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Contrasting dispersal patterns in two Scandinavian roe deer
Capreolu s capreolus populations

L. Kjell Wahlstrom & Olof Liberg

Wahlstrom L.K. & Liberg O. 1995: Con trasting dispersal patterns in two Scandina
vian roe deer Capreolus capreolus popu lations. - W ildl. BioI. I: 159- 164.

Yearling natal dispersal freque ncies and dista nces in roe deer Capreolus capreolus
were co mpared between two reg ions in Sca ndinavia, Vasterbo tten, on the northern
edge of the expanding population, and Ma larda len, in the central continuous part. Data
were co llected using telemet ry during 1987- 1994. In Vas terbo tten 9 1% (n = II ) of the
males and 100% (n = 9) of the fema les left their natal areas , and in Malardalen 43 %
(n = 42) of the males and 48 % (n = 50) of the females dispersed . No intra-regional dif
ference in distanc es disper sed was found between sexes . Average dispersal dis tance in
Vasterbotten was ca 120 km (n = 17), with only one disperser settling less than 39 km
from its natal area. In Malardalen , the ave rage disper sal distance was around 4 km
(n = 42) , and only two anima ls moved further away than 15 km. One hypothesis ac
counting both for the almos t comp lete dispersa l of deer in Vasterbot ten, and for the
exi stence of a few long-distance dispersers in Malarda len, is that two ge noty pica lly
dist inct morph s of roe deer exist, one 'dispersive' and one 'stationary'. T he predomi 
nance of the 'dispersive' type in Vasterbo tten co uld be explained by ' stationaries ' not
having had enough time to co lonise this regio n since the last populatio n bottle neck in
the mid 19th century, when the Scandinavian population was restric ted to the south
ern most part of Swed en.
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Natal dispersal is an important part of roe deer Capreo
Ius capreo lus biology, and has been studied over a large
part of the species' range in Europe, e.g. in Switzerland
(Kurt 1968), Denmark (Strandgaa rd 1972), France
(Bideau et a!. 1987, 1993) and in southern Sweden
(Wahlstrom & Liberg 1995). However, these studies have
all been carried out in areas where the species has been
present long enough for the populations to have reached
relative ly stable conditions . No dispersal study in rece nt
ly occupied areas, i.e. on the edge of an expanding pop
ulation, has been performed to date. There is reaso n to be
lieve tha t the dispersal pattern in such areas differs from
that in the central co ntinuous part of a population's dis
tribution, e.g. because of free access to attractive neigh
bour ing patches resulti ng in a higher dispersal rate.

The Scandinavian roe deer popu lation has been stead
ily expanding its range towards the north since the mid
19th century . In the early 1800s the species occupied the
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entire southern part of the penin sula, up to approximate
ly 600N latitude. However, due to abolition of the roya l
and aris tocratic deer hunting monopoly and the introduc
tion of a genera l permi ssion for peasants to hunt deer,
cullin g pressure increased substantially. Consequently,
the popul ation went through a severe bottleneck in the
1830s during which a small relict of less than 100 indi
viduals remained on one estate only in the southernmost
part of Sweden (Ekman 1919), where they were protect
ed by the landl ord. After reint rodu ction of strict hunting
laws, remova l of free-ranging do mestic stock, and the
successive near extermination of wolf Callis lupus and
lynx Felis lynx , the roe dee r pop ulation quic kly recov
ered . Within 60 years it reoccupied its former range , and
today roe deer occur all over Sca ndinavia up to approxi
mate ly 67°N latitude (Fig. I) leading to a spread of 1,300
km in 150 year s with an average speed of 9 km per year.
This demo nstrate s an enormo us dispersal capacity, muc h
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Figure I. Geographical distr ibution of the Sca ndinavian roe deer
population by 1840 , 1900 and 1980, with indication of the location
of the Malarda len (M) and Vasterbotte n (V) study sites.

stronger than those reported from the above-m entioned
studies in stable populations where dispersal distances
amo unted to 1-1.5 km per year.

The question we attempt to answer in the present paper
is: Does roe deer natal dispersa l pattern differ between the
edge of an expanding popul ation vs. the centr al continu
ous part? We describe natal dispersa l frequency and dis
tances travelled before settling on the edge of the expand
ing popul ation in north ern Scandinav ia, and compare it
with corresponding parameters in the cent ral continuous
part in southern Scandinavia.

