet 1964). Althoug® roportions

of the different transferrins and albumins appeared to
remain distinct wiﬁhin éach species, biochemical conver-

- gence of «K-globulins was demonstrated in C. gapperi and

C. rutilus (Canhém and Cdmeron 1972).

Thus it appears that morphological and physiological
specializations do not noticeably cdntributé towards iso-
;atidn of the two species. Morphological convérgence
does not necessarily require Qenetic convergence, of course.

Morphological convergence accompanied by genetic divergence
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has heen documented in two species of prairie dogs,

Cvnomys gunnisoni and C. leucurus (Pizzimenti 1976a,1976Db)
whose ranges have come into congact relativély recently.
Although hybridization was originally suspected, it was
not demonstrated (Pizzimenti ibid.). Genetic divergence
has also been demonstrated in pocket gophers (Geomys spp;{
presumably -as a result of isolation of disjunct populations
prior to the Wisconsin glacial period (Penney and Zimmer-—
mahn 1976), in much the same way as probably occurred in
C. gapperi and C. rutilus. Thus there is no reason to
assume that the genetic attributes of C. gapperi and C.
rutilus are necessarily similar in all respects at their
common border simply because they appear to have converged
.morphologically. |

In the preceding pages, I have atfempted to outline

some aspects of the speciation process in Clethrionomys and,

more particularly, to assess the_present status of C. gap-
peri and C. rutilus. Unﬁil relatively recently, the study
of parapatry and evolutionary procésses at species' borders
has been largely ignored, ¢ *“he occurrence of such phen-
omena herely regarded as anomalous evénts. ' Raven (1976), ih
an excellent review of the present status of systematics at
the populationrlexe%ﬁ maintained that the attention of most

biologists has all too fregquently focused on the study of
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discrete units in nature., and the assigning ef names to
them, in the process of which much useful information on
evolutionary, genetic, or ecological principles that govern
population dynamics may have.been lost. Furthermore, the
nature of species is so variable fhat their use in various
kinds of models in populatien biology may not always be
Justified. | |

To be sure, it is e nhatural tendency for investigators
to play safe and seek out bredicteble situations in well-
defined species. -The problems of indistinctness at Species
borders, complexity of gene flow between two supposcdly-
isolated populatlons and how to detect hybrids in border
zones combine to frustrate the researchers' attempts atv
"pigeon-holing". -Yet it is in these very zones ‘where the
blugring ef specific identity is taking place that research
should be direeted if the processes involved in speciation
are to be elucidated. Thus the situation of parapatry in
species, while restricted in time and Space compared to the
status of single species, is not so much an anomaly but
rather a normal adaptive functioﬁ of populations.

Having ackhowledged the inherent difficulty of working
in such parapatric situations, then, how do I perceive these

species of Clethzlonomys as hav1ng arrived at their present

situaticon? Considering the five Species C. gapperi, C. ruti-

us, C. glarcolus, C. rufocanus and C. occidentalis, there

are four general models that could explain their speciation

1 B . | //i
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history. The first model ié that all five species diverged
at the same point in time from an ancestral type and became
progressively isolatod;fthis is unlikely on the basis of
present-day geographic distributions and the differing de-
grées of isolation suggeéted by their karyotypic patterns.
The sccond modei is that C. rutilus diverged from the
ancestral form in Burasia; the ancestral form then spread
and invaded North Amorica,.became separated from tﬁc Eur-

asian group and the two groups subsequently diverged to form

C. gapperi and C. occidentalis in North America, and C.

glarcolus and C. rufocanus in Eurasia. During a later
period, when the Bering land bridge was open once more C.
rutilus, which had meanwhile been limited to northern Eur-
ésia, invaded NogthiAmérica and has since established con-
tact with C. gapperi. The relative ease with &@ich cross-
breeding has been achieved between C. gapperi ané €. glare-
olus (Grant 1974) supports such a model, but the chromosomal
affinities in these Spegies and the need for two major waves
of invasion from Eurasia make it less credible.

The third model is that the ancestral form,;a C. glare-
olus-type that arose in Eurasia, diverged into C. glareolus
énd C. rutilus. The latter spread to North America during

" the Illinoian, or possibly an earlier glaqia;ﬁperiod, and
became isolated from Eurasian stock which separated into C.

glareolus and C. rufocanus. Meanwhile, the C. rutilus—form—

in North America was separated into three geographically
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isolated populations during the next glacial period(s),

evolving into C. occidentalis, C. gapperi and C. rutilus,

and have since cxpanded to their present positions. This
scheme fits well with present-day distributional patterns,
requiring only one major invasion of North America by an
earlier form, and ascribing the origin of the genus to a C.

glarcolus-type, which paleontological evidence tends to

support. Also,

C. gapperi and
St e
glarcolus and

Qo

XL - »4 - . . 1 .
ViOl g.ﬂgappgrl,‘whlch could be taken

to indicate

possessing an acrocentric Y-chromosome, diverged from the
metacentric C. glarcolus; likewise “he acrocentrically-

endowed C. occidentalis and C. gapperi arc supposcd to have

diverged from the metacentric C. rutilus. The occurrence
of" two identical mutations among these Species in two sep-
arate continents seems rather unlikely. .

