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Influenceloflaltered predator [Gommunitylon vVole population fluctuations in [Finnish

Lapland.

Largelscalelspatialland femporal patterns fin populationdynamics[ofTthe stoat
(Mustelaldrminea)andtheleastWeasel (M. mivalis)in[Finland.
SurvivallandBehaviouroflcaptive HornWweasels releasedinmature.

Homelranges, habitatchoicelandldctivity oflstoats ((Mustelalerminea) ihTelationfo
sex [@andldominanceStatus[duringthe’snowless [seasons/ih[Subarcticlarea.
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Introduction

Weasel[(Mustelanivalis)andstoat (M.
erminea)arefwolclosely(relatedmustelid
species. Bothldrelsmallin[size, [@andthe
subspecies M. mivalismivalis, theTeast
weasel, lis[the[smallestmammalian
predator intheWworld. Eventhoughthe
maximum/Iifespans 6fWeasels [and stoats
mayBerelativelyTong((3 9 years),onlyld
smallproportionoffindividualsreaches
morethanlonelyear 0fldge(King[1989and
references [therein). [As withmany [0ther
mustelidispecies, thelstoatdndtheWweasel
exhibitarkedsexual(size[dimorphism:
malesarel@lwaysBigger fhanfemales. The
sexual Sizedimorphism(hasbeen
suggestedfoTeducecompetitionBetween
thelsexes[(DayanandiSimberloff[1994).In
theFennoscandianfpopulations, therelis[a
negativelcorrelationbetweenthelaverage
bodysizes[oflstoatslandWweaselsand
latitude(Erlinge1987).Thisfisih[Contrast
tolthelgeneralléxpectation®asedon
Bergmann’s(rule,@ccordingfowhichbody
sizeslincreasemorthwards.

Shapelandisizelofistoatsfand Weasels [are
adaptations o huntingVoles [inTheir
subterranean holes(l/Anderssonland
Erlinge1977).TheMainlprey(species [0f
theleastWeasellin/SouthernFennoscandia
arelthefield ole(Microtuslagrestis)and
otherWoleslinthelgenus Microtus
(Korpiméki etlal. (1991, Hanskiland
Henttonen1996). Inthe Morthern dimits[of
the[Fennoscandian(donifer forest, weasels
use Microtus¥oleslasiwelll@sithe
ecologically(similar[grey(sidedvole
(Clethrionomysvufocanus;Hanskiand
Henttonen1996). Voles/arelalsolthemain
prey ofistoats(ihthostparts (0f
Fennoscandia, butfin[southern
Fennoscandiathemainprey[is theWater

volel(drvicolalferrestris).[ThelStoatlis
clearlyarger fthantheweasellandfitay
moreTeadilytiselalternativepreylSpecies,
and[thereforelthelstoatfis thoughtfobeld
morelgeneralist(predator thantheWweasel
(e.g.[Hanski etlal.1991).[A mostTotable
differenceBetween(thefwoSpecies s in
theirbreedingBiology. Stoathasdelayed
implantation, Whereas Weasel has [direct
implantation. [This[gives TheWeasellan
opportunity[fb Tespondfochangesinprey
abundancesmoreTapidlyThanthelstoat
(KinglandMoors1979). Essential
biological informationonthefwolspecies
is[Summarizedin/Table(T.

Home(ranges/(and territoriality

BoththelstoatiandtheWeasel(arelsolitary
species. Thelsizes [0ftheir liome Tanges
dependion(thelgeographiclocalityland
season[(King1989,[Chapter V). Malestoat
homelrangesay Varyfrom(15.5T0733
hal(ErlingelandSandell 1986, Robitaille
andRaymond1995)(and femaleTranges
from4.60o 100 Hal(Robitailleland
Raymond1995, Miller etial.2001).In
Poland thehomeranges6f thale[common
weaselsVaried[depending(on fodent
densityfrom(11TB7HhafnHighldensity
yearsTo(117=216Malhlow density years
(Jedrzejewski et(al.[1995), whilethe Teast
weaselliomerangesvariedfrom[0.2 o110
hal((Nyholm(1959,Polder[1968, Chapter
I).[Themain Factor@ffecting thehome
rangesizelisthelavailability [0f prey,
especiallylduringfhemon[breedingseason
(ErlingelandSandell1986,Klemola etlal.
1999). Duringthemonlbreeding(season
bothispeciesareisually(ferritorial, but
duringtheBreedingSeason(ferritory
bordersbreakdown(dsgenerallyall
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maturemales [startfolSearch for Teceptive
females[(Erlinge(1974, Moors[1974,
Erlinge1977, ErlingelandSandell 1986,

Sandell1986). InlthemonbreedingSeason,

dominantalesspendftheir fimelinareas

whereVoleldensityfishighest[(Erlinge
1977)lorlinlareas WherehuntingTequires
lessleffort for Other Teasons (Edwards et
al.2001).

Table.Characteristics[oflthe(stoatandtheleastweasel.

Characters Stoat Leastiweasel
Mustelalérminea Mustelanivalisnivalis
Male 244/g @ 49.g ©54ig D
AveragelSize
Female 103g? 34ig D35 ™D
Implantation Delayedlimplantation Directimplantation
Gestation 2201380days @ 34(36/days ¥
Meanllitter(size 619 @ 4112 ©
Mortality [rate 1¥[year:[83%[ih New 1¥[year:[80%[inmales, 75%
Zealand “;3(6months: 4001 infemalesinBritain(M. 1.
54%inSweden ¥ vulgaris) ?
Maximal(ifespan((years) 9® 30

DStolt[(1979), @ King((1980), @ Erlinge(1983), “ King((1989) and references therein,
®Siivonenand(Sulkava[(1999), ”Sundell(2003a)@nd references therein, " Hellstedt

andHenttonen(Chapter V).

