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REPRODUCTIVE SUCCESS OF EURASIAN EAGLE-OWLS IN WETLAND
AND NON-WETLAND HABITATS OF WEST-CENTRAL KOREA
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ABSTRACT.—The breeding success of raptors is strongly affected by food supply. We examined the
reproductive success of Eurasian Eagle-Owls (Bubo bubo) and assessed the effects of landscape and diet on
reproductive success at 44 nest sites in wetland and non-wetland (mostly agricultural lands, forests, and
human settlements) habitats in west-central Korea. We found that eagle-owl reproductive success was
significantly higher in wetland than in non-wetland habitats (mean of 1.9 vs. 1.3 fledglings per breeding
pair, respectively). Although the average number of fledglings per successful pair was similar in the two
habitats (2.0 vs. 1.8), the average numbers of fledglings per hatchling (0.9 vs. 0.7) and per egg (0.8 vs. 0.5)
were both higher in wetland habitats. Further, for the wetland habitats, birds (mostly Anatidae,
Columbidae, and Phasianidae) were the most important prey group by both number and biomass (67%
and 84%, respectively) in the breeding period. However, in non-wetland habitats, both mammals (59% by
number) and birds (67% by biomass) were important prey in the breeding period. The amount of
Phasianidae in the diet (by biomass) and the date of the onset of egg-laying were positively and negatively
(respectively) significant determinants of the number of fledglings per egg, whereas the percentage of
wetland in the habitat was the only significant determinant for the number of fledglings per hatchling.

Key WoRDS: Eurasian Eagle-Owl; Bubo bubo; diet; prey availability; reproductive success; wetland habital.

EXITO REPRODUCTIVO DE BUBO BUBO EN HABITATS DE HUMEDALES Y NO HUMEDALES EN EL
CENTRO OESTE DE COREA

RESUMEN.—FEI éxito reproductivo de las aves rapaces esta afectado fuertemente por la disponibilidad de
alimento. Estudiamos el éxito reproductivo de Bubo buboy evaluamos los efectos del paisaje y la dieta en su
éxito reproductor en 44 sitios de cria en habitats de humedales y de no humedales (principalmente tierras
agricolas, bosques y asentamientos humanos) en el centro oeste de Corea. Encontramos que el éxito
reproductor de B. bubo fue significativamente mayor en habitats de humedales que en no humedales (media
de 1.9 versus 1.3 volantones por pareja reproductiva, respectivamente). Aunque el nimero promedio de
volantones por pareja exitosa fue similar en los dos tipos de habitat (2.0 versus 1.8), los promedios de
volantones por pollo eclosionado (0.9 versus 0.7) y por huevo (0.8 versus 0.5) fueron ambos mayores en
habitats de humedales. Ademas, para los habitats de humedales, las aves (principalmente Anatidae,
Columbidae y Phasianidae) fueron el grupo mas importante de presas tanto por la cantidad como por la
biomasa (67% y 84%, respectivamente) en la época reproductiva. Sin embargo, en los habitats de no
humedales, tanto los mamiferos (59% en cantidad) como las aves (67% en biomasa) fueron presas
importantes en la época reproductiva. La cantidad de Phasianidae en la dieta (en términos de biomasa) y la
fecha de inicio de la puesta de huevos fueron determinantes significativos del nimero de volantones por
huevo de forma positiva y negativa (respectivamente), mientras que el porcentaje de humedales en el
habitat fue el inico determinante significativo con respecto al niimero de volantones por pollo eclosionado.

[Traduccion del equipo editorial]
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In the population dynamics of territorial and
solitary breeding species such as Eurasian Eagle-
Owls (Bubo bubo), the reproductive success rate,
distribution, population density, and diet are
affected by land-cover types surrounding a nest site
and the heterogeneous distribution of resources
within the landscape (Penteriani et al. 2004, Bionda
and Brambilla 2011). In addition, the diet tends
typically to be dominated by the most abundant
prey of the preferred size (Jaksi¢ and Braker 1983,
Korpiméki and Marti 1995, Marchesi et al. 2002,
Zarybnicka et al. 2009, Pérez-Garica et al. 2012),
and diet composition may reflect temporal and
spatial variation in prey availability. Prey abundance
and availability are the most important factors
influencing variation in reproductive output of
raptors (Whitfield et al. 2009).

