
Journal of Animal Tawny owl (Strix aluco) predation in a pristine 
Ecology 1996, 
65, 105-120 deciduous forest (Bialowieza National Park, Poland) 

WLODZIMIERZ J]DRZEJEWSKI*, BOGUMILA J]DRZEJEWSKAt, 
ARKADIUSZ SZYMURAt and KAROL ZUB* 
*Mammal Research Institute, Polish Academy of Sciences, 17-230 Bialowieza, Poland; t Workshop for Ecology 
and Protection of the Natural Environment, 17-230 Bialowieza, Poland; and tForestry High School, 17-230 
Bialowie2a, Poland 

Summary 
1. Tawny owl Strix aluco predation on its main prey (bank voles Clethrionomys 
glareolus and yellow-necked mice Apodemusflavicollis) and alternative prey (shrews, 
birds, and amphibians) was studied in the pristine deciduous forests of eastern Poland 
during a 7-year period (1985/86-1991/92) that included 5 years of moderate densities 
of rodents and 2 years of outbreak and crash triggered by a heavy seed crop of oak, 
hornbeam, and maple. 
2. Number of resident owls was rather stable; 45-53 owls per 10km2 in years of 
moderate and high rodent numbers, and 33 owls per 10km2 in a rodent crash year. 
Numerical response of owls to rodent densities was log shaped. 
3. In the cold season, the dietary (functional) response of owls to autumn density of 
rodents was of type II (logarithmic). No functional response of owls was observed to 
shrew numbers. Owl hunting rate on amphibians in winter was shaped by the mean 
temperature of the cold season and, to a lesser extent, by availability of rodents. Owl 
hunting rate on birds was inversely related to rodent abundance. 
4. During the seven cold seasons (1 October-15 April), tawny owls removed 3-19 
mice, 2-18 voles, 2-7 shrews, 0-2 birds, and 1-9 frogs from an average hectare of the 
forest. Total predation on rodents (N prey removed ha-1) was lowest during the crash 
of rodents and highest during the outbreak; it grew logarithmically with increasing 
density of rodents. On average, in the cold season, tawny owls removed 54% of 
autumn numbers of mice and 40% of those of bank voles. Percentage predation 
peaked at 22 rodents ha-l in autumn. At both higher and lower prey densities, 
percentage predation declined. 
5. The percentage predation curve of tawny owl was compared to the frequency 
distribution of autumn densities of rodents in Bialowieza (from 23-year trapping). 
The heaviest predation fell to prey densities that occurred most frequently. 
6. In summer seasons (July-September 1988-92), tawny owls (both adults and 
juveniles) consumed 0-5-19 mice and 0-4-10 voles from an average hectare. Per- 
centage predation varied from 6% to 74% of rodent numbers recorded in July, but 
rodents bred rapidly and recruitment usually more than compensated for losses 
due to predation. 
7. Total predation by tawny owls on rodents was quite stable as a consequence of 
high stability of owl numbers. Percentage predation, although heavy in all years 
except for rodent outbreak, was not density-dependent and therefore tawny owls did 
not regulate rodent numbers. In the deciduous forests of Bialowieza National Park, 
the pattern of predation by tawny owl, a resident generalist, did not differ from that 
by the weasel, a resident specialist. 
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Introduction 

A number of long-term field studies covering several 
predator and prey species have been reported from 
Europe (e.g. Ryszkowski, Goszczyniski & Trusz- 
kowski 1973; Goszczyniski 1977, 1985; Erlinge et al. 
1983; Korpimaki & Norrdahl 1991; Korpimaki 1993; 
Jgdrzejewski & Jgdrzejewska 1993), North and South 
America (Pearson 1966; Steenhof & Kochert 1988; 
Jaksic et al. 1992) and Australia (Newsome, Parer & 
Catling 1989; Sinclair, Olsen & Redhead 1990). 
Despite divergent physiographic conditions, various 
prey and predator communities and, inevitably, 
diverse methodological approaches, many studies 
appeared to document some general mechanisms of 
predation impact in addition to the biome-specific 
features of this process. Among such general mech- 
anisms are the small impact by resident predators 
during a fast outbreak of their prey numbers and 
the unproportionally heavy prolonged suppression of 
prey numbers during a decline of prey (e.g. Pearson 
1966; Fitzgerald 1977; Goszczyfiski 1977). 

Temperate deciduous forests of Europe are among 
the world's most devastated biomes. However, places 
such as Bialowieza National Park (eastern Poland), 
which protects the last remnants of lowland pristine 
forests of this zone, are especially promising for study- 
ing predation. Over 20 species of mammalian pred- 
ators and birds of prey inhabit the forest (Jedrzejewski 
& Jedrzejewska 1993) and are top of the complicated 
food web, with ungulates, hares, rodents, shrews, 
birds, amphibians, fish and insects as the main prey 
resources. The most numerous predator in Bialowieza 
National Park is the tawny owl Strix aluco Linnaeus, 
a territorial resident species indicative of the temperate 
deciduous forests of Europe. It has rather stable popu- 
lation dynamics and does not show invasions typical 
of the northern owls (Southern 1970; Korpimaki 
1986). In Bialowieza, the tawny owl is the most impor- 
tant predator of forest rodents (Jedrzejewski & 
Jedrzejewska 1993). 

This paper presents a 7-year investigation on the 
tawny owl-prey relationships in the Bialowieza 
National Park. This primeval forest is characterized 
by a synchronous masting of oak Quercus robur Lin- 
naeus, hornbeam Carpinus betulus Linnaeus, and 
maple Acer platanoides Linnaeus at 6-9-year intervals 
(Pucek et al. 1993). Forest rodents, the bank vole 
Clethrionomys glareolus (Schreber) and the yellow- 
necked mouse Apodemus flavicollis (Melchior) 
respond to heavy mast production by breeding in win- 
ter and the following year is characterized by out- 
breaks in rodent numbers, followed by a crash. In 
other years, rodents have moderate numbers (Pucek 
et al. 1993). Our study on tawny owls covered 5 years 
of moderate densities of rodents, and two outbreak- 
crash years (1985-92). 

The aims were: (i) to census the numbers of tawny 
owls and relate them to the changes in rodent num- 

bers; (ii) to investigate the functional responses of 
the tawny owl to the changes of rodent and shrew 
numbers; (iii) to estimate the predation impact by 
tawny owls on rodents, shrews, birds and amphibians; 
and (iv) to determine the role of tawny owls in reg- 
ulating the prey numbers with a special reference to 
the question of density dependence of predation. 

The study was the part of a long-term research on 
predator-prey relationships in Bialowieza Primeval 
Forest (e.g. Jedrzejewski, Jedrzejewska & Szymura 
1989; Jedrzejewski, Jedrzejewska & McNeish 1992; 
Jedrzejewski & Jedrzejewska 1993; Jedrzejewski, 
Zalewski & Jedrzejewska 1993). Data on diet com- 
position and foraging ecology of the tawny owl was 
presented in detail in Jedrzejewski et al. (1994). 