Competition/and co existence

Evenlthoughlthelstoat/and ThelWweaseldre
similar in/dppearance, theyhave
considerableldifferences inbreeding
habits, [prey, abitats@nd body [size (King
andMoors1979).Thesedifferences(are
consistentWiththeprinciplelofTlimiting
similarity (MacArthurfandlevins[1967):
twolécologically(similar[Gompeting
species[dannotliveinsympatry, which
mayTeadfolcoevolutionarycharacter
displacement. [TheWeaselandthelstoat
havemostTikelyldivergedintheir Body
sizeland(relatedhabits becauseof
interspecific'ompetition(Dayanfand
Simberloff1994).

Stoatsland weasels[GompeteWith(éach
otherfor Margely thel[Samepreylspecies.

Weasels, beinglsmallerfin(size,tsually
avoidlareasWhere/stoatslive(Erlingeland
Sandell[1988, [(Oksanen etlal. (1992,
Oksanen(andHenttonen1996). Thetwo
speciesayhowever(coléxistlin
heterogenousTandscapes Wwith refuges for
theweasel (KinglandMoors1979,King
1989, AunapuulandOksanen2003).
McDonald[{(2002) found(dietary miche
differences between British(stoatsand
weasels: [thelstoats mostly[preyedon
rabbits[(Oryctolagusicuniculus)@dndhares,
whereastheWeasels isedorelof voles.
InTorthernFennoscandia, Competition
between Thestoat/andtheWweasel hasbeen
shownfo(resultindissimilarHabitatiise:
stoatsuselareas[0f higher productivity than
weasels((Oksanen etldl. [1992).
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Breeding

Thelstoatland the Weasel iavedifferent
reproductivelbiology. Stoatshaveldelayed
implantationbutinWeasels thelémbryolis
implantedimmediately(after fertilization.
Delayedimplantationhas beenlsuggested
tolbeldamonophyleticfraitihmustelids
(Lindenfors etlal. 2003). Femalelstoats
comeon(heatSoonafter(giving Birth But
fertilizedleggs startfoldevelopOnlyafter
thefollowingWinter When [thel@amountof
lightincreases(King1989).Becauseof
delayedimplantation, [Stoatsicannot have
morelthanlonelitter per year. In
Fennoscandia, TeastWeaseltay Breedldlso
inWwinterif[prey[@abundancefis igh.
Common(weaselsinEnglandhiaveldTong
breeding[season,l@andwhen[voles(are
abundantWeasels tay RavewoTittersper
summer (King1989).Furthermore, [during
timesoflabundantPrey youngfemale
weasels aymaturelandhaveltheirlown
offspringduring fheir first sSummer (King
1989).[ForalltheseTeasonsthebreeding
potentialoflthe Weasel ik [greater Thanthat
ofthelstoat,landhenceWweasel Population
densitiesay mespondoreTapidlyfo
changesinfoodavailability.

Food

TheMuntingbehaviour 6f'smallMustelids
isicharacterized(as "random(search’ [(King
1989). InFennoscandia, [@s ih tost[parts
offtheir Tanges, [theldiets [dfTthestoatland
thelweasel Wary[(King 1989 andreferences
therein). Forlihstance,in[Southern[Sweden
male(stoatsprefer (hares, Water Woles [and
Apodemusmicel(Erlinge(1975), Whereas
maleWweaselsliseMostly woles. Butwhen
voleslarelScarce, thaleWeasels lise[young
rabbits, Water Woles [@nd Apodemusice.
InBothlspecies, femalesprefer field Voles
andfemaleWeaselsldlsobankVoles
(Clethrionomysiglareolus)(Erlinge1975).

Inthemorthfheweasellishighly
specializedon Microtusvoles (Korpiméki
etldl.1991, Korpiméki1993). Muringthe
winter, lintheMorthernparts [0f
Fennoscandia, foodresourcesldreldften
limiting, [and[stoatsand weaselsare forced
toisefhesamelpreyspecies (Korpimaki
etlal.1991,’/Aunapuu/and@ksanen2003).

Thelecological impact/ofismall
mustelids [in Vertebrate [communities

ThelWweasellandthelstoatarepreyitems for
many raptors/andlowls(dswelllasfor
larger ammalianpredators, TikeltheTed
fox[(Vulpesiulpes) (Powell[1973).[Small
mustelids@refactivelonlyWhenmecessary,
andthey/domot miormally ovelin/open
places, [@apparently[folavoidpredation
(Buckingham(T1979, Korpimékiland
Norrdahl[1989b,[Aunapuu2004).
However, predationfis mot themain[factor
regulating stoatlandWeaselpopulation
densities Zthatfactor(is [their[Ownprey.

Thelstoatland theWweasel @repredators,
that(strongly linfluenceltheldynamics(cfthe
smallmammallGommunities(including
voles, Temmings, Thiceland(shrews). Many
smallland mediumsized hammallspecies
inthemorthernfiemispherehave Been
observedfolshow regular multiannual
fluctuations((e.g.[Kalela[1962, Krebsland
Myers(1974,[Angelstam etlal. (1985,
HanssonlandHenttonen(1985, Keith(1990,
Hanski etlal. 1991, [Stenseth(1999,
Klemola et(al.2002).SinceElton(1924)
noticedéxtraordinary volepopulation
fluctuations in[F ennoscandia, the
researchersHaveBeenlinterestedfinvole
cycles’[(Stenseth etlal.[1998, Hanski etlal.
2001, Korpimiki etlal. 2005). Especially
Microtusiand ClethrionomysNolesbut
alsoMNorwaylemming((Lemmus[lemmus)
populations Have Beenmuchstudiediand
long [fermimelSeries [ontheir[@bundances
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The predator-prey hypothesis

