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Population dynamics of lemmings, Lemmus sibirica and
Dicrostonyx torquatus, and Arctic Fox Alopex lagopus on the
Taimyr peninsula, Siberia, 19602001

YAKOV |. KOKOREV & VLADIMIRA. KUKSOV

Annual records on the abundance of lemmings (Lemmus
sibirica and Dicrostonyx torquatus) and the frequency of
dens occupied by reproducing arctic fox Alopex lagopus
onthe Taimyr peninsula, Siberia, arereported for thetime
period of 1960-2001. A strong correlation was demon-
strated between lemming abundance and the frequency of
densoccupied by breeding foxes. Thisfindingissupplemen-
ted with certain observationsof birdsonthepeninsula, and
information on the reproduction biology of lemmingsand
arctic fox. Since the breeding success of several bird
speciesnesting onthe Siberiantundraaremuch affected by
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the population interactions of lemmings and arctic tox,
base-line data on these mammals are needed for proper
evaluation of avian records, including those from southern
migration and wintering areas. Thetime seriesreported is
the longest yet provided on lemming abundance and
reproduction of Arctic Fox.
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Introduction

The reproductive success of many arctic-breeding
birds in Siberia is related to the abundance of
lemmings. Lemming predators, such as the Rough-
legged Buzzard Buteo lagopus, three speciesof skua
(Stercorarius parasiticus, S. longicaudus and S
pomarinus), the Herring Gull Larus argentatus, the
Glaucous Gull L. hyperboreus and the Snowy Owl
Nycteascandiaca, feedtheir youngwiththeserodents
whenabundant (e.g. Krechmar 1966, Portenko 1972,
Wiklundetal.1999; for reviewsseellicev & Zubakin
1990, Rogacheva 1992). The reproductive success
of geeseand wadersisal so affected by thedynamics
of lemmings, but through predationfromthelemming
feeders(Roselaar 1979, Summers 1986; for reviews
see Greenwood 1987, Sutherland 1988). In years
withlow lemming abundancefollowing apeak year,
predators such asthe arctic fox Alopex lagopus, the
stoat Mustelaermineaand skuasstill occur frequently,
and might cause substantial predation on eggs and
young of geese and waders (Underhill et al. 1983,
Syroechkovskiy etal. 1991). For thisreason, ornitho-
logists have become more interested in the inter-
annual fluctuations of lemmings and arctic fox on
the tundra, especialy from the point of view of

understanding the variation in numbers of juvenile
geese and waders recorded while migrating and
wintering in Europe and Africa.

In Taimyr, field data. on lemming abundance have
been collected since 1960. Some results have been
previously published (Kuksov 1969, 1975, 1979,
Paviov 1976, Dorogov 1983, Krylov 1983,
Rykhlikova& Popov 1995). Inthe present paper, we
summarise for the time period of 1960-2001 the
inter-annual pattern of lemming abundance and the
frequency of dens occupied by reproducing arctic
fox on the peninsula, and hopethat the reported data
will be of interest to ornithologists.

Methods

Therel ativeabundancesof microtineswereestimated
in different habitats during summer (June-August),
by setting 2030 snap-traps (5 metres apart) along
lines. The traps were inspected for newly caught
animalstwice aday, during 5 days (Novikov 1953).
For some areas, additional information on variation
in seasonal abundance was provided from inquiries
to local fishermen and hunters. Based on these
sources, the occurrences of lemmings in different
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years were classified into five classes (Table 1).
Also, data on brood size (number of embryos), and
female maturation (signs of reproductive activity
related to body age, and number of broods during
summer) were collected. In Taimyr, the Siberian
lemming Lemmus sibirica predominates, whereas
the collared lemming Dicrostonyx torquatusis less
abundant.

Results and discussion

A strong correlation coefficient (Kendall rank-order
T; Sokal & Rohlf 1995) wasfound betweenlemming
abundance and frequency of dens occupied by
reproducing arctic foxeson Taimyr (Figurel). This
supportsapreviously reveal ed rel ationship (Kuksov
1979, Angerbjorn et al. 1991), though then inferred
fromsmaller setsof fielddata. Thelemming numbers
peak every 34 years(Figure 1), and thedynamicsis
often synchronousacrossthe peninsula(Appendix).
Thesefindingsarein agreement with earlier reports
(Summers et a. 1998, Erlinge et a. 1999), which
however arebased on datasetsspanning shorter time
periods.

