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INTRODUCTION

As high predators in many ecosystems, owls may be

valuable indicators of the environmental health of

those ecosystems (Oliphant, 1994). Owls are sensitive

to a number of environmental factors among which

prey is of outstanding importance (Gutiérrez et al.,
1984; Noble et al., 1993). Therefore, detailed and

long-term studies on their diet can be instrumental to

their conservation (Galbraith et al., 1992). Knowl-

edge on the species’ food habits has contributed to a

better understanding of their ecology and behaviour,

as well as to the proper management of their habitat

(Petty et al., 2000; York et al., 2002; Tsahalidis et al.,
2004; Marchesi & Sergio, 2005).

Being an opportunistic species, owls primarily re-

ly on the abundance and easy capture of their prey,

which means that their prey choice is not only depen-

dent on spatial factors but is also temporary (habitat

and season of the year) (Jaksić & Marti, 1981; Seckin

& Coskun, 2006). Seasonal variation in their prey has

been attributed to seasonal changes in vegetation

cover that may make some species susceptible to owl

predation (Fairley, 1967; Marti, 1974). Alternatively,

prey variation may be due to the seasonal variation in

the abundance and activity of the small mammals

(Taylor, 1994).

The long-eared owl, Asio otus (Linnaeus, 1758) is

present in almost the entire northern hemisphere

(North America, Eurasia, and North Africa). It pre-

fers tree clusters or edges of coniferous forests and

parks adjacent to open agricultural areas and mead-

ows, which are important hunting habitats for the

species (Mikkola, 1983; Cramp, 1989). In Greece, the

species winters and breeds in many mainland areas

and on some large islands (Handrinos & Akriotis,

1997). Although its food habits have been widely

studied in northern and central Europe, only a few

published studies have addressed this issue in the

south of the continent (Alivizatos & Goutner, 1999;

Rubolini et al., 2003; Alivizatos et al., 2005).
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The purpose of this study was to describe the sea-

sonal diet variation of the long-eared owl and its sea-

sonal variation in an agro-forested area of northeast-

ern Greece (New Orestiada, hereafter named N.

Orestiada), located near the borders with Turkey.

There is a lack of information about this part of

Greece; an area with a considerable habitat mosaic

where this owl has not been investigated so far.

MATERIALS AND METHODS

Study area

The area of N. Orestiada (41Æ51′ ¡, 26Æ53′ E) con-

sists of a mosaic of agricultural systems (with a large

number of irrigation canals), scattered tree clusters,

poplar plantations (Populus sp.) and natural hedge-

rows. In the east of the area, the Evros River (border

with Turkey) and its riparian vegetation constitute

suitable habitats for a large number of species of

small mammals and birds (Vohralik & Sofianidou,

1992; Heath & Evans, 2000). Human activities are in-

tensive and include extensive corn (from April to Oc-

tober) and cereal (from October to July) crops as well

as poplar logging.

Collection of pellets

The diet of predators can be studied using several

methods including: a) direct observation of birds

catching or consuming prey, b) collection and identi-

fication of prey remains, and c) pellet collection and

analysis (Huang et al., 2006). Analysis of pellets is the

most popular method for the study of owl diet com-

position (Marti, 1974; Mikkola, 1983). Pellets were

collected between December 2005 and February

2007. From October to April pellets were collected

from a roost occupied by 50-70 long-eared owls, lo-

cated on the east edge of the city of N. Orestiada, in

a small park with pine trees (Pinus halepensis subsp.
brutia). During the rest of the year, samples were col-

lected from all around the park area used by the owls

for nesting (six to eight pairs remained in the area for

breeding) as well as by young owls that remained and

rambled close to their parental locality after their in-

dependence. Pellets were collected two to four times

per month. They were placed in plastic bags and

transferred to the laboratory where they were air-

dried at room temperature.

Prey identification

Each pellet was treated as a single sample. Dry pellets

were opened by hand and with the use of forceps.

