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Abstract Three-to-five-year population oscillations of
northern small rodents are usually synchronous over
hundreds of square kilometers. This regional synchrony
could be due to similarity in climatic tactors, or due to
nomadic predabrs reducing the patches of high prey
density close to the average density of a larger area. We
estimated avian nredator and small rodent densities in
4-5 predator reduction and 4-5 control areas (c. 3 km2
each) during 1989-1992 in western Finland. We studied
whether nomadic avian predators concentrate at high
prey density areas, and whether this decreases spatial
variation in prey density. The yearly mean number of
avian predator breeding territories was 0.2- L0 in reduc-
tion areas and 3.0-8.2 in control areas. Hunting birds of
prey concentrated in high prey density areas alier their
breeding season (August), but not necessarily during the
breeding season (April to June). when they were con-
strained to hunt in vicinity of the nest. The experimental
reduction of breeding avian predators increased variation
in prey density among areas but not within areas. The
difference in variation between raDtor reduction and con-
trol areas was largest in the late breeding season of birds
of prey, and decreased rapidly after the breeding season.
These results appeared to support the hypothesis that the
geographic synchrony of population cycles in small
mammals may be driven by nomadic predators concen-
trating in high prey density areas. Predation and climatic
factors apparently are complementary, rather than exclu-
sive, factors in contributing to the synchrony.
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Introduction

Population oscillations of small mammals, cyclic (Akca-
kaya 1992: Hijrnt'eldt 1994) or chaotic (Hanski et al.
l99l). are conlmon at northern latitudes (e.g. Elton
19.12: Krebs and Myers 1974; Hansson and Henttonen
1988). One typical character of these density fluctuations
is a synchrony at a scale of hundreds of square kilome-
ters (e.g. Elton 1942: Kalela 1962). Two alternative ex-
planations for this synchrony are: (l) it could be due to
similarity in climatic lactors affecting reproduction and
survival of small mammals (Moran 1953; Leslie 1959;
Sinclair et al. 1993). or (2) it could be due to nomadic
predators concentrating to high prey density patches, and
thereby reducing the prey density of these patches close
to the avcrage density of a larger area (Galushin 1974;
Ydenberg 1987; Korpimiiki and Norrdahl 1989; hereafter
called the predation hypothesis).

ln western Finland, the breeding density of nomadic
avian predators, the European kestrel Fal( (, tinnuncuLus,
Tengmalm's owl Aegolius fwtereu.r, the short-eared owl
Asio flammeus and the long-eared owl A. (rtui.r. is directly
dependent on prey density (Korpimiiki and Nordahl
1989. l99lb). and breeding nomadic avian predators
consume a larger proportion of prey populations in high
prey density years than in low ones ( Korpimiki and Nor-
rdahl 19U9. l99lr). When the pooled vole consumDtion
of breeding avian predators during their breeding season
exceeded 500 r'oles per km2 of agricultural area, vole
populations remained stable or even decreased in the
course of the summer despite continuous reproduction ol'
voles (Korpimriki and Norrdahl l99la). These results, to-
gether with the modelling of Ims and Steen ( 1990), sug
gesf that the predation hypothesis may explain the geo-
graphic synchrony of northern small mammal fluctua-
t  lons.



It is commonly accepted that nomadic avian predators
concentrate at high prey density patchcs but there are
still few conclusive data fion prey and predator densities
collccted simultaneously in many areas. In adclition,
there are no previous data showing that avian predation
would decrease the geographic variation in prey densi-
ties. Yet these phenomena are vital to the predation hy-
pothesis.

This paper is bascd on results from a replicatcd lcduc-
tion experimcnt of breeding avian predators during fbur
years. In this paper, we test the predation hypothesis. An
earlier paper (Nondahl and Korpimiki 1995a) studied
whether these birds of prey regulate or limit local popu-
lations of fbur prey species. We made three a priori prc-
dictions based on the predation hypothesis and earlier
studies: l. Nomadic avian predators should concentrate
at high prey density areas i.e., array themselves across all
rodent populations in the region relative to the local den-
sities of the different populations as ideal free distribu-
tion states (Fretwell and Lucas 1970).

2. If avian predation decreases the spatial variation in
prey densities, the interareal variation in prey densities
should be higher in predator reduction than control areas.

