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Predation on populations of small rodents is reviewed. Various types of predators are
distinguished; specialists, generalists, residents, and "nomadic" species. Their func
tional and numerical responses to changes in prey density, and their influence on
small rodent numbers, are discussed. The shape of the functional response curve of
the predators may be important for the dynamics of the predator-prey system.
Generalists with access to alternative prey tend to stabilize rodent numbers, as do
migrating specialists, whereas resident specialists may be destabilizing. Field studies
on cyclic rodent populations point to the importance of predation during and after the
decline phase, and indicate that predation may increase the amplitude and prolong the
period of the cycles. Other studies indicate a strong influence of predation on rodent
numbers in areas with a diversified prey and predator fauna.
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OmrcaHo X�Hlf'IeCTBO Ha rrorryn»umrx MeJIKHX rphi3YHOB. Pa3JI1f':Iarorc» pa3Hhie
THIIhi Xl!IUHHKOB :crrerzyraJIHCT:bl, BCeH)J;Hbie, pe3H,D;eHTbi H »HOMa,D;H'leCKHe« BH)J;hl.
06Cy)Kp;aiOTC5!: HX !lJYHKIWOHaJibHhie peaKUHH H KOJie6aHH5!: 'lHCJieHHOCTH B 3a
BHCHMOCTH OT IIJIOTHOCTH )KepTB H BJIJUIHHe Ha 'lHCJieHHOCTh MeJTKHX rpbl3YHOB.
<l>opMa KpHBOR !lJYHK!WOHaJibHbiX peaxrzyrii �HHKOB MOJI(eT HMeTb 3Ha'!eHHe
)J;JIH ,D;HHaMHKH CHCTeMhi XHIUHHK-:>KepTBa. Y BCeH,D;HbiX XHIUHHKOB IIPH B03MO)J(
HOCTH Bbi6opa :>KepTB Ha6nrop;aeTC5!: Tel!,D;eHUHH K cra6HJIH3aUHH 'lHCJieHHOCTH
rphi3YHOB, KaK H y MHrpHpyiOI.UHX CIIeUHaJIHCTOB. B TO TO )J(e BpeMH pe3H,D;eHTHhle
crreuHaJIHCT.bi p;ecTa6HJIH3Hpyror IIJIOTHOCTb )J(eprB. IToneBbre Hccnep;oBaHHH
I(HKJIH'IHOCTH IIOnyJIHizyiH rp.bl3YHOB IIOKa3.biBaiOT 60JibiDOe 3HatreHHe XRIUHHtre
CTBa B Te'leHRe H IIOCJie clJa3.bl CHHJI(eHH5I IIJIOTHOCTH; XHIUHHtreCTBO MOJI(eT yBe
Jilf':IHBaT.b aMIIJIRTYAY KOJie6aHHR "'RCJieHI!OCTH H YAJTHH5!:Th I(RKJibi. ,n:pyme
HCCJie)J;OBaHHH IIOKa3aJIR CHJlbHOe BJIRHHHe XHIUHH"!eCTBa Ha IIJIOTHOCTh rp.bi3YHOB
Ha TeppHTOpHH C pa3H06pa3HOR clJayHOH XHI.UHHKOB H )J(epTB.
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1. Introduction

Mustela putorius (L.) and badger Meles meles (L.).

The importance of predation for the population
dynamics of rodents has been a source of controversy.
Pearson (1966, 1971) and Pitelka (1973) suggested that
predation plays an important role in some rodent cycles,
and Maher (1970) suggested that it might be a cause of
the population cycle of lemmings in northern Alaska.
On the other hand Krebs (1964) concluded that preda
tion could not account for the mortality changes during a
lemming cycle in northern Canada. This review aims at
summarizing data on the influence of different kinds of
predators on the dynamics of small rodent populations,
with emphasis on microtines. Since many rodent pre
dators have been studied, we shall not attempt to cover
the literature, but only present examples of different
types of predation, and the results which have been
obtained. Examples have disproportionately often been
taken from northern Europe, and other representative
studies could equally well have been chosen.

