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Abstract—Deposits accumulated by raptors over long periods of time can record changes in small mammal
populations. However, between the natural community and the paleocommunity of small mammals in the
ornithogenic localities, a number of stages of the taphonomic process pass. The initial stage is associated with
the selectivity and plasticity of the predator’s diet. We have studied an accumulation of great gray owl (Strix
nebulosa) pellets in order to better understand this process. For seven years, during the nesting period,
712 pellets were collected at four study sites containing 6328 identified remains (NISP) of 2350 individuals
(MNI). Several years of pellet accumulation is not enough to form a complete list of all available prey. Prey
ratios can be established in ornithogenic deposits during several phases of the small mammals’ population
cycle, but they depend significantly on the habitat conditions of the nesting area. A significant change in the
diet structure during the nesting period from the stage of egg laying and incubation to the stage of nestling
feeding was noted. Given that most of the remains accumulate in the second stage, the features of the diet that
are characteristic of it are enhanced. The uneven remains accumulation of prey more and less preferred by the
owl at different phases of the small mammals’ population cycle was described. This should be taken into
account in morphological studies, since many morphological characteristics of small mammals differ in dif-
ferent phases of the cycle.

Keywords: Great gray owl, Strix nebulosa, Nesting period, Diet dynamics, Small mammals, Ornithogenic
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Localities formed as a result of the food activity
birds of prey (ornithogenic) consisting of subfossil and
fossil bone remains are a key source of information
about communities of small mammals (SM) of the
past [1]. Bone remains from pellets are used for mon-
itoring the populations of modern SM and their
dynamics [e.g., 2–4]. Owls are the main accumulators of
SM bones in paleontological localities [1].

Between the SM communities in wildlife and the
ornithogenic paleocommunity, there are many stages
of the taphonomic process, at which transformation
and loss of information occur. There are three major
stages in the taphonomic history of a pellet: transfor-
mation of the SM community as a result of the behav-
ioral characteristics of the predator and the influence
of local environmental conditions; bone fragmenta-
tion and loss of bone mass as a result of predator diges-
tion; various diagenesis processes occurring after pel-
let regurgitation [5].

Recently, significant progress has been made in
studies of SM taphocenoses formation. A research
direction has been formed that studies various aspects
of the transition of SM from objects of biocenoses to a
subfossil state using recent data [e.g., 6–15]. The most

studied is the destruction of bones as a result of pred-
ator feeding behavior and digestion to determine the
accumulators of bone remains [1, 16–21]. Researches
of the community dynamics of SM over time are
accompanied by determination of the main collectors
of bone remains [e.g., 22–25]. A number of studies are
also devoted to the processes that occur after the
regurgitation of pellets [5, 26, 27].

Patterns of bone remains accumulation in relatively
short time intervals, associated with the plasticity of
the raptor’s diet, still remain without due attention in
taphonomic studies [28]. The study of this stage is
closely intertwined with the study of the feeding
behavior of birds and is possible only on the basis of
recent data.

The species composition of prey may include all
representatives of the mammalian fauna available to
this species of owls [8, 10, 29–32]. However, the struc-
ture (ratio of species) of SM communities is signifi-
cantly distorted due to the choice of optimal food hab-
itats by predators and the vulnerability of different
types of prey [33–35]. Even in the diet of opportunis-
tic predators, the proportions of prey species are not
identical to their proportions in the natural commu-
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nity, although they can be well correlated [33, 36]. The
more specialized the predator, the more obvious these
differences are.

Ornithogenic localities are often formed at the nest
site. During the nesting period, the size of the hunting
territory is significantly smaller compared to the non-
breeding season [37–39]. Thus, the ratio of prey in a
given area is formed as a result of selective predation by
a predator, but also reflects a rather small area com-
munity, corresponding to the size of the predator’s
foraging area. Part of this work is devoted to studying
the influence of local nesting conditions on the com-
position and ratio of SM in the owl’s diet.

Another part of this work is devoted to the study of
the effect of predator diet plasticity on the formation of
prey composition in a hypothetical locality. Birds of
prey can vary their diet depending on the state of food
supply [e.g., 40–45]. Both intraannual and long-term
dynamics of the diet were noted, depending on the
abundance and prey availability in foraging areas [e.g.,
41, 44, 46–48]. The diet of SM bone-collecting owls
changes along with the prey population structure. This
fact is beyond doubt and underlies paleoecological
reconstructions [e.g., 49–52]. Changes in the diet over
short time intervals (during nesting and its interannual
dynamics), coupled with a different amount of accu-
mulated remains, creates the proportions of species
that paleontologists subsequently work with. In this
paper, we take a step towards greater detail in under-
standing the accumulation of remains in ornithogenic
localities.

We aimed to describe the process of formation of
the proportions of species and prey groups during the
initial stages of ornithogenic deposits creation on a
model object – great gray owl (GGO, Strix nebulosa).
We have studied: (i) how the composition of GGO
prey in the study area reflects the fauna of SM in the
region (Sverdlovsk region); (ii) how the local features
of habitats around the nest affect the composition and
ratio of prey in the diet of GGO; (iii) how changes in
diet (both during nesting and between years with dif-
ferent prey numbers) and the amount of accumulated
remains affect the structure of a hypothetical subfossil
community of SM.

MATERIAL AND METHODS

Study area. The study was conducted in the
Irbitsky district of the Sverdlovsk region (eastern slope
of the Urals, the preforest–steppe subzone of the taiga
zone [53]) at the Scientific and Practical Center for
Biodiversity “Skorodum” (57°34′ N, 62°42′ E). Artifi-
cial nests for owls were installed by the center’s staff in
2007. The nests were located in territories with differ-
ent proportions of open and closed habitats. Based on
this characteristic, it was divided into plots consisting
of separate territories around nests with a radius of 1.5
km. The area around the nest that an owl uses to hunt
RUSSI
in during the nesting period rarely exceeds this value
[37, 54, 55]. Figure 1 shows the locations of the nests
in the study area. A total of 8 nests were studied. The
distance between the most remote nests is 9 km. Using
the SAS-planet service (https://sasplanet.ru), the
areas of closed (forest) and open (meadow, field) ter-
ritories were estimated for each plot. The vegetation
on the meadow plot is represented by three categories:
meadows (47% of the plot area), pine–birch groves
(7%), and the forest (46%). In different years, four
nests in this plot were inhabited. The meadow–forest
plot is a forest area (88%) with the presence of mead-
ows (12%). There are two nests in this plot. In the for-
est plot, almost the entire territory is covered in forest
(98%) with small forest clearings (2%). The nearest
meadows are located 1.5 km from the nest (one nest).
The field plot is represented by cultivated and fallow
lands (47%) and forest (53%) and contains one nest.

