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Avian and mammalian predators of shrews in Europe: regional
differences, between-year and seasonal variation, and mortality

due to predation

Erkki Korpiméki & Kai Norrdahl

1. Introduction

Korpimiki, E. & Norrdahl, K. 1989: Avian and mammalian predators of shrews in Europe:
regional differences, between-year and seasonal variation, and mortality due to predation.
— Ann. Zool. Fennici 26:389-400.

The proportion of shrews in the diet of European birds of prey is higher in western
Finland than in northern and southern Fennoscandia, and in central, western and southern
Europe. In western Finland, 14 (out of 17) species of avian predators consume shrews at
least occasionally. The proportion of shrews in the diet is negatively correlated with the
body size of avian predators: Tengmalm’s owls, short-eared owls, ural owls, long-eared
owls and kestrels catching most shrews. Tengmalm’s and barn owls are the worst enemies
of shrews among European birds of prey. Mammalian predators consume many fewer
shrews than avian predators, probably because of their distaste for shrews. The badger, red
fox, stone marten and mink consume more shrews than the stoat, common weasel and least
weasel.

In western Finland, Tengmalm’s owls, short-cared owls, long-eared owls and kestrels
shifted to shrews when the density of their preferred prey (Microtus voles) declined. How-
ever, the density of shrews did not affect these shifts, which is in agreement with the pre-
diction of the optimal foraging theory. The predation impact on common shrews by
breeding Tengmalm’s owls, short-eared owls, long-eared owls and kestrels tended to be
positively density-dependent on Microtus and Clethrionomys voles, but negatively den-
sity-dependent on shrews, suggesting that predation by these birds of prey amplifies the
population fluctuations of shrews. These results support our earlier suggestion that birds of
prey are the most likely candidates causing synchronous population crashes of coexisting
vole and shrew populations.
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clic (Hansson & Henttonen 1985, 1988; see fig. 3 in
Hansson & Henttonen 1988 for tentative distribution

In recent years, several ecologists (e.g. Hansson &
Henttonen 1985, 1988, Korpimiki 1986a, Hansson
1987, Korpiméki & Norrdahl 1987, 1989a, 1989b,
Hanski 1987) have suggested that predation and other
extrinsic factors play a key role in the three-to-four-
year microtine rodent cycle. Microtines are strongly
cyclic in northern Fennoscandia (the northern zone),
but more or less non-cyclic in southern Fennoscandia
and in central and western Europe (the southern
zone). In the transition zone, for example in western
and southern Finland, microtines are indistinctly cy-

of these zones).

In the northern zone, shrews (Soricidae) tend to
have low density synchronously with cyclic mi-
crotines (Hansson 1984, Henttonen 1985, Kaikusalo
& Hanski 1985, Sonerud 1988), whereas microtines
and shrews have non-cyclic and asynchronous dy-
namics in the southern zone (Hansson 1984). In the
transition zone, microtines and shrews usually have
simultaneous population declines, although the other
phases of their population fluctuations are not regu-
larly synchronous (Korpimiki 1986a). These results
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suggest that the population fluctuations of coexisting
microtines and shrews are influenced by a common
extrinsic factor or factors. As qualitative or quantita-
tive changes in food plants of microtines (e.g. Laine
& Henttonen 1983) should not affect the dynamics of
insectivorous shrews, Hansson (1984), Henttonen
(1985), Kaikusalo & Hanski (1985) and Korpimaki
(1986a) suggested that the synchrony could be at-
tributed to predation.

In this paper, we first describe regional differ-
ences in the proportion of shrews in the diet of avian
and mammalian predators in Europe. Second, we re-
late the between-year variation in the proportion of
shrews in the diet of predators to the population fluc-
tuations of voles in western Finland. Third, seasonal
changes in the occurrence of shrews in the diet of
predators are examined. Fourth, data are presented on
the impact of avian predators on shrew populations in
western Finland. And finally, we discuss the role of
avian and mammalian predators in the population
dynamics of shrews.

2. Material and methods

Data on the diet of European avian and mammalian preda-
tors of shrews were compiled from comprehensive journals and
handbooks. The diet composition of birds of prey was deter-
mined by pellet analysis and that of mammalian predators by
studying stomach contents of carcasses or by scat analysis.
Whenever possible, data collected over at least four years were
used to minimize the effect of year-to-year variation in diet.