Some birds such as crow Corvus corone cornix (L.)
(Loman unpubl.) and gulls (Vermeer 1970) feed on small
rodents when they are easily available. In boreal areas,
the common buzzard Buteo buteo (L.) is a migrating
generalist, the diet of which usually contains a high
proportion of rodents. It might perhaps qualify as rodent
specialist, since some pairs refrain from breeding when
rodents are scarce. However, even when rodent density
is low, some buzzard pairs raise young, using alterna
tive food such as rabbits (Mebs 1964, Sylven unpubl.).
Other migratory generalists which may prey on rodents
are gulls, e.g. Larus glaucescens (Naum.) (Pitelka et al.
1955), L. delawarensis (Ord.) and L. californicus
(Lawrence) (Vermeer 1970). In areas with little alterna
tive food, generalist numbers may fluctuate with the
abundance of rodents, to which their reproduction and
survival is related (e.g., Englund 1970).

2.2.

Degree of mobility

Resident species such as small mustelids respond to low

2. Functional types of rodent predators

Several functional types of predators may be disting
uished depending on their degree of specialization and
mobility. The following classification involves simplifi
cation, since some predators are intermediates between
the categories described below.

2.1.

Degree of specialization

Specialists. Some predators, e.g. weasels and owls, are

well adapted for hunting and killing rodents, their main
prey (Watson 1957, Erlinge et al. 1974a, b, Erlinge
1975). When rodents are abundant, surplus killing oc
curs (Hagen 1969, Ryszkowski et al. 1973). The abun
dance of these predators is closely related to the rodent
density (Lockie 1955, Erlinge 1974), especially in arctic
and subarctic areas, where small rodent populations
fluctuate greatly (Pitelka et al. 1955, Thompson 1955a,
Hagen 1969, Linkola and Myllymaki 1969, Maher 1970).
Such rodent specialists seem largely dependent on ro
dent prey for successful breeding. They may change to
alternative food, e.g. birds and invertebrates, when ro
dents become scarce (Southern 1954, Erlinge 1975, An
dersson 1976), but usually they have restricted ability,
and in northern areas little possibility, of catching other
prey than rodents.
Generalists exploit a wide range of food items, and
feed on small rodents when they are easily available.
When rodents become scarce they change to other food.
This change might occur at a higher rodent density than
in the specialists. In areas with a diversified prey fauna,
generalist numbers may be little influenced by varia
tions in rodent density, and they can raise young on non
rodent prey. Such opportunistic rodent predators are
foxes (Englund 1965, Ryszkowski et al. 1973), and some
mustelids such as marten Martes martes (L.), polecat
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rodent density by increased movements in search of
prey, and are forced to make use of other food than
rodents (Erlinge 1975). However, they have restricted
ability for long range movements. Some other rodent
predators e.g. tawny owl Strix aluco (L.) (Southern
1970) usually stay in a definite territory even when ro
dents are scarce, although they h ave the capacity for
long range movements. Their main habitat is deciduous
woodland, where they exploit a variety of prey besides
small rodents (Southern 1954, Nilsson unpubl.).
"Nomadic" species. Some avian rodent specialists
leave the area without breeding if rodents are scarce,
e.g. pomarine skua Stercorarius pomarinus (Temm.)
(Maher 1970). Snowy owls Nyctea scandiaca (L.)
sometimes make large-scale southward migrations when
rodents are scarce (Gross 1947).
Certain species may return to the same area in subse
quent years, and breed if rodent density is sufficiently
high, e.g. long-tailed skua S. longicaudus (Vieill.)
(Andersson 1976). It has been suggested that some
"nomadic" species, e.g. short-eared owlAsioflammeus
(Pont.) and pomarine skua (Pitelka et al. 1955) stay and
breed in areas where they encounter dense rodent popu
lations (see Galushin 1974). The degree to which previ-.
ously breeding adults engage in such movements is
poorly known. Perhaps, it mainly applies to young in
dividuals breeding for the first time. Nomadic move
ments and immigration can lead to a rapid predator
increase where rodents are common (Pitelka et al. 1955,
Lockie 1955, Linkola and Myllymaki 1969, Mysterud
1970, Galushin 1974).
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3. Predator responses to changes in rodent density