Study areas
Two areas in the Vasterbotten region in north ern Sweden
on the edge of the expanding popul ation, and two in the
Malarda len region in southern Swe den in the central con
tinuous part, were chose n as study sites in which pred i
spersal dee r were trapped and provided with radio-collars.

The Vasterbotten areas, Gunnarn (65°00 'N, 17°40 'E)
and Askilje (64°54'N , Ir52'E), are located in the nor
thern par t of the Sca ndinavian taiga. This region is almost
co mpletely covered by conifero us forest, and only in the
river valleys do small and scattered agricultura l areas
(less than I% of the total area) around human settlements
occur. Forests are commercial and the domin ating tree
species are Sco ts pine Pinus sylvest ris and Norway spruce
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Picea abies, with a sma ll intermix of broad leaved spe
cies, mainly birch Betula spp, On the farmed fields clover
Trifolium pratense hay is the dominant cro p, besides
smaller amounts of cerea ls like oats Avena sativa and bar
ley Hordeum vulgare. The climate is characterised by
harsh winters and relatively warm and dry summers. Jan 
uary is the co ldes t month with an ave rage tempe rature of
-12°e and July the warmest with an average tempera ture
of 14°e . Annual precip itation amo unts to ca 490 mm with
most fall ing in July and least in March. Snow normally
occurs dur ing November-Apri l and average snow depth
by 3 1 January is 120 em.

Roe deer first became established in this part of Scan
dinav ia during the 1960s. Average deer density is 0-1 deer
per krn' with large local differences (Liberg et al, 1995),
as the dee r population is distributed in more or less iso
lated 'pockets' around the sma ll agric ultura l areas in the
river valleys. Locally, population density was estimated
at 5-10 deer per krn' (Liberg et al., pers. comm.). Dens ity
fluctuated little during the study period . Abo ut 20% of
adults are restricted to the agric ultura l areas all year
round ; 45% expand their ranges durin g the summer to in
clude also the surrounding upland forests, and the remain
ing 35% migrate between separa te summer and winter
ranges that rare ly are located more than 10 km apart (un
publ. data). Adults thus are faithful to their established
home ranges.

Ma lardalen is located in the ecotone between the south
ern taiga and the northern part of the nemoral hardwood
zone. The core study sites in this region were Ekenas (58°
58'N , 16°35'E) and Bogesund (59°24'N , 18° I2'E). Both
are represe ntative for the entire region with ca 'h of the
area being cove red by co mmercial forest and the rest by
agricultura l land. Forests are mainly co mposed of Sco ts
pine and Norway spruce with a relatively high intermix
of broadleaved species like birch, oak Quercus robur, as
pen Populu s tremula and alder Alnus gluti nosa . On the
cultivated fields clover hay, rape Brassica napus and var
ious cereals such as wheat Triticum aestivum, rye Secede
cereale, oats and barley are grow n. The climate is char
acterised by moderate winters and warm and relat ively
dry summers. The average tem perature in July is 17°e
and in February -3°e . Annual precipitation amounts to ca
550 mm, with most falling in August and least in Febru
ary. Snow normally occurs dur ing December-March with
an average snow dept h of 20 em by 3 1 Jan uary .

Roe deer recolonised Ma lardalen at the turn of the last
century, and average deer density is 10-20 deer per km'
(Liberg et al, 1995). The population is much more homo
geneously distributed than in Vasterbotten, and with few
except ions adult deer are geographically high ly stable.
Both study populations in this region underwent marked
changes in density during the study period, increas ing
from 12 to 24 deer per krn' in the Ekenas area , and from
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collars, all of whi ch left their natal areas as yearlings. Co r
respondi ng ly 12 j uve niles (eight males and four fema les)
were radio-colla red in the Askilj e area, of whic h all but

one male disperse d.
In the Bogesund area, where 55 j uve ni les (28 mal es and

27 fem ales) were radio marked , 32 % of the males and
4 1% of the fema les dispersed. O n the Ekenas si te, where
37 ju ven iles (14 males and 23 females) were rad io-col
lared , 64 % of the males and 56 % of the fema les left thei r
nat al areas .

As we were primarily interested in inter-region al vari
ation , rath er than intra-regional variat ion, data from the
two study sites in Mala rdal en and Vas terbotten, res pec 
tively, were pool ed . Significance wa s tested by dropping
non-significant terms from the saturated mod el until all
remaining interactions were significant. Onl y the interac
tion between di spersal frequency and region wa s signifi

cant (X' = 7.3, df = I, P< 0.0 I), indicating that the disper
sal rate wa s significantly higher in Va sterbotten than in
Malardalen , Disper sal rate did not differ significa ntly

Figure 2. Distribut ion of female (shaded bars) and male (black bars)
dispersal distances (in km) in (a) Vasterbo uen. dur ing 1990-1994
and (b) Miilarda len during 1987-1994.