When the population density of lemmingsislow,
some femal es (about 5%) beginto givebirthevenin
February. The major breeding activity startsin the

5 I M M 1=0665 F 100
n=42, p<0.001 F oo
g
8, Leo 8
M m °
G b0 @
© Qo
g =]
2 k60 8
© o
E?S F 50 g%
£ g
£ £ 8
e ©
- F 30 [}
2 o
- 20
| 10
1 0

T
196219651968197119741977198019831986 198919921995 19982001

Figure 1. Abundance of lemmings (grey shaded bars) on the
Taimyr peninsula, and percentage of dens occupied by bree-
ding Arctic Fox (black bars) on the typical tundra of Western
Taimyr (in 1985 datareferstothearctic tundra). Theabundan-
ce of lemming versus the percentage of occupied arctic fox
dens are strongly inter-related, as revealed from the Kendall
rank-order correlation coefficient (t). Recorded time period:
1960-2001.

Lammeltathet (gra staplar) pa Taimyrhalvon respektive andel
bebodda fjallravslyor (svarta staplar) pa typisk tundramiljo
(&r 1985 géller data fran arktisk tundramilj6) i vastra Taimyr,
under perioden 1960—2001. Lammeltathet och andel bebodda
fiéllravslyor &r statistiskt starkt korrelerad (Kendall tao-test).
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beginning of March, and pauseswhensnowismelting
(Kuksov 1975). Inyearsof highlemming abundance,
the commencement of breeding is later, and only a
small fraction of the females gives birth already in
March. The summer reproduction occurs mainly
between 1 Juneand 25 July, depending on popul ation
density and temperature (Kuksov 1979). However,
thelemmingsnormally reproducecontinuously until
themiddle of August or, when abundanceislow and
theautumnisrelatively warm, until mid-September
(Kuksov 1975).

The lemming populations may be regulated by
variation in female maturation rate and brood size.
Factors that determine maturation rate in female
lemming arebirthtimeand popul ationdensity. Rapid
maturation occurs in the first summer generation,
and some females start reproduction when 20 days
old (weight range 18-21 g). In the time period of
19641974, the average brood size ranged from 5.1
to 7.8 individuals, and the annual maximum brood
size (measured by number of placental scars) ranged
between 4 and 24 (Kuksov 1975). Inyearswith peak
abundance, the maturation of females is delayed,
and theaverage number of embryos per reproducing
femaleislower than when lemmings are few. Also,
the brood size is negatively correlated with the
abundance(Kuksov 1975, Erlingeetal. 2000). These
are two density-dependent factors, which tend to
stabilizefluctuating lemming popul ations(cf. Krebs
& Myers1974). However, theover-al cyclicchanges
inlemming abundancearelikely generated by trophic
interactions, either with their predators, or via the
food supply. Analyses of population data from
Fennoscandiasuggest that lemming cyclesmight be
driven by interaction with the food plants, whereas
the oscillations of boreal vole populations are often
controlled by predation (Norrdahl 1995, Turchin et
al. 2000, Ekerholm et al. 2001).

Even in years when small rodents are abundant,
thepredatorscanlikewisesuppresspopul ationgrowth
of birds. For instance, in 1969 the abundance of
lemmings on Taimyr was intermediate, but resulted
in successful reproduction in the populations of
arctic fox, Rough-legged Buzzard, skuas, Herring
and Glaucous Gulls, and Snowy Owl. These rodent
predatorswerestill abundantin 1970, whenlemmings
showed a density peak. In the latter year, a large
proportion (81%) of thearcticfox denswasoccupied
(see Appendix), and the number of cubs per brood
was7-8. However, al sothedensity of nestinggrouses
(Lagopus lagopus and L. mutus) was high in 1970,
but the population did not increase due to strong
predation on eggs and young (Pavlov 1976). Thus,



Table 1. Classification of lemming abundance (score), based on number of lemmings captured by 100 traps per
day (during trapping periods of 5 days), and visual observationsin the field.

Klassificering avlammel forekomst baserat pa fangstdata och visuel la observationer i falt. | kolumnernaredovisas
tathetsindex for lamlar, antal |amlar fangade per dag medelst 100 fallor (under fangstperioder om5 dagar), samt

gjorda noteringar.