Two types of predator responses to changes in the den
sity of a given prey category may be distinguished: a
functional response causing a change in the predator's
diet, and a numerical response, involving a change in the
number of predators (Solomon 1949, Holling 1959).
Many rodent predators show a functional response to
changes in prey density, i.e. the number of rodents
taken per unit time by an individual predator increases
with increasing rodent density. This seems particularly
important for generalists such as the fox and marten
(Ryszkowski et al. 1973). In extreme cases the propor
tion of rodents in a predator's diet may vary almost from
0 to 100%, e.g. in some gulls (Vermeer 1970).
The functional response curve differs in detail bet
ween predators, and is usually not known. The shape
might profoundly influence the predator-prey
dynamics. For a rodent specialist, the curve is likely to
rise rapidly as prey density increases (Fig. 1a). For a
generalist it will probably rise more slowly, being
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S-shaped if the predator forms a "search image" for
rodents at high densities (Fig. l b) . A preliminary
analysis of a simple predator-prey system using the
(see
method
graphical
Rosenzweig-MacArthur
Maynard Smith 1974) indicates that the two functional
response curves in Fig. 1 under certain conditions might
lead to entirely different results, one (the "specialist"
curve, Fig. la) to oscillations, the other (the
"generalist" curve) to a stable coexistence of predator
and prey. Although the analysis is crude and unrealistic,
it indicates that the shape of the functional response
curve can be very important for the behaviour of a
predator-prey system.
The numerical response is brought about by changes
by
and
mortality,
and
natality
in
immigration/emigration. Due to limited capacity of
long distance dispersal in carnivores, especially in small
mustelids, their numerical response due to such move
ments probably is much smaller than in birds. However,
some species, e.g. arctic fox, sometimes move consid
erable distances (Pitelka et al. 1955). On the other hand,
high reproductive capacity makes possible a rapid in
crease of small mustelids. In certain situations
two litters per year, and a rapid development to sexual
maturity occurs in the weasel Mustela nivalis (L.)
(Deanesly 1944). Many birds produce larger clutches in
response to increased density of rodent prey (Klomp
1970).

predators

Results from several field studies point to the impor
tance of predation during and after the decline phase in
cyclic populations of small mammals. During the in
crease and peak phase of the cycle, the impact of preda
tion is usually low. However, the influence on the ro
dents may vary with the type of predators. The probable
influence of some predator categories is described
below.

d

/�=0
dt

"

Resident specialists
Fig. 1. Hypothetical functional response for a speci�ist (a) and
a generalist rodent predator (b). X =rodent density, F(x) =
proportion of rodents in the diet. The s-shaped response curve
of the generalist might be due e.g. to .".search i�age" f?rma
tion. c,d: Rosenzweig-MacArthur stabthty analysts of a stmple
predator-prey system. Only the shape of the fu?ctio?al res
ponse curve differs between the two c�ses, bemg g1ven
curve a in case c, and by curve b m d. The dynamic
properties may change from oscillations in case c to a stable
coexistence in case d.
The curves inc and d are based on the following type of equa
tions:
dX/dt = rX(K-X)/K- YaF(X)
dY/dt = -bY+ YcF(X)
where X=number of rodents, Y=number of predators, and
F(X)=predator functional respon� e. a, b and� are constants.
For a discussion of the underlymg assumptions, see May