Methods

12 to 3 I deer per km' in the Bogesund area. Furthermore,
the former population sta bi lised, whereas the latt er was
ex perime ntally reduced to abo ut 7 deer per km- during
1992-1 994, as part of an ex tens ive study on roe deer de
mograph y (see Liberg et al. 1995).

In Ma larda len da ta were co llected during 1987-1 994
(Ekenas) and 1989- 1994 (Bogesund) ; in Vasterbotten
during 1990- I 994. Ju veniles were caught either as new
born (at the Ekenas site onl y), or at the age of7-1 0 month.
Ne wbo rns we re provided with expanda ble radio-collars
(TXT- ISm; 151 MH z; Tele vilt International AB , StOI'a,
Swe den) with a life -span of 1.5 years. Older juveniles
were captured in bo x trap s during December-March, and
aged on the basis of dentition. These animals were pro 
vided with radio-collars (TXT-2Sm; 151 MH z) with a
life-span of 3.5 ye ars . A Televilt RX-81 and a 4-element
Yagi ant enna were used for tracking, and radi o fixe s were
obta ined by triangul ation. Tracking inten sit y varied from
one fix per week to one or more per day during so me pe
riod s, e.g. during mother-fawn se para tion. In some of the
cases where the radio signa ls of dispersers were lost , re
por ts on culled mark ed deer were used to determine di
spersa l distances. Dispersers in the Vasterbotten area
were frequently located fro m aeroplane.

For hom e range ana lys is the minimum co nvex polygon
method (Mohr 1947) was applied. A co mpa riso n ofju ve
nil es ca ught as newborn s with those capture d during their
first winter (at the age of7-1O mon ths) sho wed that rang
es obtained fo r the latter were represent ati ve for the natal
areas in total.

We defin ed natal dispersal as the movem en t to, and oc
cupation of, an area completely non-overl apping with the
range frequented during the animal' s first year of life to
ge ther with its mother. Dispersal frequencies were ave
rages over the entire study period. Adisperserwas consid
ered established in an area after having spent a minimum
of three consecutive months within a 'confined ' area.

Thi s definition of establishment area wa s based on infor
mation from a larg e number of disper sers that hav e been
foll owed fo r several consecuti ve yea rs. Dispersal dis

tance wa s defined as the distance between the geometric
ce ntres of the natal and establishment area, res pectively.

Dis persa l freque nc ies were co mpared with log-linear
models, and ANOVA was used to tes t for di fferenc es in

disper sal di stances.

Results
Dispersal frequen cies

On the Gunnarn site a to tal of eight ju venil es (three males
and five fema les) were trapp ed and provided with radio-
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between the sexes (X'= 0.19, df = I, P = 0.66, N.S .), and
the effect of sex did not differ significantly between re
gions (X' = 0.0, df = I, N.S.). Consequently, dispersal rate
was significantly higher in Vasterbotten than in Malar
dalen , whil e dispersal rate was independent of sex.

Dispersal distances

There was a significant interaction between dispersal dis
tance and area, but not between distance and sex (two 
way ANOVA, area effect F(3.50) = 2 I.92; P < 0.00 I ; sex
effect F(l.50) = 1.73, P = O. 19, N.S.; area*sex effect F(350)
= 1.49, P = 0.23, N.S.). Average (±SE) dispersal distance
with sexes pooled in the Vasterbotten region was 125.1 ±
30.8 km (Gunnarn, n = 7) and 114.9 ± 27.2 km (Askilje,
n = 10; Fig . 2a), and in Malardalen 2.7 ± 0.5 km (Boge
sund, n = 20) and 7.6 ± 3.0 km (Ekena s, n = 22; Fig. 2b) .
The interaction between distance and area cou ld thus be
ascribed to a difference between region s (Tukey HSD
post hoc test, P < 0.00 I in all inter-re gion al comparisons),
as there were no significant intra-regional differences in
dispersal distanc es (Tuk ey HSD post hoc test , Malardalen
P = 0.98, N.S.; Vasterbotten P = 0.80, N.S.).