Food samples of breeding kestrels Falco tinnunculus (a total
of 142 samples, Korpimiki 1986b and unpubl.), Tengmalm’s
owls Aegolius funereus (98, Korpimiki 1981, 1988 and un-
publ.), short-eared owls Asio flammeus (121, Korpimaki un-
publ.), long-eared owls A. otus (75, Korpimdki 1987 and un-
publ.) and ural owls Strix uralensis (38, Korpiméki & Sulkava
1987 and unpubl.) were collected in the Kauhava region (63°N,
23°E), western Finland, in 1977-87. Each food sample consisted
of pellets and other prey remains collected from the nest-site
after the breeding season. Details on the collection and treatment
of food samples, and on the idenfication of prey items, are given
by Korpimzki (1981, 1986b, 1987, 1988) and Korpimiki &
Sulkava (1987).

Scats of the stoat Mustela erminea and least weasel M. ni-
valis nivalis were sampled from autumn 1983 to spring 1988, at
Alajoki farmland (63°05’N, 22°55'E), in the Kauhava region
(Korpimiki & Norrdahl 1987, Korpimiki, Norrdahl & Rinta-
Jaskari, unpubl.). The majority of samples were collected during
snow-tracking in winters 1983-88. Teeth, bone fragments, and
hair and feather remains were used to identify vertebrate prey (a
total of 524 prey items of the stoat and 132 prey items of the least
weasel). Details on the identification of prey items are described
by Korpimiki & Norrdahl (1987).

Abundances of small mammals in the Kauhava region were
estimated by snap-trapping in May and early June (spring trap-

pings) and in late August and September (autumn trappings)
both in the western part and in the middle of the study area. Four
sample quadrats (a cultivated field, an abandoned field, a pine
forest and a spruce forest) were trapped each season, year and
sub-area. The total number of trap nights was 17430 in the
middle sub-area, and 24144 in the western sub-area. Results of
three-to-four-night trapping periods were pooled and expressed
as the number of animals caught per 100 trap-nights. The index
of small mammal abundance which is used in this paper is the
average for the two sub-areas (see Korpiméki 1981, 1986a for
details).

Data on seasonal changes in the occurrence of shrews in the
diet of predators and on the impact of predators on shrews were
compiled from the literature (Gerell 1968, Englund 1969,
Hubhtala et al. 1977, Korpimaki 1986c, Korpiméki & Norrdahl
1989a, and unpubl.).

3. Results

3.1. Occurrence of shrews in the diet of predators in Europe

Avian predators

Data are available from western Finland on the
diet of eight raptor, eight owl and one passerine spe-
cies (the great grey shrike Lanius excubitor) that
regularly feed on mammals during the breeding sea-
son (Table 1). Fourteen of these species kill shrews at
least occasionally. In terms of prey numbers, the
proportion of shrews is highest in the diet of Teng-
malm’s owl, followed by the short-eared owl, ural
owl, long-eared owl and kestrel. Even the large white-
tailed eagle Haliaeetus albicilla and eagle owl Bubo
bubo catch shrews occasionally. The proportion of
shrews in the diet is negatively correlated with the
body weight of the avian predator (Spearman’s
correlation, r_ = —0.54, df = 15, P < 0.05), but this re-
lationship is not due to small birds of prey being more
specialized on small rodents than large ones
(r,=-0.15, df = 15, ns for body weight versus pro-
portion of voles in the diet, and r, = -0.24, df = 15, ns
for body weight versus proportion of mice).

The common shrew Sorex araneus was the most
frequent shrew species caught by birds of prey in
western Finland (Table 2). The pygmy shrew S. min-
utus was the second most frequent species, followed
by the water shrew Neomys fodiens, the masked
shrew S. caecutiens, the least shrew S. minutissimus
and the black shrew S. isodon. The proportion of the
smallest species (the pygmy and least shrews) seemed
to be highest in the diet of the great grey shrike,
whereas the largest species (the water shrew) was
most often caught by ural and eagle owls. The com-
mon shrew was the most abundant species on Alajoki
farmland, making up 86% of the 533 shrews collected
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Table 1. The percentages of shrews, voles, mice and rats (in terms of prey number) in the diets of breeding birds of prey in western
Finland. The mean body weights are from Forsman (1984) (raptors), Korpimiki (1981), Mikkola (1983) (owls) and Haartman et al.

1963-72 (great grey shrike).