3. When the densities of breeding avian predators on-
ly are reduced, differences between manipulation and
control areas should be most evident in the late breeding
season of birds of prey because the possible treatment et--
fects accumulate during the breeding season but, afier-
wards, an influx of roaming and migrating raptors to
high prey density areas should reduce any density differ-
ences tetween itreas.

To find out the possible efIects of scale on the rela-
tionship betueen avian predation lnd prey spatial varia-
tion. we also studied the intra-areal variation in rodent
densi t ie '  u lunr  wi lh  in terarer l  r l r ia t ion.

Material and methods

Study area

The study was car ed out from 1989 to 1992 in western Finland
(c. 63'N . 23 E). In 1989, fbur manipulation control pairs of agri
cultural areas (3 km'?each) were chosen for the experiment. The
proportion of agricultural fields in the study areas was 70 100%
of thc total area. In 1990. the number of area pairs was increased
to l l !c. Each pair was as similar as possible with respect to habi-
tats inside and sLrrrounding the area. The distancc bctwcen manip-
ulat ion and control {rea\ w{s.1 l5 knl.

The most impoftant bird\ of pfcv in the study areas \\ 'ere lhe
European kesuel ( iL lotal of6l tefr i() f ics in lc)89 1992) and Teng-
malm s owl (37). These species do not bui ld ncsts thcmsclves but
breed in nest boxes or in ci ivi l ics ( ' lcngmalm s o\\ ' l )  or on st ick
nesfs (kestrel).  In manipulat ion areas. we removed st ick nesis and
l i l led al l  natural cavit ies in late \ \  intef.  betbre the breeding scason
of iL\ ian pfcdators. In addit iol) to l l tur ir l  st ick nests and tree holes,
control areas had sc\cfal ncst boxes tbr European kestrels and
Tengrnaln s owls. Thus- wc rcduccd thc numbcr ol breeding avian
predators. but we did not manipulate the nLrmber of migrating or
roaning birds of prey. Neither did we manipulate the nunrber of
avian predators nesting on ground. These consisted of short-eared
owls (r tohl of 26 terr i l (nies). hcn hafr iefs (( i i rrA crr l ' r t ,rrs.5),
and eagle owls (Brro Dr./ro, 2).
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Two voles (Mi.rotrs ros:\iaemeidionalis (syn. epir'rlicuj) and
M. ogrestis) were the main prcy of predators cating small mam-
mals. The bank volc (C1ctlrrionom'-s glareolus). lhe common
shrew (So/er araneus) ,nd the waler vole (/\r|i(ola terrestris)
were the most importanl other mammalian prey tbr these predators
(Korpimliki  l98l i  Korpimeki and Norrdahl l99lbi Korpini iki  et
al.  l99l).  Rodent populat ion dyn{mics in thc stud) i tea are char-
acterized by regular mult iannuit l  osci l lat ions with a 3 year period-
ici ty (Norrdahl and Korpimaki 1995b).

Density estimations

Territories of avian predators were Iocated by observing courtship
displays, by l istening for hooting owls, by fol lowing hunting birds
and by checking al l  potential nest-sites (st ick nests. natural ca!i
t ics. and nest boxes). As thc areas were small  and moslly open ter-
rain (agricultural fields). probably very few territories were
mlssed,

All  observed birds of prey were counted during small  mammal
tfap visi ls (sce below) rnd the total of obser\ed avian predators
dnfing a three day long tfapping period (c. 8 h ol observation) was
used as i ln independent index of avian predalor hunting activi ty.

\ \ t  monilored small  mammal populat ions in the areas by using
l "shofl  I ine n1ethod". which wrs nodif ied from the small  quadrat
rnethod of Myll)meki et al.  (1971) to suit  the condit ions of agd
cullural t lclds. In cach manipulat ion and control afea. ditches in
agriculrurir l  l ields *ere numbered. Tu,elve forest si tes ((.  I  ha)
were al\o nLlmbered in i l rers including woodland. From thcsc, a
random subset was chosen l ir  e ch trapping occ sion (10 or 7
ditches + I lorest si lcs in 1990. when volc dcnsit ies were lowest. S
or 6 ditches + 2 tbresl si tes/trapping occasion in other years). In
each selected ditch. ten mouse snap traps and one rrt  snrp trap
werc set in a l ine with n distance of l0 m between traps. Thc traps
we.e sel for 2 nights and were checked once a day. This gare it to-
lal of 220 (1990) or 176 (1989. l99l 1992) trap nights per area in
cach trapping. The areas wcle tfappcd in April (early breerling
season). late June ( late breeding season) and August. In 1989 and
1990. nn addit ional trap sample was t lken in late Octobcr. Tfap
ping was pcrformed simultaneonsl) in each manipulat ion cont|() l
paif .  Wc u\cd the poolcd number oi iLl l  l rappcd fodcnls us rn index
ol- currenl pre) densit! .