Box 1

Vole cycles have been of substantial interest to scientists since Charles Elton’s research on
northern rodents (Elton 1924, 1942). A multitude of hypotheses have been suggested to
explain these cycles: Batzli (1992) counted 22 hypotheses explaining the regular fluctuations
of vole population numbers. In northern Fennoscandia the multiannual cycles used to be
regular and more or less synchronous between different species. Cycles had large
amplitude: the abundance between peak and low densities varied 50 to 100-fold (Siivonen
1954, Hansson and Henttonen 1985, Henttonen et al. 1987, Hanski et al. 1991, Korpimaki et
al. 1991, Klemola et al. 2002). In southern Fennoscandia, there are no regular cycles but the
vole populations fluctuate only seasonally (Hansson and Henttonen 1988). The main
hypothesis to describe Fennoscandian vole cycles is the specialist predator hypothesis
(Henttonen et al. 1987, Korpimaki et al. 1991, Hanski et al. 1993, Norrdahl 1995, Klemola et
al. 2000), according to this predation by highly specialized mammalian predators, the least
weasel (Mustela nivalis nivalis) and the stoat (M. erminea), drives the cycles due to delayed
numerical response of the predators. This delayed numerical response to changes in vole
population numbers (Korpimaki et al. 1991) delays their recovery from the low phase and
allows vole population increase without pressure from the predators (Korpiméki et al. 1991,
Norrdahl 1995). Least weasel uses voles (especially field voles, Microtus agrestis) even
when vole density is low (Korpimaki et al. 1991). Stoat, as a bigger predator may more easily
start hunting alternative prey. However, in the north, the stoat behaviour resembles that of a
specialist predator due to lack of alternative prey species (Erlinge 1975, Korpiméki et al.
1991, Aunapuu and Oksanen 2003). Generalist predators as well as nomadic avian
predators may switch between prey species or hunting areas, and therefore they tend to
stabilize prey dynamics (Andersson and Erlinge 1977, Erlinge et al. 1984).

have been collected (Henttonen et al.
1987, Hanski et al. 1991). In northern
Fennoscandia, the vole cycle use to have a
regular 4-5 year interval (but see below).
The cycle length becomes shorter with
decreasing latitude, so that in southern
Finland the cycle length is 3-4 years and
in southern Sweden multiannual cycles are
replaced by annual fluctuations (Erlinge et
al. 1983, Hansson and Henttonen 1985,
Hanski et al. 1991). Populations of
predators using voles tend to fluctuate
accordingly, though often with a delay in
relation to vole dynamics (e.g. Norrdahl
1995).

The most popular hypothesis explaining
the Fennoscandian vole cycles is the
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predation hypotheses (e.g. Hanski et al.
2001). This involves the classification of
vole predators into three categories: 1)
generalist predators, which may switch
between prey species depending on their
abundances (Erlinge et al. 1984), 2)
nomadic avian specialist predators, which
may migrate to areas where the vole
densities are currently high (Korpiméki et
al. 1991), and 3) resident specialist
predators, primarily the weasel and the
stoat. Generalists as well as the nomadic
avian predators tend to stabilize cycles,
but resident specialists promote regular
fluctuations (Erlinge et al. 1984,
Korpimiki 1985, Norrdahl 1995, Hanski
et al. 2001, Box 1). The population size of
a specialist mammalian predator strongly
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depends on the numbers of prey, but
changes in vole population sizes influence
weasel and stoat numbers with a time lag
(Erlinge 1974, Korpiméki et al. 1991).
Delayed predator dynamics is due to their
numerical response, and specifically due
to their slower rate of reproduction than in
the voles (Korpiméki et al. 1991). When

It has been suggested that in addition to
the direct effect of predators on the prey
populations, there are also significant
indirect effects (Gorman 1984, Ylonen
1989, Lima and Dill 1990, Norrdahl and
Korpimiki 2000, Ylonen 2001). Ylonen
(1989) proposed the breeding suppression

the vole populations are abundant, small
mustelids may cache food (Oksanen
1983). They may kill more voles than
needed, and thereby the strength of their
impact on vole populations becomes
amplified.

hypothesis (BSH), which suggests that the
rate of reproduction by voles becomes
reduced in the presence of weasels.
Studies of the indirect effects are mostly
done in the laboratory, and these studies
are difficult to apply to natural populations

Box 2
Long-term declining trend in the Fennoscandian vole populations

In the past, the Fennoscandian voles had regular 3 to 5 year cycles in numbers. Along with
weakening regularity of cyclicity in recent decades, a long-term declining trend in the
overall numbers has been reported from different parts of Fennoscandia (Henttonen 2000,
Christensen and Hornfeldt 2003, Hornfeldt 2004). The declining trend is notable especially
in the ‘key species’, Microtus-voles, grey-sided vole (Clethrionomys rufocanus) and bank
vole (C. glareolus: in Umea, but not in Pallasjarvi), which previously exhibited most regular
oscillations. No decline has been observed in some other small rodent species, such as
red vole (C. rutilus) in subarctic birch forests (Chapter Il) and bank vole in boreal Finnish
Lapland (Henttonen 2000). The following factors have been suggested to explain the
decline in the numbers and amplitude of oscillations (summarized from Hornfeldt 2004):

1) Destructive sampling hypothesis (DSH). According to DSH the reported decline is
an artefact created by permanent snap-trapping sampling plots. This is not a very
likely hypothesis: evidently the trap-indices are comparable in permanent plots
and in new plots (Christensen and Hornfeldt 2003).

2) Natural long-term fluctuation pattern hypothesis (NFPH). Long-term natural trends
are possible, but there is no positive evidence for this due to lack of long time-
series.

3) Habitat fragmentation hypothesis (HFH). Intensive forestry, clear-cuts and
reforested cultivated areas have fragmented the vole habitats (Ostlund et al.
1997, Hansson 1999). Fragmented habitat affects vole abundances but,
according to Hornfeldt (2004), this is unlikely to explain the decline of vole
populations.