Species Mean Shrews  Voles Mice No. of Source

weight (g) andrats  prey items
Great grey shrike 65 5.3 125 13 1840 Huhtala et al. 1977
Kestrel 207 11.1 394 44 4637 Korpimiki 1985b, 1986b and unpubl.
Sparrowhawk 209 0.6 12.1 - 2837 Sulkava 1972
Marsh harrier 639 - 35.6 0.5 183 Hildén & Kalinainen 1966
Common buzzard 706 6.7 514 0.7 868 Korpiméki & Sulkava unpubl.
Rough-legged buzzard 917 - 84.7 - 98 Korpimiki & Sulkava unpubl.
Goshawk 1149 0.2 9.7 - 2101 Huhtala 1976
Golden eagle 4168 - 1.8 - 2468 Sulkava et al. 1984 and unpubl.
White-tailed eagle 4457 0.2 6.5 - 666 Koivusaari 1980
Pygmy owl 62 3.5 50.0 0.4 2240 Kellomiki 1977
Tengmalm’s owl 134 331 51.2 3.1 12540 Korpiméki 1981, 1988 and unpubl.
Hawk owl 295 32 922 19 1207 Korpiméki 1972 and unpubl.
Long-eared owl 308 113 82.1 4.7 3341 Korpiméki 1987 and unpubl.
Short-eared owl 315 18.3 72.7 5.0 3626 Korpiméki unpubl.
Tawny owl 523 7.4 51.6 6.0 2655 summarized by Korpiméki 1986d
Ural owl 796 12.0 64.1 3.0 1812 Korpimiki & Sulkava 1987
Eagle owl 2625 0.5 519 31.0 2373 Huhtala et al. 1976 and unpubl.

Table 2. The species composition (in %) of shrews in the diet of birds of prey in western Finland.
N = number of shrews identified. Sources as in Table 1.

Shrew: water common  black masked pygmy least N
Great grey shrike 1.0 64.9 2.1 20.6 11.3 97
Kestrel 0.4 97.6 - 2.0 - 502
Pygmy owl - 53.7 9.3 35.2 1.9 54
Tengmalm’s owl 0.6 95.1 0.4 0.3 3.6 - 667
Hawk owl 2.8 88.9 5.6 2.8 - 36
Long-eared owl 0.5 94.9 - 4.5 - 376
Short-eared owl 1.0 99.0 - - - 626
Ural owl 6.0 80.6 5.1 6.0 23 217
Eagle owl 9.1 90.9 - - - 11

in pitfalls during 1984-87 (K. Norrdahl, unpubl.).
The proportion of the common shrew tended to be
even higher in the diet of birds of prey than in pitfall
catches, being 98, 95 and 99% of all shrews in the diet
of kestrels, long-eared owls and short-eared owls,
respectively (Table 2). '

In northern Fennoscandia, the kestrel and Teng-
malm’s owl are the most important predators of
shrews (Table 3), though data for the former species
are scarce. In central and western Europe, the propor-
tion of shrews is highest in the diet of Tengmalm’s
owl and the barn owl Tyto alba, and in southern
Europe the barn owl catches shrews most frequently.
There are also marked regional differences in the

composition of shrew species eaten by birds of prey:
in southern Europe the most frequent prey is the
white-toothed shrew Crocidura russula, while in
central, western and northern Europe it is the common
shrew Sorex araneus.

In southern Europe, the proportion of shrews in
the diet of birds of prey is similar to that in central and
western Europe (Table 3), but in the transition zone
birds of prey catch more shrews than in the southern
zone. When comparing only those species which have
been studied in the southern and transition zones and
which consume shrews at least in one of the two
zones, the difference in the percentage of shrews in
the diet is significant (Wilcoxon test, two-tailed,
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Table 3. The percentages of shrews (in terms of prey number, N) in the diets of breeding birds of prey in Europe. Data from western

Finland are from Table 1. Sources are given in parentheses.

Species Northern Western Central and Southern
Fennoscandia Finland western Europe Europe
% N % % N % N
Great grey shrike 53
Long-tailed skua 3.7 405 (1)
Kestrel 22.7 220 (2) 11.1 3.0 5458 (3) 0.2 1624 (4)
Sparrowhawk 0.6 0.0 12116 (5)
Hen harrier 0.9 570 (2) 02 664 (6)
Montagu’s harrier 0.5 734 (6)
Marsh harrier 0.0 0.0 536 (6)
Common buzzard 1.0 719 (1) 6.7 0.0 2109 (8) 0.0 211 (9)
Rough-1. buzzard 12 2217 (2) 0.0
Black kite 04 282 (10) 0.0 227 9)
Gyrfalcon 0.1 1410 (11)
Goshawk 0.2 0.0 4825 (12)
Lesser s. eagle 1.5 132 (10)
White-tailed eagle 0.2
Pygmy owl 35 2.5 691 (13)
Tengmalm’s owl 18.3 6907 (14) 33.1 20.6 2891 (15)
Little owl 04 2984 (16) 0.0 605 (9)
Hawk owl 1.7 1124 (17) 32
Barn owl 17.5 73805 (18) 18.5 3672 (19)
Long-eared owl 45 736 (2) 113 22 3752 (20) 38 6945 (21)
Short-eared owl 29 510 (2) 18.3 2.1 1682 (18)
Tawny owl 74 84 20848 (18)
Ural owl 39 1739 (14) 12.0 7.1 282 (22)
Great grey owl 4.5 5177 (22)
Snowy owl 0.3 2726 (22)
Eagle owl 0.1 4476 (23) 0.5 0.1 5809 (10) 04 3506 (24)
Mean 4.7 7.1 3.7 33
S§D 6.9 8.9 6.1 6.9
N 14 16 18 7