Score Number of Visual observations of lemmings, predatory mammals and birds
lemmings captured
Index Antal fAngade Visuella observationer av lamlar, rovdaggdjur och rovfaglar
lamlar

1 0 Predatory mammals and birds of prey do not reproduce

very low Rovdaggdjur och rovfaglar fortplantar siginte

mycket 1&g

2 1-3 Predatory mammals and birds of prey do not reproduce

low Iag Rovdaggdjur och rovfaglar fortplantar sig inte

3 4-10 Sporadic distribution of lemmings; rare reproduction among

intermediate birds of prey; low occupation of arctic fox dens

intermediar Sooradiska observationer av lamlar; sallsynt fortplantning
bland rovfaglar; |1&g belaggning av fjallravslyor

4 11-30 Lemmingsreproduceintensively under the snow cover and occupy

high hég all typical habitats in the summer; considerable reproduction
among birds of prey; high occupation of arctic fox dens
Lamlar fortplantar sig intensivt under snén och finnsi alla typiska
biotoper pa sommaren; betydande fortplanting hos rovfaglar; hdg
bel&ggning av fjallravslyor

5

very high >30 Usually it is a seasonal peak of lemmings by the end of a summer

mycket hdg reproduction period, followed by an almost total absence of

lemmings

Vanligen sasongstopp for lamlar vid slutet av. sommarens
fortplantningsperiod, foljd av nastan total |ammelfranvaro

when the lemmings reproduce intensively during
two years (as in 1969-1970), high abundance of
rodentivorous predators might result in increased
predation pressure on birds.

To further understand the ecological dynamics of
lemmings, Arctic Fox and birds on the northern
tundra, closer studies of trophic interactions along
the food-chain of grazed plants, lemmings and
predatorsareneeded. Infact, on Taimyr, theregularly
fluctuatinglemming popul ationsappear tobeacrucial
factor affecting thebreeding successof several tundra-
breeding bird species (Pavlov 1976, Underhill et al.
1993), as well as the spatial breeding distribution
pattern of several avian microtine predators in the
area (Wiklund et a. 1998, 1999). Moreover, heavy
occurrences of these predators during autumn
migration, such as the Pomarine Skua S. pomarinus

intheBalticand North seas, havebeenrelated to peak
yearsof lemming ontheSiberiantundra(Camphuysen
& |Jzendoorn 1988, Breife 1989, Olsen & Larsson
1997). Also, the number and age-composition of
Siberian goose and wader populations in stopover
areas and wintering quarters of Europe and Africa
have been correlated with thedynamicsof lemmings
and Arctic Fox on Taimyr (Summers & Underhill
1987, Summers et a. 1987, 1989, 1998, Underhill
1987, Underhill et al. 1989, Blomqvist et a. 2002).
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Sammanfattning

Populationsdynamik hos lamlar, Lemmus sibirica
och Dicrostonyx torquatus, och fjallrav Alopex
lagopus pa Taimyrhalvon, Shirien, 1960-2001

Hos méanga fégelarter som lever pa den sibiriska
tundran & héckningsframgéngen beroende av 1am-
meltatheten. Hos arter som fjallvrak, bredstjartad
labb, labb, fjallabb, gratrut, vittrut och fjaluggla
matas ungarna ofta i stor utstréackning med lamlar.
Indirekt & ocksd hackningsframgéngen hos flera
arktiskt héckande géss och vadare beroende av tét-
heten av |amlar genom att fjallr&v och hermelin &
betydande predatorer padessafaglarsagg och ungar
dear det & ont om lamlar (Roselaar 1979, Summers
1986; for oversikter seGreenwood 1987, Sutherland
1988). Predationstrycket &r storst under dret efter ett
foregdendetoppér, d.v.s. det & dalammel popul atio-
nenkraschat. Ornitol oger har under senaredr alltmer
kommit att intressera sig for |ammelfluktuationer i
Sibirien, inte minst for att battre kunna forsta be-
standsvariationer parastplatser ochi évervintrings-
omréden i Europa och Afrika av tundrahéckande
fagelarter, t.ex. prutgads, kustsnappa, sandlopare,
spovsnappa, roskarl och bredstjartad labb.

| den hér redovisade studien presenteras kontinu-
erligaérsdatafor perioden 1960-2001 fran Taimyr-
halvon i norra Sibirien (Appendix). De redovisade
lammeltétheterna och frekvenserna av reproduce-
rande fjélravar under dessa 42 & & de langsta
tidsserier som nagonsin redovisats éver dessa djurs
bestandsvariationer. Skattningarnaav |ammeltathe-
ter baseraspasystemati sk fallfangst ochiakttagel ser
av lokalajagare och fiskare (Tabell 1). Tétheten av
l&mlar har klassatsi fem kategorier. Sibirisk |ammel

Lemmus sibirica & den lammelart som dominerar,
medan halsbandsldmmel Dicrostonyx torquatus
forekommer mindre talrikt. Kandafjalravslyor har
inspekterats for att registrera om de var bebodda,
vilket indikerar reproduktion.

