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Abstract: We characterized the fluctuations (amplitude, periodicity) of two sympatric species, the brown lemming
(Lemmus sibiricus (Kerr, 1792)) and the northern collared lemming (Dicrostonyx groenlandicus (Traill, 1823)), in a High
Arctic area. Our objective was to determine if these populations were cyclic, and if fluctuations in numbers were
synchronized between the two species temporally and spatially. An annual index of lemming abundance was obtained us-
ing snap-traps at two sites 30 km apart on Bylot Island (Nunavut, Canada) over 13 years (1993–2005) and 9 years (1997–
2005), respectively. The time series were analyzed by spectral analyses and autoregressive modelling. At the site with the
longest record, brown lemming showed regular population fluctuations of large amplitude (>40-fold), but collared lemming
fluctuations were of much smaller amplitude (4-fold). At the other site, the collared lemming population was higher than
at the main site, but brown lemmings were still most abundant in the peak year. Models with a second-order function ob-
tained from a spectral analysis were highly correlated with the observed abundance index in both species at the site with
the longest time series, and provide evidence of cyclic dynamic. The periods of the cycles were estimated at 3.69 ±
0.04 (SE) years for brown lemmings and 3.92 ± 0.24 (SE) years for collared lemmings, but the amplitude of the cycle was
weak in the latter species. Fluctuations in abundance at the same site were relatively well synchronized between the two
species, but the evidence for synchrony between sites was equivocal.

Résumé : Nous avons étudié les fluctuations des cycles (amplitude, périodicité) de deux espèces sympatriques, le lemming
brun (Lemmus sibiricus (Kerr, 1792)) et le lemming variable (Dicrostonyx groenlandicus (Traill, 1823)) à une localité du
Haut Arctique. Notre objectif était de déterminer si les populations étaient cycliques et si les fluctuations en abondance
étaient synchronisées entre les deux espèces dans le temps et l’espace. Un indice annuel d’abondance a été obtenu par
piégeage mortel à deux sites distants de 30 km à l’ı̂le Bylot (Nunavut, Canada) durant respectivement 13 ans (de 1993 à
2005) et 9 ans (de 1997 à 2005). Les séries temporelles ont été analysées par analyses spectrales et modèles autorégressifs.
Au site avec la série temporelle la plus longue, le lemming brun présentait des fluctuations régulières avec des variations
d’abondance de grande amplitude (par un facteur de plus de 40), alors que les fluctuations du lemming variable étaient
plus faibles et de moindre amplitude (par un facteur de 4). À l’autre site, la population de lemmings variables était plus
élevée qu’au site principal, mais le lemming brun était plus abondant lors de l’année de pic. Des modèles prédictifs de
deuxième ordre obtenus par l’analyse spectrale étaient fortement corrélés aux indices d’abondance observés pour les deux
espèces au site avec la plus longue série temporelle et apportent des évidences d’une dynamique cyclique. Les périodes du
cycle ont été estimées à 3,69 ± 0,04 (ET) ans pour le lemming brun et 3,92 ± 0,24 (ET) ans pour le variable, mais l’am-
plitude du cycle était faible chez cette dernière espèce. Les fluctuations d’abondance à un même site étaient relativement
bien synchronisées entre les deux espèces, mais les preuves d’une synchronie entre les deux sites étaient équivoques.

Introduction

Lemmings are recognized for their multiannual fluctua-
tions in density known as cycles. These cycles typically
have a fairly regular periodicity between 3 and 5 years,
although the amplitude of these fluctuations can vary con-
siderably (Elton 1924; Stenseth and Ims 1993). Moreover,
the regularity of these oscillations may vary spatially and
temporally (Krebs et al. 1995; Stenseth et al. 1996, 2003;
Angerbjörn et al. 2001). Thus, ‘‘cyclic’’ species are not nec-
essarily cyclic throughout their range; for example, southern
populations tend to be less cyclic than more northern ones in
Europe (Hanski et al. 1994; Stenseth 1999). However, there

is as yet no clear evidence of such latitudinal gradient in
North America. Additionally, populations that have been cy-
clic for several decades may not continue to do so indefi-
nitely, whereas the reverse can also be true (Stenseth and
Ims 1993; Angerbjörn et al. 2001; Predavec et al. 2001).