Sources: 1) Andersson (1976), 2) Hagen (1952), 3) summarized by Korpimiki (1985b), 4) Mouillard (1935) and Glutz v. Blotzheim
et al. (1971), 5) Opdam (1979), 6) Schipper (1973), 7) Spidso & Selas (1988), 8) Goszczynski & Pilatowski (1986), 9) Valverde
(1967), 10) Uttendorfer (1952), 11) Lindberg (1983), 12) Opdam et al. (1977), 13) Schoénn (1980), 14) Jdderholm (1987), 15)
summarized by Korpiméki (1981), 16) Haensel & Walther (1966), 17) Ims (1982), Mikkola (1983), Skarén (1983), Niethammer
(1984), 18) Erfurt & Stubbe (1987), 19) Herrera (1973), 20) Wijnandts (1984), 21) Araujo et al. (1974), 22) Mikkola (1983), 23)

Willgohs (1974), and 24) Jaksi¢ & Marti (1984).

T=4, n=10, P <0.02). In the northern zone, the
consumption of shrews by birds of prey again tends to
decrease, but the difference between the transition
and northern zones is not significant (T =9, n =8,
P <0.20).

Mammalian predators

Although there are more sources of error that may
bias the results of scat and stomach content analyses
than the results of pellet analyses, it is evident that the
proportion of shrews in the diet of mammalian preda-
tors is substantially lower than in the diet of avian

predators throughout Europe (Tables 3 and 4). Note
that the percentages of shrews in the diets of avian and
mammalian predators are not directly comparable, as
only the figures for small mustelids represent the
proportion of shrews in terms of prey numbers,
whereas the results indicate percentages of occur-
rence in scats or stomachs for the larger species.

The red fox Vulpes vulpes appears to be the most
important predator of shrews in the northern zone. In
the transition zone, the badger Meles meles and the
mink Mustela vison consume many shrews, as the
badger does in the southern zone (Table 4). Accord-
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Table 4. The percentages of shrews in the food of mammalian predators in three zones of Europe
(zones defined by the dynamics of microtine rodents; Hansson and Henttonen 1985, 1988). The
figures are the percentages of shrews in terms of prey number for small mustelids and the percentages
of faeces or stomachs in which shrews were found for other carnivores. F = number of faeces, S =
number of stomachs, K = number of kills during snow-tracking. Sources are given in parentheses.

Mammalian predator ~ Northern zone Transition zone Southern zone

% F/S % F/S % F/S
Least weasel 1.5 132F (1)
Common weasel 0.7 148F (2)
Stoat 0.0 241F (3) 0.6 524F (1) 04 2199F (4)
Mink 29 1858F (5) 49 4392F (5) 0.8 3856F (5)
Polecat 04 501S (6)
Pine marten 0.5 401K (7) 0.3 835F (8)
Stone marten 0.1 847F (9)
Otter 0.0 14615F(10)
Red fox 5.0 60S (11) 3.0 1335(11) 32 632S (6)
Badger 6.0 290S (12) 20.0 190S (13)
Mean 29 2.5 29
SD 24 19 6.5
N 5 4 9

Sources: 1) Korpimiki & Norrdahl (1987), Korpimiki, Norrdahl & Rinta-Jaskari (unpubl.), 2)
Erlinge (1975), 3) Erlinge (1987), 4) Erlinge (1981), 5) Gerell (1968), 6) Rzebik-Kowalska (1972),7)
Pulliainen (1981), 8) Goszczynski (1976), 9) Tester (1986), 10) Erlinge (1967), 11) Englund (1969),

12) Skoog (1970), and 13) Andersen (1954).

ing to these data, small mustelids catch shrews only
infrequently in all three zones, though occasionally
higher proportions of shrews in the diet of small
mustelid have been recorded in American (Hamilton
1933, Aldous & Manweiler 1942, Simms 1979) and
Russian studies (Ognev 1935, Vershinin 1972), but
not in western (Day 1968, Moors 1975, Tapper 1979,
King 1980) and central European (Debrot 1981) stud-
ies. It is noteworthy that the percentage of shrews in
the diet of the stone marten Martes foina is relatively
high in some southern European studies, for example
7% (the number of scats was 539) and 13% (157) in
Spain (Delibes 1978, Amores 1980) and 11% (431) in
France (Waechter 1975). The proportion of shrews in
the diet of mammalian predators is relatively constant
in the three zones (Table 4).