STUDY AREA 

Bialowieza National Park (= BNP, 52?43'N, 23?54'E), 
an area of 47 5 km2, is part of the extensive (1450 km2) 
woodland located on the Polish-Belarussian border. 
BNP (UNESCO's Man and Biosphere Reserve and 
World Heritage Site) protects the last remnants of the 
pristine forests of European lowland still unaltered by 
human activity. The forest is composed of mature 
stands (mean age 130 years) dominated by oak, horn- 
beam, lime Tilia cordata Miller, maple, spruce Picea 
excelsa (Lamarck), black alder Alnus glutinosa (Lin- 
naeus), ash Fraxinus excelsior Linnaeus, and pine 
Pinus silvestris Linnaeus (details on vegetation in Fal- 
iniski 1986). The density of the tawny owl and its 
predation was estimated on the 11 2 km2 study area 
located in the SW quarter of the Park and dominated 
by the oak-lime-hornbeam forest. 

The climate of Bialowieza is of transitional charac- 
ter, but continental features prevail. During the study 
period, the mean temperature of January varied 
from -14-5 ?C in 1987 to 2-2 ?C in 1989, and the mean 
temperature of July from 16-7?C in 1990, to 208 ?C 
in 1992. The maximum snow cover (recorded in winter 
1986) was 570 mm. 

Methods and materials 

ESTIMATING THE DENSITY OF TAWNY OWLS 

The 11 2km2 study area was approximately a rec- 
tangle of 3 km x 4km delimited by a forest path. 
Inside it, three parallel transects 1066 m apart (accord- 
ing to the division into forest compartments) were 
marked. The path and the three transects (21 km long 
in total) were used for the night censuses of owls. In 
autumn (occasionally late summer), winter and spring 
of 1987 through 1991/92, owls were censused on a 
total of 25 nights, each census covered from 2-0 to 
17-7 km2 (Appendix). In 1987 and in some censuses in 
1988 and 1991-92, no play-back stimulation was used. 
All other censuses were done with the calls of male 
and female owls broadcasted from a portable tape- 
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recorder. In 1987-89, during any census, the transects 
sampled were walked concurrently by up to five pairs 
of observers, who stopped every 250 m, broadcasted 
the owl calls for 3 min, then listened to responding 
owls for 5 min and mapped them. Simultaneous call- 
ing and individual differences in voices helped to deter- 
mine the number of owls in a given part of the 
censused area. By mapping all records of owls, we 
estimated that the audibility of owl calls by observers 
and the owl responses to the broadcasted calls reached 
500m. Thus, each transect was assumed to survey 
owls on a 1-km belt. The censuses, when all transects 
were walked, were thought to cover the whole study 
area and the 500-m belt around it (totalling 17-7 km2). 

In 1990-92, the observers were placed more densely 
(at 500 or 1000 m along each transect) and censused 
the owls concurrently without walking along the tran- 
sect. This modification was aimed at excluding the 
possibility of counting the same owls more than once. 
On four such censuses, 3-4 counts during one night 
(at 30-60-min intervals) were conducted (Appendix). 
During most counts, owl calls from the tape recorders 
were broadcasted for 3 min, concurrently by all 
observers. Then, the observers listened to responding 
owls for 5 min and mapped them. The calls heard in 
the next 30 min were mapped separately and treated 
as auxiliary data for Method 3 of calculating density 
(see below). 

Vocal activity and detectability of owls greatly 
varied. The censuses with no broadcast calls yielded, 
on average, only 75% of the mean numbers of owls 
recorded when tape recorders were used (Appendix). 
Secondly, weather conditions and possibly other fac- 
tors greatly affected owl activity (cf. Mikkola 1983). 
Therefore, the results of the censuses were used to 
calculate three indices of density for each autumn- 
winter season of 1987/88-1991/92. 
1. The mean number of recorded specimens (as mean, 
weighed by area size, of the results of all censuses 
conducted during a given autumn-winter season). It 
was the lowest and obviously strongly underestimated 
index of owl numbers. 
2. The higher number of owls of either sex recorded 
during the best census in each season (i.e. when the 
owls' vocal activities were highest) was multiplied by 
2 (assuming 1:1 sex ratio, after Mikkola 1983). This 
estimate was regarded a minimum reliable number 
present. 
3. Mapping method (elaborated & used for censusing 
songbirds, e.g. Tomialoj6; 1980) was applied to cal- 
culate the maximum reliable numbers present. A map 
of tawny owl territories was drawn for each autumn- 
winter season. All records of owls (with dates and sex 
marked) noted during all censuses in one autumn- 
winter season were drawn on one map. Delimitation 
of 'territories' on a map was done according to the 
following rules: (i) only one of all individuals of either 
sex recorded during the same night could be pre- 
scribed to one territory; (ii) territories do not overlap. 

If few consecutive censuses showed the presence of a 
pair (or one individual of either sex) in such a 'ter- 
ritory', we assumed they were the same individuals. If 
only some censuses registered a presence of owl(s) 
in a 'territory', we assumed that a pair stayed there 
throughout the entire autumn-winter season but was 
silent occasionally. 

The five seasons with data on owl numbers 
(1987/88-1991/92) were used for the analysis of owl 
numerical response to the changes of prey numbers. 
Since the numbers of owls were rather stable, the mean 
value of Index 2 for 5 years was calculated and used 
as an approximate measure of owl density in 1985/86 
and 1986/87. These approximate densities were used 
for calculating the owls' impact on prey. 

ESTIMATING THE NUMBERS OF RODENTS AND 
SHREWS 

Data on population dynamics of rodents and shrews 
came from a long-term trapping of small mammals in 
BNP (Pucek et al. 1993; and Z. Pucek, unpublished), 
and included the numbers of bank voles and yellow- 
necked mice per 100 trapnights in spring (April/May), 
summer (July), and autumn (September/October) of 
1983-94, and the numbers of shrews per 100 trap- 
nights in autumn (1985-91). For estimating rodent 
densities (N ind. ha-') in summer and autumn seasons 
of 1985-92, we correlated the results of studies done 
by various researchers (using capture-mark-recap- 
ture method) within our 11 2 km2 study area on den- 
sities of mice (nine seasons) and bank voles (nine 
seasons) with our indices of rodent numbers obtained 
concurrently (Pucek et al. 1993) (Fig. 1). 

TAWNY OWL FUNCTIONAL RESPONSE AND 
IMPACT ON PREY 

In 1985-92, pellets of tawny owls (615 from seven 
autumn-winter seasons and 397 from five spring- 
summer seasons) were collected under the roost trees in 
an area of about 20 km2. In any season, pellets were 
collected from 3-19 territories (9 on average). The 
number of prey specimens (bank voles, yellow-necked 
mice, shrews, frogs and birds) in each pellet was coun- 
ted by skeleton remains (Raczyfski & Ruprecht 1974) 
or we assumed one specimen in a pellet if it was 
detected by hair or feathers. In this paper, data for 
seven autumn-winter seasons (1 October-15 April 
1985/86-1991/92) and five spring-summer seasons (16 
April-30 September 1988-92) are used. 