Samples. The material for the study was the GGO
pellets collected during the nesting period. GGO has
several preferred perches at a distance of no more than
100 m from the nest, which facilitates the collection of
pellets, because the bulk of the material is concen-
trated under them. When searching for pellets, we also
carefully examined the ground around all trees located
at a distance of up to 180–200 m from the nest for the
presence of single items. During the nesting period,
several stages of collecting pellets were organized. The
study covered the period from 2015 to 2021. A total of
712 pellets were collected containing 6,328 identified
remains of 2350 SM. The minimum number of indi-
viduals (MNI) in the studied samples for each nest
and nesting stage for the different years is presented in
Table 1.

The remains of the prey were identified to species
by molars and mandibles using guides [56–60] and
reference collections of the Laboratory of Paleoecol-
ogy at the Institute of Plant and Animal Ecology, Ural
Branch of the Russian Academy of Sciences. MNI was
calculated per pellet by the maximum number of the
same craniodental element.

Estimation of the number of SM in the foraging area
of the GGO. Live-trapping of SM was carried out syn-
chronously with the collection of pellets in 2016–2021.
The animals were returned to their habitat after mark-
ing. 200 traps were placed for 2–4 days within the
hunting territories of birds with an interval of 10 m
from each other in several trap lines. The traps were
checked 4–5 times a day to avoid the death of the ani-
mals. The traps covered dry and swampy areas of the
forest, forest edges, and thickets of shrubs and mead-
ows. In total, 6594 trap-nights were performed, and
304 individuals were caught and identified. In cases
where species identification by the exterior was diffi-
cult [61], we determined species by the occlusal sur-
face shape of teeth using a non-traumatic intravital
imprints method [56, 62, 63].
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Fig. 1. Locations of owl nests in the study plots.
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Data analysis. To analyze the diet and its dynamics,
prey species were grouped according to their role in
the diet of owls [45, 64, 65]. Categorization of prey
groups is the link between the ornithological and
paleoecological approaches. This approach makes it
possible to correlate the structure of the diet of a pred-
ator accumulating bone remains in an ornithogenic
taphocenosis with a community of SM. The main prey
are the most preferred prey groups in terms of size and
habitat. It consistently dominates the predator’s diet.
Alternative prey have a number of characteristics that
make them less preferred by predators, e.g., they are
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2

Table 1. Minimum number of individuals (MNI) in the sam

Plot Meadow

Nest, No. 1 2 3

Year Nesting stage

2015 1 67
2016 2 111 46

2017
1 18 30
2 102 316

2018
1 20 52
2 115 9 19

2019
1 63
2 80

2020
1
2

2021
1
2

smaller, live in less accessible habitats, and are more
energy-intensive for the predator to catch [e.g., 44, 46,
66, 67]. Their proportion in the diet increases with the
lack of the main prey, periodically reaching significant
amounts [41, 45, 64]. For paleoenvironmental studies,
it is proposed to single out the category of concomitant
prey [65]. These species appear episodically in prey,
are represented by single specimens, and do not play a
significant role in the diet of owls [65]. In the paleon-
tological data, it is possible to distinguish groups of
prey by their ratio in the paleocommunity. The main
prey dominates the community. Concomitant prey
024
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constitutes single finds. An intermediate position is
occupied by alternative prey [65]. When identifying
prey groups, we were guided by the abovementioned
criteria, taking into account the data obtained both
earlier [15, 68] and in the course of this study. From a
statistical point of view, arranging species into groups
reduces the problem of data sparseness with observed
zeroes and increases the adequacy of chi-square-type
statistics.

To illustrate the dynamics of prey groups during
nesting, all samples used were arranged according to
their collection dates for the year. For subsequent
analysis, the data was grouped into two nesting stages.
The first stage was considered the period of laying and
incubation of eggs. All collections from April to the
first decade of May are referred to as belonging to this
stage. The onset of the second stage (feeding of nest-
lings) is marked by the egg shells and the droppings of
nestlings in the female’s pellets. In the years when the
female left the clutch due to the lack of food supply,
hatching did not occur. However, the birds stayed in
the nesting areas for some time, leaving pellets. There-
fore, even during these years, we attribute the collec-
tion of pellets, starting from the second decade of
May, to the second stage of nesting.

Bone remains in the locality accumulate mainly
before the nestlings leave the nests; therefore, the
main characteristic of the nesting period in this study
was its completeness. Nesting was considered com-
pleted when it continued until the nestlings left the
nest and was considered uncompleted when the owls
left the nests at the stage of laying eggs or feeding of
nestlings.

For statistical modeling of the spatiotemporal fea-
tures of a multinomial-dependent variable, which was
the species of SM (or their pools, via collapsing species
into groups), we used: 1) correspondence analysis [69]
and 2) generalized linear models (GLM) [70] for dis-
crete variables: multinomial and binomial logit regres-
sion and Poisson regression for the number of species
and individuals (MNI). The predictors are: 1) the spa-
tial factor – the plots (4) or nests (8); 2) the time factor
– the phase of SM population cycle (Trough,
Increase, Peak) or the year of observation (2015–
2021), collection dates for the nesting period, and two
stages of the nesting period (I – laying + incubation,
II – feeding of nestlings). As a proxy measure for the
SM density, we used a “catch index”, which is the pro-
portion of live-trapping success per 100 trap-nights,
and transformed it to log-odds (logit), which makes
the distribution of the trait symmetric. Statistical anal-
ysis was performed using the Statistica 7 package [71].