3.2. Between-year variation in the proportion of shrews in
the diet of predators

Microtus voles (the field vole M. agrestis and the
common vole M. epiroticus) are the preferred prey of
Tengmalm’s owls (Korpimiki 1981, 1988), short-
eared owls (Korpimiki unpubl.), long-eared owls

(Korpimiki 1987), ural owls (Korpimiki & Sulkava
1987) and kestrels (Korpimiki 1985a, 1986b) in the
Kauhava region, western Finland. The proportion of
Microtus voles in the diet of these birds of prey varies
in close accordance with their density in the field.
Shrews comprise an alternative prey type for these
birds of prey. During the period 1977-87, the propor-
tion of shrews was highest in the diet of Tengmalm’s
owl (meantSD = 39+18%), followed by the short-
eared owl (23+17%), the long-eared owl (19£15%),
the kestrel (12+6%) and the ural owl (11+9%).

The proportion of shrews in the diet of Teng-
malm’s owl varied from 17% to 78% in different
years (Fig. 1). The percentage of shrews in the diet
tended to correlate negatively with the spring trap in-
dex of Microtus and bank voles, but was independent
of the trap index of the common shrew (Table 5 and
Fig. 1). In addition, the proportion of shrews in the
diet of short-eared owls, long-eared owls and kestrels
seemed to be influenced more by the spring trap index
of Microtus and bank voles than that of the common
shrew. Thus, Tengmalm’s owls, short-eared owls,
long-eared owls and kestrels shifted to shrews when
vole numbers declined, but the abundance of shrews
apparently did not affect these shifts in diet. In con-
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Fig. 1. Upper panel: The proportion of shrews (in terms of prey
number) in the food of breeding Tengmalm’s owls (1), short-
eared owls (2), long-eared owls (3), ural owls (4) and kestrels (5)
in the Kauhava region, western Finland, in 1977-87. Lower
panel: The spring trap index of Microtus voles (1), bank voles
(2) and common shrews (3) in the same area in 1977-87.

trast, the occurrence of shrews in the diet of ural owls
was independent of the spring trap index of voles
(Table 5); water voles Arvicola terrestris, young
hares and birds are more important alternative prey
than shrews for this large owl species (Korpiméki &
Sulkava 1987).

Table 5. Spearman’s rank correlation between the spring trap
index of Microtus voles, bank vole and common shrew (Fig.
1, lower panel), and the percentage of shrews by prey number
in the diet of Tengmalm’s owls, short-eared owls, long-eared
owls, ural owls and kestrels in the Kauhava region, western
Finland, in 1977-87 (Fig. 1, upper panel). ns = not signifi-
cant, * = P < 0.05, ¥ = P < 0.01.

Microtus bank common

Spp. vole shrew
Tengmalm’s owl —0.44 ns -0.65 * 0.10 ns
Short-eared owl -0.65 * —0.86 ** 0.22 ns
Long-eared owl -0.32 ns —0.37 ns —-0.06 ns
Ural owl -0.04 ns -0.07 ns —0.06 ns
-0.22 ns -0.67 * 0.36 ns

Kestrel

Table 6. The percentages of shrews in terms of prey number (V)
in the scats of the stoat and least weasel collected at Alajoki
farmland, western Finland, in the winters from 1983/84 to 1987/
88.

Winter Stoat Least weasel

% N % N
1983/84 19 106 - 18
1984/85 - 95 - 14
1985/86 - 196 - 52
1986/87 33 30 40 25
1987/88 - 97 43 23
Total 0.6 524 1.5 132

The few shrews that were identified in the scats of
stoats and least weasels at Alajoki farmland were re-
corded in poor (1983/84, 1986/87) and intermediate
(1987/88) vole winters (Table 6). The data for breed-
ing kestrels, short-eared owls and long-eared owls
were also collected at Alajoki, allowing a comparison
of the prey choice of mammalian and avian predators
in the same area during the same period. In each year,
kestrels, short-eared owls and long-eared owls con-
sumed shrews markedly more than stoats and least
weasels did (Fig. 1 and Table 6). The fact that food
samples of birds of prey were collected in the breed-
ing season while those of small mustelids were col-
lected mainly in winter is unlikely to explain this
difference, as the proportion of shrews in the diet of
predators is usually higher in winter than in spring
(see below).
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Table 7. Seasonal changes in the percentage of shrews (in terms
of prey number, N) in the diet of Tengmalm’s ow] during the first
half of the year in good (pooled data for 1973, 1977, 1982 and
1985) and poor vole years (1974-76, 1978-81 and 1983-84).
Data from the Kauhava region, western Finland (Korpiméki
1986¢).