The final model; depicted below, is that representatives
of the ancestral C. glareolus-type séread to NorﬁhhAméfica
where they became geographically isolated and gradually di-
verged to form C. gapperi. The Eurasian group then developed
a metacentric Y—éhromosome before diverging to form C. QLEE‘
eolus, a forest-dwelling species, and C. rutilus, a predom-
vinantly tundra-dwelling species. Meahwhile, the ranges of

the North American form may have been subdivided during a
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subscquent advance of the ice, which led to the development

of C. gapperi and C. occidentalis as separate species. Fin-

‘ally, C. rutilus may have invaded Notth America as late as
the Wisconsin advance. The chromoscmal affinities of C.

‘ gla;éolus and C. rutilus as against C. gapperi and C. occi-
dontalié {Rausch énd Rausch 1975) tend to éupport this model,

although it requires two invasions of North America.

C. rufo- C. glar- C. ruti- C. ruti- Cc. gap- C. occi-
¢ canus eolus lus. lus peri dentalis

Acrocentric

Metacentric

Acrocentric

COMMON
ANCESTOR
(acrocentric)

EURASIA NORTH AMERICA

Weighing the last two models against cach other, there,
are two negative factors, the need for two separate mutations
or the need‘for'two invasions of North America. The two
invasions are, in my opinion, the more likely since the
Bering land bridge has been formed and severed numerous times,
‘and successive waves of other mammals are known to have in-
vaded North America at different times. Finally, since C.

rufocanus is a much.lérger form than all the other species,
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it would scem reasonable that this species would héve di-
verged early on from the ancestral form. Thus the fourth
model appeérs to be the most acceptable, allowing for the
present state of knowledge of t%ese Speciecs..

In summary, my data indicate that while C. gapperi and
C. rutilus may resemble cach other and other:species morpho-
logically, they are still readily distinguishable at the
Kakisa River. They have similar behavior patterns and appear
to distingdish‘between members of their own and other species,
and, on the basis of differing levels of activity, exhibit a
certain degree of scgregational behavior. Reproductive iso-
lation apbears to be rcasonably well developed, and even
though there is evidence of a certain degrec of introgres-—
sive hYbridization, the hybfid zone 1s probably narrow
enough and the.rate of gene éxchange Foo low to bring about
population fusion. Nevertheless, serﬁm proteins display a
clinal variation which could indicate a greater amount of
gene exchangef Measurement of the degree of introgression
at tﬁzs common boundary'would be a worthwhile further study.
A comparative study of the metabolism and physiolﬁgy of
thésé species would also be of interest, 'including repro-
ductive aspects such'as.mate selection, copulatory techniques
and fertilization/litter~raising success, in an efforp to
determine how well (br poorly) segregated they are. Fin-
ally, what is happening at othef parts of the imménse common

boundary assumed exist for these species, from northern
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British Columbia to IHudson Bay? Ole\by taring on the study
of such aggravatingly indistinct margihs of what have becen

fondly regarded as discrete species can biologlsts hope to

uncover the processes that govern speciation in nature.



CONCLUSIONS

(1) The Kakisa River forms a mutual Pboundary for C. gapperi
» .
and C. rutilus, yet the river it elf does not constitute

a barrier to the movement of voles but serves, rather, as
a filter.

(2) Individuals of cach specles were found within.thc popu—'
lation of the other species, 1 dicating that traversing of
the river had occurred, albeit at a relatively low level.
Thege was insufficient evidence to indicate whether the

majority of crossings was accomplished during the winter, )
or at any other ﬁime of the vear. ‘Since the population o&
each sfae of.the Kakisa River c- - : approximgéoly 3% of

, P

individuals from the other specil ', there apﬁéars to be no

difference in the rate of migrat. = either specyes across

16 rivér.
\J)‘Repgoductive isolation is reasonably well developed. N
While copulatory Lchévior suggésted a lack of species dis-
crimination on the part of individual voles, it could be
that when.}resented with a chéice, voles would tend éé
mate with Ehé;rjown kind. H;bridizaéion'in these species
';;is poséibiéf albeit at a very low frequencyﬁffghe highly
;f agngésivewhature of the meﬁbers of the one hybrid litter

Sugggﬁts that hybridization reduced indiQidual fitness and

£ A i
et o e W

o
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so would be selected against in natural populations. .
is possible that sufficient genetic divergence has occurred
to preclude hybridization and popul ~tion fusion. Only 5%,

or less, of these populations appeared to be composed of

hybrids.
(4) C. gapperi individuals werce considerably ue~ active
in the pen situation than C. rutilus in term:. distance

moved and length of time‘active. Evidence for such differ-

i - ATy
tow

enceskin digtance .moved in the wild populations on the live=
N ,
trap plots,ishowever, was inconclusive; hence the results
of»the’pen'CXDerihents may reflect a differential response

by each rpoc1es to the experimental situation. |

(5): Behavior pattg}ns for both species are noticeably
stéreotyped, such that no~signif1cant differences in qual-
itative aspects of behavior could be detectéd bethen the
species. Quantitatively, however, activity oﬁ C. gappers

was considerably reéuced by the presence of C. rutilus,

while the presenr £ g; gapperi did'not appreciabl; affect
activity of C. rutilus. Since C. gapperi is the more‘aggres—
sive of the two speciés, reduced activity on its part would
result in fewer>encouﬁters, hence reduce the frequency of
:aégreésive interactions. While there was a general trend ~/
for g;ﬁfutilus to be dominant over C. gapperi in trlals *
where domiﬁancg-was assignable, over half the trials re-
sulted in no doﬁ:nance. Aggressiveness of C. gaggeri to-

s

wards C. rutilus was also of the samé‘intensiﬁy as that
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exhibited by C. rutilus towards C. gapperi.