Discussion

As deer in the Vasterbotten region were radio-collared
durin g winter only, ju veniles of seasonally migrating
moth ers con sequentl y had unknown birth ranges. Thi s
mean s that there was a small risk of classifying a yearling
as a disperser , when it was mere ly migrating back to its
natal summer range. However, among 10 radio -marked
adu lt fema les, on ly three had separate winter and summer
ranges and , of those two had range s separated by less than
10 km (unpubl. data). On the basis of this, and in addition
to the fact that none of the deer ever return ed to its natal
winter range , we feel fairly certain that the long-distanc e
movements exhibited by the yearlin gs were disper sal
movements.

Dispersal frequency has been observed to incre ase with
popul ation density up to relatively high densities, and to
dec rease aga in as the population approaches carrying ca
pacity (Wahlstrom & Liberg 1995) . Whil e we only re
ported average dispersal rate over the enti re study period ,
large fluctu ations in density, and thus in dispersal fre
quency, did occur in the Malardalen study areas durin g
this period . Peak dispersal rate in this reg ion was 75% at
high density (Wahlstrom & Liberg 1995). At low density
(approximately seven deer per km') in the Bogesund ar
ea, no dispersal has been recorded (P . Kjellander, pers.
comm.). These figures should be compared with the 95%
disper sal rate in Vasterbotten at a density that can be re
garded as low- interm ediat e (5-10 deer per km') .

One possible explanation for the striking difference in
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dispersal pattern exhibited by deer in Vasterbotten as
compared to Malarda len, may be that it simply is the ef
fect of a differe nce in the availability of suitable settling
sites. High-quality habit at in Vasterbotten is rare , and di
spersers may inspect the same amount of such habitat
both in the south and the north before settling. One result
of this is that deer in the nor th are forced to travel far ei
ther before findin g att ractive patch es, or until fatigue
forces them to settle in suboptimal areas . In the south,
where high-quality habitat is abund ant , deer never have
to travel far in order to find optimal patches, resulting in
the relatively short dispersal distances observed. Thi s hy
pothesis does, however, not explain the almost compl ete
dispersal of young in Vasterbotten, or the existence of a
few long-distance dispersers in Malardalen ,

Yet anoth er hypothesis is that deer disperse in order to
avoid inbreeding (e.g. Pusey 1987) . Accord ing to this hy
pothesis, parent-offsprin g matin gs are expected to be
highly probable in the relatively small demes of
Vasterbotten, resulting in almost complete dispersal of
young in this region . The long dispersal distances would
be explained by the isolation of indiv idual demes. An an
ima l must trave l unti l it encounters another deme in or
der to secure its reproduction. In Ma larda len unrelat ed
deer frequ ently live within short distances, allowing sub
adults to remain philopatric , or to disperse short distanc
es only. Like the first hypothesis, however, this one also
fails to explain the existence of long-distance dispersal in
the south.

An alterna tive hypothe sis, accounting both for the al
most complete disper sal of youn g in Vasterbotten and for
long-distance dispersal in Ma lardalen, is that two genet
ically distinct morph s of roe deer exist, one 'dispersive'
and one 's tationary '. The 'dispersive ' morph should be
character ised by a relatively high sensitivity to competi
tive pressure, e.g. by being less fecund or attainin g sexu
al maturity late r than ' stationaries' . Furthermore, it
should be characterised by a strong inclination to disper
sal and a tendency to trav el far, thereby enhancing the
possibility of findin g a highly attractive patch, i.e. an ar
ea with abundant resourc es and few competitors , before
settling. In contrast, the ' stationary' morph should be less
sensitive to competitiv e pressure and therefore character
ised by a higher degree of philopatry , or short-distance
disper sal only. The 'dispersive' morph is predict ed to
dominate any popul ation being in the phase of expanding
its range. Moreover, populations that have occurred long
enough in an area in order for the 's tationary' morph to
have been able to coloni se it, are predicted to be increas
ingly dominated by 's tationaries '. However, the persis
tence of the 'dispersive ' type in this situation is to be ex
pected becau se vacant sites will always arise. Hamilton
& May ( 1977) demonstrated that, even under stable and
saturated habitat condi tions, there will be selection for
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maintenance of dispersal. The existence of a few
'dispersers' in Malardalen is in agreement with this line
of reasoni ng.

The phenomenon of polymorp hic dispersal behaviour
has received most attention from entomologists studying
insects exhib iting polymorphism in obvious morphol
ogica l structures, such as wings, affecting their ability to
disperse (for a review see Harr ison 1980). Several authors
have linked the existence of particular 'dispersive '
morphs to the temporal and spatial stabi lity of the envi 
ronment, with the 'dispersive' morph being increasingly
favoured as the persistence of the habitat decreases (see
e.g. Denno et al. 199I, McPeek & Holt 1992, Roff 1994) .