After hairs and feathers were removed, the remaining

prey items were identified using reference books

mainly from the remains of sculls and bills, but also

from other bones (jaws, thighs, etc.), as well as from

fur of mammals and feathers of birds (mammals: Law-

rence & Brown, 1973; Chaline, 1974; birds: Brown et
al., 1987; amphibians: Arnold & Burton, 1980; in-

sects: Chinery, 1981). Insects were identified using re-

mains that included heads, legs, and other identifi-

able hard parts (Marti, 1974). Prey was identified at

class or family level, if species identification was im-

possible.

Remains from the same sample were combined to

“reconstructed” individuals and then counted. The

left and right jawbones of each prey species were

paired and the larger number of jaws (left or right)

was considered as the number of individuals of the

particular species. Single unpaired bones, useful for

species or class identification, were treated as an in-

dividual of a given species (Raczynski & Ruprecht,

1974; Yom-Tov & Wool, 1997). A simple count of

skulls or jaws in pellets indicates the relative numeri-

cal importance of different mammal species in the

predator’s diet. However, this takes no account of

body size of prey items (Morris, 1979).

The diet of the long-eared owl was analyzed for

each season in terms of the number (N) and biomass

(B) of prey items. For each year, seasons were deter-

mined as spring (March-May), summer (June-Au-

gust), autumn (September-November) and winter

(December-February). To calculate the biomass of

consumed prey, the number of individuals of each

prey type was multiplied by the average body mass of

each species. The body mass of mammals and birds

was taken from the literature (mammals: McDonald

& Barrett, 1993; birds: Perrins, 1987) and that of in-

sects and amphibians from Alivizatos (personal com-

munication). Samples were analyzed for all seasons

and for each season separately.

Data analysis

In each season, average prey biomass was calculated

by dividing the seasonal total biomass by the number

of individuals. The relative participation of each tax-

on (species, family or class) in the diet of the long-

eared owl was estimated using the following equa-

tion:
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where W% is the relative percentage of consumed

biomass, m is the number of total taxa in prey, ni is

the number of individuals in each taxon of prey, and

wi is the biomass of each taxon in prey.

To investigate the seasonal variation in prey, nu-

merical data on the main prey were tested using con-

tingency tests. For these analyses, prey was grouped

as a) mammals, and b) birds and other prey. For test-

ing the seasonal differences in the composition of the

mammalian prey in particular, mammal numerical

data were combined as Mus macedonicus, Apodemus
sylvaticus, Microtus rossiaemeridionalis, Crocidura sp.,

and other mammals. Summer was excluded from this

analysis due to the small sample size.

Food Niche Breadth (FNB) was estimated using

Levins’ index (Levins, 1968) calculated by the equa-

tion FNB=1/∑pi
2, where pi is the proportion of prey

i in the diet of the long-eared owl. This index incor-

porates both richness (number of prey types in the

diet) and evenness (uniformity of prey types in the

diet), and it varies from 1 to N, with the higher values

reflecting a wider dietary breadth (Marti, 1987). This

index was applied because it is commonly used in

comparative studies on raptor diets (Marks & Marti,

1984; Marti et al., 1993; Marti & Kochert, 1995).

Diet diversity was additionally calculated using

the standardised Levins’ index (FNBsta) (Colwell &

Futuyma, 1971): FNBsta=(FNB – 1) / (n – 1), where

FNB is the Levins’ index and n is the total number of

prey species (lowest niche breadth=0; highest niche

breadth = 1). This estimate is independent of the

number of prey types included in the sample, and is

useful for comparing the diets among different areas

and seasons that may vary in number of prey types

available (Ganey & Block, 2005). The overlap in diet

composition among seasons was estimated using

Pianka’s index (Pianka, 1973): O=∑piqi/(∑pi
2∑qi

2)1/2,

where pi is the proportion of prey type i in a diet sam-

ple representing a season and qi is the proportion of

the same type in another diet sample representing a

different season. Pianka’s index ranges from 0 (no

overlap in the diet) to 1 (complete overlap). The diet

overlap was estimated a) at species level, and b) at

class level (mammals, birds, insects, amphibians).