Predation of tawny owls was estimated for seven 
autumn-winter seasons and five summer (1 July-30 
September) seasons. Predation impact was expressed 
as the number of prey specimens and total biomass 
(g) of each prey type removed by owls from an average 
hectare of the forest during the analysed periods. 
Number of specimens of each prey type removed by 
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Fig. 1. Conversion of indices of rodent abundance (N rodents per 100 trapnights; data from the long-term trapping in the oak- 
lime-hornbeam forests of BNP) into densities (N rodents ha-') by relating the indices to the density estimates from the same 
years and seasons, on study plots located in the same forest type of BNP. Density estimates (summer and autumn in mice; 
spring, summer and autumn in bank voles) from Sikorski (1989; and unpublished data), Wolk & Kozlowski (1989), W6jcik 
(1993), and Jgdrzejewski et al. (1995). Dashed lines indicate 95% confidence intervals. 

tawny owls from 1 ha in autumn-winter was cal- 
culated as: 

Meteorological data were provided by the Bialo- 
wieza meteorological station. 

N= D x 119 x n x 1-25 x 197 days 

where D is density of tawny owls ha-' estimated by 
Method 2; n is mean number of prey specimens per 
pellet; 1-19 is the coefficient to correct the 16% dis- 
appearance of prey individuals during digestion (Ra- 
czynski & Ruprecht 1974); and 1 25 is the mean number 
of pellets equivalent to the daily food consumption 
in winter (calculated from Lowe 1980). Predation in 
summer was calculated in the same way, but 1 1 pellets 
day-' (Lowe 1980) and 92 days were applied. 

To calculate the total biomass of removed prey, the 
numbers of prey specimens eaten were multiplied by 
their mean body masses: 17g for bank vole, 31 g for 
yellow-necked mouse (both from our own trapping 
data, Jgdrzejewski & Jgdrzejewska 1993), 72 g for 
shrews, 18-1 g for frogs, and 52 g for birds (Jedrzejew- 
ski et al. 1994). 

Data on owl predation on rodents in 1986/87- 
1988/89 presented here differ somewhat in figures 
from those given in an earlier paper (Jgdrzejewski & 
Jedrzejewska 1993). In the earlier paper, we used only 
the complete pellets collected far into the forest 
interior (to exclude the possible influence of Microtus 
share in the owl diet). Here, we analysed the entire 
material, i.e. pellets collected in the whole forest, and 
complete pellets as well as large fragments of already 
crumbled pellets. Winter predation was, on average, 
16% lower (SD 9%) if the entire material was 
analysed, but larger material allowed us to analyse the 
details of functional response of owls. 

Results 

NUMBER OF RODENTS, SHREWS AND TAWNY 
OWLS 

Population dynamics of bank voles and yellow-necked 
mice in Bialowie2a National Park (analysed in detail 
by Pucek et al. 1993) show seasonal fluctuations; num- 
bers increase from spring till early autumn due to 
reproduction. Over winter, rodents decline to low 
numbers each spring. The heavy crops of oak, horn- 
beam, and maple seeds in 1982 and 1989, typically, 
caused winter breeding of rodents and outbreaks of 
their numbers in 1983 and 1990, respectively (Fig. 2). 
Extremely high numbers of rodents had crashed by 
spring (1984 & 1991) and remained low for 1 year. 
Indices of autumn numbers of shrews, mainly Sorex 
araneus Linnaeus, also S. minutus Linnaeus, S. cae- 
cutiens Laxmann, Neomys fodiens (Pennant) and N. 
anomalus Cabrera, varied 8-fold during 1985-91 
(Table 1). 

Numbers of territorial tawny owls were rather 
stable and varied only 1-4-1-6 times between min and 
max numbers recorded by all three methods (Fig. 2, 
Appendix). The three indices of owl densities were 
correlated with each other (r = 0 84-0 99, P = 0 001- 
0-076 in pair-wise correlations). In the years of mod- 
erate and high numbers of rodents, BNP forests har- 
boured 4-5-5-9 owls km-2 (2-3-2-9 pairs). In a rodent 
crash year, the numbers dropped to 3-3-4-2 owls km-2 
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Fig. 2. Autumn-winter density indices of tawny owls (lower panel) in relation to forest rodent abundance (upper panel) in 
1983-94 in BNP. Arrows denote heavy seed crops of oak, hornbeam, and maple. Indices of owl numbers (from Appendix): 

l, the (weighed) mean number of specimens recorded in all autumn-winter censuses; *, numbers of specimens of a more 
numerous sex recorded during the best census, multiplied by 2; E, obtained by the mapping method. 

(16-2-1 pairs) (Fig. 2, Appendix). Numerical response 
of resident tawny owls to rodent numbers was log 
shaped (Fig. 3) and, thus, the ratio of N owls per 1000 
rodents rapidly declined with growing numbers of 
rodents (Fig. 3). 

Tawny owls respond to prey fluctuations by varying 
reproductive success (Southern 1970; Mikkola 1983). 
We did not study breeding of owls, but data collected 
from the same area in BNP were available from the 
censuses of owls done in 1983 and 1993 (Domaszewicz 
1993; and A. Domaszewicz, unpublished data). The 
counts of fledged young that left the nest but still 
remained in their natal territories revealed that in 1993 
(moderate rodent numbers), fledged young were rec- 
orded in 45% of pairs, and the mean brood size was 
2-9 juveniles. If we accept that estimate of owl breed- 
ing success as typical for all years with moderate num- 
bers of rodents, then in 1988-89, the numbers of owls 
were 7-4-8-8 inds km-2 in late summer, i.e. increased 
1-7 times (Table 2). In the outbreak year of 1983 in 
BNP (cf. Fig. 2), food cries of juvenile owls were heard 
in 80% of tawny owl territories, and on average 3-6 
juveniles per brood were recorded (Domaszewicz 
1993). Therefore, we can estimate that the numbers of 
tawny owls (adults and young) in late summer 1990 
(outbreak of rodents) were 12-4 owls km-2 (Table 2). 
Potential nest sites (cavities in old trees) were abun- 
dant and were not likely to limit the density of the 
breeding population. 

If the late summer numbers of owls are plotted 
against the rodent densities in July (data in Table 2; 5 
years), then the numerical response of owls is log 
shaped (y = 0.028 lnx-0 017, R2 = 0.996, n = 5), and 
the ratio of N owls per 1000 rodents declines with 
growing numbers of rodents (y = 1000[(0.026 lnx - 
0.009)/x], R2 = 0-995, n = 5). 

FUNCTIONAL RESPONSE AND PREDATION 
IMPACT ON FOREST RODENTS 

There was a significantly greater amount of variability 
in owl consumption of rodents (N rodents per pellet) 
among seasons than among owl territories within the 
same season (only territories with > 10 pellets 
included; Kruskall-Wallis one-way analysis of 
variance, H = 22-08, d.f. = 7, P = 0-002). Thus, for 
each season, we pooled the collected material and 
calculated the mean number of prey per pellet. 

Mean number of specimens of bank voles and yel- 
low-necked mice per pellet in autumn-winter food of 
tawny owls was compared to the autumn densities of 
these two main prey. The observed 19-fold changes in 
autumn density of mice were followed by only 4-fold 
increase in owl predation rate for mice. Over 40-fold 
increase of vole numbers and a merely 7-fold increase 
in owl predation rate for voles were recorded (Table 
1). In both cases, the empirical points of functional 
response best fitted the logarithmic curves (Fig. 4). 
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Table 1. Tawny owl functional response (N prey specimens per pellet) and predation impact (number and biomass of prey 
removed by owl population per ha-') in autumn-winter seasons (197 days) in Bialowieza National Park. 