(6) While C. gapperi and C. rutilus exhibit a high degree

of morphological and physiol: jical similarity in this

region, species intea . has .evertheless been maintained,

‘wological requireme ‘= cach species arc so similar,ﬁjgi
S, L
- W

however, that in sympa. . there would be a high degrﬁﬁéﬂf.
PLYS,

. 7’

competition. Since neither species sce@s to have a competi-
tive advantage over the other, the expansion of clther
specics "into the raﬁge of the other is obviated. Thus
mutual exclusion appears to be responsible for the mainten-
ance of parapatry in C. gapperi and C. rutilus at the

Kakisa River.

L0
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Appendix 1. Detall ¢ wvole: captured during the course of
the study and tholr ide Zication on the basis of pclage
coloratlon (P), conditiun of the post-palatal bridge (B),

and +*he lengtH/wigith ratio of the nasal foramen (F). Mi-
: P .
gration rates for the transforrlns relative to the albumins

8after Canham and Camelon 1972) are provided for those ani-

mals for which sorum data aré availablo.i 211 @nlmals were -

trapped at the kaklsa Rlver,'e\cept those malked (**), whic

’ “

N were trapped at Fort Providence or ‘Heart ‘Yake. Ind1v1duals
. Y. .

'ﬁaﬁked (*) were reprQSentatlvos of ohe SpeCleS which were
trapped w1th1n the range of: the other SpCCleS A summary af
the spec1es 1dent1f1cat1t7 characters 1s presented 1p the
flnal column, where affirmatlve Spec1es characters are 1nd1—
cated by oapitals (p, F, B},‘contrary characters by small
letters (p,'f,\b)landyintermediate charagters by both‘(P/p,.

e um, ‘.

%



1974

]
Y

\ o .
NASAL PALATAL TRANSFERRIN -
SPECIES Nu.  SEX  PELAGE FORAMEN BRIDGE MIGRATION ST
RATES
W H - TF1 TF2
CR 418 F ’ﬂﬂd - - - - p
CG 420 M Brown 4.08 . rand - 54 PFB
cG 421 M " 4.17 g - - PFB
cG 422 F " 4.00 " 46 51 PFR
CG 423 F " - - . - -
CG 424 M " - - ' ér"\ - -
CcG T425 F " - - - -
CR 426 M Red 3.38 Incomplete 46 - PFB
CR 427 F " 3.47 . " 50 - PFB
CC 428 F Brown - - - - P
cc 430 F " 4.08 Fused - - PFD
cG 431 M " 4.27 ; " - - PFB
CR* 432 M Red 3.21 Incomplete - - PFB
CG 433 F "oy .3.85 Fused 48 - pFB
CcG 434 F Brown ¢ 3.69 (Damaged ) - - PF/f
CG © 435 F Red 3.69 Inc. one side - - pF/fB/b
] Fused other
F E‘usgd 48 52 PFb
M ‘5‘,. 47 - PFB
M " 47 52 PFB
M " 50 - PFB .
M " 49 54 PFB
F Incomplete- 48 - PFB
F Fused - - PF/fB
F " - - PFB
M Red 3,33 Incomplete 46 - PFB
'M Brown - S - - - P
F " 4.0v Fused 47 51 PFB
M " 4.42 " 48 52 PFB
M " 3.77 " - - PF/fB
M " 3.92 " 47 53 33 4
M ! 4.08 " - - PFB
F " 3.77 " 48 - PF/fB
M Red - - - - b
F " 3.47 Incomplete - - PFB
M " 3.43 ot 47 52 PFB
M " 3.47 u 47 - PFB
F " 3.71 47 - PE/£B
F " 3.67 : 46 - PF/£B
M " 3.71 " 47 - PF/£B
M Brown 4.17 Fused . - - PFB*
M " - - - - P
M " 4.25 Fused - - PFB
F " - - e as - P
M o - - - - P