�Y

(1973).
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Weasels are important resident rodent specialists in the
northern hemisphere. Since their morphology and hunt
ing technique permits capturing prey in burrows and
nests, all rodent age classes and both sexes are subject
to predation. Weasels have a high metabolic rate
(Scholander et al. 1950, Iversen 1972) due to their long,
thin shape (Brown and Lasiewski 1972), and relative to
their size they consume much food. Because they have
to remain in an area also when rodents become scarce,
and because they are efficient hunters, they can proba
bly depress rodent populations to very low numbers
(Maher 1967, MacLean et al. 1974). On the other hand,
due to limited ability of obtaining alternative prey, espe
cially in northern areas with cyclic rodent populatio� s,
they probably suffer high mortality due to starvatiOn
593

when rodents are scarce, and populations of small mus
telids also decrease drastically. When rodents star! to
recover after a "crash", predation from resident
specialists probably is low. Since the population growth
usually is slower in predators, they are not able to main
tain their numbers relative to the prey population,
unless its growth becomes restricted by some other
factor than predation.
Partly due to a longer generation time, the increase of
resident predators shows a time lag compared with the
rodents (Fig. 2). When the prey population for some
reason has begun to decrease, the predators may con
tinue increasing in numbers for some time. In areas
where little alternative prey is available, the proportion
of the rodent population consumed then may increase
drastically (Pearson 1966).

predators can meet a decrease in rodent density by
shifting to alternative prey. Generalist populations
ought therefore to be more stable. Coupled to "search
image" formation or some other process causing a
sigmoidal functional response (Fig. 1 b), this might coun
teract fluctuations in rodent density. Due to a broad
food basis, generalist species can be more numerous
than specialists in areas with a diversified fauna, or else
the generalist predators due to their large body size
consume greater amounts of food.
Thus, the total impact by large generalists (such as
foxes) on a dense rodent population is greater than by
specialists (such as stoats Mustela erminea (L.))
(Erlinge unpubl.) at least during the increase phase.

Nomadic specialists

5. Some examples of predation on small mammal

When the rodent density decreases after a peak, some
avian rodent specialists, e.g. short-eared owls, may dis
perse from the region (Lockie 1955). Further, such pre
dators often do not breed when rodents are scarce
(e.g. Maher 1970, Keith 1973, Andersson 1976). On the
other hand, an influx of avian predators has been ob
served in areas with abundant prey (e.g. Pitelka et al.
1955, Linkola and Myllymaki 1969). The density of
nomadic predators therefore might track changes in
prey density with a shorter time lag than do populations
of resident predators such as weasels.
Most avaian rodent predators are unable to capture
rodents in their burrows (but see Maher 1970 for an
exception), and mainly catch prey on the ground. This
may lead to differential predation on different prey
categories. Young juveniles confined to nests are not
affected unless the female is captured. Further, since
adult males are usually more mobile than females, they
probably suffer higher predation (Thompson 1955b,
cited in Maher 1970, M¢11en 1971). Dispersing and trans
ient individuals without a well-defined home range
probably run a higher risk of bird predation (Metzgar
1967).
In northern areas, seasonal immigration of avian ro
dent specialists may lead to a considerable increase in
the predator pressure during summer. On the other
hand, this may be counteracted by a variety of alterna
tive prey becoming available to the resident predators,
e.g. due to the simultaneous influx of small migratory
birds.

populations

Generalists

Foxes, which may take large quantities of rodents
(Ryszkowski et al. 1973) can dig up burrows, and there
fore may also take less mobile prey categories. Digging
is probably even more commonly used by the badger, a
resident generalist, but rodents constitute a small part of
its diet (Skoog 1970, Goransson unpubl.). Further, it
hibernates for up to six months of the year in northern
regions. In areas with a diversified fauna, generalist
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Integrated studies, which consider the combined influ
ence of all important predators, are rare. Usually, either
avian or mammalian predators were selected for study,
and their combined effect was indirectly assessed, if at
all. Below, some of the most detailed studies on the
influence of predators on rodent populations are sum
marized.
Lemmus trimucronatus in northern Alaska