RESULTS

Composition and structure of the GGO diet in the
study area. In the diet of the owls, 23 species of SM
were identified (Table 2). The most numerous prey
RUSSI
were Microtus voles, and they accounted for 87% of
individuals. They are classified as the main prey.
Based on the size and the biotopic characteristics of
these species, we divided them into two groups:
smaller open habitat species [the common vole
(Microtus arvalis) and narrow-headed vole (M. grega-
lis)] and larger species from near-water and relatively
open forest habitats [the root vole (M. oeconomus) and
field vole (M. agrestis)].

Alternative prey include species whose proportion
in the total sample (n = 2350) was 1–3% (at least 20
individuals). These include two species of Clethriono-
mys voles, C. glareolus and C. rutilus, and four species
of shrews, Sorex araneus, S. minutus, S. caecutiens, and
S. isodon. The assignment of these taxa to the category
of alternative prey is supported by the fact that they
periodically make up a significant proportion in the
diet of owls in this study area [15, 68]. The proportion
of this group was 10.2%.

Species represented in the diet by single individuals
are classified as concomitant prey (13 species): Sciurus
vulgaris, Spermophilus major, Sicista betulina, Apode-
mus uralensis, Micromys minutus, Ondatra zibethicus,
Arvicola terrestris, Myopus schisticolor, Neomys fodiens,
Sorex daphaenodon, Sorex minutissimus, Sorex cf. tun-
drensis and Mustela nivalis; the proportion of this
group was 2.6%. In owl pellets, single remains of
amphibians were also found, but we do not discuss
them in this paper.

The maximum number of species identified per
year for individual nests was 15. Poisson regression
analysis showed that it depended on the number of
individuals (MNI) (Table 3a). However, according to
the total data for all years, 10–17 species were identi-
fied for the nests [an average of 56% (43–74%) of the
prey list throughout the territory], and the number did
not depend on MNI (Table 3b).

Diets of the owls from different plots. Canonical
correspondence analysis using prey species and nests
as factors in the contingency table factors showed high
similarity of diet structure within the same plots and
noticeable differences for different plots (Fig. 2a). For
the meadow plot, the maximum number of species
(n = 20) was detected (see Table 2). Here, M. oecono-
mus, M. arvalis, M. gregalis and M. agrestis dominated.
In total, 16 species were found in the diet of owls from
the forest meadow plot (see Table 2). Among the main
prey, M. arvalis was the most dominant, followed by
M. oeconomus and M. agrestis. The contrast between
these plots in the ratio of M. arvalis and M. gregalis is
estimated by the model using the main prey species
and groups of other prey as factors (Fig. 2b). 14 species
were found in the diets of owls from the forest plot.
M. oeconomus and M. agrestis played the main role in
the diet of GGO. Alternative prey constituted a high
proportion of the diet. The remains of M. gregalis were
single, and the proportion of M. arvalis was insignifi-
cant. In total, 10 species were identified for the field
AN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2024
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Table 2. Composition and structure (%) of the diet of the GGO in the four plots (M—meadow, MF—meadow–forest, F—
forest, Fi—field): a—species; b—prey groups

Species and prey groups Whole territory
Plots

M MF F Fi

а

Main prey

Microtus arvalis 31.53 23.33 61.53 7.43 0

M. gregalis 14.77 21.5 0.33 1.14 33.33

M. oeconomus 25.87 30.65 13.76 29.71 9.52

M. agrestis 15.02 14.97 11.61 30.29 2.38

Alternative prey

Sorex araneus 3.15 1.18 3.65 13.14 26.19

Clethrionomys glareolus 2.17 2.35 1.66 1.14 7.14

C. rutilus 1.49 1.31 1.82 1.14 4.76

Sorex minutus 1.32 1.44 0.66 2.29 2.38

S. isodon 1.11 0.20 1.99 4.57 7.14

S. caecutiens 0.98 0.72 0.83 2.86 4.76

Concomitant 

prey

Apodemus uralensis 0.64 0.33 1.16 1.71 0

Sicista betulina 0.55 0.65 0.33 0.57 0

Micromys minutus 0.38 0.52 0.17 0 0

Neomys fodiens 0.26 0 0 3.43 0

Arvicola terrestris 0.13 0.13 0 0.57 0

Mustela nivalis 0.13 0.13 0.17 0 0

Sorex daphaenodon 0.13 0.20 0 0 0

Myopus schisticolor 0.09 0.07 0.17 0 0

Sciurus vulgaris 0.09 0.13 0 0 0

Sorex minutissimus 0.09 0.13 0 0 0

Ondatra zibethicus 0.04 0.07 0 0 0

Spermophilus major 0.04 0 0 0 2.38

Sorex cf. tundrensis 0.04 0 0.17 0 0

b

M. аrvalis + M. gregalis 46.3 44.83 61.86 8.57 33.33

M. оeconomus + M. аgrestis 40.89 45.62 25.37 60 11.90

Alternative prey 10.22 7.20 10.61 25.14 52.37

Concomitant prey 2.61 2.36 2.17 6.28 2.38

Number of individuals 2350 1530 603 175 42

Number of species 23 20 16 14 10

Number of nests 8 4 2 1 1
plot. M. gregalis and alternative prey dominated,
M. arvalis was absent and M. oeconomus and M. agres-
tis accounted for a low proportion (Figs. 2a, 2b).

The diets of owls from the meadow and forest–
meadow plots had the greatest similarity in terms of
the ratio of prey groups (Fig. 2c). A high proportion of
both main prey groups and a relatively low proportion
of alternative and concomitant prey were typical for
the feeding of owls from both plots. The differences
between them were determined by the ratio of the two
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2
groups of main prey, which formed the first canonical
axis. The second dimension is the proportion of alter-
native and concomitant prey, which was numerous in
the forest and field plots.

Variability of the GGO diet during the nesting
period. Based on the different study durations for the
plots and the similarities and differences in the owls’
diet structure, we studied the variability of the diet
during the nesting period and its long-term dynamics
according to the data for meadow (M) and meadow–
024
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Fig. 2. Ordination of owl diets in the study area in the two canonical axes (CA) space: a – nests and prey species (main prey are
indicated in bold); b – nests and four species of main prey and groups of other prey (alternative and concomitant); c – nests and
four prey groups.
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forest (MF) plots. The proportion of M. arvalis and

M. gregalis in the diet decreases, while the proportion

of M. oeconomus and M. agrestis increases during nest-

ing. The similarity of the dynamics of the main prey

species serves as a statistical basis for their collapse into

pairs: M. arvalis + M. gregalis and M. oeconomus +
RUSSI
M. agrestis. During nesting, the proportions of alter-

native and concomitant prey increase (Fig. 3, Supple-

mentary, Table 1).