Coell icient ol Varial ion (CV) in the number ol rodents per
trapping l ine \\ i lhin l  study area $as used as an index of intra-ar-
eal \patial ! ldation. As an iDdex of interareal spatial variat ion we
used the CV in thc nrcan number of rodcnts pcr- l inc per ar-ea wilh-
in lhe lreatmenl groups. Inlra-areal !rr ir l ion relers 1(] spit ir l  vrr ia-
t ion in small  scalc (\mallcf than iL f lplor breeding tcrr i tory)
where{s inlefarerl  varial ion rel_lecls splt ial  variat ion in a larger
scale ( larger than raptor terr i tor ies).

For more inlbrmation on the study areas. predator and prey
species. and methods, see Norrdahl and Korpimiiki (1995a).

Results

The difl 'erence in the mean number of vole-eating birds
of prey between control and reduction areas varied from
2.8 to 7.4 pairs (Fig. 1;Norrdahl and Korpimiiki 1995a).
The difference was largest for breeding kestrels and
Tengnaln's owls. [n late breeding season (June), the
number of vole-erting avian predators observed during
three-day small mammal trapping pcriods was signifi
cantly lowef in reduction than control areas during
1989-1990. but not during l99l-1992 (Fig. I ).

In April (early breeding season), the current rodent
density could explain the observed variation in the num
ber of hunting short-eared owls but not in the number of
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hunting hen harriers or kestrels (Table 1). Our index for
the current rodent density reflects prey abundance on a
small spatial and temporal scale (current density within a
3-km2 area). However, the nurnber of raptors hunting in
the study areas may partly depend on prey availability on
a larger spatial and temporal scale, i.e. on the rodent
abundance the birds of prey encounter in the region sur-
rounding our study areas while they are moving towards
our study sites in spring. Because of the regularity of ro-
dent oscillations around our study areas (see above) and
the geographic synchrony in these oscillations, we could

0 R  C  R C  R C  R C
1989 1990 1991 1992

periods in June ( lower ptnel) during 1989 1992. The num6er oi
area pairs was 5 (4 in 1989). The difference in the Dooled nunlbcrarea pairs was 5 (4 in 1989). The pooled nunlbcr

use the phase of the rodent cycle as an estimate of prey
availability on a larger sclle. In statistical analysis, the
phase of the cycle signitlcantly affected the observed
variation in the number of hunting short-cared owls and
nearly significantly that of hen harriers but not that of
kestrels. In June (latc breeding season), the current local
rodent density explained the number of observed individ-
uals in kestrels alone. In hen harriers. the number of ob-
served individuals was explained by the local tenitory
number After the breeding season (in August), the cur-
rent rodent density could explain the observed hunting
activity of diurral raptors (Table I ).

The general dvnamics of rodent densities was very
similar in manipulation and control areas (Fig. 2). Avian
predator reduction apparently did not affect the variation
in rodent numbers in a scale smaller than a raptor breed-
ing terr i tory .  bur  tended to increase rur ia l ion among r r
eas (Fig. 3). h 1989-1990, when the difference in the
number of hunting avian predators between reduction
and control areas was significant (Fig. l), the interareal
variation in rodent density was also significantly higher
in reduction than in control areas (reDeated measures
ANOVA. F = 3.9.  d f  = l .  2- tar led P = 0.03:  F ig.  . r1 .  In
l99l-1992, when there was no significant difftrence in
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Fig, I Thc mean lenibry numbcr of kestrels (r/a(I bdr). Teng-
mirlrn .  oul.  r l t<ttdrcJ hart rnd other avtan predatorr (r"f i i rp r5ai)
i n  I  kn r? . l \ i r n  p reda to r  r educ t t on  rR r  l nd . . , r n t ro l  rC1  r re . r ,  1a71 r , . i
pdnel).  and the mean (tSE) number of vole ei l t ins avian Dredaloas
obserreJ rn the \ame aret, during l- lx) .mrl l  ; tmmal (rrpping

