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Abstract—Variation in the diet of the Great Gray Owl, a specialist predator, at different levels of prey abun-
dance in different biotopes was studied in the middle Transural region. Microtus voles were found to be the
main prey, with shrews being alternative prey. In different plots, two types of change in the diet were observed
during the nesting season: (1) substitution of Microtus voles inhabiting meadow biotopes by Microtus voles
characteristic of forest habitats, and (2) substitution of the latter by shrews.
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Variation in the diet of owls as a mechanism of
adaptation to changing conditions has been widely
considered by ornithologists from both geographic
and temporal aspects [1–6]. The feeding of the Great
Gray Owl Strix nebulosa has been well studied in Fen-
noscandia, Belarus, the United States, and Canada
[3, 4, 7–9, etc.], but relevant studies performed in
Russia are few [10–13]. In terms of foraging behavior,
this species is closer to specialist predators than are the
Tawny Owl (S. aluco) and Ural Owl (S. uralensis)
[3, 7, 8, 14]. Microtus voles are the main prey of S. neb-
ulosa in the greater part of its range. However, this spe-
cies has a wide circumboreal distribution, and differ-
ences in its diet have been described [3, 4, 7, 11]. Old-
growth taiga forests alternating with open areas such as
bogs, burned-out sites, barrens, and meadows are
optimal habitats for S. nebulosa [3–5, 7], where it
hunts prey living in either forest or open biotopes [3, 4,
7, 12, 13]. As a specialist predator, this species depends
on the availability of preferred prey, migrating or alter-
ing parameters of nesting in response to decrease in its
abundance (numerical response) [4, 6]. Changes in
the diet because of such a decrease (functional
response) are less characteristic of the species and
have not been studied sufficiently.

The purpose of this study was to analyze changes in
the diet of S. nebulosa depending on prey abundance in
the central Transural region. To this end, is was necessary
to assess diet composition (1) in the owls nesting in plots
with different biotopic characteristics, (2) at different

levels of prey abundance, and (3) during different peri-
ods of the nesting season.

MATERIAL AND METHODS
Study region. Studies were performed in the Irbit

district of Sverdlovsk oblast (57°40' N, 63° E) in 2015
to 2017. The results of comparing S. nebulosa diet in
1978 and 2015 were published previously [12]. The
vegetation of the region consists of uneven-aged for-
ests of mixed species composition alternating with
meadows. Artificial nests for S. nebulosa were installed
in the key ornithological territory KOTR SV-001
“Forest Massif near Zaikovo Village” [12].

Sampling plots around the live nests used in the
study (with a radius of 1.5 km) differed in the ratio of dif-
ferent habitat types. In plot 1, meadows with numerous
pine–birch forest outliers were prevalent (three nests).
Plot 2 was in a continuous forest massif with an over-
growing cutover area and small glades (one nest). The
greater part of plot 3 was also covered by forests, but there
also were meadow biotopes (two nests). Plot 4 was at the
edge of a forest bordering on abandoned farmland (one
nest). The distance between the nests within the same
plot varied from 0.8 to 1.5 km; between the nests in differ-
ent plots, from 2.2 to 9 km.

Analysis of pellets. The diet during the nesting sea-
son was studied in one pair of owls in 2015, three pairs
in 2016, and six pairs in 2017. Fresh pellets were sam-
pled under roosts near the nests one time in 2015 and
2016 (in May) and four to six times in 2017 (in May
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and June). All pellets from females, males, and chicks
were collected. Analysis was based mainly on samples
taken in 2017, because the number of live nests in that
year reached a peat (six nests), and abundant food
supply provided for nesting success. Comparisons of
the diet of owls nesting in different plots were made
using synchronous samples collected in the same year
(in May and in June 2017) to avoid the effect of inter-
annual variation. Only May samples were used to
compare the diet of owls nesting in the same plot in
different years. Taking into account that in 2017 chicks
hatched at the end of May, the samples were divided
into two groups: collected before the end of May
(during the brooding period) and in June (during the
chick-rearing period). Comparisons of the diet in 2017
were performed for plots 1, 2, and 3. All the available
material (2015–2017) was used to describe general
characteristics of the diet (its composition and the
ratio of different prey groups).