Krebs et al. (2002) suggested that rodent cyclic fluctua-
tions in the Canadian Arctic were synchronized at both the
local scale and over large geographic areas, and that sympa-
tric species were locally synchronized. Two aspects of
synchrony must be distinguished: spatial synchrony, which
refers to populations of the same species fluctuating in phase
over small or large geographic regions, and interspecific
synchrony, which refers to several rodent species present at
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a given site fluctuating in phase (Krebs et al. 2002). Climate
is one factor that may contribute to impose synchrony in
rodent cyclic fluctuations. Interactions with specialist preda-
tors, which is currently one of the most popular hypotheses
to explain rodent population cycles, may also contribute to
impose both spatial and interspecific synchrony (Stenseth
and Ims 1993; Viljugrein et al. 2001). However, the scale
of spatial synchrony in lemming cycles remains poorly
known, although it apparently does not extend to whole con-
tinents (Erlinge et al. 1999; Krebs et al. 2002).

Long time series of lemming population fluctuations are
essential to characterize these fluctuations and to examine
questions related to spatial and interspecific synchrony.
However, such data sets are scarce in the Nearctic (Krebs et
al. 2002) compared with the Palearctic (e.g., Stenseth et al.
1996; Framstad et al. 1997; Stenseth 1999; Angerbjörn et al.
2001). In this study, we used a long-term data set to exam-
ine features of population fluctuations for two sympatric
species of lemmings, the brown (Lemmus sibiricus (Kerr,
1792)) and the northern collared (Dicrostonyx groenlandicus
(Traill, 1823)) lemmings, in the Canadian Arctic. Trapping
was conducted at two sites 30 km apart over 13 and 9 years,
respectively. Our objectives were first to determine whether
these species were cyclic at our study area by characterizing
the amplitude and periodicity of the oscillations. Secondly,
we examined the degree of spatial and interspecific syn-
chrony in fluctuations. Thirdly, we determined the order of
density dependence (i.e., direct or delayed density depend-
ence) present in the data for each species at our study area.
Delayed density dependence (i.e., second order) has been
found in many cyclic populations and is often an indication
that specialized trophic interactions is a cause of the ob-
served cycles (Stenseth 1999; Turchin and Hanski 2001;
Jiang and Shao 2003).

Materials and methods

Study area and species
Fieldwork was carried out on the south plain of Bylot Is-

land, Sirmilik National Park of Canada, Nunavut, Canada
(738N, 808W). This area covers ca. 1600 km2, and is bor-
dered to the south and west by the sea and the north and
east by high mountains (2000 m) and glaciers. The land-
scape is a mixture of wetlands dominated by graminoids
and mosses in lowland areas, mesic tundra dominated by
shrubs, forbs, and some graminoids in both lowlands and
rolling-hill areas, and by xeric tundra at higher elevations
(Gauthier et al. 1996). Data were collected at two sites
30 km apart: site 1 (Qarlikturvik Valley) and site 2 (located
in the centre of a large greater snow goose (Chen caerules-
cens atlantica Kennard, 1927) nesting colony).

Two species of rodents are found on Bylot Island: the
collared and brown lemmings. Brown lemmings are typi-
cally found in wetlands where they feed primarily on sedges
and grasses, as well as mosses in winter. In contrast, col-
lared lemmings prefer drier habitats where they mainly feed
on forbs and shrubs (Rodgers and Lewis 1986; Batzli and
Jung 1980). The two species present different levels of
adaptation to the arctic environment, which is reflected in
their distribution range. The range of collared lemmings
extends to the northernmost land mass in the Arctic (Golley

et al. 1975). On the other hand, brown lemmings reach the
northern limit of their geographical range precisely on Bylot
Island in eastern North America (Banfield 1974).