A J A O  A J A O  A J A  A J A
1989 1990 1991 1992

Yeal

Fig.2 The mean (rSE) number ol rodents trapped per 100 trap
nights in avian predator rcduction (hla(k (tots) and control folr";r
squdrcs) ^reas during 1989 1992. Trapping months wcre April
(A), Junc (,0, August (A) and October (O; onty in 1989 1990).
The number of reduction control area pairs $,as 5 (4 in 1989)

of terdtories between reduction and control areas was highly sig
nit lcant in al l  years (Mann-Whirney U-resr, 2 tai led). The srgni l l -
cance of difference in thc number ol hunting mDtors between re-
ducrion dnd control rre.rs wai tested \\  i lh-A\iOVA r; 2-rci led

Cycle phase
(df-2)

Tenitories
(dJ=t\

Rodent density
tt!f4)

MS

P < 0.05, NS 2-rai led P > 0.1)

Table I Nested ANOVA rable
conceming the effect of rodent
cycle phaser, tenitory number
and current rodent density on
the number of birds ofprey ob-
servcd during 3-day trapping
sessions of small mammals in 3-
kml study areas. For the kestrel,
only unmanipulated areas were
included in the analysis. For the
hen hanicr and the short-eared
owl (not manipularcd). al l  study
areas were includcd

a 1990=increase, I991=peak,
1989 and 1992=decrease
b Short eared owls shift to noc-
tumal habits in August. There-
fore, there were not enough ob-
servations for analysis in August

Kestrel
April
June
August

Hen harrier
April
June
August

Short-eared owlb

0.8 6.3
0.5 0.0
0 . 1 2  2 . 1

0.5  0 .8
8.0 0.003
4.2 0.03

1.6  0 .2
0.4 0.r3
4.0 0.01

| 1.4 0.0001
t .2  0 .3

April
June

L l

9.6

1 . 0
0 . 1
9 . 1

1 . 3
4.6

0.08
0.006
o . t 2

2.6
0.0
0.9

3 .2
8 .8
2.1

t .4
3 . 1

0.06 2.0
0.5 r .2
0.02 5.8

0.4 0.2
0.6 0.8
5.8 2.5

3 . 1
0.8
4.6

8 .5
0.3

1 .0
L l

t . 9
0 . 1

10.5

0.14
0.99
0.4

0.2
0.09

.I

0.001 2 0.2
0 . 8  l 1 . 9
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Fig. J .Coefl icient o[_varial ion rCV) ol rodent densi l \  $rthrn 3-
kmz avian predrlor reduction tblack Jut,t  rnd control r ,1,,r i  r , i lnr_
e: ' t^are.as^(uplcr pdnelr und among lhc\e areas t l ,rr  1,,utt l t  inre6e^ rv9 l  l r app rng  mon ths  we re  Ap r i l  rA ) .  June  r J r .  Au " l l \ t  (A l
anLl (Jcloher (0: onl) In lq)\q- lAqo, The number ot rcauultun_
control area pairs was 5 (4 in 1989)

the number of hunting avian predators (Fig. 1), there was
no significant difference in the interareal variation in ro-
dent density (F = 0.6, p = 0.5; Fig. 3). As we only re_
duced the number of breeding avian predators, the differ-
ence in the interareal variation should hilve been largest
at the end of the breeding season. This was also the Jase
as predator reduction did not affect interareal variation of
rodent- density in April and August (F = 1.5, df = l,
P = 0.3, and F = 0.9, P = 0.4, respectively), but tended to
do so in June (F = 6.4, P = 0.09; Fig. 3).
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the number of birds of prey moving within or through
our study region was partly determined by the prey den_
sity Ievel on a year-to-year scale, and that the avian pre-
dators moving wi th in our  i tudy region d i : t r ibuted rh im_
selves according to current local prey density, at least af-
ler the breeding searon.