A nocturnal, large, top predator, the Eurasian
Eagle-Owl has been reported in a variety of habitat
types (see Jaksi¢ and Marti 1981, Martinez and
Zuberogoitia 2001, Marchesi et al. 2002, Penteriani
et al. 2004, Shin et al. 2013). However, few studies
have focused on the fecundity, diet, and behavior of
eagle-owls in wetland habitats (Alivizatos et al. 2005,
Penteriani et al. 2012, Shin et al. 2013).

In a prior study, we reported the diet of wetland-
dependent eagle-owls on the west-central Korea,
Sihwa Reclaimed Area (SRA). Owls there fed mostly
on avian prey such as ducks, Ring-necked Pheasants
(Phasianus colchicus) and Oriental Turtle-Doves
(Streptopelia orientalis; Shin et al. 2013). The mean
weight of prey (MWP) was also remarkably heavier
than that of eagle-owls living far from wetlands,
which resulted from differences in food abundance,
diet composition, and mass of potential prey (Shin
et al. 2013). We here compare the reproductive
success rates of eagle-owls in wetland and non-
wetland habitats (i.e., forests, agricultural lands,
and human settlements) during the breeding
season, and assess the influence of landscape and
diet on reproductive success.

METHODS

Study Areas. We studied eagle-owls at two study
areas along the west-central coast of Korea: (1)
wetlands located along the SRA (ca. 360 km?; 87°4'—
37°17'N, 126°34'-126°50'E) and (2) non-wetland
areas located on the coastal area from Paju City and
Gimpo City to Ganghwa District (PGG; ca. 810 km?;
37°36'-37°49'N, 126°21'-126°51'E; Fig. 1). For the
SRA, the marshes and open areas created after 1987
were widely distributed throughout the habitat (K-
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water 2009); elevation ranges from 28-146 masl,
with gentle slopes (Shin et al. 2013). The PGG was
composed of different landscapes: Paju and Gimpo
were cultivated and urbanized, with intense human
activity, whereas Ganghwa was characterized by hills
(range = 42-468 masl; Shin et al. 2013).

Landscape Assessment. The landscapes around
nest sites were classified following Shin et al. (2013).
Based on Arirang 2 satellite images from the
Ministry of Environment of Korea (Ministry of
Environment of Korea 2009), we plotted a circle
with a 1-km radius centered on each nest, and
extracted the proportional areas of seven land-cover
categories (fallow lands, agricultural lands, forests,
water bodies, wetlands, human settlements, and
grasslands) using ArcGIS 9.3 (ESRI 2008). We also
measured: (1) nearest neighbor distance between
nests (NND); (2) altitude above sea level (ASL); (3)
distance to a paved road; (4) distance to an
occupied residence; and (5) distance to an open
area (DOA).

Diet and Reproduction. We examined 44 eagle-
owl territories: 19 in SRA and 25 in PGG (Paju: 7,
Gimpo: 11, Ganghwa: 7; Fig. 1). In the period from
September 2010 to August 2012, we searched for
nests using a combination of methods: passive
listening for vocalizations, playing of conspecific
calls and listening for responses, observing individ-
uals at dusk, and visiting areas around historical
nests (for more details, see Shin et al. 2013). To
minimize disturbances, we visited nests once per
week during the breeding season, starting with
incubation.