Trapping protocol
Lemming abundance was estimated annually with snap-

traps from 1994 to 2005 at site 1 and from 1997 to 2005 at
site 2. Trapping was conducted between 21 and 31 July at
site 1 and between 5 and 15 July at site 2. At site 1, trapping
was simultaneously conducted in two plots: one located in
wet meadow habitat and one located in drier mesic habitat.
At site 2, trapping took place in only one plot located in a
mixed wet-mesic habitat. In each plot, 50 Museum special
traps baited with peanut butter and rolled oats were set
every 10 m on two parallel transects lines (100 m apart)
and checked daily for 10 days following the protocol of
Shank (1993). Traps were set within 1–2 m of each station,
preferably near a lemming burrow if one was found within
this radius. One trapping day was added when the number
of misfired traps was >25. The total number of trap-nights
was thus around 1000 at site 1 and 500 at site 2 each year.
The date, trapping station, and species were noted for each
capture. The methods were approved by the Animal Care
Committee of Université Laval following guidelines of the
Canadian Council on Animal Care.

Although no trapping was conducted in 1993, a quantita-
tive estimate of lemming abundance is nonetheless available
based on winter nest surveys, which were conducted at our
site 1 in 1993 and 1996 (O. Gilg, personal communication).
The ratio of winter nest to lemming abundance index ob-
tained in 1996 was applied to the nest survey data in 1993
to estimate lemming abundance that year. Both 1993 and
1996 were peak lemming years in our study area and thus
data should be comparable. To obtain the species composi-
tion of the estimated abundance in 1993, we applied the
mean ratio of brown lemmings to collared lemmings ob-
served in other peak years at our study site.

Even though snap-trap data are commonly used to esti-
mate abundance of small mammals (e.g., Hanski et al.
1994; Stenseth 1999), they only provide an index of abun-
dance, not a true abundance. Such indices should thus be
validated against true abundance data. Since 2004, we have
live-trapped lemmings at site 1, which allowed us to obtain
true abundance estimates using capture–recapture data. Over
the period 2004–2006, the live-trapping and snap-trapping
annual abundance estimates showed a very good correlation,
with a peak abundance in 2004, a large decline in 2005, and
a further decline in 2006 (Gruyer 2007). Thus, although we
consider our annual snap-trap data as indices of abundance,
we believe that they accurately tracked annual fluctuations
in abundance at our study site.

Statistical analyses
We calculated the number of individuals caught per 100

trap-nights (lemming abundance index: N) by dividing the
total number of lemmings trapped by the standardized total
number of trap-nights (STN) over the whole period multi-
plied by 100, where STN = total number of trap-nights –
[(number of lemmings caught + number of misfires) � 0.5].
We subtracted 0.5 night for each sprung trap to improve
estimates of sampling effort (Beauvais and Buskirk 1999).
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Trapping data from the two plots were pooled at site 1. An-
nual time-series data are presented in the form of N1, N2, . . .,
NT, where each N is the number of individuals caught per
trapping effort in a particular year and T is the total number
of years for which we have such data. The level of syn-
chrony for both species at each site was quantified with
Spearman’s rank correlations (rS) over the period 1994–
2005 at site 1 and 1997–2005 at site 2.