Pitelka et al. (1955) and Maher (1970) examined the
influence of the major avian predator, pomarine skua,
on the population of the brown lemming on the coastal
tundra, also considering other predators. Maher con
cluded that predators might depress a spring population
of 25 per acre (62 ha-1), but not of 35 per acre or above.
Avian predators truncated peak lemming populations,
but could not reduce the lemmings to the low point of the
cycle. High predation on reproducing females during
the early summer seemed important, and a model of
relations between skuas and lemmings (Collier 1972)
indicated the marked influence on the lemming density
of variations in the number of pomarine skuas.
Thompson (1955a) suggested that continued preda
tion by weasels during winter, when rodents were their
only food, reduced the lemmings to very low numbers.
MacLean et al. (1974) recorded heavy winter predation
by weasels (in 35% of lemming winter nests), and con
cluded that weasels and birds reduced the lemmings to a
very low level in the following summer. Maher (1967)
described a lemming population on Banks Island being
almost exterminated by stoat predation in winter. Pre
dation is thus an important component of the lemming
mortality in some years.
Microtus californicus at Berkeley, California

Pearson (1966, 1971) studied predation by carnivores in
a cyclic population of Microtus californicus. Predator
impact varied greatly, being high at the end of the popu
lation crash, and low at the increase phase, partly due to
OIKOS 29:3 (1977)
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Fig. 2. Variations in numbers of rodents (solid line) and pre
dators (broken line) during a small rodent cycle (above) and
impact of predators at various phases of a rodent cycle (below;
both modified after Pearson 1966).

the lag in population growth between predator and prey
(Fig. 2). The predators did not prevent the rodent popu
lation from increasing, and did not seem to initiate the
crash, but apparently further suppressed the population
after the decline, and delayed its recovery. Pearson
therefore suggested that these predators (including feral
cats) enlarged the amplitude of the rodent cycle, and
increased the interval between successive population
peaks.

m autumn (50-100 voles per ha) and a decrease to low
density at the beginning of the reproductive period in
spring (normally 5-10 voles ha-1), but there is no
several-year cycle (Hansson unpubl.).
Together with rabbits (Oryctolagus cuniculus L.) the
small rodents are primary food for many vertebrate
predators in the area, including fox Vulpes vulpes L.,
feral cat Felis domestic us L., badger, polecat, stoat
Mustela erminea, weasel, common buzzard, rough
legged buzzard Buteo lagopus L., kestrel Faleo tinnun
culus L., long-eared owl Asia otus L., tawny owl, and
hooded crow. Data on numbers of predators, their food
consumption, and the proportion of Microtus in their
diet form a basis for estimating the impact. Fig. 3 shows
preliminary estimates for two months in autumn. The
number of Microtus at the beginning of the period
(October) was estimated at 100000 voles as a maximum,
a density of 50-100 ind. ha-1 (Hansson pers. comm.).
The total number taken by predators during October
and November was estimated at about 45000 voles,
nearly half the original number. Predation continues
throughout autumn and winter although with reduced
intensity. Our data indicate that predation is responsible
for the reduction in vole numbers during autumn and
winter (non-reproductive period).
Common buzzard and feral cat were the most impor
tant predators in autumn. Both can be characterized as
partially migrating generalists, i.e. some of the buzzards
are visitors in the area from autumn to spring (Sylven
unpubl.), and the cats act as migrating predators,
switching from domestic subsistence to predation on
small rodents in the field at certain times (Liberg
unpubl.). The predators next in importance (fox,

Rodent predation in a Polish forest/field area
Ryszkowski et al. (1971) found that the density of forest
rodents was markedly depressed during the non
reproductive period every year, but increased in au
tumn to about 30-40 individuals per ha. Predation pres
sure was high, especially when the field vole population
was low, and was calculated to about 70% of losses in
the rodent populations. The common vole Microtus
arvalis (Pall.) inhabiting field areas was subject to high
est predation at low population density (estimated at
47% of the numbers present; Ryszkowski et al. (1973)).
When the voles increased and reached mass occurrence,
predation was low (9%) in spite of a strong functional
response (from about 30 to 80% rodents in the diet) and
some numerical response (increased numbers of cats
and buzzards) among the predators.
Predation on Microtus agrestis in south Swedish
habi tats
Predation on small rodent populations (primarily Mic
rotus agrestis (L.)) is being examined in the Revinge
area, southern Sweden, by the Wildlife Research Group