We examined laying date and clutch size. We
estimated hatching date by back-calculating based
on the feather development of nestlings (Penteriani
et al. 2005), and estimated laying date by subtract-
ing 35 d, the mean incubation period, from the
hatching date (Cramp 1985, Penteriani 1996,
Dalbeck and Heg 2006). We expressed laying dates
in days since 15 December (1 = 15 December),
because that was the earliest laying date. To record
clutch size, we climbed to the nests during
incubation. When replacement clutches (two each
for SRA and PGG) were recorded, we used the date
of the first clutch as the laying date.

We calculated reproductive breeding success at
the two study areas using multiple parameters, i.e.,
the number of fledglings (1) per territorial pair, (2)
per breeding pair, (3) per hatchling, (4) per egg
laid, and (5) per successful pair. We defined a
territorial pair as one that established and defended
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Figure 1.
studied, September 2010-August 2012. l PGG (Paju City, Gimpo City and Ganghwa District); A SRA (Sihwa Reclaimed
Area).

a territory. Pairs that moved away >300 m from
their nest sites in the next breeding season were
also considered to maintain a separate territory. We
defined a breeding pair as one that laid at least one
egg and a successful pair as one that fledged at least
one young. An occupied nest site was defined as one
where a territorial pair was present during the
breeding season, and nesting success was calculated
as the percentage of territorial pairs that success-
fully fledged at least one young. Because eagle-owl
young may leave the nests on the ground when they
are ca. 1 mo old, we visited all nest sites as well as
areas around the nests until the young were 8 wk
old to record brood size at fledging.

To assess diet and its effects on reproductive
output, we collected pellets and prey remains (1035
in SRA and 1977 in PGG) at nests, feeding sites, and

243

Korea

Study areas in west-central Korea, where landscape, diet, and reproductive rate of Eurasian Eagle-Owls were

roosting places, once or twice per month during the
entire study period and every time we visited a nest
during the breeding season. We identified prey
items at the species level using published literature
(Takada and Kanochi 2004, Yoon et al. 2004, Abe
2007, Won and Kim 2012). We determined the
minimum number of prey items of each type for
each collection event (Marti 1987, Bosé and Guidali
2001, Marchesi et al. 2002, Penteriani et al. 2005,
Shin et al. 2013). We calculated the percent biomass
and percent frequency of prey items for each
territory by pooling all the years together (Smith
etal. 1999). Biomass data for each prey species were
based on mean body weight in Won (1981), Yoon et
al. (2004), Song and Song (2005), Hume (2006),
and in our measurements.
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The various prey items that made up >3% of the
diet pooled over the entire study area by number or
by mass were classified at the family level: Anatidae,
Ardeidae, Columbidae, Corvidae, Phasianidae, Lep-
oridae, Muridae, and other prey (insects, crusta-
ceans, reptiles, and actinopterygians). Other avian
and mammalian prey items with three were
grouped together as other birds and other mam-
mals, respectively. Trace prey items made up 0.01%
(Jaksi¢ and Marti 1984).

The differences in diets between the two habitats
were compared using diet composition, MWP, and
Shannon-Wiener diversity index (H'). Because diet
composition may vary seasonally for raptors (Bose
and Guidali 2001, Forsman et al. 2001, Marchesi et
al. 2002), we used only diet data collected during
the breeding season (from 15 December to 31
August in our study area) to describe diet and to
assess the relationship of diet with reproductive
rates.