Time period Good years Poor years
% N % N
1 January-15 March 17.3 150 119 294
16-31 March 24 125
1-15 April 46 219 7.1 351
16-30 April 159 427 26.0 624
1-15 May 10.5 602 24.0 421
16-31 May 15.8 184 36.8 285
1-30 June 20.0 25 458 166
Total 11.8 1732 252 2141

Table 8. Seasonal changes in the percentages of shrews, voles
and mice (in terms of prey number, N) in the diet of the great
grey shrike in central Ostrobothnia (64°N, 24°30'E), western
Finland. Pooled data for 1969-75 (Huhtala et al. 1977).

Season Shrews  Voles Mice N

Breeding 53 12:5 13 1840
Late summer 14 2.7 0.7 146
Autumn 6.1 6.6 0.5 198
Winter 143 57.7 244 168
Early spring 15.0 40.0 10.0 60

3.3. Seasonal changes in the occurrence of shrews in the diet
of predators

In good vole years, the proportion of shrews in the
diet of Tengmalm’s owl was significantly higher be-
fore the breeding season (1 January — 15 March) than
later on (Table 7). During the breeding season (16
March — 30 June), the percentage of shrews increased
gradually and reached the winter level in late May and
June. In poor vole years, the increase in the proportion
of shrews was nearly linear during the first half of the
year. In both cases, the occurrence of shrews in the
diet was inversely related to the percentage of Micro-
tus voles in the diet (Korpimiki 1986¢).

The proportion of shrews in the diet of the great
grey shrike was highest in winter and early spring,
when voles and mice also played the most important
role in their diet (Table 8). In contrast, in the breeding
season, late summer and autumn, great grey shrikes

mostly consume insects (Huhtala et al. 1977), which
seem to be their preferred prey. In southeastern Swe-
den, shrews made up 21% of the 1952 prey items
identified from pellets collected in winter (Olsson
1986).

The percentage of scats of Swedish minks con-
taining remains of shrews seemed to be higher in
winter (7%, number of scats 1627) than in spring (1%,
2306), summer (2%, 2378) and autumn (3%, 3011;
Gerell 1968). In contrast, the frequency of voles in the
scats was higher in spring (17%), summer (25%) and
autumn (26%) than in winter (10%). However, it
should be noted that fishes (51%) and invertebrates
(30%) are much more frequent than small mammals
in the scats of the mink, throughout the year.

3.4. The impact of avian predation on shrews

Korpimiki & Norrdahl (1989a, and unpubl.) ex-
amined the impact of breeding Tengmalm’s owls,
short-eared owls, long-eared owls and kestrels on the
populations of the common shrew in the Kauhava re-
gion during 1977-87. The rate of predation on the
common shrew was mostly independent of its num-
bers in the study areas (r = —0.56, P < 0.10 for
Tengmalm’s owl, r = 0.10, ns for the short-eared owl,
r =-0.40, ns for the long-eared owl and r = —0.46, ns
for the kestrel; df =9 in each case). However, the rate
of predation by the short-eared owl was significantly
higher and that of the long-eared owl nearly signifi-
cantly higher in good vole years than in poor vole
years (Table 9). Similar differences were not found
for the rate of predation by Tengmalm’s owl and the
kestrel on the common shrew.

4. Discussion

4.1. Factors affecting the occurrence of shrews in the diet of
predators

Aitchison’s (1987) review of North American lit-
erature revealed that the predators of shrews include
owls and, to a lesser extent, weasels and foxes. Our
literature survey from Europe showed that birds of
prey feeding on mammals frequently catch shrews
also, and that small avian predators consume shrews
more frequently than large ones. There were no cor-
relations between the proportions of shrews, voles
and mice in the diet of various species of birds of
prey, suggesting that the occurrence of shrews in the
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Table 9. The mean predation rate (the percentage of prey items taken by birds of prey out of the total
number available in the study area) by breeding kestrels, short-eared owls, long-eared owls and
Tengmalm’s owls on the common shrew in the Kauhava region, western Finland, in 1977-87.
Statistical significance of the differences between good and poor years was examined with Mann-
Whitney U-test (two-tailed). N = number of years. Data from Korpimaki & Norrdahl (1989a, and

unpubl.).