174

1974 cont. *
l NASAL PALATAL  TRANSFERRIN
SPECIES NO. SEX PELAGE FORAMEN BRIDGE MIGRATION
RATES
TF1 TF?2
CR 468 M Red 3.40 Incomplete - - PFB )
CR 470 F 3.31 " - - PFB ‘
CR 471 F wo 3.53 . - - PFB
CR 472 M " 4.00 - - PEB
CR 473 F " 3,71 sed 46 - PF/fb
CR 474 M " 3.47, ‘.‘ﬁmplote - - PFDB
CR 475 M " - V- -& - P
CR 476 F " 3.44 ' 'Incomplete 46 - PFB
cG 477 M Brown 3.69 Fused - - PF/£B
G 478 F . 3.75 " - - ee/fB.
ce 480 M " 3.69 " ﬁ‘ - PE/£B ,@
G 481 M " 3.83 " - - PFB
G 482 F " 4.08 " 47 - 7  prB
cG 483 « F " 3.70 oo 47 53 PF/fB
G 484 F N WY " 49 - PF/£B
old] 485 M " 392 " - - PFB
CR 486 P Red -~ - - - P
CR 487 F " 4 3.57 Incomplete 48 - " PFB
CG 488 M Brown - - C - - P
cG 490 F 3.71 Fused - - PF/fB
-CR 491 M Red 4.00 Incomplete - - Pf/B
CR 492 M " 3.07 - 50 - PF
CR 493 M v - - - - P
CR 494 F " w.40 Incomplete - - PFB
CR 495 M " i - o - P _
CR 496 M " 3.67 .. Fused - - - PF/£B
CR 497 M " 3.47 Incomplete - - PFB
CR 498 M " - - - - P
CR 500 F " - - - - P
CR S5¢x M " 3.50 Incomplete - - PFB /
CR 502 F " - - - - P .
CR 503 F " 3.47 Incomplete - - . PFB
CR 504 M . - C- - - P
CR 505 F u 3.85 Incomplete . - - ~fB
CR 506 M " - - - -
CR 507 M " 3.46 Incomplete - - . :
CR 508 M " 3.31 " - - PFB
CG 510 M Brown = 4.00 *  Fused T Ege
G si1 F : 3.92 " - - MGFrB
G 512 - " - .- - - P
G 513 M " 4.08  Fused - L.  7pFB ;
cG * 514 F " - - ’;'_ - P S
CR* 515 M Red 3.50Q Incomplete i- .- PFB
75 516 F  Brown - i - - & pb ' .
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1974 cont. ;
i |
5 NASAL PALATA (Y TRANSFERRIN
SPECIES NO. SEX . TULAGE FORAMEN BRIDGE . HMIGRATION
' RATES
' Tr1 TF2
CG 517 Brown 3.57 Fused 53 57 Pf/B
CR 518 F ved 3.69 Incomplete - - PF/fB
CG 520 M Brown 3.85 Fused - -~ PFB
cG 521 v “ 3.83 n - - PFB
cG 522 F " - - - - P
9
1974 C. gapperi 66 x . rutilus 26 litter
CG/CR 66/26A M Red 3.67 Incomplete 48 54
CG/CR " B F " 3.71 v 49 52 .
CG/CR "¢ F " 3.86 " ‘ 49 53
CG/CR "D F o 4.00 " 49 55
1974 - Snap-trapped Voles
cR 301 F Red 3,13 Incomplete - - PFB
CR 302" F " - - - - P N
CR 305 F " 3.36 _ - - - PF
CR 306 M " $.13 Incompise e - - PFB
CR 307 P " ‘A‘& 27 - ",3 - - PFB
CR 309 M " “.ﬁ& . o - - PFB
I aa
CR 310 M " T&:;m ~,‘,:{ " - - PFB
CR 311 M " ki R v - - - PF
CR 312 M " 3:36 Incomplete - - PFB  .§
CR 313, M " 3.47 " - - PFB ’
CR 314 F " 3.50 o - - PFB
CR 315 M " 3.47 " - - PFB
CR 317 F " 3.47 " - - PFB
CR 320 F " 3.31 u - - PFB
CR 321 M " 3.13 " - - PFB
CR 322 M " 3/25 " - - PFB
cG 323 M Brown 3.77 - - - PF/f !
G 325 M " 4.08 N B PP >
/ee 326 M " 3.69 Fused s - PF/£B .
R 327 F . Red 3.20  Incomplete - - PFB B
CR 328 P “ 3.57 " - - PFB o 1
CR 332 M wn 3.33 " - - PFB
cR 394 £ " 3.53 " - - PFB
N CR 335, M " 3,13 o B - - PFB
6 337 M . Brown 4.33 Fused 2 - PFB
! ri . ; N |
: .

0




|
R '
N NASAL PALATAL TRANSFERRIN
SRECIES NO. SEX PELAGE FORAMEN BRIDGE - MIGRATION
RATES
TF1 TF2
CR M Red 3.93 Incomplete - - PEB
CR 2 M " 3.40 " 46 - PFB
CR 3 M " 3.47 " - - PFB-
CR 4 F " 3.53 " 47 - PFB
CR 5 M " 3.79 “ - - PF/£B
~ CR 6 F " 3.13 Fused 47 - PFB
cG 7 M Brown 4,36 " - 52 PFB
cG 8 F " 3.92 " - 54 PFB
cG 10 M " 3.92 oo 47 51 PFB
CR 11 M Red 3.79 Incomplete 48 - PF/£B
CR* 12 F " 3.06. “ 48 52 PFB
CG 13 F Brown 4.17 Fused 49 53 .PFB
CR 14 M Red 4.00 - . 48 - Pf
e 15 M " 3.40°  Incomplete a8 - PFB
CR 16 M " - - - - P
. CR 17 F " 3.47 Fused 438 - PFb
cG 18 M Brown 4.17 " .2 52 PFB
CR 20 M Red 3.7} Incomplete j@ - PF/EB
CR 21 M " “ 49 - PFB
CR 22 M " " - - PR
= cG 23 M Brown Fused R f T ps‘*a
CcG 24 M " oo B a.\ ;".‘_ ,5f‘ . »pg;\a‘ : ’
cG 25 M " 4.46 “ SRR L A _“‘Wg
cG 26 M " 3.69 " 50 S PF/fB
cG 27 M " '4.50 " 49- 53 PFB.,
cG 28 3 " 4.17 " 50 - PFB
" ce 30 F " 3.85 " 4s 52 PFB .
ce T3 M " - - - - P
cG 32 M " 4.17 Fused 51 5‘@\&@ PFB
ce 33 .M " 4.00 " . s0’- S5 ppp
G 34 M " 4.00 - - PFB
cG 3 F " 3.71 " o - PF/£B
Ao 36 M " 4.08 " 50 54 PFB
cG 37 F "«) 3.69 " 50 - PF/£B
ca 38 F L '4.08 " . 50 - °  pFB
CcR 40 F Red 3.47  ‘Yncomplete P YN $1 - PFB
4cGr 41 F Brown  4.33 Fused R so 54 PFB
G 42 M " 4.37 - 51 - PFB
cG* 43 M 3.85 o 50 54 PFB
CR 44 M. . Red 3.53 Incomplete - - BFB
CR 45 M " 3.64 " 43 - PFB
) cG | 46 F % Brown - 4.33 Fused 43 - PFB
cG 47 M " 4.08 « - - - PFB
CR* 48 M 3.47 Incomplete 51 - PFB

176
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1975 cont.