Statistical Analyses. We used discriminant func-
tion analysis (DFA; Sokal and Rohlf 1995) to
ascertain whether nest sites could be correctly
classified into their original habitat types (wetland
or non-wetland habitats). The difference in diet
composition between the two habitats was com-
pared by y*test, based on the occurrence frequency
of the categorized prey items. To avoid potential
biases caused by the effect of sample size on diet
indices (Smith et al. 1999), we excluded territories
with fewer than 20 identified prey items from
statistical analyses. In addition, territories affected
by human disturbances such as amateur photogra-
phers or herb pickers were excluded from our
analyses of the factors (landscape and diet) that
may affect the reproductive output. Prior to
analyses, percentage data were arcsine-transformed
for normalization and variables related to MWP in
the nonbreeding period were standardized as Z
scores to remove variation between years. Univariate
comparisons of land-cover categories, nest location
characteristics, dietary parameters and breeding
estimates between the two different habitats were
analyzed using ttests, or Mann-Whitney UFtests
when the data did not meet normality requirements
or variances were not homogeneous after transfor-
mation. Associations of the independent variables
with breeding success were analyzed using Pearson
correlation. To examine factors affecting the
reproductive success of eagle-owls, we used the
landscape, nest location, onset of egg-laying, and
diet variables as independent variable factors in a
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stepwise multiple linear regression (SMLR), with
entry and removal criteria set at probability of F' <
0.05 and >0.10, respectively. To avoid pseudo-
replication, we averaged the value of reproductive
success for the two study years for each territory
(Marchesi et al. 2002). Significance was determined
at P < 0.05. PASW Statistics 18.0 for Windows (SPSS
Korea Datasolution Inc. 2009) was used for statisti-
cal analyses. Data are expressed as means = SD.

REsuLTS

Landscape and Nest Location Variables. We
found significant differences between the two
habitat types for seven variables (DFA; x%=81.851,
canonical correlation = 0.942, n = 43, P < 0.001).
All the nest sites in both SRA and PGG were
accurately classified. The percentage of wetlands
was higher in SRA, whereas the percentages of
agricultural lands, forests, human settlements, and
grasslands were higher in PGG (Table 1). However,
the percentages of fallow lands and water bodies did
not differ significantly between the two habitats
(Table 1). Nests of the SRA, compared to those of
the PGG, were farther from occupied houses and
paved roads, nearer to open areas and located at a
lower elevation (Table 1). NND did not differ
between the two habitats.

Nest Sites and Reproductive Success. In 2011, 34
nests were occupied (n = 12 for SRA, n = 22 for
PGG), whereas in 2012, six of those were not
occupied, another seven nest sites were found, and
two pairs moved away ca. 400 m and 1600 m from
their previous nest sites within their own territories
(n=17 for SRA, n=20 for PGG in 2012). Of the 43
occupied nests, eight (n=3 for SRA, n=>5 for PGG)
had pairs that did not lay any eggs during the two
breeding seasons. Clutch size, brood size at hatch-
ing, and the number of hatchlings per egg did not
differ between the two study areas (Table 2).
Additionally, laying date ranged from mid-Decem-
ber to early March and did not significantly differ
between SRA and PGG (Table 2).

Wetland-dependent eagle-owls had higher repro-
ductive rates than non-wetland eagle-owls, using
several measures of reproduction. Nesting success
was 1.7 times higher in wetland habitat, and most
measures of reproductive success varied between
the two habitats (Table 3). SRA owls fledged more
hatchlings than PGG owls (Table 3); the number of
fledglings per egg was 1.6 times higher in SRA
(Table 3). The number of fledglings per breeding
pair of SRA was 1.5 times higher than that of PGG
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Table 1. Characteristics of landscape surrounding 43 Eurasian Eagle-Owl nest sites in wetland (Sihwa Reclaimed Area)
and non-wetland populations (Paju City, Gimpo City, and Ganghwa District) of west-central Korea during the period of
September 2010-August 2012. Percentage data of land-cover types were analyzed within a radius of 1 km around the nest
(see methods for details) and were arcsine-transformed to compare the means between the two study areas. At one nest
site in the wetland study area that was first discovered after fledging, we measured only nearest neighbor distance. n in
parenthesis is number of nest sites, and P < 0.05 was considered significant. Bold type indicates statistical significance.
Values are represented as mean * SD.