Autumn-winter season (1 October-15 April) of: 

Parameter 1985/86 1986/87 1987/88 1988/89 1989/90 1990/91 1991/92 

Owl density (N ha') 
Apodemus flavicollis 
Mouse density in autumn (N ha-') 

(1) Regression 
(2) CMR plots 

Mouse density in the following spring (N ha-') 
(2) CMR plots 

N mice per pellet 
N mice removed ha ' 
Mouse biomass taken ha (g) 
Predation (%) 
Clethrionomys glareolus 
Vole density in autumn (N ha-') 

(1) Regression 
(2) CMR plots 

Vole density in the following spring (N ha-') 
(2) CMR plots 

N voles per pellet 
N voles removed ha-' 
Vole biomass taken ha-' (g) 
Predation (%) 
Soricidae 
Soricidae in autumn (N per 100 TN) 
N shrews per pellet 
N shrews removed ha-' 
Shrew biomass taken ha-' (g) 
Aves 
N birds per pellet 
N birds taken/ha-' 
Bird biomass taken ha-' (g) 
Amphibia 
N frogs per pellet 
N frogs taken ha-l 
Frog biomass taken ha' (g) 
N pellets analysed 
Mean biomass consumed per pellet (g) 
Total biomass taken by owls ha-' (g) 

0.047a 0-047a 

50-3 
(37-2) 

(6-4) 
0-68 
9.4 

291 
19 

10-9 
(10.4) 

(2.8) 
0-67 
9-2 

285 
84 

17-8 
(19-1) 

(1-9) 
0-67 

10-4 
322 

58 

17-8 15-0 60-0 42-4 
- - - (24-4) 

- - (10-7) (10-2) 
0-21 1-04 1.18 1-25 
2-9 14-3 18-3 16-6 

49 243 311 282 
16 95 31 39 

0-730 
0-37 
5-1 

37 

0-129 
0-39 
5-4 

39 

0-299 
0-46 
7-1 
51 

0-323 
0-30 
4-0 

29 

0-051 0-052 0-033 

7-5 9-5b 121-0 
- - (120-7) 

- (30-5)b (2-2) 
0-54 0-38 1-26 
7-2 5-7 19-2 

223 177 595 
96 60 16 

31-lb 
(52-9)b 

(106-2)b 
1-14 

17-2 
292 

55 

0-364 
0-14 
2-1 

15 

194-3 
(148-1) 

(1-5) 
1-02 
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aOwl density not censused, the estimates are the mean value of the five following winters. bWinter breeding of rodents 
recorded. Data on rodent densities (1) estimated from the regression equation in Fig. 1; (2) estimated directly on various 
capture-mark-recapture plots by Sikorski (1989), W6jcik (1993), Jgdrzejewski et al. (1995), and M. D. Sikorski (unpublished 
data). Density estimates (1) were used for calculating percentage predation. 
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Multiple regression analysis showed that between- 
year variation in the mean number of mice per owl 
pellet (functional response) was best explained by vari- 
ation in mouse density (n = 7 seasons, R2 = 0-83, 
P = 0-004), whereas the variation in the number of 
bank voles per pellet was related to vole density, 
mouse density and mean snow cover, the increase in 
the latter two figures causing decline in owl rate of 
consumption of bank voles. However, the relationship 
was not significant because of the small sample size 
(n = 7 seasons, R2 = 0.83, P = 0-1). 

In terms of both biomass and number of specimens, 
the yellow-necked mice and the bank voles were the 

most important food for the tawny owl population 
(Table 1). In autumn-winter, owls removed 3-19 mice 
and 2-18 voles from each hectare. Total predation 
was lowest during the crash of rodents and highest 
during the outbreak. It grew logarithmically with 
increasing density of both prey (Figs5 & 6). Non- 
linear regressions explained 95% of variation in owl 
predation on mice and 89% in that on voles. 

On average, during 197 days, tawny owls removed 
54% of autumn numbers of mice and 40% of those 
of bank voles. Percentage predation on mice and voles 
combined was highest (37-91%) in 1986/87-1989/90, 
when densities of rodents were moderate and during 

0-053 0-045 
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Fig. 3. Numerical response of resident tawny owls to variation in autumn numbers of forest rodents (left panel) and pred- 
ator:prey ratio (N owls per 1000 rodents) (right panel) in Bialowieza National Park in 1987/88-1991/92. 

the crash year 1991/92. It was low (18%) in the post 
crash year of 1985/86 (cf. Fig. 2), and lowest (11%) 
during the rodent outbreak in 1990/91. Percentage 
predation in relation to rodent density was expected 
to follow the equation y = 100[(a logx + b)/x]. Non- 
linear regression analysis conducted with such 
assumption (Figs 5 & 6) explained 81-94% of vari- 
ation in percentage predation and showed that the 
percentage of rodents removed by tawny owls in 
autumn-winter was largest at relatively low density of 
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prey (9 mice ha-' and 10 voles ha-'). As expected from 
the non-linear regression, the two species suffered the 
heaviest percentage predation (64%) at a combined 
density of about 22 rodents ha-' in autumn (Fig. 6). 
At outbreak density, owls can take < 20% of autumn 
numbers of rodents throughout winter. 

We compared the percentage predation curve of the 
tawny owl with the 23-year frequency distribution of 
autumn densities of rodents in Bialowieza (Fig. 7). 
Autumn densities of < 10 ind. ha-' were never 

Table 2. Tawny owl functional response (N prey specimens per pellet) and predation impact (number and biomass of prey 
removed by owl population per ha-') on forest rodents in summer (1 July-30 September, 92 days) of 1988-92 in relation to 
the densities of rodents. In all years, rodents were breeding from July till September/October. Number of fledged young after 
Domaszewicz (1993). In the rodent crash year 1991, no breeding of owls was assumed after Southern (1970) and Petty (1987). 
Densities of rodents: explanation and sources as in Table 1. 

Summer season (1 July-30 September) of: 

Parameter 1988 1989 1990 1991 1992 

Density of: adult owls (N ha-~) 0-053 0-045 0-051 0-052 0-033 
fledged young (N ha-') 0-035 0-029 0-073 0 0-022 

Apodemusflavicollis 
Mouse density in July (N ha-') 

(1) Regression 7-9 10.1 75-5 5-6 7-2 
(2) CMR plots - - (104.9) (5-2) (2-2) 

Mouse density in September/October (N ha-') 
(1) Regression 7-5 9-5 121-0 6-3 7-3 
(2) CMR plots - - (120-7) (6-5) (3.1) 

N mice per pellet 0-55 0-55 1-27 0-44 0-08 
N mice removed ha-' 5-8 4-9 19-0 2-8 0-5 
Predation as percentage of mouse numbers in July 74 48 25 50 7 
Clethrionomys glareolus 
Vole density in July (N ha-') 

(1) Regression 22.2 19-8 70-4 4-7 7-8 
(2) CMR plots - - (164-8) (5-2) (11-1) 

Vole density in September/October (N ha-') 
(1) Regression 42-4 31-1 194-3 4-7 19.0 
(2) CMR plots (24-4) (52-9) (148-1) (6-5) (15-1) 

N voles per pellet 0-83 0-52 0-66 0-06 0-07 
N voles removed ha-' 8-8 4-6 9.9 0-4 0-5 
Predation as percentage of vole numbers in July 40 23 14 9 6 
N pellets analysed 93 97 94 16 97 
Mean biomass consumed per pellet (g) 69 62 73 59 83 

0 
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variation in autumn (September/October) density of forest rodents in BNP. Each point denotes one autumn-winter season 
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recorded, and those of 11-70 ind. ha-' occurred in 
70% of years. The heaviest autumn-winter predation 
rates by tawny owls fall to rodent densities that occur 
most frequently. 