The idea of a true genetic polymorphism in mammal
ian behavioural charac ters has rece ived little atten tion,
which is probably due to the stronger behavioural flex
ibility of mammals. However, we believe distinct geno
typic 'dispersive ' and 's tationary' morp hs could coexist
in a species like roe deer , adapted to exp loit ephemeral
gaps (burns , windblows, and insect attack) with early suc
cession vegetation in a matrix of mature forest (Ceder
lund & Liberg 1995, Liberg & Wahlstrom in prep .). This
is an environment characterised by variability both spa
tia lly and temporally. Accord ing to a recent mode l by
McPeek & Holt (1992) , this is the situat ion where a
"...polymorphism of two discre te dispersa l types with un
conditio nal dispersal strategies can exist" . Also the suc
cessive prediction of this model, that "...the phenotypic
and genotypic variation for dispersa l characters in a spe
cies having a dimorphism (rather than continuous poly
morphism; our comment) should be sma ll within patch
es (read Malardalen and Vasterbotten, respectively; our
comment) but large between patches", fits our roe deer
case well.

A poss ible scenario for the sequence of events leading
to the frequency difference of the two dispersal types that
we found betwee n Malardalen and Vaste rbotten is as fol
lows: In the sma ll relict population in the southernmost
part of Scandinavia 150 years ago both types exis ted.
When the expansion north started, the 'dispersive' morp h
took the lead in the population spread and was respon
sible for the extremely rapid recolon isation of the coun
try. The first roe deer reached Malardalen between 1890
and 1900, i.e. a hundred years ago . For some time the pop
ulation here consisted entirely of the 'di spersive ' type.
However , as indiv idua ls belonging to our 'stationary'
type perform short-dis tance dispersal (up to approximate
ly 10 km), it is quite possib le that they reached Malarda len
in a second wave. Considering that the distance between
the original site in southern Scandinavia and Malardalen
is 500 km, that it takes two years betwe en each new burst
of expansion (anima ls at a new site are one year old when
they arrive; it takes one year for them to produce new off
spring and a second year before these spread) and that the

W IL DLIFE BIOLOGY· 1:3 ( 1995)

spread north started around 1850, the first ' stationary' roe
deer cou ld have reached Malardalen around 1950. The
first roe deer at our study sites in Vasterbotten appeared
around 1965. As this is another 600 km north of
Malarda len, there has not yet been enough time for ani
mals of the 'stationary' type to reach this region. It is ac
tually doubtful whether this part of Scandinavia will ev
er be invaded by the 'stationary' morph, as animals of this
type may be unable to cross the large tracts of unsuitable
habitat separating the isolated patches of favourable hab
itat.

If two distinct dispersal strategies do exist in roe deer,
we shou ld expect other cervids, simi larly adapted to an
unstab le and unpredictable environment, to exhib it the
same dimorphic dispersal pattern. In fact, they seem to
do. In estab lished populations of black-tai led deer Odo
coileus hemionus, white-tai led deer O. virginianus and
moose Alees alees dispersal patterns are similar to that of
roe deer as observed in Malarda len, with the majority of
dispe rsers sett ling within a few home range diameters
from their natal areas whereas a few trave l very long dis
tances (Bunnell & Harestad 1983, Nelson 1993, Srether
& Heim 1993). We believe this pattern is not ju st a mere
coincidence, but instead it could be an effect of a di
morp hism in dispersal behav iour, as outlined above ,
which conceivably occ urs in species adapted to a patchy
and unstable enviro nment. Bunnell & Hares tad (1983) ac
tually speculated over the exis tence of two distinct types,
'no n-dispersers ' and 'dispersers ', in order to exp lain the
dispersa l pattern exhibited by black-ta iled deer. Unfort u
nate ly, we have been unable to find any reports on di
spersal pattern in these other species in newly colonised
areas.

Consequently, we hypothesise that the different disper
sal patterns exhibited by roe deer in Vasterbotten and
Malarda len are attr ibutable to the existence of two genet 
ically distinct morphs of roe deer, one 'dis persive' and
one ' stationary' . We intend to test this hypothesis through
a trans plantation experiment in which ju veniles from
Malardalen will be released in Vasterbotten, and vice ver
sa. Whatever the exp lanation for the observed pattern is,
the results of the presen t study clearly demonstrate the
danger of making broad gene ralisatio ns from information
obtai ned in one sing le study population only.
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