We used spectral analysis to determine to what extent
fluctuations in abundance were regular and to estimate their
period. The spectral density function is a natural tool to
examine the properties of periodic processes (Priestley
1981). This analysis was carried out with Proc SPECTRA
(SAS Institute Inc. 2002). The Fisher’s k statistic (Fuller
1976) tests the null hypothesis of no cycle and the periodo-
gram provides a graphic representation of the period in the
time series. The spectral function uses Fourier transforma-
tions to describe the time series by transforming it into a
sum of sine and cosine functions of different period lengths.
It is then possible to use this sum to determine a frequency
or range of frequencies in the periodogram that best describe
the cyclic process present in the time series (Henttonen et al.
1985; Bjørnstad et al. 1996; Ranta et al. 2006). In a similar
analysis, Bjørnstad et al. (1996) used a Parzen smoothing
window to estimate the periodogram because results based
on raw data may not be always consistent. However, the pe-
riodograms obtained with the raw data and a smoothing win-
dow were virtually identical, hence we only report the
results based on the raw data. The significance of the period
detected was tested by adjusting the spectral density func-
tion to the data taking into account the serial correlation
between observations. This was done with the Proc MODEL
(SAS Institute Inc. 2002). We use Godfrey’s statistic to test
the assumption of independence of the data. In presence of
nonindependent data, we added a term accounting for an
autoregressive process of the order one, AR (1). The order
of the process corresponds to the number of lags included
in the model. The AR (1) term allowed us to correct the
model for nonindependence. Adjustment of the model to the
data was tested using Pearson’s correlation coefficient (r).

We also analysed each population for direct and delayed
density dependences (Bjørnstad et al. 1995; Stenseth 1999).
We used autoregressive modelling (Proc REG, maximum
likelihood option; SAS Institute Inc. 2002) to explore the
dynamic properties of our time-series data. All series were
logarithmically transformed with Xt = ln(Nt + C), where C
is a constant because of zero in some years. For the value
of C, we used half of the smallest abundance estimate that
could be obtained at each site: 0.05 (1 lemming for 1000
night-traps) for site 1 and 0.1 (1 lemming for 500 night-
traps) for site 2. Our conclusions were not sensitive to the
C value used because using different values did not change
our results. A second-order log-linear autoregressive model
was chosen based on previous work (Turchin 1993; Bjørn-
stad et al. 1995; Stenseth 1999) and the shortness of the
time series (Erb et al. 2000). When defining the growth rate
as Rt = Xt+1 – Xt, the second-order autoregressive model
takes the following form: Rt = b0 + b1Xt + b2Xt–1 or equiva-
lently Xt = b0 + (1 + b1)Xt–1 + b2Xt–2, where b0 is the inter-
cept with no dynamic effects and b1 and b2 are the first- and
second-order autoregressive coefficients, respectively. b1 is

the direct annual density-dependent effect and b2 is the
delayed annual density-dependent effect (Bjørnstad et al.
1995; Stenseth 1999). Hence, absence of direct annual den-
sity dependence corresponds to b1 = 0, whereas increasing
direct annual density dependence corresponds to b1 being
progressively more negative (i.e., 1 + b1 being progressively
<1; Bjørnstad et al. 1995).

Results

Temporal variation in brown lemming abundance index at
site 1 was indicative of cyclic variations with peak popula-
tions occurring in 1993, 1996, 2000, and 2004, i.e., at ap-
proximately 3- or 4-year intervals (Fig. 1). Our annual
abundance index ranged from 0 to 3.99 brown lemmings/
100 trap-nights. Considering the resolution of our trapping
index (i.e., 1 lemming for 1000 trap-nights), our annual
abundance index could vary by more than 40 times. Interest-
ingly, the year of peak abundance always followed the year
of lowest abundance since the previous peak. Thus, abun-
dance appears to build up abruptly (i.e., within 1 year),

Fig. 1. Fluctuation in our index of abundance (N, i.e., number of
lemmings/100 trap-nights) for brown (Lemmus sibiricus) and north-
ern collared (Dicrostonyx groenlandicus) lemmings at two sites on
Bylot Island, Nunavut, Canada, over 13-year (site 1) and 9-year
(site 2) periods. Because we used a log scale and some abundance
estimates were 0, we added a constant (C = 0.05 at site 1 and 0.1 at
site 2) calculated as half the smallest number of lemmings that
could be trapped (see Materials and methods) to all values.
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whereas the decline, though rapid in the year following the
peak, was not complete until at least 2 years after the peak,
and was thus more gradual. At site 2, where the time series
was shorter (9 years), only one peak of abundance of brown
lemmings was recorded. Although its amplitude was similar
to that seen in site 1, surprisingly, it occurred 1 year later
(2001) than the corresponding peak in site 1 (2000)
(Fig. 1). The weak peak in 2004 at site 1 was not detected
at site 2.