Every summer (1 July-30 September) both species 
of rodents reproduced rapidly. Recruitment more 
than compensated for the losses, and in Sep- 
tember/October rodent densities were as high as or 

Apodemus flavicollis 
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still higher than those in July (Table 2). In summer 
1990 (outbreak of rodents), tawny owls removed only 
29 rodents ha-', that is 20% of the numbers recorded 
in July (Table 2). In years of moderate rodent densities 
(1988 & 1989) and during the crash of rodents (1991), 
the tawny owl (both adult and juvenile) impact on 
yellow-necked mice was heavy (48-74% of densities 
recorded in July). Predation on bank voles was lower 
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Fig. 5. Autumn-winter predation by tawny owls on yellow-necked mice and bank voles in reation to autumn density of 
rodents: upper panel, N rodents removed ha-'; lower panel, percentage predation. Each point = 1 year. 
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Fig. 6. Autumn-winter predation by tawny owls on combined numbers of forest rodents (voles and mice) in relation to their 
autumn densities. Explanations as in Fig. 5. 

(9-40% of July numbers; Table 2). It was only in the 
post-crash summer of 1992, when predation impact 
decreased (7% of July numbers of rodents) due to 
over 30% decline of numbers of adult owls and the 
notable decrease in owl hunting rate for rodents 
(Table 2). 

PREDATION IMPACT BY TAWNY OWLS ON 
SHREWS, BIRDS AND AMPHIBIANS 

Shrews (mainly the common shrew), birds (mainly 
migratory Turdus spp.), and amphibians (mainly Rana 
temporaria Linnaeus) were the most important alter- 
native prey of tawny owls in BNP (Jgdrzejewski et al. 
1994). 

Number of shrews per pellet was not related to 

100 

% 

80 

60 

40 

20 

shrew abundance (R2 = 0 09, P = 0 51) (Fig. 8). Total 
predation showed the tendency to be highest in years 
with low numbers of shrews that were also years of 
low density of rodents (1986/87-1991/92; Table 1). 
Owl predation on shrews was less variable between 
years than that on rodents; the number of shrews 
taken by owls from each hectare varied only 3-fold, in 
contrast to the 8-fold variation in number of rodents 
removed in winter seasons. The relative index of pre- 
dation rate (a ratio of N shrews taken by owls per 
hectare to the index of autumn number of Soricidae) 
was significantly inversely correlated with the index 
of shrew abundance (Fig. 8). In the cold season, the 
heaviest relative predation was exerted by owls at low 
autumn abundance of shrews. 

In autumn-winter, tawny owls took 0-1 8 birds 

Per cent predation on rodents 
by tawny owls in autumn-winter 

Frequency distribution (%) of autumn 
- _ densities of forest rodents (n = 23 years) 

_ -? 

0 - m m 
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Fig. 7. Percentage predation curve of the tawny owl in the cold season in relation to rodent density in Bialowieza (as in Fig. 6) 
compared to the frequency distribution of autumn densities of rodents sampled during 1971-93 (data from Pucek et al. 1993; 
and this paper; indices of rodent numbers converted to density by equations in Fig. 1). 
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Fig. 8. Tawny owl hunting rate (upper panels; expressed as the mean number of prey specimen per pellet) and total predation 
impact (lower panel) on secondary prey (shrews, birds, amphibians) in relation to various environmental factors. Each point 
= one autumn-winter season. Shrews: index of predation rate = N shrews removed ha-' divided by the number of shrews 
per 100 trapnights. Amphibians: mean daily temperature for 1 November-31 March. 

from an average hectare (Table 1). Over 50% of these 
birds were migrating and nomadic species (Jedrzejew- 
ski et al. 1994) passing through the study area in 
autumn and winter. Tawny owls' hunting rate for 
birds (expressed as mean number of birds per pellet) 
varied little between winters, except for the cold sea- 
son of 1991/92, the rodent crash (Fig. 8, Table 1). The 
hyperbolic curve fitted to empirical points explained 
95% of variation in owls' hunting rate for birds. Total 
predation of tawny owl population on birds was a 
product of the logarithmic numerical response of owls 
to the increase in rodent numbers and the above- 
mentioned hyperbolic function. The resulting function 
explained 92% of variation in owl winter predation 
on birds (Fig. 8). 

In the temperate climate of Poland, amphibians 
hibernate from the second half of October through 
early March (Juszczyk 1987). During mild winters, 
when the temperature is above 0?C, frogs often 
become active (Savage 1961). The rate of owl hunting 
for frogs grew exponentially when the mean tem- 
perature of autumn-winter exceeded 0?C (Fig. 8). 
Low densities of rodents also had some influence on 
tawny owls' increased hunting rate for frogs. In mul- 
tiple regression, two factors, the mean daily tem- 
perature in the cold season (Tw) (1 November-31 
March) and the density of rodents (Dr), explained 
82% of variation in the number of amphibians per 
pellet (y = 0-510 + 0-092T, -0-001Dr, R2 = 0-82, 
P = 0-03, n = 7). Semipartial correlations squared 
(Tabachnick & Fidell 1983) showed that temperature 

was a more important factor than rodent density 
(sr2i = 0-64 for Tw, and sr2i = 0-23 for Dr). Tawny owl 
predation on frogs in autumn-winter grew linearily 
with the mean temperature in winter (Fig. 8). During 
the warmest winter (1989/90), tawny owls took 168 g 
of biomass of amphibians from an average hectare 
(Table 1). 

Discussion 

RELIABILITY OF RESULTS 

Reliable calculation of predation impact required 
three sets of data, each being a possible source of bias: 
numbers of tawny owls, numbers of rodents, and rates 
of prey consumption by owls. Numbers of owls could 
have been underestimated in two ways. (i) The lowest 
numbers recorded in 1991/92 might have resulted 
from the fact that all three counts were done during 
one night only. Also, owls might have been vocally 
less active during the poor rodent supply (Delmee, 
Dachy & Simon 1978). If true, however, it strengthens 
our argument that owl predation is important at low 
density of rodents. (ii) Theoretically, as in other spec- 
ies of owls, there could have been some silent indi- 
viduals (both young of the year staying longer in their 
natal area and strange floaters) and they could have 
formed an undetectable and, thus, unknown part of 
the owl population. The proportion of floaters during 
peak numbers of prey can be very high in nomadic 
and migratory owls, e.g. great grey owl Strix nebulosa 
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115 Forster, hawk owl Surnia ulula (Linnaeus), snowy 
W. Jedrzejewski et owl Nyctea scandiaca (Linnaeus), Tengmalm's owl 
al. Aegolius funereus (Linnaeus) (Hilden & Helo 1981; 

Lofgren, Hornfeldt & Carlsson 1986; Litvin & Ovsy- 
anikov 1990; Virkkala 1992; Korpimaki 1994). The 
tawny owl population can also have some silent non- 
territorial individuals; however, it is unlikely that they 
are numerous. Resident tawny owls defend their ter- 
ritories through high aggressiveness towards any other 
tawny owls (Southern 1970; Rockenbauch 1978; 
Mikkola 1983). 