Species Good years Poor years U P
Mean SD N Mean SD N

Kestrel 75 29 6 11.0 142 5 13 ns

Short-eared owl 9.0 50 6 20 22 5 1 0.01

Long-eared owl 3.9 25 6 13 1.8 5 5 0.10

Tengmalm’s owl 55 07 4 4.7 37 7 8 ns

diet is related more to the body size of the predator
than to its habit of feeding on small mammals. As
birds of prey usually are energy maximizers (sensu
Schoener 1971) in the breeding season (e.g. Kor-
pimdki 1985a), small shrews are likely to be prof-
itable prey items only for small birds of prey. This
view is supported by the observations that kestrels,
long-eared owls and short-eared owls at Alajoki
killed more common shrews and fewer pygmy shrews
than could be expected from their availabilities in the
field, even if the pygmy shrew moves above ground
more frequently than the common shrew (e.g.
Ellenbroek 1980) and should, therefore, be more ex-
posed to aerial predators. The smallest shrew species
were caught most frequently by the smallest predator,
i.e. the great grey shrike, while the largest species, i.e.
the water shrew, was caught most frequently by the
large ural and eagle owls. These large owls consume
many water voles (e.g. Korpiméki & Sulkava 1987,
Huhtala et al. 1976), which occupy the same habitat
as the water shrew, partly perhaps explaining the
above result.

The proportion of shrews in the diet of predators
showed Tengmalm’s owl to be the worst enemy of
shrews in northern and central Europe, while the barn
owl is the key predator in central and southern Eu-
rope. Tengmalm’s owl is also the most frequent bird
of prey in Fennoscandian coniferous forests (Meri-
kallio 1958, Ulfstrand & Hogstedt 1976), while the
barn owl was earlier one of the most common preda-
tory birds in central and southern Europe (e.g. Bunn et
al. 1982). In fact, one reason for the abundance of
Tengmalm’s and barn owls may be their consuming
of shrews as an alternative prey when the availability
of voles is low. In western Finland, some male Teng-
malm’s owls are able to provide for their female and

young in poor vole years by preying almost exclu-
sively on shrews (Korpiméki 1981, 1988).

The proportion of shrews in the diet of birds of
prey was higher in the transition zone of Fennoscan-
dian microtine cycles than in the southern and north-
ern zones and in southern Europe. We suggest that the
regional differences are due to regional variation in
the composition of the alternative prey available to
birds of prey feeding on small rodents. In central Eu-
rope and in southern Fennoscandia, Apodemus mice,
young rabbits Oryctolagus cuniculus and birds serve
as the most important alternative prey for birds of
prey (e.g. Goszczynski 1977, Erlinge et al. 1983).
Apodemus species and rabbits do not occur in the
transition zone, where the densities of birds are also
lower than further south. In the northern zone, birds of
prey consuming small rodents as their staple food
usually disperse when voles crash (e.g. Galushin
1974, Andersson 1980, Korpimiki et al. 1987), with
the result that diet samples for these species are
mostly available for good vole years, and the propor-
tion of shrews in their diets is lower than in the
transition zone. In arid southern Europe, the availabil-
ity of voles, mice and shrews is relatively low, and the
birds of prey that feed on small mammals in central
and northern Europe switch to insects and lizards (e.g.
Herrera & Hiraldo 1976, Mikkola 1983, Korpimiki
1985Db). In conclusion, the occurrence of shrews in the
diet of birds of prey is affected more by the composi-
tion of the prey community than by the density of the
shrews themselves.

Both in central and northern Europe, mammalian
predators catch shrews infrequently. Our data for
stoats, least weasels, kestrels, short-eared owls and
long-eared owls, coexisting at Alajoki, confirm the
view that shrews are an unimportant alternative prey
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for small mustelids in comparison with birds of prey
(Korpimiki 1986a). We cannot find any other reason
for the apparent avoidance of shrews by small muste-
lids than their well-known bad taste (e.g. King 1980,
Erlinge 1981 and references therein). The smell of
shrews thus seems to protect them against mammal-
ian predators, but not against avian enemies with poor
sense of smell. On the other hand, badgers, red foxes,
minks and stone martens eat shrews more than stoats,
common weasels and least weasels do.

Mammalian predators have been observed to
leave carcasses of shrews untouched after they have
been killed (e.g. Polderboer et al. 1941, Rubina 1960,
Pulliainen 1981). Thus data based on scat and stom-
ach content analyses may underestimate the numbers
of shrews killed by mammalian predators. However,
when we snow-tracked stoats (583 km) and least
weasels (249 km) at Alajoki in winters from 1983 to
1988, only four untouched carcasses of shrews were
found on the trails of the larger species and none on
the trails of the smaller one. Although least weasels
often move below the snow cover, our data suggest
that surplus killing of shrews is rare and its impor-
tance to the population dynamics of shrews is likely to
be insignificant.