4) Adverse winter hypothesis (AWH). Reduced snow-cover and earlier snowmelt
may lead to increased predation risk for voles. In Norway, the mortality risk for
root/tundra vole (Microtus oeconomus) was greater during mild than cold winters
(Aars and Ims 2002). Mild winters may also increase disease and parasite risk.

Continues on next page
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5)

Predation increase hypothesis (PIH). Hornfeldt (2004) suggests that decreased
numbers of red fox (Vulpes vulpes) reduce the predation risk on small mustelids.
This is supposed to lead to faster numerical response in mustelids and therefore
to increase mustelid predation on voles. However, according to many earlier
studies great abundance of small mustelids is the factor that maintains vole
cycles (Erlinge et al. 1983, Henttonen et al. 1987, Korpimaki et al. 1991, Hanski
etal. 1991, 1993, Norrdahl 1995, Norrdahl and Korpimaki 1995, Korpiméaki and
Krebs 1996). The invading new generalist predator, the American mink (Mustela
vison), or increased predation by avian predators due to reduced snow cover may
have decreased vole abundances and stabilized dynamics (Hornfeldt et al. 1990,
Oksanen et al. 2001).

Food/shelter decrease hypothesis (FSDH). Bilberry (Vaccinium myrtillus) is an
important food item for grey-sided voles (Kalela 1957). Bilberry stands also
provide shelters to grey-sided voles against predators (Léfgren 1995). Outbreaks
of the moth Operophtera brumata and parasitic fungus (Valdensia heterodoxa) or
warmer winters (temperature around 0°C during mid-winter) may destroy bilberry

stands over large areas.

7) Food-quality decrease hypothesis (FQDH). This hypothesis has connections to
the FSD-hypothesis (above). Environmental pollution (contamination by heavy
metals or imbalance of mineral elements) alters the quality of food. These
changes may decrease the survival rate or reproductive capacity of voles.

8) Environmental stress/disease hypothesis (ESDH). Previously unknown Ljungan
virus has been reported to cause diabetes in bank voles (Niklasson et al. 2003).
The virus has also been isolated from some other vole species such as grey-
sided vole, field vole (Microtus agrestis) and Norway lemming (Lemmus lemmus).
Imbalance of mineral elements due to pollution (FQDH above) may weaken the
immune system of voles and therefore they may have become more sensitive to

diseases and stress.

(Mappes et al. 1998, Norrdahl and
Korpiméki 1995).

Regular, high amplitude multiannual vole
cycles have changed in many areas in

Fennoscandia since the 1980s (see Box 2).

More stable or irregular small mammal
fluctuations have been reported from e.g.
the northern taiga forest: Pallasjdrvi in
1982 (Henttonen et al. 1987, Hanski and
Henttonen 1996), Umea in the mid-1980s
(Hornfeldt 2004), birch forest/tundra in
Kilpisjérvi in 1990 (Henttonen and
Wallgren 2001), and boreal taiga in
southern Finland (Sundell 2003b). The
change in the pattern vole dynamics may

12

be due to changes in the relative numbers
of different kinds of predators. In northern
Fennoscandia, the weasels used to be the
numerically dominant resident specialist
predators (Kaikusalo 1982, Henttonen and
Wallgren 2001), but more recently the
stoat populations have increased relative
to weasel populations (Chapter II).

Outline of this thesis

In this thesis I have studied the impact of
the stoat and the least weasel on their prey
populations, their population dynamics,
behaviour and habitat use (Fig. 1).
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Chapters Iland Ilfarefocusedlonlthe
ecologicalléffects(of’small ustelidson
theldynamics(dfivoles. [Chapter 111, based
onlsnow frackiCounts, investigatesTarge[’
scaleffemporalfand(spatial[dynamics(ofTthe
stoat/andfheweasel. Chapter 1V [deals
with[survivalloficaptive[bornweasels

following(theirreleaselinthefield. Finally,

stoatbehaviour(and(differencesbetween
sexesldreldiscussedlinmoreldetailin
Chapter V.

Indirectleffects offpredatorpresencelon
volebreedinglandbehaviour, land
ultimately/onVolePopulationdynamics,
havebeenistudied(during theTastdecades
(Gorman[1984,Y16nen1989, Heikkila et
al. 1993, Koskelaland[Y16nen[1995,
Mappes et'al.[1998,[Carlsen etlal.[1999,
Korpiméki etlal. 1996, Norrdahlland

Korpiméki2000, Pusenius dnd [Ostfeld
2000,[Y16nen2001, FuellinglandHalle
2004).HerewetestedWithldmovel
methodlinthefield Wwhether Tong [ferm

Subject Spatial(scale

ChapterT

Subarctic Birch Chapter I

Impactionvole
communities[0f
small mustelid
predation

Community Tevel
processes

forestland(dpen

ChapterTII

Spatialland
temporalltrends
intheldynamics
offthe Teast
weasel
and(thelstoat

Large(scale
population
dynamics

Boreal [forest

and[dgricultural
habitats

Survival of
released
captivelborn
weasels

Populationlevel

Biologyoflthe Processes

stoatland
intraspecific
interactions

Figure (1. Relationship Between [the Chapters.

[OntheIeftlarelthe habitatswhere(datawere

collected, mextlthe(five (Chapters/andthefopics(ofithe Chapters. (Onthe rightlis[shown[the

spatial(scale(dfithe(each [study.
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presenceloftheWweaselhaslany
behaviouralioridemographic(effectsionthe
fieldvole[T).

RegularfandSynchronous/smallammal
fluctuationstisedfobelcharacteristic for
northernFennoscandia, But(since the
1980’sthevolelcycleshaveBeenreplaced
bymorelstableldynamics. Tthas Been
suggested thatlapossiblereason for This
shiftis@lchangelinfthelspecies
compositionfinthepredatorguild. Here,
welstudied theldynamicsofismall
mustelidsintheentireFinland [(11T)[and
morelspecificallyliow(changesinfthe
relativel@abundanceloflstoatland Weasel
affectithevVolepopulationsfinmorthern
Lapland [{IT).