Interannual variability in the diet structure of owls.
The interannual variability of prey in the owls’ diet was

studied in relation to the dynamics of the abundance
AN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2024
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Fig. 3. Trajectories of changes in the proportions of prey groups in the owls’ diets during nesting (days) during different years in
the meadow (M) and forest–meadow (MF) plots: a – M. аrvalis + M. gregalis; b – M. оeconomus + M. аgrestis; с – alternative;
d – concomitant. The thin lines connect the data within a year for each nest; the thick dotted line and the equation is the result
of logit regression for all years and nests (see Online Resource 1).
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of SM according to live traps (Fig. 4). Based on the

results of logit regression to describe the odds of SM

capture, the following phases of the population cycle

were identified: 2016 and 2019 – growth, 2017 and

2020 – peak and 2018 and 2021 – trough (Table 4).

For the study area, there was no data on the number of

SM in 2015. The nearest place where monitoring stud-

ies of the number of SM were carried out in the study

period was the Visimsky State Biosphere Reserve

(southern dark coniferous taiga, Middle Urals). In

2016-2021, the phases of the SM population cycle

observed there were the same as in the territory we

studied. In 2015, there was a trough phase in the pop-

ulation cycle of SM [72–74]. Thus, it can be assumed

that in 2015, there was also a trough phase in the study

area. Nevertheless, the habitable burrows, plant bites,

droppings, and the number of diurnal predators
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2

Table 3. Poisson regression results: ln(ϻ) ~ b0 + b1 * ln(N) is
for individual nests: a—per year (20 cells, nest-year); b—for a

Predictors B SE Wald X2(1) p

a. cell = nest-year, n = 20: ln(ϻ) ~ b0 + b1 * ln(Nit), LR(1) = 

b0 0.86 0.41 4.33 <0.05

Ln (MNI) 0.30 0.09 11.38 <0.001

b. cell = nest, I = 8: ln(ϻ) ~ b0 + b1 * ln(Ni), LR(1) = 0.63, p

b0 1.96 0.79 6.1 <0.05

Ln (MNI) 0.11 0.14 0.60 >0.05
observed by us this year suggest that the absolute
abundance was not extremely low. Thus, our studies
presumably cover two complete cycles: increase –
peak – trough (2016–2018 and 2019–2021) and a
hypothetical trough in 2015 (Table 4).

At the preliminary stage of assessing the dynamics
of the diet structure of owls by years and phases of the
population cycle of SM, a multinomial logit regression
was used with the “prey group” as the dependent vari-
able, and “year” (or “phase”), “plot”, and “nesting
stage” as predictors, taking into account the interac-
tion of the factors of “year” (or “phase”) and “plot”
(Supplementary, Table 2). In general, similar patterns
were revealed for the meadow and forest–meadow
plots, but for the M. arvalis + M. gregalis (vs. other
groups), interaction was significant for two years of
observation. The model with the “phase” factor
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Fig. 4. The number of SM (catch index in logit scale) according to the live-trapping data during the nesting of owls (May–early
June) (see Table 4 for logit regression results): a – long-term dynamics; b – dynamics by phase of the population cycle; c – the
ratio of species in the trapping lines; whiskers – 95% Cl.
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revealed the interaction in one case. The proportions

of prey groups in these areas varied (Table 2, Supple-

mentary, Tables 1 and 3). Based on these results, we

will use the data from these two plots in further models

of dietary dynamics, introducing the “plot” factor.

The results of binomial logit regression with the

factors “year”, “plot”, and “nesting stage” showed the

interannual changes in the proportions of the two

main prey groups. They were opposite to each other.

The proportions of alternative and concomitant prey

in the total food spectrum are low, and their changes

are synchronous (Fig. 5a, Supplementary, Table 2 4).
RUSSI

Table 4. Results of logit regression for describing the abundan
2021, with predictors a—“year” and “month of trapping” (b
trough, May)

Predictors b SE Wald X2(1) p

a. LR(6) = 320.0, p < 0.0001

b0 –8.66 0.95 83.23 <0.0001

June 0.97 0.17 33.34 <0.0001

2016 0.10 0.21 0.23 >0.05

2017 0.30 0.12 6.18 <0.05

2018 –1.11 0.30 14.12 <0.001

2019 –0.90 0.25 12.92 <0.001

2020 2.68 0.17 245.62 <0.0001

b. LR(3) = 121.01, p < 0.0001

b0 –4.23 0.70 36.49 <0.0001

June 0.14 0.12 1.24 >0.05

Increase 0.18 0.15 1.47 >0.05

Peak 0.90 0.11 71.48 <0.0001
Depending on the number of prey, both uncom-
pleted and completed nestings of the owls were
observed. In the years of the trough, only uncom-
pleted nestings were observed (2018, 2021); in the
years of increase, uncompleted (2016) and completed
(2019) nestings were observed, and in peak years, only
completed nestings were observed (2017, 2020).

In the gradient ranging from low SM abundance
and uncompleted nesting to high SM abundance and
completed nesting, the following structural changes in
the diets of the owls can be distinguished: I. domi-
nance of M. arvalis + M. gregalis, low proportion of
other prey groups (2016 – increase phase, 2018 –
AN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2024

ce of SM on the trapping lines (May vs. early June) for 2016–

0—May, 2021); b—“phase” and “month of captures” (b0—

95% CI
Odds ratio

Exp (b) 95% CI
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Fig. 5. Long-term dynamics of the owls’ diet structure: a – results of binomial logit regression, b – canonical correspondence
analysis.
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trough phase, uncompleted nestings); II. a high pro-

portion of M. arvalis + M. gregalis, but also a high pro-

portion of alternative and concomitant prey (2019 –

increase phase, completed nestings); III. a high pro-

portion of M. oeconomus + M. agrestis and a low pro-

portion of alternative and concomitant prey (2017,

2020 – peak phases, completed nestings) (Figs. 5a, 5b).