Southern (1970), having studied tawny owls and 
their prey for several years, concluded that the size of 
territories did not change markedly from year to year 
despite annual fluctuations in the numbers of rodents. 
He stated that the territory size was adapted to the 
mean level around which the rodents fluctuated in the 
Wytham Wood. It contrasted with strategy adopted 
by species such as the short-eared owl Asioflammeus 
(Pontoppidan) which altered the size of its territory 
and numbers from year to year, even from month to 
month (Lockie 1955). Southern (1970) suggested that 
stable numbers and persistent life-time territories are 
tawny owl adaptations to living in the structurally 
complicated and seasonally changing habitat of tem- 
perate deciduous forests, which requires intimate 
knowledge of a territory, unlike the life in the rela- 
tively simpler open habitats or boreal forests. 

Juvenile owls fledge by mid-May and after that, 
for 2-3 months, are still dependent on their parents 
feeding them. Their food cries make them easily regis- 
trable by researchers (Muir 1954; Southern, Vaughan 
& Muir 1954). During that period, the mortality of 
juvenile owls is < 2% (Southern 1970). In August- 
September (exceptionally till November), they dis- 
perse and suffer considerable mortality, mainly from 
starvation, during the period of early independence 
(Olsson 1958; Hirons, Hardy & Stanley 1979). Dis- 
persal of young owls due to intolerance of resident 
adults probably takes place somewhat later if food is 
superabundant. However, Southern (1970) studied the 
decline of owl numbers (both adults and young) from 
the late summer to the following spring in 4 years 
characterized by very high, moderate and low num- 
bers of rodents. In good and moderate years alike, 
half of the decline over winter had already taken place 
by October. 

Even if we make an unrealistic assumption, that 
in Bialowieza all fledged young stay in their natal 
territories until the end of December in the year of 
rodent outbreak, the total predation will amount to 
57-5 rodents ha-', i.e. still only 18% of the rodent 
numbers in autumn. 

Also, it must be noted that in the temperate decidu- 
ous forests of Europe, the regular outbreaks of rodents 

? 1996 British caused by acorn crop do not last long (Fig. 2, see also 
Ecological Society, Jgdrzejewski, Jedrzejewska & Szymura 1995), and if 
Journal of Animal the 'invasive' forest raptors are to take advantage of 
Ecology, 65, 105-120 them, they should come to the area in the pre-outbreak 

winter (when rodents breed) and stay for I year to 
breed concurrently with the outbreak of rodents. In 
Bialowieza Forest, such 'invasions' occur in the long- 
eared owl Asio otus (Linnaeus). In the rodent outbreak 
year of 1983, 45 breeding pairs of the long-eared owl 
were found throughout the Forest, compared to 16 
pairs (located mostly on forest edges) in 1993, the year 
of moderate densities of forest rodents (Domaszewicz 
1993). But even at their highest, the densities of the 
long-eared owls were 0-2 owls km-2, i.e. only 4% of 
those of the tawny owl. 

Possible bias in predation estimates can also orig- 
inate from the assumption of the constant number of 
pellets produced by tawny owls in both poor and good 
years. Tawny owls egest one, sometimes two, pellets 
daily (Raczyniski & Ruprecht 1974; Lowe 1980; A. L. 
Ruprecht, personal communication). While the 
amount of food taken daily by the tawny owl can vary 
(on average 54 g, according to Lowe 1980; and 72 g 
according to Ceska 1980), it affects the weight of a 
single pellet rather than the number of pellets pro- 
duced per day (Lowe 1980). When offered twice as 
much food as normally, the captive great horned owls 
Bubo virginianus (Gmelin) egested pellets nearly twice 
as heavy as those egested while fed normally (Duke, 
Jackson & Evansson 1993). Owls do not have to egest 
the remains of one meal before eating a second meal 
(Duke et al. 1993). In our study, the mean biomass 
consumed per one pellet by tawny owls in autumn- 
winter grew logarithmically with higher densities of 
rodents (n = 7 seasons, R2 = 0-983, data in Table 1) 
from 51 g per pellet at 11 rodents ha-' to 87 g per pellet 
at 315 rodents ha-' (1 7 times) and corresponded well 
to the daily food requirements. Thus, the increase in 
amount of food taken by owls was already inherently 
considered in the applied method of calculating the 
predation impact. 

Finally, if we make an unrealistic assumption that 
it the autumn-winter of rodent outbreak both the 
young owls stay in the area until the end of December 
and all owls make two pellets per day, their total 
predation will be 92 rodents ha-1, i.e. 29% of rodent 
numbers in autumn, still not enough to regard the 
tawny owl responsible for the rapid winter decline of 
rodents. 

Rodent densities were estimated based on sampling 
by several researchers in various places of the study 
area, and we think they are reliable except for 2 years 
(1986 & 1989), when the autumn numbers of voles 
and mice might have been underestimated. Because of 
a superabundant seed crop in autumn 1989 and a 
fairly good crop (acorn only) in 1986, rodents were 
not attracted to the traps with oats. In autumn 1989, 
the underestimate was very high, and the number of 
overwintered adult bank voles trapped in spring 1990 
was higher than the total number of voles trapped in 
autumn 1989, so we have corrected this by using the 
values interpolated between summer 1989 and spring 
1990. 
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Generally, we believe that our estimates of tawny 
owl predation on rodents and other vertebrates are 
correct. In particular, the pattern of percentage pre- 
dation in relation to rodent density will be the same 
even if all sources of error discussed above are 
involved. 

MECHANISMS OF TAWNY OWL PREDATION ON 
RODENTS: A GENERALIST RESIDENT 
PREDATOR 

Tawny owls are territorial predators and the number 
of resident adults is notably stable despite wide vari- 
ations in the abundance of their prey (Southern 1970; 
Goszczynski 1977; Petty 1987). In Bialowieza, even 
the 8-fold increase of rodent numbers observed 
between autumn 1989 and autumn 1990 was not 
tracked by any increase of resident owl numbers. 
However, the owls decreased in numbers (by 30%) 
when the rodent population crashed. If the young are 
included, the owl numbers in BNP varied from about 
33-124 inds per 10km2 (four times), a range of vari- 
ation narrower than that of weasels Mustela nivalis 
Linnaeus, whose numbers during the same period 
varied from 0 to 102 inds per 10km2 (J~drzejewski et 
al. 1995). Thus, the crucial factor of the tawny owl's 
impact on rodents in its ancestral habitat, the tem- 
perate deciduous forests of Europe, is its resident life 
style and ability to maintain fairly stable numbers. 

Tawny owls respond to variation in rodent abun- 
dance with varying breeding effort and success. In an 
upland forest in Scotland (Petty 1987), at high density 
of Microtus agrestis (Linnaeus), 96% of tawny owl 
pairs bred and produced an average of three fledged 
young per pair. In the second year of a prolonged 
decline of rodents, only 8-5% of pairs bred and as few 
as 0-15 young per pair fledged. In Southern's (1970) 
studies near Oxford, in very poor rodent years, tawny 
owls did not attempt to breed at all. 