Introductions@ndrelintroductions from
captivebred[colonies is[Onepossiblevay
tolfestorerare@animal populations
(Kleiman1989, [Griffith et(al.[1989). But
captive[bredl@nimals,[éspecially predators,
haveloftenproblems [inladaptingfomatural

Material and methods

Study areas

Materialfor [this thesisWas [dbtained from
several Tocalities [@cross(Finland((Fig.2).
AlcaptivelbredlcolonylofTeast Weasels
was Thaintained/atthelLammiBiological
Station[(61°03°N,125°05°E)[(Chapters I,
IV),Wwherefhelindirectleffectsof predator
presence(I)[@andsomelofitherelease
experiments[(I'V)ivere/donducted. [Other
releaselsites WerelocatedatPunkaharju
areal(61°47°N,29°17°E)@ndlinlthe
Paijannelareal(61°42°N,25°35°E). Habitat
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conditions(Kleiman1989).Predators tay
havelcertainfimes(intheir/development
whenfhey Tearnimportant(skills for
survival, Whichakes fheladaptationo
naturemorelchallenging. Welstudied how
captivelbredleastWeasels/survivediand
howtheybehavedfollowingtheirTelease
tomaturel(IV).

Sizeldifferencesbetweenthefwo sexesin
smallmustelidsfaresupposedlyldaused By
thelavoidanceloflintersex ompetition
(Brownland TLasiewski1972, Dayaniand
Simberloff1994)6r by differenceBetween
malelandfemalemeproductivelstrategies
(Erlinge1979, Moors 1980, [Sandell
1989).Themalelandfemalelstoatslare
specializedfouseldifferentpreyspecies,
andlduringthemonBreedingseasonale
andfemale Territories[domotgenerally
overlap (V). Habitat lisemay(bedifferent
between the'sexes butmaylalsoldiffer
between maleswith[different/dominance

status((V).

choicelandhome Mangelstudieslin/stoats
(V)landtheleffects oflchanges infthe
carnivore(guild[(Il) Wereperformedin
Kilpisjarvii(69°03°N,20°45’E). [Theldata
for[studyingtheTargelscalelspatialland
temporalldynamics(ofthelstoatland(the
leastWeaselldomefromc.[1500wildlife
snow frackingfriangles((collectedbythe
Finnish{GamelandFisheries[Research
Institute),@nd dovers(theleéntire[Finland
(III).Thelsouthern(studylareas Wwere
mostlyfragmentedlandscapesiwith
managed/coniferous forestlanddgricultural
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areas. ThelKilpisjarviTabitats Were
mountainBirch forestandopen fundralat
higher@ltitudes[(700 hlabovelsealevel).

Field(experiment(on(predation(risk((I)

Twolgrids constructedoffplastic(drainpipe
wereplacedlonfwomeadows(atithe
LammiBiologicallStation.[Eachgrid
covered2400 m’[withléach parallel line of
pipesatl0midistancefromleach other.
Theldrainpipewas80 mhm/lin/diameter/and
contained/small Holes. @neTeastweasel
was [eleased(intothelgridlofpipe, [@ndlthe
experimental [grid Was[connected To/a [Gage
fortheweasel. TheWweasel Wwas(fed'dead
chickensinldifferent parts oflthegrid. (A
volefrapping(areawaslocatedinland
aroundléachigridisothatfihthemiddlelof
parallel pipesthereWas dftrap,@andfthe
trappingarealextended15 mibeyondfthe
outer limits [0fTthelgrid. ThePurposeldflthe
experimentWas [folinvestigatethepresence
of theWeasellin theléxperimentalgrid[dn

theBehaviour@andldemographyofilocal
voles.

Captive[born(weasels

ThelsurvivalloflcaptivebornTeastWweasels
wasstudiedinChapter IV, Butioneloflthe
weaselsWas[alsoisedintheléxperiment
onfindirectléffectsihChapter 1. TheTeast
weaselsWerefrom(thelcolonylinlthe
LammiBiologicalStation[(see[Sundell
2003a).Inlcaptivity, theTeast Weasels
lived(in(0.5 m’Gages, buttheylspent 10120
days(inTarger(énclosures/outofidoors
beforebeingreleased fothemature.The
captiveBornlleast Weasels lisedlinlthe
experimentsWere[12 fo40weeks(dld.

Vole, weasel and[stoattrappings

Welmadelvolefrappingsfin(studies
reportedinChapters Iland IIisingthe
CMR [method(capturemarktecapture,
Myllyméki1977). Wehised Wgglan

Sweden

Kilpisjarvi

<OU4Estonia

T

Russia

Punkaharju

Figure 2.[Study/localities(in (Finland.
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Special frapsorWgglan Temmelfraps
(Grahnab, Hillerstorp,[Sweden)ivith(Gat
as(@bait. TnthelstudylinChapter Iive
placedffrapsfinthemiddlelofléachlgrid
cell.[Thelsizelofleach(frappinglarealivas
6300 m’ (and theltraps werelocated Within
each[100 m’, (with theloutermost fraps Taid
15 micutsidethelédgelofthelgrid
(altogether B0 fraps/area). Ninelfrapping
periods,€@ach2[4[days inTength, Were
performedfromate[April Tomid July. Tn
Chapter Il therewerelthreeléxperimental
trapping/areasandthreelcontrollareas.
Eachlfrappinglareawas3.61Mhafin(sizeland
eachlfrapping(sessionTasted for 4 days.
Altogether100 frapsin'éachareawere
rotatedbetween [frappingpointsinlévery
24[sothattheldctualdistancebetween
thefraps/atianylonefimeWwas20 mi(see
Henttonen etlal. [1987,[Yoccoz etlal.
2001).