The diets from 2015 (presumably, the trough phase;

the number and completion of nestings are unknown)

and from 2021 (the trough phase, interrupted nesting)

show similarities with 2020 and 2017 in terms of the

ratio of the main prey groups and with 2016 and 2018

in the low proportion of other prey (Figs. 5a, 5b).

Based on the similarity in the proportions variabil-

ity of alternative and concomitant prey by cycle phases

(Supplementary, Table 5), we combined these groups

into the “other prey” group in subsequent models of

the structure dynamics of the owls’ diets. The results

of the logit regression with the predictors: “phase”,

“nesting stage”, and “plot” (b0 – peak phase, first

stage, MF) show that the odds of catching M. arvalis +

M. gregalis in the trough phase and increase phase in

the SM population cycle were higher, and the odds of

catching M. oeconomus + M. agrestis were lower, when

compared to the peak phase. The odds of catching

“other prey” in the trough phase decreased, and in the

growth phase increased compared to the peak phase

(Fig. 6a, Table 5). Table 5 also shows differences in the

odds of catching prey groups between plots and nest-

ing stages. Canonical correspondence analysis with

the factors “phase + plot” and “group of prey” showed

differences between the plots in terms of the ratio of

prey groups. Changes in diets according to the cycle

phases in the meadow and meadow–forest plots

occurred in a similar way (Fig. 6b).
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2
Dynamics of prey numbers (MNI) in the GGO diet.
The dynamics of total MNI over the years is in good
agreement with the phases of the SM population cycle
according to live trapping data. The maximum prey
numbers were recorded in 2017 and 2020 (peak
phases). The MNI of both groups of the main prey
reflect the dynamics of the total MNI for the year. The
maxima were noted at the peaks of the population
cycles of the SM. The maximum numbers of alterna-
tive and concomitant prey were observed in 2017 and
2019 (Fig. 7a, Supplementary, Table 6).

Based on similar patterns of MNI changes over
years (Fig. 7, Supplementary, Table 6) and cycle
phases (Supplementary, Table 7), we can combine
M. arvalis + M. gregalis and M. oeconomus + M. agres-
tis into one “main prey” group and combine alterna-
tive and concomitant prey into the “other prey” group.
The Poisson regression model with the “phase” factor
(b0 – peak phase) showed that the total number of

owls’ prey far exceeded the number of prey in the
trough and growth phases. The MNI of the main prey
was comparable in the trough and growth phases and
was much higher than these values in the peak phase.
The number of “other prey” varied significantly less
between the peak and growth phases (Table 6, Fig. 7b).
The proportion of bone remains of the main prey
accumulated during the trough, growth, and peak
phases and averaged over the number of nests in the
corresponding phase was 23, 22, and 56%. The ratio of
bone remains of the other prey in these phases was 11,
40 and 49%, respectively. Thus, the remains of the
main prey were mainly accumulated in the peak phase
due to the large amount of bone remains in this phase.
The other prey accumulated in the increase phase due
to its relatively high proportion in the diet and in the
peak phase due to the overall large amount of prey
eaten.
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Table 5. Logit regression results with the predictors of “nesting stage”, “plot”, and “phase” describing the probability
of catching prey group by owls in different phases of SM population cycle (b0: the first stage, MF, peak)

Predictors b SE Wald X2 p 95% CI
Odds ratio

Exp(b) 95% CI

M. аrvalis + M. gregalis vs other groups LR(4) = 154.27, p < 0.0001

b0 1.22 0.12 107.99 <0.0001 0.99 1.45

Stage 2 –0.56 0.1 33.88 <0.0001 –0.74 –0.37 1.75–1 2.10–1 1.45–1

Plot M –0.94 0.11 78.54 <0.0001 –1.15 –0.73 2.56–1 3.14–1 2.08–1

Trough 0.29 0.08 14 <0.0001 0.14 0.44 1.33 1.15 1.55

Increase 0.22 0.08 6.88 <0.05 0.06 0.38 1.24 1.06 1.46

M. оeconomus + M. аgrestis vs other groups LR(4) = 187.72, p < 0.0001

b0 –1.87 0.13 211.55 <0.0001 –2.12 –1.62

Stage 2 0.49 0.1 24.19 <0.0001 0.29 0.68 1.63 1.34 1.98

Plot M 1.18 0.11 107.34 <0.0001 0.96 1.4 3.25 2.6 4.06

Trough –0.15 0.08 3.28 >0.05 –0.3 0.01 1.16–1 1.36–1 1.01

Increase –0.46 0.09 26.48 <0.0001 –0.64 –0.29 1.59–1 1.89–1 1.33–1

Alternative and concomitant vs other groups LR(4) = 26.27, p < 0.0001

b0 –2.00 0.18 126.01 <0.0001 –2.34 –1.65

Stage 2 0.24 0.16 2.30 >0.05 –0.07 0.55 1.27 1.07–1 1.74

Plot M –0.38 0.16 5.90 <0.05 –0.69 –0.07 1.47–1 2.00–1 1.08–1

Trough –0.36 0.13 7.12 <0.05 –0.62 –0.09 1.43–1 1.86–1 1.1–1

Increase 0.49 0.12 16.68 <0.0001 0.25 0.72 1.63 1.29 2.06

Fig. 6. Variability of the owls’ diet structure according to population cycle phases of SM.
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Fig. 7. Dynamics of MNI by years (a) and phases of the SM population cycles (b).
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DISCUSSION

The list of GGO prey species obtained in all years

of research corresponds to the faunal list of SM in the

Sverdlovsk region, with some exceptions [61]. The

study area is the northern edge of the range of the nar-

row-headed vole (M. gregalis) and the russet ground

squirrel (Spermophilus major). The first species was

found there precisely due to the analysis of the con-

tents of the pellets of the GGO [75]. The russet ground

squirrel was found in the pellet once. The wood lem-

ming (Myopus schisticolor), a rare species with a

mosaic range in the taiga zone, is difficult to detect in

standard catches, but it was found in pellets. Addition-

ally, in the pellets, remains of small rodents which are
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2