Bone remains found in the pellets were cleaned man-
ually. Rodents were identified to the species level; shrews,
to the genus level. The number of ingested animals was
determined from the maximum number of homony-
mous bon remains (mandibles). A total of 372 pellets
were examined, and 3191 remains of 1323 individuals
were identified. Prey species were classified into groups
by biotopic and taxonomic criteria: (1) Microtus voles
inhabiting meadow biotopes (meadows and farm-
lands): the common vole (M. arvalis sensu lato) and
narrow-headed vole (M. gregalis); (2) Microtus voles
characteristic of forest habitats (boggy sites, hum-
mocky floodplain areas, glades, overgrowing cutover
areas): the root vole (M. oeconomus) and field vole
(M. agrestis); (3) Clethrionomys voles: the northern red-
backed vole (C. rutilus) and bank vole (C. glareolus);
(4) Ural field mouse (Sylvaemus uralensis); (5) shrews
(Soricidae); (6) other animals whose remains in the
pellets occurred rarely or sporadically: the muskrat
(Ondatra zibethicus), wood lemming (Myopus schisti-
color), European water vole (Arvicola terrestris),
northern birch mouse (Sicista betulina), russet ground
squirrel (Spermophilus major), least weasel (Mustela
nivalis), and frogs (Rana sp.).

Assessment of the abundance of small mammals.
Live trapping with subsequent release was used for this
purpose. In 2016, only one round of trapping in plots 1
and 2 was conducted, because the owls aborted nesting
by the beginning of June; in 2017, two rounds in plots
1, 2, and 3 were conducted in May and June. Trap
lines were set in meadow and forest biotopes (dry and
wet sites, forest edges, shrub thickets) within 1-km2

area around the live nests and exposed for 2–4 days.
Trapped animals were marked by finger clipping. For
species identification of Microtus voles, imprints of the
molar occlusal surfaces were taken using Bisico S1 and
S4 silicone putties [17]. The numbers of animals
trapped per 100 trap–days (ind./100 t-d) were calcu-
lated in each plot, for forest and meadow trap line sep-
arately. On the whole, 180 trapped animals were iden-
RUSSI
tified and classified into the same groups as during
pellet analysis: (1) common and narrow-headed voles,
(2) root and field voles, (3) northern red-backed and
bank voles, (4) Ural field mouse and striped field mouse
(Apodemus agrarius), and (5) shrews.

Statistical analysis. Student’s t-test was used to
compare the levels of small mammal abundance in
different years or months of the same year, and χ2.test,
to compare the diets of owls from different plots in dif-
ferent years and periods of the same nesting season
and also to compare the results of trapping in different
plots. The above groups of species whose proportions
in the pellets or trap catches were no less than 10%
were included in analysis, and comparisons were made
using mean values for the nests and trap lines (forest
and meadow lines separately) located in the same plot.
Relations between the proportions of individual prey
groups in the diet were evaluated using Spearman’s
correlation coefficient. The data were presented as
mean values with standard deviations.

RESULTS

Abundance of small mammals in 2016 and 2017.
According to the results of trapping, differences in the
level of small mammal abundance in May between
2016 and 2017 lacked statistical significance (t = 2.23,
n1 = 4, n2 = 9, p = 0.99), whereas those in the ratio of
different species groups were significant (χ 2 = 16.9,
df = 4, p = 0.01). In May 2016, no small mammals
were trapped in meadow biotopes, while their abun-
dance in forest biotopes reached 6.25 ± 6 ind./100 t-d,
with mice prevailing in catches. The respective levels
of abundance recorded in May 2017 were 3.86 ± 1.23
and 2.55 ± 1.97 ind./100 t-d, with common and nar-
row-headed voles dominating in meadow biotopes
and Clethrionomys voles in forest biotopes (Fig. 1).
Young-of-the-year Microtus voles appeared in catches
at the end of May 2017. The abundance of small mam-
mals in June became significantly higher than in May
(t = 2.31, n1 = 9, n2 = 9, p = 0.05). The tendency
toward increase in this parameter was more distinct in
voles living in meadows, although its changes in indi-
vidual biotopes lacked statistical significance
(meadow: t = 2.23, n1 = 4, n2 = 4, p = 0.06; forest: t =
1.38, n1 = 5, n2 = 5, p = 0.22). The abundance of small
mammals in meadows reached 10.48 ± 5.80 ind./100 t-d,
compared to 4.86 ± 3.34 ind./100 t-d in forest bio-
topes. The ratio of species groups did not change sig-
nificantly (χ2 = 0.25, df = 4, p = 0.99) (Fig. 1). 