Vulpes vulpes

Mustela putorius

Falco tinnunculus
Buteo lagopus
Asio otus

Fig. 3. Estimated impact of predators (% individuals removed)
on a Microtus population during a two month period
(October-November 1976). Dotted area denotes the unexp
loited part of the population. The figures show the proportion
of the total impact due to the various predators.
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polecat, badger) are all stationary generalists. The im
pact of small rodent specialists (stoat, kestrel, long
eared owl) was lower. This was due to their small size
and corresponding low food consumption.
Predation in the Snowshoe hare cycle
The "ten-year cycle" in snowshoe hare is clearly of
interest in relation to small rodent population dynamics,
since interactions between the hare population and ex
ternal factors might be similar to those in cyclic small
rodents, although involving a longelonger time scale.
The model presented by Keith (1973) after 12 yr of
study ascribes an important role to predators during the
early low phase of the cycle. At this stage, a high rate of
predation depresses hare population density and ex
tends the period of decline (i.e. a similar conclusion as
reached by Pearson (1966) forM. californicus). How
ever, predators do not seem able to stop the population
growth during the increase phase, which is caused by
hare-vegetation interactions.

6. Discussion
6.1.

Importance of predation

Although opinions differ on the influence of predators
on rodent populations, a more general picture is gradu
ally emerging of what is taking place in many predator
rodent systems.
Normally, resident predators seem to be unable to
stop the increase of a rodent population. This is usually
brought about by increased mortality due to other
causes and by decreased reproduction (Krebs 1964,
Krebs and Myers 1974). However, there is evidence
that predation may reduce the prey population to lower
levels than would otherwise occur, and increase the
interval between successive peaks (Thompson 1955a,
Pearson 1966, Keith 1973, Lidicker 1973, Ryszkowski et
al. 1973).
Whether or not predators have a stabilizing effect on
rodent populations depends on several factors, such as
degree of specialization, mobility, reproductive poten
tial, generation time, and also on the presence of alter
native prey. Substantial time lags caused e.g. by the
longer generation time in predators than in rodents
might have a destabilizing effect, enhancing oscillations
(e.g. Maynard Smith 1974). Resident specialists, which
keep hunting the few remaining rodents after a decline
will probably also have a destabilizing effect (Pearson
1966). However, mobile specialists like birds of prey
may leave when rodents become scarce, searching for
areas where prey is more common. They may therefore
have an opposite influence, truncating peak rodent
populations (Maher 1970, Galushin 1974, Collier 1972).
Generalist predators with alternative prey may have a
stabilizing influence, since they include a considerable
proportion of rodents in their diet only when rodents are
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common, switching to other prey during periods of ro
dent scarcity.

6.2.

Conclusion for modelling predator-rodent interactions

The amount of detail required in a predation model
obviously depends on the importance of predation as
compared to other rodent mortality factors. If predation
plays a minor role, it may be sufficient to model only one
important predator, e.g. a resident specialist such as a
small mustelid, as this sustains predation during the
early part of cyclic lows of the prey population. In
northern areas, a migrating or nomadic type of predator
might merit consideration. In environments with a di
verse fauna, a generalist predator, which survives on
other prey when rodents are rare, may be important.
For either of these predator types, the rate of predation
depends on, among other things, energy requirements,
functional response curve, availability of alternative
prey, amount of surplus killing, litter size, generation
time, and degree of mobility, which may influence the
numerical response via immigration or emigration. Ob
viously, a realistic representation of all these aspects
would lead to a very complicated model.
In some systems it may be necessary to treat avian
and mammalian rodent predators separately due to their
highly different mobilities. At least a crude representa
tion of the availability of alternative prey seems desira
ble, since it may strongly influence the predator popula
tion when rodents are scarce.
Since a predator's energy requirements for mainte
nance and reproduction will probably greatly influence
the number of prey taken per day, it should be given a
fairly accurate representation. Surplus killing may also
need to be considered. For reasons discussed above,
accurate knowledge of the shape of the functional res
ponse curve seems essential.
Other features which might profoundly influence the
population dynamics of the prey are predator litter size,
and magnitude of the time lag of the predator's numeri
cal response to changes in prey density (Maynard Smith
1974). Simple models based on differential equations
usually assume that prey ingested are instantaneously
converted into new predators. Since such models neg
lect delay e.g. due to development time, they may be too
crude for predator-rodent interactions, w hich may re
quire use of difference equations (see Maynard Smith
1974).