Population fluctuations of collared lemmings at site 1
were weaker than those of brown lemmings (Fig. 1). Our an-
nual abundance index ranged from 0 to 0.41 collared
lemmings/100 trap-nights, indicating only a 4-fold variation
in the annual abundance index. Overall, the brown lemmings
abundance index was about 5.8 times higher than the one for
collared lemmings at site 1, although both species were gen-
erally equally scarce in years of low abundance. Collared
lemmings were more abundant at site 2 (index ranging from
0 to 1.08 lemmings/100 trap-nights), and if we exclude the
2001 peak in brown lemming abundance, their abundance
index was 5.3 times higher than the one for brown lem-
mings. Considering the resolution of our trapping index,
this index showed at least a 5-fold variation at site 2 for

collared lemmings compared with a 19-fold variation for
brown lemmings.

Both lemming species at site 1 were synchronized in their
fluctuations (rS = 0.67, df = 11, P = 0.02). However, fluctu-
ations were apparently not synchronized at site 2 (rS = 0.40,
df = 8, P = 0.28), although the time series was relatively
short.

The periodogram of both species showed some peaks
(Fig. 2), although Fischer’s k tests were not significant, (k =
2.42 for brown lemmings and k = 2.17 for collared lem-
mings, both P > 0.05), possibly owing to the shortness of
the time series. We nonetheless examined how well the
predictions derived from the Fourier functions fitted the ob-
served data, correcting for the lack of independence detected
(Godfrey’s test; LM = 8.26, P = 0.02 for brown lemmings;
LM = 5.30, P = 0.07 for collared lemmings). For brown
lemmings, a first-order Fourier function estimated a period
of 1.87 ± 0.07 (SE) years, which corresponds to the first
peak of the periodogram (Fig. 2), whereas a second-order
function estimated a period of 3.69 ± 0.04 (SE) years, which
corresponds to the second peak. Observed data showed a
much higher correlation with values predicted by the
second-order Fourier function (r = 0.96, df = 12, P < 0.001)
than with those predicted by the first-order function (r =

Fig. 3. Time series of observed and predicted abundance index
obtained by first- and second-order Fourier functions for brown
(Lemmus sibiricus) and northern collared (Dicrostonyx groenlandi-
cus) lemmings over a 13-year period at site 1, Bylot Island, Nuna-
vut, Canada.

Fig. 2. Spectral density of the time series obtained by Fourier
transformations of the abundance index for brown (Lemmus sibiri-
cus) and northern collared (Dicrostonyx groenlandicus) lemmings
over a 13-year period at site 1, Bylot Island, Nunavut, Canada.
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0.63, df = 12, P = 0.02; Fig. 3). For the collared lemmings,
the first-order Fourier function estimated a period of 3.87 ±
0.26 (SE) years, whereas the second-order function esti-
mated a period of 3.92 ± 0.24 years; both of which
apparently correspond to the second peak of the periodo-
gram (Fig. 2). It thus seems that the first peak in the perio-
dogram of collared lemmings corresponded to noise in the
data. Again, the observed data showed a higher correlation
with values predicted by the second-order Fourier function
(r = 0.86, df = 12, P = 0.002) than with those predicted by
the first-order function (r = 0.62, df = 12, P = 0.02; Fig. 3).

The estimates of coefficients for direct (b1) and delayed
(b2) annual density dependence were negative for both spe-
cies as expected (Table 1). However, none of these were
significant, possibly owing to the shortness of our time ser-
ies. When the values of these coefficients were positioned in
the parameter space graph of Bjørnstad et al. (1995), they
fell in the portion of the graph characterizing populations
with proper multiannual population cycle of periodicities
between 3 and 4 years for both species; a result that is
consistent with the previous analysis.