The results of trapping in the foraging ranges of the
owls in 2016 and 2017 are shown in Table 2. Differ-
ences in animal abundance between the plots in 2017
lacked statistical significance (plots 1 and 2: t = 0.37,
n1 = 8, n2 = 2, p = 0.72; plots 1 and 3: t = 0.46, n1 = 8,
n3 = 8, p = 0.05; plots 2 and 3: t = 0.44, n2 = 2, n3 = 8,
p = 0.05).
AN JOURNAL OF ECOLOGY  Vol. 50  No. 1  2019
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Fig. 1. Proportions (%) of different groups of small mammals
in catches: (1) Microtus arvalis, M. gregalis; (2) M. oeconomus,
M. agrestis; (3) Clethrionomys sp.; (4) Sylvaemus uralensis;
(5) Sorex sp. (here and in Fig. 2).

%

1

May
2016

May
2017

June
2017

0

20

40

60

80 2
3
4
5

Diet composition. The diet of the owls during the
nesting season of 2017 consisted mainly of Microtus
voles (83%), with approximately equal proportions of
those characteristic of meadow (44%) and forest hab-
itats (39%); then followed shrews (10%), Clethriono-
mys voles (4%), and other species (3%).

The diet of owls that nested in different plots in 2017.
The composition of the diet in May and June 2017
proved to differ significantly between the plots (plots 1
and 2: χ2 = 25.42, df = 4, p = 0.01; plots 1 and 3: χ2 =
31.75, df = 4, p < 0.001; plots 1 and 4: χ2 = 63.88, df = 4,
p < 0.001; plots 2 and 3: χ2 = 72.52, df = 4, p < 0.001;
plots 2 and 4: χ2 = 27.0, df = 4, p = 0.01; plots 3 and 4:
χ2 = 37.03, df = 3, p < 0.001). In plot 1, root and field
voles were its main component (57%), then followed
common and narrow-headed voles (32%). In plot 2,
root and field voles dominated in the diet (69%), with
shrews and the common vole accounting for 13 and
11%, respectively. In plot 3, the common vole was
dominant (55%), then followed root and field voles
(31%). In plot 4, the diet included approximately
equal proportions of shrews (39%) and narrow -
headed voles (34%) (Table 2).

Differences in diet composition between years and
during the same nesting season. The diet of the owls
that nested in plot 1 in May did not differ significantly
between years (2015 vs. 2017: χ2 = 6.6, df = 4, p = 0.9;
2016 vs. 2017: χ2 = 3.9, df = 4, p = 0.90) (Fig. 2a). May
samples taken in 2015 included six rodent species; in
2016, eight rodent species and shrews; in 2017, seven
rodent species and shrews. The composition of the
diet in June significantly differed from that in May
(χ2 = 18.66, df = 4, p = 0.01) and included eight rodent
species, the least weasel, shrews, and frogs (Fig. 2a).
The diet of the owls that nested in plot 2 was found to
differ significantly between years (2016 vs. 2017: χ2 =
46.91, df = 4, p < 0.001) (Fig. 2b), even though six
rodent species and shrews were identified in its com-
RUSSIAN JOURNAL OF ECOLOGY  Vol. 50  No. 1  2

Table 1. Numbers of small mammals per 100 trap–days in liv

Taxon
2016

plot 1 plo

Microtus arvalis sensu lato 0 0
M. gregalis 0 0
M. oeconomus 0 0
M. agrestis 0 0
Clethrionomys rutilus 0 0.5
Cl. glareolus 0 0.5
Sylvaemus uralensis 2.0 8.5
Apodemus agrarius 0 0.5
Sorex sp. 0 0.5
Catch size per 100 trap–days 
(total catch size)

2 (2) 10.5
position both in May 2016 and in May 2017 (Table 2).
The ratio of species groups significantly changed in
June (χ2 = 13.53, df = 4, p = 0.01), when six rodent
species, shrews, and frogs were recorded (Fig. 2b). The
diet of the owls that nested in plot 3 in 2017 included
six rodent species, the lest weasel, and shrews in May
and seven rodent species and shrews in June. Changes
in the proportions of prey species groups lacked statis-
tical significance (χ2 = 0.56, df = 4, p = 0.1) (Fig. 2c).