LeastiweaselsWere Trapped mainlyising
Ugglan(specialldrMWgglanTemmeldivel]
traps(Chapter IV).[Stoats Werefrapped
(Chapter V)isingiwooden“Erlinge’ [
modellivefrapsWithpieceof feindeer
liverfasfabait.

Weasel, [stoat/and (voleradio tracking

Welstudiedweaselldctivity, Visibility,
habitatiise/andl@voidancelofpredation
usingradiofracking. Tnladdition, fadio[”
trackingWwasiisedfostudythelsurvival of
captivebornleastWweasels0fdifferent
ages, [and[differences/intheir[survivallin
different(seasons((Chapter IV). Radiol’
trackingWwastisedinChapter I7as(aldontrol
method, foVerifythattheTeast Weasel
insidetheléxperimentallgridthoved
around(theléntire(grid/area. In[Chapter I
welradiolfracked Taturefemale(field
voles(foléstimatetheiriomerangelsizes
andovement/dctivity.

Captivelborn(teleasedWweasels, wild[]
caughtland(releasedWeasels, [Stoats @and
femaleVolesWwerefittedwith@20r4.27g
TW [4 fransmitter [dollar With/one[or Two
batteries[(Biotrack,Dorset, Wnited
Kingdom).[EveryOobservation(ofia tagged
animalWasmarked on/@map. The
locations(ofTStationarylanimalswere
estimated by fakingbearings fromfwolor
threeldirections(atitheldistanceof1525m
from(thelanimal. When(thelanimals Were
movingaroundtheroutefakenwas
marked(on(amap.

Homelranges(ofiWweasels [(Chapter I'V)land
stoats (Chapter V)Werelanalysediising(the
Ranges[V program/(Kenwardland Hodder
1996)andlsurvivalratelofireleased Teast
weasels[(Chapter I'V)isingtheMayfield[]
method(Bart@andRobson1982).The
habitatiselof'stoats ((Chapter V)vas
characterized Withd[Gompositional
analysis((Aebischer etlal. 1993).

Snow [fracking

TheldatalinChapter III Weredollected
usingthe Finnishwildlife[snow(fracking
monitoring system, Thewildlife friangle
method(Lindén etal.[1996). Welanalysed
datafinvolvingthe[12 Km(wildlifeTriangles
forlthelyears from 19892003, withthe
samplelsizeVarying from400To 1043
triangles [Per [year. TheldataliaveBeen
collected By theFinnish{Gameland
Fisheries ResearchInstitute, [@nd theldctual
field workMas been/donebyVolunteers.
PartlofTthe’datain[Chapter IIlcamerom
snowfrackingrecords. Snow(fracks Were
countedsix [fimes, Oncelor Twiceld yearin
199812004.Thelsnow fracklindex [for(éach
speciesigivestheMumberoflfracks
crossing(thelinventory Touteper 10 Km'in
241h.
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Scat(analyses

Welcollected(stoatlandleast WweasellScats
(Chapter II)inKilpisjarviin[19981999.
Scatsiwerelcollected fromIstoat fraps,
along(thelsnow fracks,@nd from(the

Mainresultsand(discussion

Indirectleffects (ofleast/weasel presence
onl(field vole behaviour And dynamics

)

Fieldvolemumbers intheldifferent
functionalgroups [((maturefemales, males
andfiimmature), home range(sizesand
maturefemalevole’s ovementactivity
were(studiedinlthe/control’and
experimentalgrids. Inltheléxperimental
gridiweasel Wwas presentButHadmoldccess
tovoles. Thepurposewas olstudy
whetherthepresenceloftheWweaselhad
any [indirecteffectontheBehaviouror
demography/ofifield Woleslandon their
population/dynamics. There weremo
statistically/significant(differencesinthe
behaviour between(theléxperimental@nd
controligrids. Hurthermore, there[Weretio
differences [inMaturationlage(dr
reproduction(offemalevoles. Inlthe
beginningloftheéxperimentthevole
populationgrowthrateWas fasterinlthe
control[gridthanfinthe’éxperimental (grid,
butfthisdifferenceldisappearedlafter @ few
weeks.

Many previous(studies Havefound
physiological lorBehavioural(éffectsin
voles[ofTthelpresencelofpredators
(Gorman(1984,Y16nen[1989, Heikkila et
al. 1993, Koskelaland[Y16nen[1995,
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restinglandmestings spots[of’small
mustelids Tocated[duringradiofracking.
Scatsiwerel@nalysedinder(dissecting
microscopeloriisingthelcrossisection
method.

Korpimaki etldl.[1996, Pusenius/and
Ostfeld2000,Fuellingland Halle2004).
MostofTthese/studies Wwereconductedin
laboratory. [Thelstudiesthathavebeen
conductedfinthefieldhavelshownmo
effectiofweasel'0dour(onfieldvoles
(Korpiméki etlal. (1994, [Chapter I). Inlour
experiment, weaselpresencehadmo éffect
onffield Woles€ither(attheindividual [or(at
theopulationevel. [However, [our
experimentwas [donelih The [Summer
duringthelpeakbreedingseason.A
modifiedversion/6flthebreeding
suppressionhypothesisby Norrdahland
Korpiméki{2000)@ssumes thatlthe
indirectéffectsayBepresentonlylduring
thel@utumnland(spring.