. NASAL PALATAL TRANSFERRIN
SPECIES NO. SEX  PELAGE FORAMEN BRIDGE MIGRATION -
. RATES
TF1 TF2

cG 50 F Brown 3.69 Fused 50 54 PE/LB
cG 51 M “ 3.69 " 52 - PF/£B
cG 52 F " 3.57 " -~ ~ PfB
cG 53 M " 3.57 " 52 - PEB
fole} 54 F " 4.00 " 52 56 PFB
CG 55 F " 3.92 " 51 - PFB
cG 56 F " 3.57 " 49 54 PEB
CcG 57 M " 3.92 " 49 - PFB
G 58 M " 3.92 : 56 - PFB
cG 60 F " 3.67 " 51 55 PF/fB
CR 61 M Red 3.50 Incomplcte | - - PFB
CG 62 F Brown 3.92 Fused -, 48 52 PFB
cG 63 F " 3.73 o - - PF/fB
CR* 64 M Red 3.62 Incomplétc 50 - PF/fB
CR** 65 F . 3.50 " 47 - PFB
CR** 66 F " 3.31 B .50 - PFB
CR** 67 M " 3.47 “ i ,.'_ 48 - PFB
CR** 68 F " 3.67 - " 48 - PF/fB
CR** 70 - P - “ 3.56 oo 48 - PFB
CR** 71 M " 3.27 iy .47 - PFB. .
CR** 72 F “ 3.71 " a7 - PF/fB C
CR** 73 M 3.33 " - - PFB
CR** 74 F_ K 3.50 " 47, - PFB,
CG 75 -M‘J Brown 3.62 Fused 46 . w51 RF/fE
cG 76 M " 3.62 " 48 52 PF/£5"
cG 77 F " " 3.54 " 49 53 prog Y
cG 78 M " 3.83 " 49 - PFB
G 80 M - 3.83 " 48 - PFB '
CR** 8l M Red 3.20 ‘Incomplete 8 " - PFB
CR** 82 F " - - _ - - P
CR** 83 M " 3.27 Incomplete - - - PFB d
CR** 84 F " "3.64 " 46 - Pf/£B
CR** 85 M " - - - - <P,
CR** 86 F " 3.71 Incomplete 46 - PF/fB ’
CR** 87 M " 3.50 " 47 - PFB
CR** 88 F om 3.43 o 48 - PFB .

90 M " 3.47 Fused 49 - - PFB

91 F , " 3.33 Incomplete 45 - PFB

92 F "~ 3.3 B 48 - PFB

93 F “ 3.47 " - % - PFB

~ CR 94 F " - - - - P

CcR 95 F 3.27 Incomplete a7, - PFB .
CR 96 M " 3.20 " 47 - - PFB
CR 97 M. . 3.57 Fused 46 - PFB

ofel
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1975 cont.

NASAL PALATAL TRANSFERRIN
SPECIES NO. SEX PELAGE FORAMEN ] BRIDGE MIGRATION
RATES
TF1 TF2
CR 98 M Red 3.3 Incomplete - - PFB
CcR 100 ' oM 3.33 W Co- - PFB
CR 101 F " 3.86 " Y - PEB
CR 102 F o 3.36 “ a8 52 PFB
CR 103 F " - - .- - p
CR 104 F " - . - B - P
cn 105 M Brown 3.62 Fused 48 52 _ PF/fB
cG 106w " 4.00 a7 52 prp
’ CR 107, F Red 3.67 Incomplete ™ - - PF/fB
CR 108 F " - - - - P
cG 110 F . Brown ¢« J1 Fused: - - - PEB
. CR 111 F Red & " ' - - PFB
CR i 112 F " 3.56 Incompleto - - 'pFB
BN : CR L ST K 2.36 " - - PFB
w CR 114 F " 3.38 " - - PFB
115 M - 3.57 Fused 18 - PFB
116 F Brown | 3.7 . T a7 - PF/£B
117 F ReS . 3.43  Incomplete - - v PEB
118 M " 3.0 " E ~ i PFB
120 F Brown 3.75 Fused 49 54, PF/£B
121 M o 4.08 ST ) 47 51 PFB
122 F S"Red 3.25 Incomplete - - pFB .
: + 123 M oo 3.50 T - - PFB
124 F Brown 3,46  Fused 48 52 23:
125 M " 4.08 R 52 - PFB
. 126 . M Red 3.53 ; Incomplete 46 - PFB
, A7 . 2.9% - . - .. - PFB
8. P Brown | 4. Fused 47 sl PFB
cG 130 M oo Tae " 49 53 . pFB
s 131 M ., - 3.83 " a8 = PFB
CcR** 132 m Red 3.40  Incomplete 48 - pEB
CR*+ 133 M 3.13 . 47 - PFB
CR, 134 u 3.43 " Y - PFB
CR** 135 F " i .~ . - - P
CR** 136 F " - - - - P &
CR** 137 p . » - - - - T
CR** "138° F - o« 3.64  Incomplete 46 - PE/fB
CR** 140 .M “ . 3.85 " 46 - PEB
CG** HL. 2 M Brown 3.50 Fused 48 52 pfm :
CG** HL 3 M 4.25 = " ) 48 - - PFB
CG** HL 5 M " 4.4s, " - - PFB
CG** HL 8 M " a.18 . ’ - - PFB
CG** HL1O F " - ' - - - P
CG** HL11 F ' 3.75 Fused - - PF/£B