Acknowledgements We thank the following members of the
Wildlife Research Group at Lund University for providing data
on predation in the Revinge area: G. Goransson, G. Hogstedt,
0. Lib erg, J. Loman, I.Nilsson, T. Nilsson, T.v. Schantz, and
M. Sylven. We are grateful toN. C. Stenseth for helpful sug
gestions on the manuscript.
-

OIKOS 29:3 (1977)

References
Andersson, M. 1976. Population ecology of the long-tailed
skua (Ster corarius l ongicaudus). - J. Anim. Ecol. 45·
.
537-559.
Brown, J. H. and Lasiewski, R. C. 1972. Metabolism of
weasels: The cost of being long and thin. - Ecology 53·
.
939-943.
Coll ier, B. 1972. A simulation model of the role of pomarine
.
.
.
.
Jaegers m lemmmg population dynamics.-In:Bowen ,S.
(ed. ), Proc. 1972 Tundra Biome Symp., pp. 145-148.
Deanesly , R. 1944. The reproductive cycle of the female
weasel (Mustela nivalis). - Proc. Zool. Soc. Lond. 114:
339-349.
Englund, J. 1965. Studies on food ecology of the red fox
(Vulpes vulpes) in Sweden. - Viltrevy 3: 377-485.
- 1970. Some aspects of reproduction and mortality rates in
Swedish foxes. - Viltrevy 8: 1-82.
Erlinge, S. 1974.Distribution, territoriality and numbers of the
weasel Mustela nivalis in relation to prey abundance. Oikos 25: 308-314.
- 1975. Feeding habits of the weasel Musteta nivalis in rela
tion to prey abundance. - Oikos 26: 378-384.
- Jonsson, B. och Willstedt, H. 1974a. Jaktbeteende och
bytesval hos smftvesslan. - Fauna Flora 69: 95-101.
- Bergsten, B. and Kristiansson, H. 1974b. Hermelinen och
dess byte - jaktbeteende och flyktreaktioner. - Fauna Flora
69: 203-211.
Galushin, V. M.1974. Synchronous fluctations in populations
of some raptors and their prey. -Ibis 116: 127-134.
Gross, A. 0. 1947. Cyclic invasions of the snowy owl and the
migrations of 1945-46. -Auk 64: 584-601.
Hagen, Y. 1969. Norske undersokelser over avkomproduksjo
nen
hos ruvfugler og ugler sett i relasjon til
smftgnagerbestandens vekslinger.- Fauna 22: 73-126.
Holling, C. S. 1959.The components of predation as revealed
by a study of small mammal predation of the European pine
sawfly. - Can. Ent. 91: 292-320.
Iversen, J.A.1972.Basal energy metabolism of mustelids.-J.
camp. Physiol. 81: 341-344.
Keith, L. B. 1973. Some features of population dynamics in
mamm als. - XI Cong. Game Bioi., p. 17-58.
Klomp, H. 1970. The determination of clutch-size in birds, a
review. -Ardea 58: 1-124.
Krebs, C. J. 1964. The lemming cycle atBaker Lake, North
west Territories, during 1959-62. -Arctic Inst. N.Am.
Techn. Pap. 15.
- and Myers, J. H. 1974. Population cycles in small mam
mals. -Adv. Ecol. Res. 8: 267-399.
Lidicker, W. Z. Jr. 1973. Regulation of numbers in an island
population of the California vole, a problem in community
dynamics. - Ecol. Monogr. 43: 271-302.
Linkola, P. and Myllymaki, A. 1969. Der Einfluss der Klein
saugerfluktuationen auf das Briiten einiger Kleinsauger
fressender Vogel in Siidlichen Harne, Mittelfinland
1952-1966. - Ornis Fennica 46: 45-78.
Lockie, J.D. 1955. The breeding habits and food of short-eard
owls after a vole plague. - Bird Study 2: 53-69.
MacLean S. F. Jr., Fitzgerald, E. M. and Pitelka, F.A. 1974.
Popul tion cycles in arctic lemmings: winter reproduction
and predation by weasels.- Arct.Alp.Res. 6: 1-12.