Discussion

Our analysis supports the hypothesis that brown lemming
populations showed typical fluctuations of large amplitude
with a periodicity of 3–4 years as found in many other
populations of the genus Lemmus Link, 1795 (Krebs 1964;
Pitelka 1973; Erlinge et al. 1999; Angerbjörn et al. 2001).
The cycle was not symmetrical on either side of the peak,
as populations generally tended to have a rapid explosion of
abundance lasting 1 year or less, followed by a period of
decline over 1–3 years. In contrast, evidence for population
cycles was weaker in the collared lemming, as their
fluctuations were of much smaller amplitude compared with
brown lemmings. Cyclical fluctuation in collared lemmings
appeared to be confined to relatively low densities, unlike
the dramatic fluctuations observed in brown lemmings.
Comparing indices of lemming abundance across studies is
difficult because trapping and analytical methods often dif-
fer (Hanski et al. 1994). Nonetheless, our abundance index
appears comparatively low, even in years of peak abun-
dance, for both species. In Fennoscandia, abundance indices
derived from snap-traps can be as high as 30 in peak years
(Hanski et al. 1994; Framstad et al. 1997), which is 7 times
higher than our index in peak years. This also means that
our abundance index should not have been affected by trap-
saturation problems (Hanski et al. 1994).

The differential pattern between the two species is intrigu-
ing, especially the absence of irruptions of large amplitude

in collared lemmings. Indeed, cyclic fluctuations of large
amplitude have been reported in this species at many sites
(e.g., Greenland, Gilg et al. 2003; Kent Peninsula, Canada;
Wilson et al. 1999; Devon Island, Canada; Fuller et al.
1975), although at other sites collared lemming populations
appear to be limited at low density with little cyclicity
(Pearce Point, Canada; Reid et al. 1995). When both species
occur in sympatry, others have also reported that population
fluctuations of brown lemmings tend to be of greater ampli-
tude compared with collared lemmings (Baker Lake, Can-
ada; Krebs 1964).

Interestingly, the predictions of the model proposed by
Hanski and Henttonen (1996) to explain the dynamics of
two competing vole species generally fit with our observa-
tions. This model explains the dynamic of multispecies
rodent assemblage in the presence of predators. In their
model, both species share the same predators, but one
(Microtus Schrank, 1798) is competitively superior and
more vulnerable to predation than the other (Clethrionomys
Tilesius, 1850). Under these conditions, the model predicts
multiannual oscillations with a shift from dominance of the
competitively superior species near the peak of the cycle to
dominance of the competitively inferior species during the
low phase of the cycle because of the higher vulnerability
to predation of the former. In lemmings, patterns of habitat
use have been found to be density-dependent, with brown
lemmings excluding collared lemmings from some habitats
at high density presumably because they are superior com-
petitors (Morris et al. 2000; Predavec and Krebs 2000).
However, little information is available on relative vulner-
ability of the two species to predation.

Another factor that may promote greater fluctuations in
brown lemmings is its higher potential for population
growth (i.e., greater fecundity) compared with collared lem-
mings (Negus and Berger 1998). Although the mean litter
size is generally the same, there is a difference in the age at
first reproduction, with brown lemmings reaching maturity
at a younger age than collared lemmings (Negus and Berger
1998). Collectively, these observations allow us to formulate
a hypothesis to explain the difference in population dynam-
ics of the two species at our study site. When populations
start to increase as a result of low predator abundance, the
brown lemming population could quickly outnumber the
collared lemming population if its rate of population growth
is higher. Being a superior competitor, brown lemmings
could further limit the expansion of collared lemmings at
high density and thus reach a much higher abundance. As
predators build up owing to high prey abundance (Gilg et
al. 2003), populations of both species may start to decline
because of increased predation mortality in combination

Table 1. Estimates of autoregressive coefficients (±SE) and their level of significance for brown (Lemmus
sibiricus) and northern collared (Dicrostonyx groenlandicus) lemmings over a 13-year period at site 1,
Bylot Island, Nunavut, Canada.