Lammeltatheten svanger periodiskt och ndri regel
entopp vart tredje dr (Figur 1). Baraundantagsvisar
det ett & mindre eller ett & mer mellan topparna.
Under den senaste 20-arsperioden var 1979, 1982,
1985, 1988, 1991, 1994, 1996/97 och 1999 toppar
med god |ammelforekomst pa Taimyr. Lammeltat-
heten korrelerar med andelen bebodda fjallravslyor
(Kendall t=0.665, n=42, p<0.001). Aven under &
med |&gsta téthetsindex for lamlar reproducerar sig
en mindre andel av fjdllrévarna(cirka5% av lyorna
bebodda).

Lamlarna reproducerar sig fran borjan av mars
t.0.m. mitten av september, med uppehall kring sné-
smaltningen (Kuksov 1975). Lammel populationen
paverkasav hur snabbt honornablir kénsmognaoch
av kullarnasstorlek. Nér populationstétheten & som
storst tar dock honorna langre tid pa sig att bli
konsmogna, samtidigt som kullarna da & mindre
(Kuksov 1975, Erlinge et a. 2000). Honorna kan
varakonsmognaredan efter 20 dagar om tétheten &r
1&g och det &r tidigt p& sdsongen. Under dren 1964—
1974 varierade medelkullstorleken (data baserade
paantal placentala arr) mellan 5,1 och 7,8, och det
maximala antalet ungar mellan 4 och 24 (Kuksov
1975). Dengrundléggandeorsakentill cyklicitet hos
|ammel populationerna bér nog dock framst sokas
bland de betade fodovéxterna, alternativt |amlarnas
predatorer. Nyligen framlagda analyser av smagna-
garsvangningar i Fennoskandinavien indikerar att
l&ammelcyklernaprimért drivs av |amlarnasinterak-
tion med fodovaxterna, till skillnad fran boreala
sorkars populationssvangningar vilka forefaller
frémst regleras av predation (Norrdahl 1995, Tur-
chin et a. 2000, Ekerholm et al. 2001).

Under vissa & med hog |ammeltéathet kan preda-
tionen paféaglar varabetydande. Ett sddant exempel
&r 1970 dapredationen paagg och ungar av fjall- och
dalripavar hdg, trots en hog lammeltéthet. Forkla-
ring hartill kan vara att antalet predatorer, sdsom
fjdlrav, fjalvrak, labbar, trutar och fjalluggla, var
extremt hogt pagrund av en relativt hog lammelfo-
rekomst &ven aret innan.

For att battre forsta populationsdynamiken hos
lamlar, fjéllrav och faglar pa tundran behdvs mer
detaljerade studier kring betade vaxter, ldmlar och
|ammelpredatorer, samt hartill kopplade trofiska
interaktioner. Deregel bundet fluktuerandelamlarna
har visats starkt paverka hackningsframgangen hos
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mangatundralevandefaglar pATaimyr (Pavlov 1976,
Underhill et al. 1993). Aven pa hostflyttningen har
fégelforekomsten konstaterats vara starkt relaterad
till 1ammel dynamiken pé& den sibiriskatundran. Det
senare géller bl.a. for bredstjartad labb i Ostersjon
ochNordsj6n (Camphuysen& van|Jzendoorn 1988,
Breife1989, Olsen & Larsson 1997). Likasaar antal
och adersfordelning av sibiriska gass och vadare

Appendix

under flyttning och i vinterkvarter relaterade till
forekomsten av lamlar pa Taimyrhalvon (Summers
& Underhill 1987, Summerset al. 1987, 1989, 1998,
Underhill 1987, Underhill et al. 1989, Blomqvist et
al. 2002).

Abundance of microtine rodents! on Taimyr, during the time period 1960-2001. Records from three parts of the
peninsula are reported, as well as from the north-south gradient of different tundra subzones?: AT=arctic tundra,
TT=typical tundra, and ST=southern (shrub and tussock) tundra. For classification of the abundance, see Table 1.
Also reported are records of the fraction (%) occupied Arctic Fox densin Western Taimyr.