During the breeding season, however, the situation was
partly different. Hen harriers and kestrels anive at the
study arca mainly in late March and April, and immediate_
ly. occupy terrirories if prey avuihbiiiry is high enough
(Korpimiiki and Norrdahl 1991b: palokangas eial. 199t).
Afler territor) occupation. brrd. ,,t prey 

-perform 
visible

counship displays. Therefore, a relationshio between the
number of obrerved diumal raptors and territory number
in April could be expected. Howevel this relationship was
partly masked by migrants observed in the studv arias at
the same time. Larer in the breeding ser.on. breiding avi_
an predators are confined to the nest vicinity: thev hunt
within a radius of lew kilometers from rhe nert (e.;. Nor-
rdahl rnd Korpimiki lg9Ja1. The densirie: ot rnu5r breed-
ing birds of prey track prey abundances at the tjme the avi-
an predators settle on their terito es (Korpimiiki l9g5-
l99zl: Korpim:iU and Nondrhl Iqglb) bul rapid changes
in rodent densities ma1 haJ'pcn wirhin rhc hieedine s;a_
son. especialll in years with decrea.int rolc .Jensit! {e.g.
Nondahl and Korpimiiki 1993). This probably explaiis
why the current rodent density could not explain the distri
bution of hen harriers and shon-eared owls in the late
breeding season. That the current rodent density could ex_
pl i r in  thc d i \ t r ihut ion of  kest re ls  at  the same t ime ma\  be
erplaineJ b1 rhe superior abilitl ol kesrrels to find 

-prey

palches: ke'lrels use vole rcent mark. r isible in ultraviolet
light as rapid cues in hunting (Viitala et al. 1995).

To conclude, non-breeding nomadic and migrating
avlan predators apparently did array themselves across
all rodent populations in the region relative to the local
densities of the different populations. This was the first
assumption of Ydenberg (1987), Korpimiiki and Nor_
rdahl  (198q) .  rnd lms and Steen 1 lAuOl  $ho dc\cr ibed
the synchronizing effects of avian predation on the spa_
tial variation in prey densities. Our results are in accbr-
dance with rhe proposition of Galushin (1974), who sus-
ge: ted that  numcr icr l  re \ponse\  o l  non-breeding rv ian
prcdalors lo  changc.  in  prey den: i t ie .  hr rppcn faster  than
those of breeding avian predators.

Spatial and temporal vlriation in rodent densities

As the densities of small rodents were similar in maninu_
lu l ion tnd contro l  r rers.  \pr r i r l  var ia t ion of  prey densi_
lies in predator reduction and control areas cin 6e com-
pared without considering the effect of rodent density.
Wc locuseJ on in tcr rnnurr l  d i f tercneer  l ( )  l ind, rut  whet-_
er the dilference in the variation between the raotor re
duct ion lnd contro l  l reas was l l rgest  a l  a  t ime wlen the
predation hypothesis states, i.e. when the difference in
lhe.  numher uf  hunt ing b i rds o l '  prey beruecn reducr ion
and conrro l  urets  was h ighest .  This  \  a \  the case:  in
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Discussion

D id ttt, ia n p re d at<t rs c onc ent rate
in high prey density aree; ?

Current prey density explained well the distribution of
avian predators after the breeding season of birds of prey
( in  Augusr  r .  Dur ing rhe breeding season.  the re lat ion ih ip
belween current r()Ljfnl dens ty and the number ol rvirn
predalors ob\er\ed $ \ less uniform. Territon number
could expla in the number of  hen hrr r iers  obser icd wi th in
breeding season better than local prey density. The same
was true for short-eared owls in late breeding season (in
Junel. In addition lo territory number and ,.lurrent locll
prey density, also the variation in prey density on a larger
temporal and spatial scale seemed to affect-the num6er
of avian predators observed: the phase of the vole cycle
(lncrease, peak or decrease phase) couid partly explain
the observed variation in the number of hunting s'hort_
eared o\ l\ und hen hrrriers in April. Thu:. it see-ms that
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1989-1990, when we obseryed significantly more hunt-
ing avian predators in the late breeding season in control
than in the reduction areas, also the interareal variation
in rodent densities was significantly higher in reduction
than in the control areas, whereas, in l99l-1992, there
was no such diflerence.

If breeding avian predators were responsible fbr the
observed difl'erences in the interareal variation of orev
densi t ie : .  the d i l lerence belween predl r , , r  reduct ion and
control areas should have been largest in the late breed-
ing season (our third prediction). This was the case: we
observed a nearly significant difl'erence in the late breed
ing season but not at the bcginning of or after the breed-
ing season. Therefore, predation by breeding avian pre-
dators apparently decreased the spatial vadation in prey
densities. in accordance with the predation hypothesis.