Table 6. Results of Poisson regression describing the number
cycle (b0—peak)

Predictors b se Wald X2 p

MNI of all prey; LR(2) = 573.19, p < 0.0001

b0 4.70 0.03 35106.07 <0.0001

Increase –0.22 0.04 31.08 <0.0001

Trough –0.45 0.04 156.04 <0.0001

MNI of main prey; LR(2) = 516.97, p < 0.0001

b0 4.58 0.03 29184.69 <0.0001

Increase –0.28 0.04 42.71 <0.0001

Trough –0.41 0.04 113.68 <0.0001

MNI of other prey; LR(2) = 74.58, p < 0.0001

b0 2.45 0.08 1012.24 <0.0001

Increase 0.22 0.11 4.18 <0.05

Trough –0.84 0.12 46.02 <0.0001
difficult to catch by standard methods were found,
including the harvest mouse (Micromys minutus) and
the northern birch mouse (Sicista betulina). Shrew
species, which are rare for the Middle Urals, were also
found, including the Siberian large-toothed shrew
(Sorex daphaenodon) and the tundra shrew (Sorex cf.
tundrensis) [61, 76]. Previously, in the winter diet of
owls, a species that is relatively rare for the eastern
slope of the Middle Urals was found, i.e., the gray red-
backed vole (Clethrionomys rufocanus) [15]. Among
the prey of owls, a number of SM species included in
the fauna of the Sverdlovsk region were not recorded.
Species that are very rare in all habitats and, moreover,
inaccessible to the GGO as prey due to their habitats
(the Siberian f lying squirrel (Pteromys volans), the
024
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Russian desman (Desmana moschata) and the Siberian
chipmunk (Tamias sibiricus)) were absent from the
study area. European mole (Talpa europaea) is a com-
mon species, but not available as a GGO prey. The
striped field mouse (Apodemus agrarius) is probably
inaccessible due to its high mobility and low abun-
dance in the study area. The common hamster (Crice-
tus cricetus) was visually noted by us during our
research. It is probably too large to be prey for the
GGO, although in a number of locations in the Urals
[77] it was noted in the diet. The absence of this spe-
cies in the diet of S. nebulosa in the study area is prob-
ably also related to its low abundance here. In the diet
of owls, the following synanthropic species were also
not found: the house mouse (Mus musculus) and the
Norway rat (Rattus norvegicus). For individual nests,
43–74% of the total number of species found in the
diet of owls in the studied area was identified. The
number of species of prey collected from individual
nests was not influenced by the MNI. In cases where
the collection size ranges from tens to thousands of
MNI, the relationship between taxonomic richness
and the abundance of prey can be established [8].
Apparently, at such short time intervals of bone
remains accumulation as several years, when the col-
lection size ranged from tens to several hundreds
(MNI = 42–484), the number of species identified for
a nest depended on the conditions of the habitat
(number of prey in the foraging area and completion of
nesting), and was also determined by the SM species
composition in a relatively small hunting area around
the nest. In another study, when comparing data on
SM captures and data of different ages from a long-
term nesting site of barn owl (Tyto alba) in a cave in
northwestern Nevada, it was shown that the concen-
tration of all known species in a locality would require
a time span of centuries [10]. The maximum recorded
distance f lown by the great grey owl from its nest was
13.4 km [38]. It can be assumed that over a long period
of time, for each nest, hypothetically, a complete list of
species for the study area can be identified.

Thus, in pellets from all nests during the study
period, almost all species available as prey for GGO
living in the region (Sverdlovsk region) were identi-
fied. Our results are consistent with the opinion that
the analysis of the food spectrum of owls can reveal a
faunal list of SM in the region available to this species
of owls, including rare species that require specific
methods of trapping [e.g., 10, 29–32]. We also agree
with the opinion that in order to obtain the most com-
plete information about the fauna of the region from
modern pellets of owls, a sufficiently large coverage of
the territory for collecting pellets in various biotopes is
necessary, taking into account the size of the hunting
territory of the predator [32]. Concentrating the spe-
cies richness of a particular area in each of the nests
would require a much longer time interval.

The generalized food spectrum of the owls in the
study area was dominated by Microtus voles (M. arva-
RUSSI
lis, M. gregalis, M. oeconomus, M. agrestis), corre-
sponding to data from the main part area [77–80]. The
raptors’ home range is significantly reduced during
the nesting period, and, accordingly, the coverage of
the territory, the population of which constitutes the
food base of the predator, decreases [37–39]. The ratio
of prey species is most similar in the diet of owls that
occupied nests in the same plots. Diet dynamics
during nesting and its interannual variations were
observed between dominants (see below). Thus, it can
be said that the ratio of species is formed already at the
initial stages of the locality formation, but it strongly
depends on the environmental conditions around the
locality.

The GGO preference for open hunting habitats is
reflected in their diet patterns [37, 38, 78–81]. If there
were open spaces at the plot, regardless of their area
(meadow – 47%, forest–meadow – 12%, field –
53%), the diet was dominated by the species inhabiting
them, or they were part of the dominants. The
meadow and forest-meadow plots had the greatest
similarity in the ratio of prey groups in the diet. At the
same time, the composition of dominant species
among the inhabitants of meadow habitats was differ-
ent: in the meadow plot, these were M. arvalis and
M. gregalis, in the forest-meadow, only M. arvalis, and
in the field, only M. gregalis. In the forest plot, in the
absence of open habitats in the hunting area, among
the dominant prey were species inhabiting relatively
open forest and near-water habitats. Thus, species and
prey groups ratio in each of the plots serves as an illus-
tration of the importance of local conditions around
the nest, namely preferred hunting habitats and the
size of the hunting territory during the nesting period.
The effect of local conditions around the nest and the
structure of the hunting territory on diet has been
shown in a number of studies on different owl species
[32, 48, 82, 83]. The choice of hunting habitats of the
eagle owl is shown in subfossil remains from a number
of locations in the Urals. Only in the northern taiga,
the main prey of the eagle owl included an inhabitant
of forest biotopes – a red squirrel (Sciurus vulgaris). All
other main prey species live in open and near-water
habitats [65]. Significance of open habitats is shown in
two localities of the Middle Urals, where the ratio of
the two preferred prey species, the common and water
vole, was determined by the presence or absence of
meadows and farmlands near the locality [65].