Impactlofstoats onthe/dynamics 0fthe
rodent communityin Finnish(LLapland

an

Snow frackTines Werelcounted(six fimes [in
Kilpisjéarvifinthelyears199812004. Stoat
tracksWerelclearly oremumerousthan
theftracks [ofTany[dther Predatory thammal,
includingftheTeastWeasel. [TheTesults
showthat/stoats/changeltheir habitat
between @utumnlandtid Wwinter. Tnlthe
autumn theyspendmorefimelin
productiveabitats, Wwhilelinmid Winter
stoatsmovelfolpoorerhabitats, Consisting



Behaviour,[dynamics/and(ecological impact/ofismallmustelids

ofbirchforest. ILeastWeasellandred fox
tracks(declined fromfautumn fo tid
winter. Volelfrappings@nddfeeding
experiment/conductedin/Summer1998
showedld[clearchangefinthemost
numerous(volelspecies. Themumbers 0f
red[backedVolelincreasedd (6 fimes from
JunefoSeptember, Whereas(thelgreysided
vole, Microtus¥oleland Temmingmumbers
remained(ati@lowllevel.[Weléxamined54
stoat[scats. [RodentsWerelthemosttised
prey BothlintheWinter([79%) @ndfinfthe
summer(57%). Clethrionomys¥oles
appear Tolbethe ainprey item0flstoats.
Thefresults [of thefaecallanalysis@ndvole
trappingsfindicatelthatthelessagileland
bigger(species(Microtus¥oles,Temming
andlgrey(sidedvole)arelthe Primaryprey
oflstoat.[Weldidmotdbservehigh
amplitudefluctuationsfinthe mumbers 0f
weasellds Kaikusalo[(1982)reported, and
stoatWas[thelconstantly mostMumerous
species(inlthelstudydrea. Comparingthe
relativelabundancesofithe Volelspecieslin
the1960sand1970sandatpresentdlso
showsl(aldifference. Thelpreviously
dominant(species, Thelgreysided Vole,[is
now[permanently lincommonWhilelthe
subordinatelspecies, theTed Wole
(Clethrionomysvutilus),lismow(the
numericallyldominantispecies.
Apparently, theTedvole/dannotmaintain
regular [predator [prey/cycles(driven By
smallmustelids[(HanskilandHenttonen
1996).Welthus Proposethatichangesin
smallmammalPopulationdynamics from
regular(cyclesfomorelstabledynamics(are
associated With'changesintherelative
abundances/oflfthemammalianpredators.
However, [theactual [dausal thechanisms
remain(poorlyinderstood.
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Largelscale/dynamics/ofistoat/and least
weasel (I1T)

According(fothepredator—prey hypothesis
aboutVoles/and/their predators (Hansson
andHenttonen 1985, Henttonen etlal.
1987, HanskilandHenttonen1996),
regular Wolefluctuations(dre/Gaused By
specialistimammalianpredators, thestoat
andtheweasel, Which/are/dependenton
voles @s(theirmainprey. Usingthe
wildlifefriangleldatalCoveringmostiof
Finland, veléxaminedfheTargelscaleland
long [ferm/dynamics 0flthelstoatandthe
leastWweasel, including(thelspatial
synchrony/(inftheir[dynamics.

Thelrelativeldensities 0fthefwomustelids
werelasléxpected:stoatfis morel@bundant
inltheMorthland WeaselinThe’South.
Numbers [6fWweaselsdndleéspecially(stoats
decreasedlin/éverypart/6f[Finland
between19897and2003. [Our results show
that[Bothfheleast Wweasel@and(stoat
populationsféxhibitTargelyperiodic
fluctuations (@tlthescaleloflFinland. We
found/similarf@amplitudesfandcycle
lengths [for Themustelids, Thanfound for
voles[(Chapter III).Thelgeographical
trendfin[fheWweasel CycleTengthWas
howeveriinexpected. Inthemorth, Vole
cyclesisedfobeld o5 yearsTong,and
much Tbnger than(atTower Matitudes, but
thelaverageWweaselcycleTengthWas
shorterfinthemorththan(inthesouth.
Notably, Gih[southernTLaplandBoth
mustelids Hadl@pparent(7 [year[Cycles in
many[dreas.[ThisTesultight beléxpected
in(shortfimeseries if thelfrueldyclelength
variesbetween[3 [and4 [yearsiandthe
amplitudelis MotMigh,(givingTisefola
spurious7yearCycle.

Forlthelweasellthe[S [index, Wwhich
indicates thestrengthoficyclicity, [showed
anloppositefrend (Chapter I1I)than
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expected. Forlthe VolepopulationsST]
indices increasemorthwards [((Henttonen et
al.[1985),butlintheWeasel thereWwas mno
suchffrend(or theTrendWas slightly
decreasing. Therelislhoweverione
methodological issuethat thay Biassnow
trackingTesults. [Especially theTeast
weaseluntsregularly inder Thelsnow
(Henttonen987).[Asthesnow[dover(lasts
longerandfisthicker infheTorth, it s
likelythatWeaselsspend torefimeinthe
subnivean(spacelinthemorth[(Korpiméki
andNorrdahl[1989a,b), whichmightTead
toTowmumbers Oflfracks recordedinthe
northlaswelllas fothelinexpectedlyTow
Sfindicesinthemorth. Thelstoatlis
considerablyargerfinbodysize,and
therefore(likely fomovelongerdistances
andspendmorefimelon Thelsnow(surface
than(theTeastWeasel. [Theldifferences in
thelactivitylandBehaviour Betweenlthe
twolspeciesin/[snowl¢overedferrainay
explainithe’generally Tower frack/dounts
fortheweasel (Jedrzejewski etlal.[2000).

Theweaselland(stoat populationsWwerein
synchrony(over Tong(distances. Large[’
scalelSynchrony is [@pparent/éven/ifithere
isVariationfinfhelengthlofdycles @s Well
asfintheir Megularityfin[differentpartsof
thelCountry.

Survivalloficaptive bornreleasedleast
weasels((IV)

Westudiedthelactivity, Visibility, Habitat
useland/@voidanceoflpredation By
releasedWeasels. TheBehaviour (6f
captive[bornweaselsWas markedly
differentthan thatofWwild[Bornones.
CaptivebornWeasels Weretore0ften
visiblelonfop(offtheVegetationandWere
generally(less WarythaniwildBorn
weasels. [CaptivebornWeasels [@ppearedfo
haveproblems finhuntingland@voiding
predation. Raptors, Various thammalian
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predators, @ndstarvationKilled anyof
themI[during(theperiod/dflobservation.
Thelprobability(ofldeathWasgenerally
higherf@among(thecaptive[bornthaniwild[]
born[weasels.