RESULTS

Description of diet and summary statistics

The diet of the long-eared owl comprised of small

mammals, birds, insects, and amphibians in order of

decreasing numerical abundance (Appendix 1). From

a total of 1086 prey items identified, small mammals

(eight species) comprised 91% of the diet by number

(90.4% by biomass). The main species were Mus ma-
cedonicus (56.8% by number and 46.6% by biomass),

Apodemus sylvaticus (16.9 and 23%, respectively) and

Microtus rossiaemeridionalis (8.6 and 11.7%, respec-

tively). Birds (12 species) constituted 7.6% by num-

ber and 9.3% by biomass of the prey items. The com-

monest species was Fringilla coelebs (1% by number

and 1.4% by biomass), while > 50% were undeter-

mined passerines (4 and 4.1%, respectively). Insects

and amphibians constituted only a small percentage

of the diet. The total average prey biomass was 14.6±

6.60 g (range 1-80 g).

Seasonal composition of prey

Seasonal median prey biomass was 12 g for all the

seasons. Mammals were the most important prey type

in all seasons, both in terms of number (range 60-

96.1%) and biomass (range 61.9-96.7%) and were

represented by at least four species in each seasonal

sample (Table 1 and Fig. 1). The most abundant

mammalian prey species were M. macedonicus, A. syl-
vaticus, and M. rossiaemeridionalis (Table 1). In sum-

mer, Crocidura suaveolens, an insectivore, reached

15% by number, becoming the second most abundant

prey species in this season. In autumn and winter, Mi-
cromys minutus was more abundant than in other sea-

sons, whereas M. rossiaemeridionalis was more abun-

dant in winter. The seasonal variation in mammalian

prey composition was significant (¯2=100.82, df=16,

p < 0.001). Seasonal variation remained significant

even after the removal of the summer sample (¯2=

49.06, df=12, p<0.001). On the level of general prey

types, the owl’s diet also showed significant seasonal

trends including all seasons and precluding summer

(¯2=75.1, df=4, p<0.001; ¯2=30.18, df=3, p<0.001,

respectively).

Birds were the second most important prey type

both in terms of number and biomass and were rep-

resented by many passerine species, although species

composition varied seasonally (Table 1). Insects gen-

erally constituted a small proportion of prey in terms

of biomass (< 1%), except for summer, when they

W%=
ni ΅ wi ΅ 100

Σ 
(ni ΅ wi)

m

i=1
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FIG. 1. Seasonal changes in the proportion of biomass and number of main prey type of the long-eared owl

in N. Orestiada during 2005-2007.

TABLE 2. Food niche overlap (O) expressed as Pianka’s index between the five seasons studied: a) calcula-

tions based on proportions of biomass of prey species consumed, and b) calculations based on proportions

of biomass of taxa consumed. W1: Winter 2005-2006, SP1: Spring 2006, SU1: Summer 2006, AU1: Autumn

2006, W2: Winter 2006-2007

Pianka index

O(a) O(b)

W1/SP1 0.98 0.99

W1/SU1 0.77 0.95

W1/AU1 0.96 0.98

W1/W2 0.98 0.99

SP1/SU1 0.76 0.94

SP1/AU1 0.98 0.99

SP1/W2 0.99 0.99

SU1/AU1 0.69 0.91

SU1/W2 0.71 0.91

AU1/W2 0.99 0.99



reached 2.6% by biomass (Table 1 and Fig. 1). Am-

phibians appeared only in spring and comprised a

very low proportion of the diet (Table 1).

Trophic diversity and overlap

Seasonal trophic diversity was very low because of the

dominance of small mammals in the owl’s diet in all

seasons. However, the summer diet was more vari-

able (FNBSTA=0.23) compared with the other sea-

sons because of the higher proportion of birds and in-

sects (Table 1). Trophic overlap was almost similar

across seasons (Table 2). The only exception appeared

in summer, when prey type variation increased. How-

ever, this may be due to the low summer sample size

(Table 2).

DISCUSSION

In the region of N. Orestiada, the diet of the long-

eared owl contained 24 species overall (eight mam-

mals, 12 birds, three insects, and one amphibian).