Many aspects of raptors feeding behavior conform
with the provisions of the optimal foraging theory [84,
85]: for an optimal diet, only the absolute abundance
of preferred prey is important, and the relative abun-
dance of non-preferred prey is irrelevant (Pulliam
1974); dietary diversity increases when the number of
preferred prey decreases [84]. Our results are in good
agreement with these provisions: if both groups of
main prey (M. arvalis + M. gregalis and M. oeconomus +
M. agrestis) dominated in the diet on a plot, then the
proportion of alternative prey was low (meadow and
AN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2024
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forest-meadow plots); in cases where the proportion
of one of the groups of the main prey was low, a signif-
icant proportion was made up of alternative prey (for-
est and field plots).

Based on the provisions of the theory of optimal
foraging [84, 85] and other research, we can surmise
the significance of our results for interpreting the ratio
of species and prey groups in ornithogenic deposits.
Large owls, such as the GGO, require large numbers
of prey to feed on. It is estimated that the GGO
requires about 1400 voles per year [54], and the incu-
bating female needs 60–80 g of prey per day [86]. Hav-
ing enough preferred prey, owls do not prey on less
preferred species [40–43, 45, 64]. Only a consistently
high abundance of a species in a community can deter-
mine its high share in the owl’s diet. Thus, the domi-
nant species in the deposits (the main prey) most likely
had a high proportion in the community of the past
within the hunting territory of the owl. Their abun-
dance was not necessarily proportional to the area of
the respective habitats. The opposite interpretation is
possible with caution: a low proportion of a species
that, based on current data, is preferred, but is not a
dominant species in the deposits of a locality, probably
means that its proportion in the community was low.
This is especially true for situations where only one of
two (or, theoretically, several) species occupying sim-
ilar habitats is well represented. For example, among a
pair of species living in open spaces and preferred by
the GGO (M. arvalis and M. gregalis), in the forest-
meadow plot, the narrow-headed vole was occasion-
ally noted in the diet of the owls, while the common
vole was absent in the forest-meadow plot.

A relatively high proportion of species that, judging
by current data, are less preferred prey (alternative
prey) of the bone-accumulator owl indicates a high
proportion of these species in the community of the
past. In our case, Clethrionomys voles dominating the
forest lines of live-trapping were in the category of
alternative prey for owls. Other studies also show
instances where alternative prey species were at the
core of a SM community [64, 65, 87, 88]. A high pro-
portion of alternative prey in the diet may indirectly
indicate a shortage of main prey [6, 40–43, 45]. In our
example, a high proportion of this group of prey in the
diet of owls was observed in the field and forest plots,
with a low proportion of one of the main prey groups.
However, the low proportion of alternative prey in
deposits says nothing about their abundance in the
natural community of the past.

Concomitant prey make up a small proportion of
the owl diet, regardless of their numbers in the com-
munity. In ornithogenic localities, these species make
up no more than 1%. According to their findings, one
can only judge their presence in the owl’s hunting area.
In our study, among the concomitant prey of the
GGO was the Pygmy Field Mouse (Apodemus uralen-
sis), which is a common and even numerous inhabi-
RUSSIAN JOURNAL OF ECOLOGY  Vol. 55  No. 6  2
tant of the forests of the Middle Urals [61] and was
found frequently during our trapping. On the basis of
subfossil remains accumulated by the eagle owl in the
Urals, situations have been described where a rare spe-
cies in the diet of an owl from the list of concomitant
prey nevertheless occupies a dominant position in the
rodent community judging by the number of captures
[65, 87]. Identification of species from this category
complements the understanding of the fauna compo-
sition. Some may be important for indicating certain
habitats.

The non-detection of any species does not indicate
its absence in the natural community of the past. This
paleontological postulate was also confirmed by our
research, since several species living in the studied area
were not included in the composition of the prey due
to their low availability for this species of owls.

The collection of pellets carried out several times
during the nesting period for several years made it pos-
sible to trace the initial stages of remains accumulation
in two areas (meadow and forest–meadow). During
nesting, the proportions of different prey groups
changed in the diet of the owls. During the second
nesting stage, the proportion of smaller species inhab-
iting open spaces (M. arvalis and M. gregalis)
decreased, whereas the proportion of larger prey
inhabiting near-water and relatively open forest bio-
topes (M. oeconomus and M. agrestis) increased.
During the second period, the proportion of alterna-
tive and concomitant prey, which, in general, are also
forest dwellers, increased as well.

Changes in diet during different seasons and during
stages of nesting have been described for many owl
species. Among the reasons discussed for these varia-
tions are changes in food availability because of the
reduction of snow cover, the development of vegeta-
tion, and an increase in the population density of more
preferred prey [28, 46–48, 89]. Our annual surveys
began when the snow cover was almost gone. Never-
theless, the pellets that we collected during the first
rounds of collection probably accumulated under con-
ditions when the snow cover was still partially pre-
served in the forests. The winter diet of the GGO in
this area was dominated by voles inhabiting open
spaces [15]. It can be assumed that the snow cover at
the beginning of the nesting period limited the avail-
ability of forest inhabitants for owls. We observed the
first changes in the proportions of prey as early as the
end of April and the beginning of May, when the veg-
etation was just beginning to develop. Therefore,
changes in vegetation were not the cause of the change
in the owls' dietary characteristics.

Changes in the proportions of prey groups
occurred in all years, including the years when the
abundance of SM was high. Thus, the redistribution of
hunting biotopes and the extraction of a larger number
of inhabitants of forest and near-water habitats of
M. agrestis and M. oeconomus, at least during years of
024
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high abundance, were not associated with the deple-
tion of the food supply in the fields. Nesting stages
vary in the amount of food required [90]. For altricial
birds, which include owls, the most energy-intensive
stage of nesting is the stage of parental feeding of their
young [90]. For a number of owl species, including the
GGO and the eagle owl, it has been shown that the
male brings larger-size prey to the nest than he usually
eats [81, 91]. It is possible that the increase in the pro-
portion of larger voles is associated with an increased
need for food during nesting, as well as the increase in
the availability of these prey due to their seasonal hab-
itat changes.