Accordingfodur results [thelage0flthe
releasedWeasels(dsWellldsthelSeason
contributed®ofheirSurvival. Relatively
youngWweasels[(12 fo18 weeksold)
survivedBetter Than(older@nimals (20fo
40weeks).[Themormal Weaninglageis 8
to[@WeeksihtheleastWeasel, [Suggesting
that(the'older@nimalshavelgrownfoo
accustomed(fo'cagelconditions. Weasels,
aslallpredators, ThustBelablefosearchiand
killheir food, and it Mas beenlsuggested
thattheyhavela periodfinhtheir
developmentWhentheyllearn(these
important(skills (Miller etlal.[1990, Vargas
andlAndersson1999, ldurresults). The
survivalloffindividuals that WereTeleased
duringlautumnlor Wwinter [((September [fo
March)Wwas particularly Tow. Eventhough
infthe@utumnthevoledensityfis isually
high[(Erlinge et/al.[1984), weasels
survivedbetter [iftheyWerereleased
duringthelsummer. TheWeaselsthatWwere
releasedin/Summer Wereyounger, Which
mightleéxplaintheirhighersurvival.
However, weldannot[excludelan
alternativeléxplanation: thehigher
mortality fatelin thel@utumn may Tesult
fromicompetition. Infhel@utumn,the
numbers 0f wild(leastWeasels@re
probablyfhigher thanfinfhelsummer,and
thereforethemumbers [6f Macant [ferritories
arellow. Released Weasels@rethusforced
tolsearchTarger(areas for[placesfolstay,
whichlincreases(theiractivity/and
visibility, ihcreasing in [furn their Tiskfo
predation.
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Behavioural(differences among(stoats
depending on(their/sex(and dominance

status((V)

InFinnishTLapland,thelstoat iomerange
sizes(@ndhabitat[choiceldifferlamong
individuals(dependingon theirSexand
dominance status. Both(sexes toveland
arelactivelin/the[Samelareas/duringthe
breeding[season,but(after thatthehome
ranges(generally [domotoverlap. [Female
stoats/start[fblavoid males@fter/cessation
oftheirheat. MalehomerangeSizeldid
notVarybetween(thelSeasons, Buthabitat
selection'changed. [Followingthebreeding
andmatingseason, femalelstoats[stayin
themostproductiveHabitats(highldensity
of Microtusoles),Whereasmaleshove
toTower quality birchforest@andopen
tundrahabitats.

Wefbundmoldifferences/intheldaily
activity betweenmalelandfemalestoats.
However, [during thefon breeding/Season
stoatsWweremorelactivethan/duringthe
breeding(season. TnmorthernIlapland, the
sizeldifferenceMetweenthelsexes(is bigger
thanlatdoweratitudes. [This tight beldue
tolstronger(intersex [Gompetitionland
differences infthepreferredpreySpecies.
TheHabitatichoice[of'stoatsfis ihfluences
byftheiridominancelstatus. [Subdominant
malesSpend(their fimelinopenfundralorin
birch[forest, Wwhereasdominant(males
occur fih[the[Samelareas Werefemales(are
found.[Welfound(overlap intheTiome
ranges [0flindividualsiofidifferent
dominance status(duringthebreeding
seasonButlalsolduring fthemon(breeding
season. [Thismay Belcaused bymalesin
theTowerTevelsofthelhierarchy fryingfo
usemoreproductivelareas(territoriesof
dominantmales) Whenpossible.
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Conclusions

Inlthis [thesis, Ihavelstudied thebehaviour
andlecological iimpact(ofismall mustelids
on'theirprey(species. Inmaturelitfis[dften
hardodistinguishBetween(the factors
affectingfthepreypopulations directly
versusindirectly.[WeaselpresenceSeems
notlfohavelalstronglindirectleffecton/field
volefindividuals(drpopulations(l).
However, [durl@xperimentwas conducted
duringtheMainbreeding(season, When
delayingreproductionwouldbevery
costlyfooles;theTesults mightbe
differentduringdther(seasons(Norrdahl
and Korpiméki2000).

Duringthebreeding(season(Stoatsare
activelin/habitats Wherelthemain[prey
speciesldre[dommon: eadows, Tiverbanks
andgardens(V). Femalelstoats(stayfin
thesehighproductivity habitats [also
following[thebreeding(season, Butmales
inmorthernLapland(change(theirHabitat
morereadilyfoBirchforestanddpen
tundra {1, V).

Reintroductions 6fldaptivebornanimals
oftenfail (Kleiman(1989).Welconsidered
several factorsthatmightTelp iimprovelthe
survivaloflreleased mustelids(IV):
releasedlindividualsshouldBelintheir
normalldispersalldgeandtheyshouldhave
enoughffimefopractisefiunting. Human
contacts WithTeleasedlanimalsshouldbe
minimized. Additionally, dompetitionwith
wildBornlindividuals@andthelamountiand
availabilityloflpreytised/affectthelSuccess
offintroduction.

Changes/(in[thepredatorguildmayfaffect
theldynamics(oflthepreylcommunity [(II).
Bothlsmallmustelids haveléxhibited
decreasingfemporal frendlinFinlandfin
thelpastidecades(I1I).[Slightchanges/in
thelrelativemumbers [0f different [predators
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mayTeadfollargelscale/donsequences. In
themorthernmostLaplandthemost
numerousvVolelspeciesinlthe1970’sand
the1980’sWwasthelgrey(sidedvole, tvhich
ecologicallyTesemblesFennoscandian
Microtusvoles[(HenttonenlandWallgren
2001).Thevolelcycleshavemowlargely
disappearediinmorthernTlapland, shich
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