Téathet av smagnagare! (foretradesvislamlar) pa Taimyrhal von, respektive andelen (%) bebodda fjallrévslyor pa
vastra Taimyr, under aren 1960-2001. Lammeldata redovisas fran tre delomraden (vastra, mellersta och dstra
halvon) samt |angsen nord-sydlig biotopgradient, enligt?: arktisktundra (AT), typisktundra (TT) och sydligtundra
(ST). Grunderna for gjorda klassificeringar aterfinnsi Tabell 1.

Microtine rodents Arctic Fox
Smagnagare Fjallrav
Western
Western Taimyr Centra Taimyr Eastern Taimyr Taimyr
Year AT TT ST AT TT ST AT TT ST TT
1960 4 4 4 4 4 4 3 3 3 58
1961 4 4 4 3 3 3 3 3 3 5
1962 1 1 1 2 2 2 2 2 2 1
1963 5 5 5 5 5 5 5 5 5 50
1964 4 4 4 3 3 3 4 4 4 25
1965 2 2 2 2 2 2 2 2 2 10
1966 4 4 4 3 3 3 3 3 3 34
1967 5 5 5 5 5 5 5 5 5 15
1968 1 1 1 1 1 1 2 2 2 5
1969 3 3 3 3 3 3 3 3 3 10
1970 5 5 5 5 5 5 5 5 5 81
1971 2 1 1 2 1 1 2 1 1 8
1972 2 2 2 2 2 2 2 2 2 1
1973 5 5 5 5 5 5 5 5 5 53
1974 1 1 1 2 2 2 1 1 1 16
1975 3 2 2 3 2 2 3 2 2 9
1976 4 4 4 4 4 4 4 4 4 79
1977 1 1 1 1 1 1 2 2 2 11
1978 2 3 - 2 2 2 3 3 - 30
1979 5 5 5 5 5 5 5 5 5 50
1980 2 2 2 2 2 2 1 1 1 8
1981 1 1 1 1 1 1 1 1 1 0
1982 4 4 4 4 4 4 4 4 4 45
1983 3 2 2 3 2 2 3 2 2 20
1984 1 1 1 1 1 1 1 1 1 1
1985 5 - 3 5 - 3 5 - 3 35
1986 1 1 1 1 1 1 1 1 1 16
1987 2 1 1 2 1 1 2 1 1 0
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Appendix, continued

Microtine rodents arctic fox
Smégnagare Fjallrav
Western
Western Taimyr Central Taimyr Eastern Taimyr Taimyr
Year AT TT ST AT TT ST AT TT ST TT
1988 4 4 4 4 4 4 4 4 4 20
1989° 1 1 1 1 1 1 1 1 1 0
1990 1 3 2 1 3 2 1 3 2 6
1991 4 4 4 4 4 4 4 4 4 33
1992 2 1 1 2 1 1 2 1 1 2
1993 2 2 2 2 2 2 2 2 2 15
1994 4 3 2 3 3 2 3 3 2 25
1995 1 1 1 1 1 1 1 1 1 0
1996 3 3 3 3 3 3 3 3 3 15
1997 3 2 2 4 3 3 3 3 2 20
1998 1 1 1 1 1 1 1 1 1 1
1999 4 4 4 1 1 2 1 1 2 35
2000 1 1 1 2 2 2 2 2 2 1
2001 2 2 1 2 2 1 - - - 10

¥ OntheTaimyr peninsula, six speciesof microtinerodents (Microtinae—sensu Corbet & Hill 1991) occur, namely
Siberianlemming Lemmussibirica, collared|emming Dicrostonyxtorquatus, grey red-backed vole Clethrionomus
rufocanus, northern red-backed vole C. rutilus, Middendorff’s vole Microtus middendorffii and root vole M.
oeconomus. However, only lemmings are commonly found on the tundra. The Siberian lemming predominates,
whereas the collared lemming is less abundant.

Sexarter avsmagnagare (Microtinae—sensu Corbet & Hill 1991) férekommer pa Taimyr, namligen sibirisklammel
Lemmus sibirica, halsbandslammel Dicrostonyx torquatus, grasiding Clethrionomus rufocanus, rédsork C.
rutilus, Middendorffs sork Microtus middendorffii och mellansork M. oeconomus. Bara lamlar &r dock vanliga
pa tundran. Den sibiriska |ammeln dominerar, medan halsbandslammeln & mindre vanlig.

2 Following Chernov (1985).

¥ In 1989, the summer was extremely late (more than one month) and cold.

Sommaren 1989 var extremt sen (mer &n en manad) och kall.
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