Thus, in cases where raptor nesting covers the
period from the snow season to the formation of a full-
fledged vegetation cover, there are prerequisites for the
changes in the availability of different prey groups, at
least for phenological reasons. In ornithogenic depos-
its, a large proportion of the bone remains accumulate
during the stage of feeding nestlings in the nest.
Accordingly, the feeding features characteristic of this
stage are enhanced by a more number of remains than
in the previous stages.

During the study, interannual differences in the
ratio of prey groups in the owls’ diet were observed.
The trough phase of the population cycle of SM is
characterized by the dominance of M. arvalis +
M. gregalis and a low proportion of other prey groups.
M. arvalis + M. gregalis dominated the increase phase,
but there was also a significant proportion of other
prey (alternative and concomitant). Similar propor-
tions of M. oeconomus + M. agrestis and M. arvalis +
M. gregalis and a low proportion of other prey were
observed during the peak phase. Thus, the voles living
in open habitats, M. arvalis + M. gregalis, were the
basis of the diet in the studied plots. Larger voles from
near-water and relatively open forest habitats,
M. oeconomus + M. agrestis, were likely important in
rearing nestlings. Other prey were associated with try-
ing to feed nestlings when the amount of main prey
was low. The expansion of the food niche during the
nesting period is a functional response to food short-
ages and is described by the theory of optimal foraging
[40, 41, 64, 67]. This phenomenon is more typical for
generalist predators, while specialist predators (like
GGO), not having the ability to vary their diet as
widely, more often resort to a numerical response –
interruption of nesting [e.g., 40–42, 45, 64, 67]. In the
trough phase of the population cycle, uncompleted
nesting was observed. During the increase phase, both
uncompleted and completed nesting was observed.
During the peak phase, all nesting were completed.

The collection of pellets around the nests within a
certain area allowed us to trace the dynamics of the
number of individuals of prey under different nesting
conditions. The largest amount of prey was obtained
during the peak phase of the population cycle of SM,
when it accumulated a high number of prey through-
RUSSI
out the entire nesting period. Significantly fewer
remains of prey were obtained during the increase
phase; they accumulated a low number of prey during
both uncompleted and completed nestings. The mini-
mum amount of remains was obtained during the
trough phase when the owls interrupted nesting due to
limited food.

Accumulation of the remains of the main prey
occurred during peak phases due to the large number
of prey in pellets during these years, despite the pro-
nounced dynamics of their proportions over the years
and phases of the population cycle of SM. The
remains of alternative and concomitant prey accumu-
lated during peak phases due to a large number of prey,
despite their low proportion in the diet during these
years. During the increase phase, the remains of these
prey accumulated due to their relatively high propor-
tion in the diet when owls were trying to feed their
nestlings under the conditions of low abundance of the
main prey. Thus, completed nesting with a low avail-
ability of main prey contributed to the accumulation of
remains of alternative and concomitant prey. This rule
should be more pronounced for generalist predators
than for specialist ones, such as GGO. Generalist
predators have a higher nesting success rate during
years of low SM abundance because they have more
opportunities to hunt alternative prey [e.g., 42, 43, 45,
48]. Thus, during the formation of ornithogenic
deposits due to the feeding activity of raptors, there
may be uneven accumulation of different prey groups
in different phases of the population cycle of SM. This
should be taken into account in morphological studies
because many morphological features of SM differ
during different phases of the cycle. Firstly, the size of
the animals varies; this phenomenon is known as the
'Chitty effect' and has been described in numerous
studies (e.g. 74, 92]. There are also a number of papers
showing variation in the frequency of f luctuating
asymmetry and in certain molar morphotypes in a
number of species of voles and shrews [93–96].

CONCLUSIONS

The ornithogenic locality does not always reflect
the complete composition of the fauna of SM of the
region due to the inaccessibility of certain species of
prey for the owl. Several years of locality formation is
not enough to form a complete list of available prey for
the owl. In the first years, the number of species
depends not so much on the amount of MNI as on the
conditions for the locality formation more number of
remains – habitat characteristics around the nest and
the number of prey during nesting. To obtain the most
complete information about the fauna of the region
from recent pellets of owls, a sufficiently large cover-
age of the territory for collecting pellets in various hab-
itats is necessary, taking into account the size of the
hunting territory of the predator.
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Prey proportions are established at the initial stage
of formation of ornithogenic deposits, which includes
different phases of the population cycle of small mam-
mals. Population structure is reflected in the diet of
owls according to the preferences of the owl for certain
prey species inhabiting the most favorable hunting
habitats within the hunting area. In order to correlate
the structure of the diet of a predator accumulating
bone remains in an ornithogenic taphocenosis with
the community of small mammals, it is proposed to
distinguish groups of prey in a similar way to how it is
done in ornithological studies: the main prey are the
most preferred prey, dominating the diet of owls and,
accordingly, the ornithogenic taphocenosis, consist-
ing of numerous members of the SM community. Less
preferred species are alternative prey. Their ratio in the
diet is determined primarily by whether the main prey
is sufficient, and only secondarily by their abundance
in the natural community. Concomitant prey are the
single predation cases of owls, which for a number of
reasons are the avoided or the least accessible species
for this predator.

Accumulation of prey residues occurs unevenly
during different nesting stages and different phases of
the population cycle of SM. The ratio of prey in the
diet of owls changes during nesting. It should be borne
in mind that in ornithogenic deposits, the peculiarities
of the diet are probably most pronounced during the
feeding of nestlings, when the bulk of the boneremains
accumulate. The remains of the most preferred prey
(the main prey) accumulate in the sediments of orni-
thogenic localities during the peak phase in the abun-
dance of SM due to the large amount of bone remains
entering the sediments. The remains of less preferred
prey (alternative and concomitant) accumulate both
during the peak phase due to a large total amount of
bone remains and in the increase phase in the number
of SM, when, owing to the lack of the main prey, the
ratio of less preferred prey increases in the diet. This
heterogeneity in the accumulation of bone remains
over time should be taken into account when conduct-
ing morphological studies because many morphologi-
cal features of SM differ during different phases of the
cycle.
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