Functional response of tawny owls in Bialowieza 
National Park (measured by pellet content with an 
assumption of constant number of pellets per day) 
was log shaped (type II functional response, according 
to Holling 1959). The predicted rate of owl predation 
on voles and mice not only increased at a continually 
decreasing rate (as was presumed by Holling 1959), 
but it increased slower than prey numbers (points dy 
dx-' = 1 lie at y < 0) (Figs4 & 5). The sequence of 
changes, however, was that the owl hunting rate was 
nearly constant over moderate and high densities of 
rodents and began to decline at some low numbers 
of rodents, but it declined slower than rodents. The 
functional response of owls was also affected by 
environmental factors, e.g. snow cover. 

In consequence, the percentage predation (a pro- 
duct of numerical and functional responses) by tawny 
owls was inversely density-dependent in the whole 
range of rodent densities except for very low ones 
(< 22 rodents ha-' in autumn) (see Fig. 6). At c. 22 

rodents ha-' owls removed the highest percentage of 
prey available; below that critical density, percentage 
predation rapidly declined due to decrease of owl 
numbers and their rate of killing rodents. 

Andersson & Erlinge (1977) have classified rodent 
predators into four groups according to their feeding 
habits and residency: specialists, generalists, residents 
and nomadic species. Generalist predators with open 
access to alternative prey were supposed to stabilize 
prey numbers due to an S-shaped functional response 
to the growth of prey numbers and a shift to alter- 
native resources when prey decline. Murdoch & Oaten 
(1975) and Loman (1988) have shown mathem- 
athically, that such a strategy could stabilize prey 
numbers. However, at least in the case of the tawny 
owl (and probably in other species of resident gen- 
eralists), the assumption of an S-shaped functional 
response curve was unrealistic. Our detailed long-term 
study of tawny owl (Jgdrzejewski et al. 1994; this 
paper) demonstrated that it is a predator that is: (i) 
specialized on one prey type (forest rodents, mainly 
the yellow-necked mouse), and (ii) adapted to sup- 
plement its diet with alternative resources (shrews, 
birds, and frogs) when rodents are scarce. The conse- 
quence of this is that the tawny owl, being able to stay 
in the area, continues to hunt for rodents even at 
very low densities of the latter. In consequence, in 
Bialowieza, owl predation on rodents was noticeable 
at rodent autumn densities as low as 11 inds ha', i.e. 
the density at which the weasel (resident specialist) 
has gone extinct in the study area (Jgdrzejewski et al. 
1995). 

Different contributions of generalists and specialists 
to the total predation on rodents were proposed to 
explain the difference between the non-cyclic dynam- 
ics of rodents in forests of central Europe and the 
cycles in taiga and tundra of the European north (e.g. 
Hansson 1987; Korpimaki & Norrdahl 1989; Erlinge 
et al. 1991; Hanski, Hansson & Henttonen 1991). It is 
noteworthy that in the entire 'wave' of rodent dynam- 
ics in BNP, i.e. 5 non-cyclic years of moderate density 
and 2 years of outbreak-crash, there was no quali- 
tative difference in the predatory roles of the tawny 
owl, a generalist, and the weasel, a specialist predator 
(Jcdrzejewski & Jedrzejewska 1993; Jedrzejewski et al. 
1995). 

THE ROLE OF TAWNY OWL IN REGULATING 
RODENT DYNAMICS IN A BROADLEAF FOREST 

In Bialowieza, tawny owls exerted heavy impact on 
rodents at their moderate and low densities, but had 
much smaller effect during outbreak. Also, the data 
on tawny owl predation on bank voles near Oxford, 
collected by Southern & Lowe (1982) showed the same 
pattern of the declining percentage predation with 
growing density of voles (Fig. 9). These results con- 
form to the general mechanism of vertebrate pre- 
dation impact on rodents, reported earlier by Pearson 
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Fig.9. Percentage predation by tawny owls on bank voles 
in a deciduous woodland near Oxford (UK) in 1954-56; 
calculated from Table X in Southern & Lowe (1982). Each 
point represents a 2-month period. 

(1966), Ryszkowski et al. (1973), Goszczynski (1977), 
and Fitzgerald (1977). 

Thus, the question arises whether, in deciduous for- 
ests, the tawny owl predation has regulatory effect on 
rodent numbers at least at the moderate densities of 
rodents. Sinclair (1989) proposed that regulation of 
prey population by predators would occur when pred- 
ators have a direct density-dependent effect over most 
of the range of low densities at which their prey is 
found. If a prey population shows periodic outbreaks 
during which it becomes food limited, then the prey 
population escapes from predator regulation. 

The temperate broadleaf forests are characterized 
by clear seasonal changes in phytomass available as 
food to herbivores, with April-October resources 
many times larger than November-March stands 
(Aulak 1973; Faliniski 1986; Pucek et al. 1993). Rod- 
ents follow these changes by increase of numbers in 
the warm season and decrease in the cold one. The 
growth of population in spring-summer is pro- 
portional to food supply, i.e. the seed crop of the 
preceding autumn and the green herbaceous biomass 
in summer of the current year, both of which are 
determined by weather conditions (Pucek et al. 1993). 
In the warm season, mortality caused by predators is 
much lower than recruitment. 

In autumn-winter, when rodents do not generally 
breed, mortality becomes the most important factor in 
determining population numbers. Mean (for 21 years) 
winter mortality of mice was 86% of autumn numbers 
and that of voles was 77%. Mortality was density- 
dependent over the whole range of rodent densities 
observed during the last two decades (Pucek et al. 
1993). In moderate years, on average 50% of rodents 
were reduced by owls in autumn-winter. Weasels and 
pine martens Martes martes (Linnaeus) combined 
took a further 30% (Jedrzejewski et al. 1995; Zalewski, 
Jedrzejewski & Jgdrzejewska 1995). Winter predation 

was influenced by weather (especially snow) con- 
ditions (Jqdrzejewski & Jedrzejewska 1992; Jedrzejew- 
ski et al. 1993, 1994). 

Although very high, percentage predation by the 
tawny owl, as well as that by weasels and martens, 
was not density-dependent in moderate years and in 
all years. We have shown that, instead of tracking the 
changes in rodent numbers, tawny owls maintained 
stable numbers and their predation was adjusted to the 
most frequent density of rodents. The only departures 
from that stability were the crash year because some 
tawny owls did not survive on alternative prey and 
the post-crash years (1985/86 and 1992) when their 
numerical and functional responses to rodent increase 
were delayed. Moreover, predation on forest rodents 
was affected by snow cover and other extrinsic factors 
(e.g. availability of Microtus voles in adjoining river 
valleys; Jqdrzejewski et al. 1994). Pucek et al. (1993) 
evidenced the clear density-dependent winter mor- 
tality of forest rodents in Bialowieza. The regulating 
factor causing this density-dependent mortality 
remains unknown, but the limited food supply in win- 
ter probably acted together with predation. 

Sinclair et al. (1990) endeavoured to test Sinclair's 
(1989) predictions in the periodically outbreaking 
population of the house mouse Mus musculus Lin- 
naeus in the farmland of semi-arid Australia. They 
showed density dependence in the proportional pre- 
dation. However, since they combined data from the 
rodent breeding and non-breeding seasons, the con- 
clusion about regulatory role of predation is not 
justified. High proportional predation in a breeding 
season may have little effect on population numbers, 
whereas even lower proportional predation during the 
non-breeding season can be very important. 