The difTerence in the interareal prey density variation
between the avian predator reduction and control areas
disappeared soon after the breeding season of raptors
when they are no longer confined to their breeding terri-
tories. This indicates that avian predators may rapidly
bring the high prey density areas close to the average
density of a larger geographic area, thereby maintaining
the synchrony of prey population fluctuations over wide
areas. Although breeding birds of prey do not seem to
regulate prey populations in the long-term (Norrdahl and
Korpiniki 1995a), our results inply that even a short-
term rmpact on prey populations may be enough in the
context of spatial synchrony.

Avian predation evidently decreased the spatial varia-
tion in prey densities despite the fact that the calculated
small rodent predation rates by the nrain avian predators
in our study area (usually less than l0% of the summer
production; Korpimiiki and Norrdahl l99la) were lower
than those needed (> 15 20clc) according to a model of
Ims and Steen ( 1990). This indicates rhat either our pre-
vious calculations of small rodent Dredation rates are un-
derestimates. or thut the moclel wis not rer\ accurate in
predicting the elfectr of nrrmrdic pre.lators. An alterna-
tive explanation is that changes in prey behaviour occur
under high avian predation pressure (Ydenberg 1987),
and that the direct (i.e. kill ing) and indirect (i.e. behav-
ioural changes in prey) effects of avian predators com-
bined hrvc I  \ t r  n tcr  in tp lc l  on the spr t ia l  var ia t ion in
prey densities than the direct effects of predation alone.
Available data (e.g. Gerkema and Verhulst 1990; Lon-
gland and Price 1991; Hakkarainen er al. 1992; Jedrze-
jewski et al. 1993; Korpim?iki et at. 1995) indicate thar
avian predation risk may have a substantial impact on the
behaviour of small rodents. Yet more exDerimental evi-
dence on the behaviourrl changes in priy under avian
predation risk is needed before the proposition of yden-
berg ( 1987) can be evaluated.

The question of scale

Population oscillations of northern small mammals are
synchronous over hundreds of square kilometers (e.g. El-

ton 1942t Kalela 1962), but our manipulation experiment
operated at fincr scales: within areas (a scale of a few
hundred meters) and between areas (a scale of 4-15 kilo-
meters). Yet the key to understanding Iarge-scale patterns
lies in the eludication of mcchlnisms underlying these
patterns; mechanisms, which typicllly operate at a llner
scale than those on which the patterns are observed (Lev-
in 1992). Thus, it is likely that the key to undcrsranding
the large-scale geographic synchrony of popuiation lluc-
tuations can bc tbund at tiner scales.

The reduction of birds of prey increased the intcrareal
variation in prey density, but had no apparent efl'ect on
spatial variation in prey densities within the 3-km2 areas.
Thus, the synchronizing impact of avian predation on
prcy population oscillations secms to operate only at a
large scale (a scale larger than the size of an avian preda-
tor breeding territory). This might be the answer to the
question why there is a wide geographic synchrony in
population oscillations of small nrammals despite the
large spatial density variation at a smaller scalc.

Predation and climate: complementary factors?

Differences in meteorological fictors were unlikely to
affect our results, as the climate was very similar in the
study plots (all plots were within an area of < 800 kmr,
and mainly level agricultural fields on 26 52 m above
sea level). Thus, avian predation could have I synchro-
nizing impact on prey population oscillations indepen-
dent of climatic factors. Yet our experiment did not test
the effects of meteorological factors on spatial variation
in rodent densities and, thus, cannot reveal the relative
importance of neteorological factors and avian predation
in causing the geographic synchrony of population fluc-
tuations in small mammals.

ln Canada, Sinclair et al. (1993) found a relationship
of snowshoe hare tLepu', rtm(ricanuJt population oscillr-
tions to sunspot activity and annual snow accumulltion.
Accordingly, they sullgested that the lO-year snowshoe
hare cycle was indirectly modulated by solar activity
through an amplified climate cycle rhat affects the whole
boreal fbrest ecosystem. However, climate cycles appear
not to be a general explanation of the geographic syn-
chrony of population fluctuations in small mammals, as
sunspot cycles with an ll-year period (Moran 1953;
Keith 1963) appear not to be a plausible explanation of
the geographic synchrony in vole cycles with a 3 to 5
year period. Instead, climatic factors may occasionally
contribute to the geographic synchrony of vole cycles.
for example, by forcing animals to move to exposed
places with higher predation risk, or by reducing repro-
ductive output to such levels that reproduction in prey is
not able to compensate for losses due to predation. Thus,
predation and climatic factors apparently are comple-
mentary, rather than cxclusive, factors in contributing to
the svnchronv.
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