b0 P b1 P b2 P
Brown lemming (R2 = 0.06) –1.06±0.55 0.09 –0.22±0.36 0.56 –0.13±0.34 0.71
Collared lemming (R2 = 0.11) –2.34±0.93 0.04 –0.35±0.35 0.35 –0.10±0.33 0.76
Both species pooled (R2 = 0.09) –0.82±0.48 0.12 –0.26±0.34 0.48 –0.19±0.32 0.57

Note: Coefficient b0 is the intercept, b1 is the direct density-dependent effect, and b2 the delayed density-dependent
effect (see Materials and methods).
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with density-dependent effects. During the low phase of the
cycle, both species may be equally low or the competitively
inferior species (collared lemmings) may be relatively more
abundant than its competitor if it is less vulnerable to preda-
tion (Hanski and Henttonen 1996). Admittedly, this explana-
tion is speculative and needs to be tested but is consistent
with recent evidence suggesting that predators may control
lemming abundance in Greenland (Gilg et al. 2003). If this
hypothesis is true, then the interaction between brown lem-
mings and predators could have a dominant impact on the
dynamics of the system, forcing synchronous oscillations in
the collared lemmings because of shared predation.

Our observation that populations of brown and collared
lemmings fluctuated in temporal synchrony at one site is
consistent with this hypothesis. In northern Fennoscandia,
synchrony between microtine species occupying the same
habitat is well documented (Heikkila et al. 1994; Norrdahl
and Korpimäki 1996; Angerbjörn et al. 2001; Huitu et al.
2004). Interactions with shared specialist predators have
often been invoked as the causal factor behind interspecific
synchrony in population fluctuations of small mammals
(Stenseth and Ims 1993; Erlinge et al. 1999; Norrdahl and
Korpimäki 1996). Indirect effects among prey (i.e., geese
and lemmings) because of shared predators have previously
been documented at our study site (Bêty et al. 2002; Gauth-
ier et al. 2004).

Many studies have suggested that population cycles of
northern rodents are generated by combined effects of de-
layed and direct density dependences (Hanski et al. 2001;
Klemola et al. 2003; Turchin 2003). If lemming abundance
is controlled by a specialized trophic interaction of the type
predator–prey, then delayed density-dependent effects (i.e.,
second-order process) should be detected (Stenseth 1999).
Our autoregressive model yielded negative second-order
coefficients as expected, although they were not
significant. Besides predator–prey interactions, specialized
plant–herbivore interactions could also yield the same
second-order effects. Although we cannot rule out entirely
this hypothesis, long-term exclosures at our study site sug-
gest that lemmings have little effect on plant biomass even
in years of peak abundance, contrary to other herbivores at
the site (Gauthier et al. 2004). Moreover, given that brown
and collared lemmings eat different types of plants (Batzli
and Jung 1980; Rodgers and Lewis 1986), it seems doubtful
that food depletion could impose synchrony in density fluc-
tuations of both species.

Our data suggest some level of asynchrony in the pattern
of population fluctuations between our two study sites that
were 30 km apart. Most notably, the 2000 peak in brown
lemming abundance at site 1 apparently occurred 1 year
later at site 2, which is surprising considering that there are
no major physical barriers between our two sites. Although
we have no satisfactory explanation for this result, one
should be cautious in concluding a lack of spatial synchrony
at the level of our two study sites. This conclusion is based
on a single annual data point at each site and we cannot ex-
clude the possibility that the actual peak in lemming density
occurred before or after our annual mid-summer sampling.
Hence, it is still possible that peaks in lemming abundance
at our two study sites could have overlapped somewhat
during the winter of 2000–2001 (i.e., the peak density at

site 2 may have been reached before the peak density at site
1 started to decline). Spatial synchrony in lemming popula-
tion fluctuations has previously been reported at a relatively
large scale (i.e., several hundred kilometres; Erlinge et al.
1999; Krebs et al. 2002).

We conclude that brown lemming fluctuations observed at
our study site were cyclical in nature and typical of cyclic
small-mammal populations, but that collared lemmings
showed weak cycles of shallow amplitude. Both species
nonetheless fluctuated in synchrony.
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