1975 cont.

NASAL PALATAL TRANSGFERRIN
SPLCCILIES No, SEX PELAGE . FORAMEN BRIDGE MIGRATION
RATES
' TF1 TF2
CG** HLL2 F Brown 3.50 Fused - - PEB
CG** HL14 M " 3.9 " 51 - PFB
CG** HL21 3 " 3.62 " - - PF/R
CG** HL22 F " 2,92 " - - PFB
CG** HL23 M " 4.00 " - - PFB
’
T ey ‘
o)
s o
® .
e

0

1] “ .

g =

“
Y
A\:) e
’ e
¢
7

179



Appendix 2

180
N



» 181

f
¥
Vorlt
440 N da G0l
PR ETE
441 x a0 L] Loa Lo l 1 3 .51 6.8
x bl t o 8 o v,
49t N gan SE0 len [N 11 1 « 1.9 9,49
RRE o H R} 1.4 [T
4
18 x RN i Ite 1.9 g t 10 L0 .4
X 2+ 1 O O 2,70 2.5
PARIIN 16 L1 A LAY t 2 10 .14 1.3
S O 3 12, 1 2.0
2o 1 Plo REUS 5.0 ¢ a3 B 1 0
X v ~ 3 G 1.0
Hic ox b AH L7 St 0 41 0.4
N Hi'4d 3 14 1.0
T x L Q9. 174 S, 10 41 g o 32.9
X ML 3.0 2 5 SOl
;,_!
LY HETE 1ol ARSI 7.5 15 Ki 8 LI 5.1
X i 2 32 5 2016 1.4
WUox i 19 lod B N) Q 8 11 1,a7 0.
X A 0 17 5 1,93 0.3
R o 540 Lao 4.14 & 0 11 L0l 0.6
x R 3 16 a 2013 0.7
3xon 1431 203 7.05 17 0 . 5.10 15.5
x [ 16 3 a H.07 11,9
toox 27 JORATE| 210 Hon7 5 1 1€ 3,44 5.7 .7
x 33 1 19 2.68 I
27 x 2f Buod 167 4.80 1 ) 16 2.4l 1.9
X 93 0 1 16 1l 1.1
43 x 26 126: 188 6.68 9 1 19 4.11 8.4
X J 1 0 Lo 2,07 3.5
47 x5l P70 23 5.91 6 8 20 .04 0.7
x 53 . 3 3 22 2.27 ¢ 1.7
51 x 47 2454 287 859 t € 22 3.08 5.9
X 51 15 2 4.43 10.5
53 x 47 1582 23 6,02 3 3 22 2.52 2.9
51 2 15 21 2048 2.3
Distance maved, lonath or Lime actave, d1stance,/Cine ratic and analysis
of encounters per craht—hou: cbrcavation period for Co gurpery spoecies-—
truc tripleta (FALES), 1ncliaiing discriminant tunct 1ens and index of
dgateraIon coraved trom approach, attack, chase and scent-mars Jdata.
P ’ '
.
.w\"’/
_,.—-—'/
—
t
,



VOLE No.

N

METRES

M1 ;IU‘I'Y.,‘;
A -
ACIENE

WIN  Loon

EXNCOUNTERS

NEUTRAL

Drscl

PUNC O
N 0

1" EBX
THAT RIS
AGGRED S

L

1

LI
e

T R 0 3 0 1.97 RO
‘o 4 0 ©1.89 0.1
445 x 404 30 a6 3,80 3 0 o v RUSRTS 1.5
x 4457 R S o] B 0 1.93 0.3 ’
457 x a0c, Q‘m 51 3,51 4 0. 0 2.70 2.6
X 445 8 0 0 3.47 5,2
‘ N - -
468 x 474 - 210 78 2,79 0 4 2 2,00 . 1.
X v ol - Q 1 1.93 0.3 s
- a
. .
4” Jog 128 69 1.86 4 O 2 2.06 [
6 - 2 0 1 1.97 . 0.4
g o
R 370 ag 3.78 [ 1 1 1.89 0.1
214 ) . 2 1 2,01 0.6
RO I ] _ - —— . -
11 x 14 186 67 2.78 0 0 0 1.83 0
x v 208 . . 1 0 2 1.97 0.4
14 x N 97 . 25 3.80 o 0 0 1.83 0
x 20 - o) 0 0 1.83 © 0
20 x 175 72, 2.43 0 1 2 1.93 0.3
x 14 ‘ 9 O o - 0 1.83 0
. .
71 x 85 . les 76 2.16 4 0 0 1.83 0
x 87 P : -1, 1 1.93 0.3
85 x 71 48 50 0.96 0 0 0 1.83 0
x 07 0 1 0 1.83 0,
87 x 71 120 45 2.67 1 -0 1 2.00 0.4
x 85 L . ] 0 0 2.00 0.4
126 ' x 132 500 126 3.97 0 2 4 1.97 0.4
)‘ 133 0 2, 1 1.89 0.1
Q327% 126 333 67 ,4.97 2 0. 4 2.23 1.0
x 133 v 0 0 1 1.93 0.3
“ .
133 x fog” o197 57 3.46 1 0 1 1.93 0
Tox 132 T ) 0.7 0 1 1.83 0
- 2 T~
115 x 134 T 199 1.89 0.1
x 140 . 1.83 .0
s . R
134 x 115 164 2 1.93 0.3
x 140 o o) 1.83 0
140 x 115 L3587, .0 1.89 c..
x 134 o 0 1.89 0.1