TAWNY OWL PREDATION ON ITS SECONDARY 
PREY 

In Bialowieza, predation has been regarded as one of 
the crucial factors shaping the abundance and survival 
of non-rodent small vertebrates (e.g. birds, Tomialojc, 
Wesolowski & Walankiewicz 1984). The role of tawny 
owl predation in regulating the populations of its sec- 
ondary prey (shrews, birds, amphibians) can only be 
estimated indirectly because we did not census the 
abundance of those vertebrates during the study 
period. Data collected by Pucek (1969) in 1966-68 in 
BNP showed that densities of all Soricidae in spring 
were 11 inds ha-' (one plot of 5-76 ha surveyed), 14- 
64 (mean 35) inds ha-' in summer (five plots) and 9- 
18 (mean 13) inds ha-' in autumn (two plots). The 
autumn-winter predation by tawny owls calculated in 
our study was 2-7 (mean 5) shrews ha-'. Mortality of 
shrews from autumn till next spring in the trapping 
series (Z. Pucek, unpublished data) was 33-100% of 
autumn numbers (on average 81%, SD 22-7). Com- 
parison of density levels of shrews (Pucek 1969) and 
the calculated predation by tawny owl (this paper) 
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Fig. 10. Autumn-winter predation by tawny owls on birds (data as in Table 1) compared to the long-term data on adult bird 
abundance in spring in Bialowieza National Park (calculated from Tomialojc & Wesolowski 1994). Winter residents include 
only species that stay year-round in the area (minimum estimate of winter abundance of birds). Adult birds in spring include 
both residents and migrants that come to BNP forests for breeding (maximum estimate of autumn-winter abundance of birds). Each point is a mean density of birds censused on six plots. 

suggests that owls might have been an important fac- 
tor of shrew mortality in the cold season. 

Autumn-winter densities of birds in BNP have not 
been censused, but their abundance can be inferred 
from the long-term ornithological studies (Tomialojc 
et al. 1984; Tomialojc & Wesolowski 1994). Winter 
abundance of birds certainly ranged between the num- 
ber of true resident species and the spring number of 
all adult birds, i.e. from 2 to 15 birds ha-' (Fig. 10). 
Therefore, the tawny owl predation of 0-2 birds ha- 
(with over half of that figure containing migratory 
birds, mainly Turdus spp.) does not seem to be a heavy 
impact on bird populations in winter. Some indirect 
support for this is provided by Wesolowski & 
Stawarczyk (1991), who found that in BNP the mean 
winter mortality of a typical resident species, the 
nuthach Sitta europaea Linnaeus, was 20% of autumn 
numbers only. 

Scarce information is available about the abun- 
dance level of amphibians in BNP. In September 1992 
(past the period studied), amphibians were sampled 
on four plots in the deciduous forests of BNP (B. 
Jedrzejewska, M. Brzezifiski & W. Jgdrzejewski, 
unpublished data), and their mean biomass was about 
800g ha-'. In September 1993, the mean biomass 
(sampled on eight plots located in both deciduous 
and mixed coniferous forests) was about 1900 g ha-'. 
Extensive data given by Pikulik (1985) for deciduous 
and mixed forest in Belarus indicate a similar range 
of amphibian abundance (1000-4000g ha-'). Thus, 
the tawny owl predation on frogs in the cold season 
(27-168 g of biomass taken from 1 ha) could not be 
regarded as heavy or regulatory. 

In summary, the tawny owls most likely exerted 
less impact on their alternative prey than they did on 
rodents. We assumed 16% loss of all prey during 
digestion by tawny owls, yet this may be higher in 

small birds and frogs. Thus, these secondary prey may 
be under-represented and the actual owl predation on 
them may be somewhat higher. In the cold seasons, 
the alternative prey were either much less abundant 
(birds, shrews) or less available (hibernating amphib- 
ians) than rodents. The tawny owl-alternative prey 
relationships were strongly influenced by the external 
factors, such as availability of the main prey (rodents) 
and weather. 
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Appendix 
Censuses of the tawny owls in Bialowieza National 
Park. 

Area N N 
covered males females 

Date of census (km2) (km-2) (km-2) 

22 Mar 1987 
29 Sep 1987 
5 Feb 1988 
22 Feb 1988 
23 Feb 1988 
27 Feb 1988 
8 Mar 1988 
Weighed mean 
N owls (the best count method) 
N owls (mapping method) 
17 Sep 1988 
5 Nov 1988 
24 Nov 1988 
8 Feb 1989 
10 Feb 1989 
22 Feb 1989 
22 Mar 1989 
9 Apr 1989 
Weighed mean 
N owls (the best count method) 
N owls (mapping method) 
8 Aug 1989 
23 Aug 1989 
18 Sep 1989 
19 Sep 1989 
7 Feb 1990 
Weighed mean 
N owls (the best count method) 
N owls (mapping method) 
18 Sep 1990 
18 Oct 1990 (1) 

(2) 
(3) 

19 Oct 1990 (1) 
(2) 
(3) 
(4) 

11 Apr 1991 (1) 
(2) 
(3) 

Weighed mean 
N owls (the best count method) 
N owls (mapping method) 
18 Mar 1992 (1) 

(2) 
(3) 

Weighed mean 
N owls (the best count method) 
N owls (mapping method) 

14-0 1-14 0-57 
3-0 1.00 1-67 

16-0 0-69 0-06 
2-0 2-50 0-50 
4-0 0-75 0 

14-0 1-14 0-36 
17-7b 2-65a 1-36 

1-50 0-64 
5-30 
5-87 

9-5b 2-21 1-37 
15-7b 0-76 0-57 
17-7b 0-56 0-23 
11-5b 1-74 0-96 
11-5b 1-04 0-43 
11.0b 1-73 0-73 
11-5b 1-48 0-96 
17-7b 2-26a 0-85 

1-42 0-72 
4-52 
5-20 

17-7b 0-51 0-45 
12-7b 1-34 0-94 
7.7b 1-92 1-53 
3-5b 2-00 2-57a 

17-7b 1-81 0-85 
1-43 1-02 

5-14 
5.54 

11-5b 0-87 1-48 
11-5b 0-87 1-65 
11-5 0-35 1-57 
11-5b 1-39 1-30 
5-0 0-80 2-20 
5-0b 1-20 2-60a 
5-0b 0-80 1-60 
5-0b 0-80 2-40 

11-5b 1-22 0-26 
11-5b 2-09 0-78 
11-5b 2-00 0-96 

1-18 1-35 
5-20 
5-57 

11-5 1-57 0-35 
11-5b 1-65" 0-43 
11-5b 0-43 0-17 

1-22 0-32 
3-30 
4-17 

aThe more numerous sex in the best census was multiplied 
by 2 (assumption of 1:1 sex ratio, after Mikkola 1983) and 
used for calculation of density by 'the best count method'. 

bCensuses with calls broadcasted from tape recorders. In 
the cold seasons of 1990/91 and 1991/92, in some censuses, 
three to four counts were done during one night (see Methods 
and Materials for details). 
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