4.2. Between-year and seasonal variation: dependence on the
availability of the preferred prey

The optimal foraging theory predicts that only the
absolute abundance of the preferred (most profitable)
prey influences the optimal prey choice, whereas the
abundances of the non-preferred prey types are unim-
portant (e.g. Pyke 1984). However, some investi-
gators suggest that this prediction is not generally true
(e.g. Estabrook & Dunham 1976), and their models
predict that the relative densities of non-preferred
prey types can also influence prey choice. Our results
on between-year variation in the diet composition of
breeding kestrels, short-eared owls, long-eared owls,
ural owls and Tengmalm’s owls, and on seasonal
changes in the diet of Tengmalm’s owls, indicated
that the proportion of shrews in the diet was depend-
ent on the abundance of the preferred prey (Microtus
voles) but independent of the abundance of shrews.
This result is consistent with the prediction of the
standard model of optimal foraging.

The proportion of shrews in the diet of avian and
mammalian predators tended to be higher in winter
than in other seasons. Perhaps the availability of more
preferred alternative prey types, such as adult and

young birds, lizards and frogs, is higher during snow-

free and ice-free seasons than in winter. Predators

seem to catch shrews mostly during “lean” periods
when other prey types are scarce.

Deep snow cover in winter and high vegetation
cover in summer reduce the availability of voles to
birds of prey, and they then switch to alternative prey,
such as shrews. How is it possible, then, that avian
predators are able to catch shrews, which also occupy
sub-nivean space in winter and occur below high
vegetation cover in summer? We suggest that the
following factors make shrews susceptible to avian
predation.

1) Shrews are more mobile than voles, as they have
to search for food very often (Hanski 1984, 1985).

2) Shrews are much noisier than voles, especially in
spring (Heikura 1984, Korpimiki 1986c), which
may make them more vulnerable to owls that
locate their prey by sound.

3) In good vole years, there may be interspecific
competition for sub-nivean space, and shrews
may have to move more frequently on the snow
surface than voles. In addition, shrews may have
to occupy relatively poor habitats in good vole
years, which makes them more exposed to preda-
tors.

4.3. The role of predation in the population dynamics of
shrews

Henttonen (1985) suggested that the most proba-
ble predators causing synchronous population
crashes of coexisting vole and shrew species are the
small mustelids, especially least weasels, whereas
Korpimiki (1986a) assumed that birds of prey are the
most important predators causing synchronous
crashes. Korpiméki & Norrdahl (1987) showed ear-
lier that the proportion of shrews is very low in the
diet of stoats and least weasels in the transition zone,
and the present, very extensive data confirm this re-
sult. Our extensive snow-tracking additionally sug-
gest that surplus killing of shrews by small mustelids
israre. Thus, we can safely conclude that predation by
small mustelids is not the cause of the synchronous
crashes of voles and shrews in the transition zone.
Unfortunately, there are no food data for least weasels
in the northern zone. Our literature survey revealed
that minks, pine martens, red foxes and badgers feed
more on shrews than small mustelids do. Conse-
quently, among the mammalian predators, these
medium-sized species are the most likely candidates
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contributing to simultaneous crashes of vole and
shrew populations, even if the proportion of shrews in
their diet is low in comparison with the birds of prey.

The rate of predation of common shrews by Teng-
malm’s owls, short-eared owls, long-eared owls and
kestrels tended to be positively density-dependent on
Microtus and on bank voles, and negatively density-
dependent on common shrews. These results suggest
that these birds of prey increase the population fluc-
tuations of shrews by taking a larger proportion of the
individuals available at low densities.

It is difficult to assess the importance of predation
in the population dynamics of shrews, as there are
other extrinsic factors, such as food (e.g. Butterfield
et al. 1981, Kaikusalo & Hanski 1985), weather (e.g.
Heikura 1984) and interspecific competition (e.g.
Ellenbroek 1980, Malmqvist 1985) that may affect
their densities. Aitchison (1987) surmised that there is
probably more winter mortality associated with food
shortage and cold than with predation. The common
shrew does not usually reproduce in its year of birth
(Crowcroft 1957, K. Norrdahl unpubl.; but see Kai-
kusalo & Hanski 1985 with references) unlike, for

example, field and common voles. Although the
mean litter size of the common shrew in our study
area is somewhat larger than that of Microtus and
bank voles (K. Norrdahl unpubl.), its rate of repro-
duction is lower. Thus, birds of prey that remove
overwintered females in spring, even after the birth of
the first litter, may cause a marked decrease of shrew
densities in late summer and autumn, provided that
reproduction of young females is density-inde-
pendent (but see Kaikusalo & Hanski 1985). We
therefore suggest that predation, especially avian pre-
dation, may be more important in limiting the den-
sities of shrews than has been traditionally believed.
We stress that more attention should be paid to preda-
tion in studies on the population dynamics of shrews.
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