Distance moved, lenath of time active

‘ .. ' S .
distance/time™ ratio and analysﬁsﬂ\, )
. 7 NS

of encounters pér_oight—houz obscrvatiyn period for-C. rutilus spoeciest
truec truiplets (MALIS), including Ali‘lcri inant -fd‘hgtions and index of

aggregslion derived from approach, atta

.
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DISianem pros e DIYCRIM=- INDEN
- ' ’ 14 MINUTES N ERComein IRANT op
VOLL Mo, * h O RS AN . APV PN Wi Loy TRUTHAL FUNCTION AGGREAS TN
Gdal x G ooy 15 [ 18 ] ? 5.56 16,2
. X Lt : 1 1 5 3.20 4.5
GA50 x ua48 ! 6Oy 14¢( a. 45 1 18 7 2.44 1.7
% RIGD 0 G 1 1.89 - .1
!
RAG? x a8 409 947 S 11 1 5 .73 2.7
x G450 : B) G 1 .67 2.7
GAH1 s~ Gany TR 173 T 6 2 T .47 H.0
X R458 . 2 7 1 - 2.63 2,2
Gant x @IG1 o 2oy 64 4. 2 £ ! 2.27 1.2
‘X RASA ’ n 0 ] 1.89 0.1
RASE x G451 355 123 2.89 > 1 2.67 2.8
: X G452 " 1 1.a3 0
Gid ox G T 1457 - 214 6.81 4, . > 2.11 1.1
X Rdd 7 0 5 2 1.0
G306 x @3d s a67 106 4.4 11 4 2 4.73 10.7
x ka4 ;- 5 0 0 3.02 3.
' I .
R4+ x G4 | 96 52 1.8% 0 7 5 1.89 0.1
X Gi6 ! 0 5 0 1.83
- — - 7
G57 x  G5H 4733 L 136 3.19 4 3 5 2.06 0.9
x RG7 'U"\ 0 G 0 1.97 0.4
658 x ¢ | 285 150 1.90 3 4 5 2.70 2.2
x . ke : [¢] 0o 1.83 l¢]
K67 x  G57 l‘ 123 53 2,32 6 0 0 2.23 1.0
©ox 658 . 0 0 0 1.83 0
T :
T G75 x 68O 5834 179 3. 26 2 o 4 2.2 . (N
x  R#1 o] 4 2 1.97 0.4
G80 x G75 312 137 2.28 0 2 4 2.00 0.4
" x Rr8l o} 5 3 2.34 1.3
. R8l x G75 199 84 2.37 4 0 2 1.93 0.3
x GBO 5 0 3 .71 2.6
S G6l05 x G110 597 122 4.89 0 0 1 1.83 0
. ‘X R9? - 0 17 4 2.33 l.8
Gl10 x G. 37 36 1.03 0 o} 1 1.89 0.1
A X RY. 0 4 1 1.97 0.4
R92 x G105 . 506 131 3.86 17 0 4 5.09 12.9
o x G110 4 o] 1 2.40 1.4 4

‘Distance moved, lcngth~of time active,

distance/time ratio and analysis

gappéri x -1 C.

» including discriminant functions and index of

of encounters per eight-hour observation period for 2 C.
rutilus triplets (MALES)
aggression derived from a proach, attack, chasc and scent-mark data.