�

?

Mah�r, W. J. 19 7.Predation by weasels on a winter popula
tiOn of lemmmgs, Banks Island, Northwest Territories· Can.FieldNat. 81: 248-250.
- 1970.The pomarine jaeger as a brown lemming predator in
northern Alaska. - Wilson Bull. 82: 130-157.
May, · 1973.Stability and complexity in model ecosystems.
Pnnceton U niv.Press, Princeton.
Maynard Smith, J. 1974. Models in ecology. - Cambridge
Univ. Press, Cambridge.
Mebs, T. 1964. Zur Biologie und Populationsdynamik des
Mausebussards (Buteo buteo). -J. Ornithol. 105:247-306.
Metzgar, L.H. 1967. An experimental comparison of screech
owl predation on resident and transient white-footed mice
(Pero myscus leucopus). J. Mammal. 48: 387-391.
Mysterud,I. 1970.Hypotheses concerning characteristics and
causes of population movements in Tengmalm's owl
Aegoliusfunereus (L.). -Nor. J. Zoo!. 18: 49-74.
MIZ)llen, G. U. 1971. Fjellvftkens rolle som rovvilt. - Yilt
Viltstell 5: 92-101.
Pearson, 0. P.1966.The prey of carnivores during one cycle of
mouse abundance.- J. Anim. Ecol. 35: 217-233.
- 1971.Additional measurement of the impact of carnivores
in California voles (Microtus catifornicus). - J. Mammal.
52: 41-49.
Pitelka, F.A.1973. Cyclic pattern in lemming populations near
Barrow, Alaska.- In:Britton, M. E. (ed.), Alaskan Arctic
Tundra, Arctic Inst. N. Am., Techn. Paper 25, pp.
199-215.
- , Tomich, P. Q. and Treichel, G. W. 1955. Ecological
relations of jaegers and owls as lemming predators near
Barrow, Alaska.- Ecol. Monogr. 25: 85-117.
Ryszkowski, L., Wagner, C. K., Goszczynski, J. and Trusz
kowski, J. 1971. Operation of predators in a forest and
cultivated fields. -Ann.Zool. Fennici, 8: 160-169.
- , Goszczynski, J. and Truszkowski, J. 1973. Trophic re
lationships of the common vole in cultivated fields.-Acta
Theriol. 18: 125-165.
Scholander, P.F., Hock, R., Walters, V.andIrving, L. 1950.
Adaptation to cold in arctic and tropical mammals and birds
in relation to body temperature, insulation and basal
metabolic rate. -Bioi. Bull. 99: 259-271.
Skoog, P. 1970. The food of the Swedish badger, Metes metes
L. - Viltrevy 7: 1-120.
Solomon, M. E. 1949. The natural control of animal popula
tions. - J. Anim.Ecol. 18: 1-35.
Southern, H.N. 1954. Tawny Owls and their prey.- Ibis 96:
384-410.
- 1970. The natural control of a population of Tawny owls
(Strix atuco).- J. Zoo!., Land., 162: 197-285.
Thompson, D. Q. 1955a. The role of food and cover in popula
tion fluctuations of the brown lemming at PointBarrow,
Alaska.- Trans.N.Amer. Wildl. Conf. 20: 166-176.
- 1955b.The ecology and population dynamics of the brown
lemming (Lemmus trim ucronatus) at Point Barrow,
Alaska.- Unpubl. Ph. D. thesis, Univ. of Missouri.
Vermeer, K. 1970. Breeding biology of California and ring
billed gulls. -Can. Wild. Serv. Rep. Ser. 12: 1-52.
Watson, A. 1957. The behaviour, breeding, and food-ecology
of the Snowy Owl Nyc tea scandiaca. -Ibis 99: 419-462.

�

597
OIKOS 29:3 (1977)