Interrelation of prey groups in the study area. The
proportion of common and narrow-headed voles in
the diet of the owls was negatively correlated with that
of root and field voles (Spearman rank correlations,
rS = – 0.82, p < 0.05) but showed no correlation with the
proportion of shrews (rS = 0.14, p = 0.61). The proportion
019

e-trap catches from Strix nebulosa foraging ranges

2017

t 2 plot 1 plot 2 plot 3

2.82 0 7.78
3.74 0 0
0.1 0 0
0.59 1.83 0
3.0 1.67 0.24
0.29 1.5 0.36
0.22 1.5 0.72
0 0 0
0.38 0 0

 (21) 11.14 (71) 6.5 (39) 9.1 (47)
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Table 2. Numbers of prey animals identified in pellets from different plots during Strix nebulosa nesting seasons (2015–2017)

Taxon
2015 2016 2017

plot 1 plot 1 plot 2 plot 1 plot 2 plot 3 plot 4

Microtus arvalis s. l. 11 13 0 68 13 227 0

M. gregalis 25 83 1 82 1 1 14

M. oeconomus 21 40 10 174 42 73 4

M. agrestis 7 10 8 94 45 55 1

Clethrionomys rutilus 2 2 1 8 1 7 2

C. glareolus 1 1 0 6 2 7 3

Arvicola terrestris 0 1 1 1 0 0 0

Sylvaemus uralensis 0 0 1 2 2 0 0

Spermophilus major 0 0 0 0 0 0 1

Sicista betulina 0 1 0 6 1 14 0

Mustela nivalis 0 0 0 2 0 1 0

Sorex sp. 0 6 31 23 17 25 16

Rana sp. 0 0 0 3 2 0 0

Number of pellets 14 38 15 154 45 96 10

Number of identified remains 167 401 130 1148 307 938 100

Number of animals 67 157 53 469 126 410 41
of root and field voles was negatively correlated with the
proportion of shrews (rS = –0.56, p < 0.05).

DISCUSSION
Comparison of prey species composition with regional

small mammal fauna. A total of 14 rodent species were
recorded in S. nebulosa pellets, all of them mentioned
in previous publications on study region. They did not
include species considered as rare throughout Sverd-
lovsk oblast, such as the f lying squirrel, Eurasian har-
vest mouse, and common hamster [16]. However, the
pellets proved to contain the remains of wood lem-
ming, a very rare species in the regional fauna.

The diet of owls in different plots. In the diet of the
owls that nested in plots with meadow areas (plots 1, 3,
and 4), Microtus voles characteristic of meadow bio-
topes (common and narrow-headed voles) dominated
over congeneric field and root voles living in forest
biotopes (in six out of seven samples). A preference for
voles from open biotopes over other prey species was
also noted in other parts of S. nebulosa range [4, 11,
13]. In the absence of meadows (plot 2), the owls
preyed mainly on Microtus voles inhabiting forest bio-
topes. In a large part of S. nebulosa range in the Euro-
pean taiga zone, where these owls prefer settling in
bogs, grasslands, and burned-out areas, the field vole
and, to a lesser extent, the root vole are their main prey
[3, 4, 7, 11, 13]. Shrews were the second most abun-
RUSSI
dant prey for the owls in plot 2. These animals are a
permanent but not dominant component of S. nebu-
losa diet throughout the species range [3, 5, 7, 8].

The main and alternative prey. In view of the con-
cepts about these kinds of prey [2, 18, 19], it may be
concluded that in the study region, as in the greater
part of S. nebulosa range [3, 4, 7], Microtus voles are
the main prey for this species. The ratio between two
biotopic groups of these voles in the owl diet and fac-
tors responsible for changes in this ratio in the study
region need special analysis. Relevant factors may
include the preferences of the owls for a certain forag-
ing biotope, the relative abundance of species from
these groups, and the size and social structure of prey
[20]. In the study region, relationships between prey
groups are as follows: the proportion of Microtus spe-
cies forming colonies in the meadows (common and
narrow-headed voles) is negatively correlated with that
of species inhabiting forest biotopes (root and field
voles), which, in turn, is negatively correlated with the
proportion of shrews.