The study species consumed a wider range of food

types in our area compared with other areas of south-

ern Europe (Pirovano et al., 2000; Alivizatos et al.,
2005).

The mosaic of habitats in the study area may ac-

count for the considerable diversity as they provide

micro-habitats that are suitable for a large number of

species of small mammals and birds (Vohralik &

Sofianidou, 1992; Heath & Evans, 2000), which are

the main prey of the long-eared owl (Cramp, 1985;

Taylor, 1994). Mus macedonicus was the main species

of prey (56.8% of its total diet by number), as it is

known from other areas of Greece (Alivizatos &

Goutner, 1999; Alivizatos et al., 2005). Mus macedo-
nicus is the most common small mammal species in

the lowland regions of Thrace. It occurs in habitats

that range from dry regions with isolated bushes to

water channels, but it is not found in forests or build-

ings (Vohralik & Sofianidou, 1992). The considerable

presence of Apodemus sylvaticus in the owl’s diet

(16.9% by number) may be explained by the fact that

it hunts in areas covered by trees (Cramp, 1985; Ali-

vizatos & Goutner, 1999). This mammal is the second

most widespread species in Thrace, which is largely

dominated by forested areas (Vohralik & Sofianidou,

1992; Bousbouras, 1999).

In northern Europe, microtine rodents predomi-

nate in the diet of the long-eared owl (Herrera & Hi-

raldo, 1976; Mikkola, 1983; Korpimäki, 1992; Roulin,

1996; Tome, 2003; Balciauskiene et al., 2006). How-

ever, in northern Greece, rodent proportion in the

diet of the long-eared owl varies, probably depending

on changes in the population cycles or the habitat

(Alivizatos et al., 2005). In the present study, the

mammal prey species constituted only a small pro-

portion of the diet (8.6% by number), while in other

studies it has been reported as the most important,

constituting more than 40% by number (Alivizatos et
al., 2005). As also confirmed in our study (2.1%),

shrews are not preferred by the long-eared owl (Bunn

et al., 1982; Mikkola, 1983) and they rarely exceed 2%

of its diet in biomass (Alivizatos & Goutner, 1999).

Birds comprise a significant proportion of the

species’ diet, reaching 7.6% by number. In Greece, as

in other areas of Europe, birds are often an impor-

tant prey for the owl and in certain areas the long-

eared owl’s diet is based on them (Amat & Soriguer,

1981; Mikkola, 1983; Alivizatos & Goutner, 1999).

Insects also constitute an important food source for

the species particularly in the summer, because of

their increased availability during the warmer months

of the year (Alivizatos et al., 2006). Amphibians are

represented by very small proportions in the owl’s

diet (only in spring), while no reptiles were found; a

fact which is in agreement with previous studies in

other areas of Greece (Alivizatos & Goutner, 1999;

Alivizatos et al., 2005).

There is seasonal variation in the proportion of

different taxa present in the owl’s diet. Seasonal diet

fluctuations have also been reported in other studies

(Fairley, 1967; Glue & Hammond, 1974; Nilsson,

1981; Mikkola, 1983; Wijnandts, 1984; Cramp, 1989;

Rubolini et al., 2003). Winter climatic conditions are

an important factor resulting in these seasonal fluc-

tuations (Korpimäki, 1981; Rubolini et al., 2003).

Long-eared owls seem to adopt a more generalistic

pattern in their winter diet, feeding on a wider range

of prey species, especially if unfavourable weather

conditions predominate (low temperatures, snowfall)

(Rubolini et al., 2003). The diet composition of the

owl in N. Orestiada in the winter of 2005-2006, when

adverse weather conditions dominated, became more

diverse compared with the winter of 2006-2007 (FNB:

5.16 vs 3.06). In agreement with our results it has

been reported that, during prolonged periods of

snowcover and very low temperatures, the proportion

of birds and riparian rodents increase in the species’

diet (Wijnandts, 1984; Canova, 1989). In addition, a

riparian rodent (Arvicola terrestris) was also present in

the owl’s diet, but was not present in the following

winter (Table 1).
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A small increase in the presence of mammals in

the diet was found in the autumn and winter of 2006-

2007 compared with the other seasons (Table 1). Va-

riation in the composition of mammalian species in

the diet of nocturnal birds has been attributed to var-

ious climatic factors, to seasonal population cycles, to

seasonal variation in abundance and activity of small

mammals, and to changes in vegetation cover during

the year, particularly in agricultural areas, where an-

nual agricultural cycles cause major changes to the

soil surface (e.g. tillage, harvesting, cereals in sum-

mer, cotton in autumn) (Marti, 1974; Taylor, 1994;

Rubolini et al., 2003; Bontzorlos et al., 2005).

Mus numerically increased in the autumn, with a

significant decrease in the Microtus species. The in-

creased proportion of M. macedonicus in the autumn

could be explained by the fact that in the study area

at the start of this season, cultivations are burnt fol-

lowing harvest. Mus macedonicus is a species which

invades post-fire habitats in the first stages of habitat

recovery (Haim et al., 1999) and the owl preys on small

mammal species (Canova, 1989). In spring, there was

an increase in the presence of Apodemus sylvaticus in

the owl’s diet, with a decrease in the Mus and Micro-
tus species, which may be due to the fact that A. syl-
vaticus starts to breed in March (McDonald & Bar-

rett, 1993). Marti (1974) has reported that when prey

individuals are seeking mates and when young dis-

perse, many of them are found in unfamiliar areas

and are probably more vulnerable to predation. The

increase of Microtus in the owl’s diet during the win-

ters of 2005-2006 and 2006-2007, may also be attrib-

uted to the fact that over this period its capture is eas-

ier due to the lack of vegetation cover following har-

vest, or because these mammals are heavier than other

prey, providing a larger amount of food per hunting

trip (Pirovano et al., 2000).

In spring, very few owls remain in the area to

breed and young owls remain close to their natal area

for some months after their independence (Cramp,

1989). During this period, mammal numbers signifi-

cantly decrease. The observed small number of Mi-
crotus sp. during the summer is probably due to their

lower detectability by the owls in the dense cover of

the cultivations. However, a large increase in the pro-

portion of birds and insects was observed. The in-

creased proportion of the latter may be due to their

increased availability during the warmer months of

the year (Alivizatos et al., 2006).
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APPENDIX 1. The diet of the long-eared owl in N. Orestiada in total from 2005-2007 (n=477 pellets)

Prey N N (%) B (%)

MAMMALIA 988 91.0 90.4

Mus macedonicus 617 56.8 46.6

Apodemus sylvaticus 183 16.9 23.0

Rattus spp. 7 0.6 2.6

Micromys minutus 26 2.4 1.1

Microtus rossiaemeridionalis 93 8.6 11.7

Arvicola terrestis 2 0.2 0.8

Crocidura suaveolens 18 1.7 0.7

Crocidura leucodon 5 0.5 0.3

Muridae indet. 35 3.2 3.3

Rodendia indet. 2 0.2 0.2

AVES 82 7.6 9.3

Fringilla coelebs 11 1.0 1.4

Phylloscopus collybita 3 0.3 0.1

Coccothraustes coccothraustes 1 0.1 0.3

Carduelis carduelis 5 0.5 0.5

Turdus sp. 1 0.1 0.4

Turdus merula 1 0.1 0.5

Serinus serinus 2 0.2 0.1

Parus sp. 2 0.2 0.2

Parus caeruleus 3 0.3 0.2

Galerida cristata 1 0.1 0.3

Emberiza sp. 6 0.6 0.9

Erithacus rubecula 1 0.1 0.1

Passer sp. 1 0.1 0.2

Aegithalos caudatus 1 0.1 0.1

Passeriformes indet. 43 4.0 4.1

INSECTA 15 1.4 0.1

Coleoptera indet. 7 0.6 0.0

Gryllotalpa gryllotalpa 6 0.6 0.1

Tettigoniidae indet. 2 0.2 0.0

AMPHIBIA 1 0.1 0.2

Anura sp. 1 0.1 0.2

Total prey items 1086