~
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. -
T T T I S,
DLSTALCL erc e s
I . MINUTES ERCOUR L
VOLE HNa. METRES ACTIVE /1 Win Lol HEUTIRAL
;
G x ol Loy 167 u, 10 Q Q 0 .49 0.1
x k2 0 7 8 2.00 0.9
»
Kl x G 105 KT 2.19 0 0 0 2,40 1.4
x 2 7 0 0 2.84 3.0
B x 0 G7 119 38 3.13 7 o, 0 2.23 1.0
o R 0- 7 0 1,860 0.1
GO x R3 v 5488 212 277 0 1 5 1.97 [P .
xR 1 o 18 2.30 1.0 W
RA x GlO 3135 77 4,35 3 Q 5 2.11 1.1
x. K5 T 2 2 2 2.23 1.0
RS x Glo 392 125 3.14 0] 1 18 2.04 Q.7
s R3 1 2 2 1.93 0.3
G20 x RS 542 133 - EREN 1 13 2 1.93 0.3
x R2? 3 0 5 2.2 1.1
R21 x G2% 329 124 2,65 13 1 2 2.98 4.3
x R22 0 6 [§] 1.83 0
R22 x G258 4260 120 3,55 [¢] 3 5 1.93 0.3
X R 6 o] G 3.47 6.1
G472 x Rkas 1722 272 6.33 2 7 7 2.90 3.1
X R48 10 6 5 4.85 11.7
R4S . x G472 3491 100 3.81 7 2 7 2.41 1.9
*x-R48 2 o] 3 1.93 0.3
RA8 x C42 545 110 4.95 6 10 5 2,41 1.9
x R45 0 2 3 1.89 0.1
G76 x RG4 355 94 3.78 1 4 ‘2 1.89 0.1
x R3O0 ~ [¢] 1 3 1.89 0.1
R64 x G76.- 150 67 2.24 4 1 2 3.66 5.8
x R90 o 0 0 1.83 -0
RI0 x G76° 204 52 3.92 1 ¢] 3 2.04 0.7
x R64 0 o] ¢} 1.83 0
o
G78 » RYO6 125 46 2.72 o] 0] 0 1.83 ¢}
x R97 8 0 3 2,17 1.1
R96 x G78 256 85 3.01 o} 0 o] 1.83 0
x R97 0 7 4 " 2,11 1.1
R37 x G78 . 490 127 3.86 0 8 3 2.09 1.0
x R96 7 o] 4 2.95 3.4
Distance moved, length of time active, distance/time ratio and anélysis
of encoungers per cight-hour obscrvation period for 1 C. gapperi x 2 C, .
rutilus ti iplets (MALES), incluiing discriminant functions and index of
aggression Uerived from approach, attack, chase and scent-mark data.
- ©
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DS D T
1N MINUTES ERCommiRs
VOLE s, MRS ATV DM LOSE NEUTRAL
— e — - i
434 x g i 132 41 3.2 1 5 1
x 447 ’ 3 0 1
¢ . "
443 x 43 aa \ 50 1.06 5 1 1
N X 447 3 p 2*
447 x 41 117 ‘ 11 2.856 0 k) 0
" x 44 2 3 2
482 x 4HG LGO ( ] 1al 3,04 1 15 11
X 490 . 2 5 5
3 ~
484 w480 711 203 3.50 15 1 11
x 490 3 5
« 490 x 442 i a519 120 4.33 ) 2 5
N x avi - 5 3 1
HLIO x HILLI ‘ [T ! 145 4.14 1 3 3
X L2 ! 5 [¢] 8
H1.1) x 11,10 75 R 32 2.34 3 1 3
x. .62 . . : 3 1 0
62 % 1LLD 284 130 2.18 0 5 8
x HJL1 1 3 0
54 x 55 139 89 1.56 2 4] 2
~ x 60 8 2 9
55 x 54 115 ) 77 1.49 o 2 2
x 60 1 0] 4
60 x 54 " 388 144 2.69 2 8 9
x 55 0. 1 4 .
77 x 116 233 111 2.10 1 0 2
x 120 4 1 6
116 x 77 243 77 3.16 o] 1 2
x 120 - 5 2 4
120 x 77 557 112 4.97 X 4 6
x 116 2 5 4
- -
35 x 124 102 76 - 1.34 0 0] 1
x 128 » 10 2 4
124 x-« 35 248 96 2.58 0 [o] 1
x 128 0 11 1.
5 128 x 35 730 ~14%-" 5.03 2 10 4
s x 124 : : 11 0 . 1
_ T
Distance moved, length of time active, distancé/time ratioe.and analy"sisb
, of encounters per cight-hour obscrvation period for C. gé.ppori“épecics-

true tr._iplcts (I-‘L:r-U\LL‘E)).
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_ N L
DISTQNCH MINUTES ENCOUNTERS
VOLE Ko METRIS ACTIVE i i N LOSE NEUTRAL
418 x 430 240 55 4.3¢6 0 2 3
x 440 1 7 2
436 °'x 418 107 41 2.61 2 0 3
as xA\) . 0 1 0
442 x 419\ 109 40 2.73 7 1 2
x 4306 1 0 0
. .
' *é -
461 x 479 22 13 1.69 0~ }) 0
x 471 1 q;-\ 1
470 x 461 158 37 4.27. 0 o 0
x 471 0 0 2
471 x 461 560 126 4.44 0 1 1
x 470 0 v 0 2
5> - S ,
- 65 x 70 91 S 2.94 0 1 1 i
x 74 0 2 3 '
70 x5 77 48 1.60 1 ) 1
X ' 0 O 2
74 x 65 53 48 1.10 2 0 3
x 70 0 0 2
72 % 88 36 18 2.00 0 0 1
91 0 0 0
* , 7
88 x 72 285 77 3.7C 0 ) 1
x 91 0 o 1
. 91 x 72 151 61 2.48 0 0 0
x 88 0 0 1
40 x 08 53 3] 1.71 0 ) .1
x 111 " ) -0 0
68 x 40 51 39 1.31. 0 0 1
/ T x 111 0. 0 ‘0
111 x 40 115 41 2.80 0 0 0
x 6B 0 0 0
4 x € 26 19 1.37 0 0 0
x 15 0 0 2 1
6 x 4 33 26 1.27 0 o 0
3 L x 15 0 ¢} 2
15 x4 268 52 5.15 2 0 1
X 6 : 0 o . 2

Distance moved, length of time active, distance/time ratio and analysis

of encounters per eight-hour observation period for C. rutilus species-

true triplets (FEMALES).
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