At the current stage of research, our data on the
proportion of species groups and their interrelation
suggest that Microtus voles forming colonies in the
meadows are the most readily available and probably
preferred prey for S. nebulosa in the study region. Con-
generic voles from forest biotopes are the next pre-
ferred group, while shrews may be regarded as alterna-
AN JOURNAL OF ECOLOGY  Vol. 50  No. 1  2019
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Fig. 2. Proportions (%) of different groups of small mammals in Strix nebulosa diet: (a) plot 1, (b) plot 2, (c) plot 3.
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tive prey. This is in agreement with data on S. nebulosa
diet in other parts of its range [3, 4, 7, 11, 15] and with
the results of radio-tagging studies, which show that
this species prefers foraging in the meadows and forest
areas without undergrowth [4, 20].

Interannual dynamics of diet composition. In 2015–
2017, compared to 1978, Microtus voles from meadow
biotopes remained to be dominant in the diet of the
owls nesting in the meadow (plot 1), while the propor-
tion of Microtus voles characteristic of forest biotopes
became higher; the remains of water voles in the pel-
lets occurred sporadically, whereas in 1987 they
accounted for about 10% of the diet [12]. These
changes appear to be explained by f luctuations in the
abundance of prey species in the study area. Com-
pared to 1978 and 2015 [12], S. nebulosa diet in 2016
and 2017 included a greater number of rodent species
and, in addition, the least weasel, shrews, and frogs.
According to the theory of optimal diets, the abun-
dance of basic prey animals is the key factor: when
their abundance is insufficient, an alternative prey is
RUSSIAN JOURNAL OF ECOLOGY  Vol. 50  No. 1  2
consumed, and the species diversity of the diet
increases [21]. It is likely that in 1978 and 2015, when
the diet included a smaller number of species in the
absence of alternative prey (shrews), the abundance of
the main prey was sufficiently high.

The food supply to the owls in 2016 was very poor,
but no shift to less preferred prey groups was observed
in the meadow (plot 1), probably because of their
absence. In the forest (plot 2), the owls in May showed
a functional response to the deficit of their basic prey
by shifting to the alternative prey (shrews). This was
followed by a numerical response at the end of ay: the
owls abandoned their nests in both plots.

Dynamics of diet composition during the nesting
season of 2017. The results of trapping showed that the
abundance of small mammals tended to increase
between May and June. This tendency was more dis-
tinct in voles living in the meadows than in those
inhabiting forest biotopes. The ratio of species groups
in trap catches remained unchanged, unlike that in the
diet of the owls nesting in plots 1 and 2: in plot 1, the
019
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proportion of the most preferred prey (Microtus voles
from open biotopes) decreased, while that of the sec-
ond preferred prey (Microtus voles from forest bio-
topes) increased; in plot 2, the proportion of Microtus
voles from forest biotopes decreased, while the pro-
portion of alternative prey (shrews) became higher.

Since chick rearing is the most energy-intensive
stage of nesting in altricial birds [22], the food demand
of the owls in the corresponding period (June) was
higher than during brooding (May) [22, 23]. Appar-
ently, the abundance of preferred prey proved to be
insufficient, despite a slight increase in the number of
small mammals in trap catches. This evoked a func-
tional response manifested as the expansion of the for-
aging range to less preferred biotopes, with consequent
changes in the dietary proportions of biotopic groups
of Microtus voles in plot 1 and increase in the propor-
tion of alternative prey in plot 2. The owls nesting in
the forest plot with meadow areas (plot 3) showed no
significant changes in the diet between May and June
2017.

CONCLUSIONS
Microtus voles were found to be the main prey for

the Great Gray Owl in the study region, with shrews
being alternative prey. Microtus species inhabiting
open biotopes (common and narrow-headed voles)
dominated in the diet when the owl’s home range
included meadow areas; in the absence of such areas,
species characteristic of forest biotopes (field and root
voles) were dominant. Several types of changes in the
foraging behavior and two types of change in the diet
were observed during the nesting season: (1) substitu-
tion of Microtus voles inhabiting open areas by Micro-
tus voles from forest biotopes, and (2) substitution of
the latter by shrews. As an extreme variant of response
to insufficient food supply, the owls abandoned the
nests during transition from brooding to rearing.

The results presented above contribute to the body
of data on the feeding and diet of the Great Gray Owl
not only in different habitats but also at different levels
of prey abundance in the study region and help to fill
the gap in knowledge of this species in the Ural–West
Siberian part of its circumboreal range.
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