LANDSCAPE CHARACTERISTIC ‘WETLAND NON-WETLAND STATISTIC" P
Fallow land (%) 6.1 £ 11.2 (18) 3.7 = 4.5 (25) —0.994 0.326
Agricultural land (%) 17.3 = 12.2 (18) 32.9 = 19.2 (25) —2.905 0.004
Forest (%) 14.9 = 12.1 (18) 33.6 = 24.2 (25) —2.880 0.004
Water body (%) 8.3 = 12.0 (18) 8.0 = 13.2 (25) —0.072 0.943
Wetland (%) 49.6 = 21.3 (18) 1.6 £ 2.8 (25) —5.623 <0.001
Human settlement (%) 2.9 £ 2.0 (18) 17.5 = 10.4 (25) —4.727 <0.001
Grassland (%) 0.8 £ 1.6 (18) 2.8 = 3.8 (25) —2.825 0.005
Nearest neighbor distance between nests (m)  2280.3 * 1241.7 (18)  3445.8 £ 2177.0 (24) —3.863 0.093
Distance from a paved road (m) 744.2 = 770.9 (18) 115.6 = 131.7 (24) —3.863 <0.001
Distance from an occupied house (m) 409.9 * 410.3 (18) 110.2 = 148.4 (24) —3.279 0.001
Distance from an open area (m) 15.8 = 32.7 (18) 189.2 = 145.7 (24) —4.449 <0.001
Altitude above sea level (m) 19.7 = 10.8 (18) 65.4 + 38.3 (24) —4.754 <0.001

* zvalue (Mann-Whitney U-est), except for fallow land and water body, which are tvalue (#test).

(Table 3). However, the number of fledglings per
successful pair did not differ.

Diet. Pellets and prey remains contributed 76%
and 24%, respectively, to the total sample of prey
items (Table 4). For pellets, mammalian prey were
more frequent than avian prey; however, among
prey remains, avian prey were overwhelmingly more
frequent than mammalian prey (Table 4). During
the breeding period, diet composition significantly
varied between the two habitats (y* = 308.524, P <
0.001; Table 5). For the SRA eagle-owls, birds were
the most important prey group in terms of both

number and mass (Table 5). The most important
bird family groups were Anatidae, Columbidae, and
Phasianidae, making up >52% by number and 75%
by mass. Waterbirds such as Chinese Spot-billed
Ducks (Anas zonorhyncha), Mallards (A. platyrhyn-
chos), egrets (Egretta spp. and Bubulcus ibis), and
Common Coots (Fulica atra) contributed greatly to
the biomass of the owl diet at SRA (47%). Muridae,
including brown rats (Rattus norvegicus), black-
striped field mice (Apodemus agrarius), and voles
(Clethrionomys spp.), were detected quite frequently
in the SRA, but their frequency of occurrence and

Table 2. Breeding parameters for Eurasian Eagle-Owls in wetland (Sihwa Reclaimed Area) and non-wetland populations
(Paju City, Gimpo City, and Ganghwa District) of west-central Korea, September 2010 to August 2012. Percentage data
were arcsine-transformed. Pvalue indicates the significance of the difference between the two study areas. n in
parenthesis refers to number of samples.

WETLAND (n) NON-WETLAND (7)

BREEDING PARAMETER MEeAN + SD RANGE MEAN *+ SD RANGE STATISTIC? P
First egg-laying date™ 25.6 + 19.1 (23) 3-81 29.3 + 10.1 (28) 4-44 —1.052 NS
Clutch size® 2.5 + 0.6 (23) 1-3 2.7 + 0.7 (28) 1-4 1.066 NS
Brood size at hatch® 2.00 + 0.6 (18) 1-3 2.0 + 1.1 (25) 04 —0.522 NS
Number of hatchlings per egg® 0.8 *+ 0.2 (18) 0.5-1 0.8 + 0.4 (25) 0-1 —0.396 NS

* tvalue (ttest), except for first egg-laying date, which is zvalue (Mann-Whitney U-test);
> 1-15 December;

 first clutch;

d replaced clutch;

NS not significant.
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Table 3. Mean reproductive success of Eurasian Eagle-Owls in wetland (Sihwa Reclaimed Area) and non-wetland
populations (Paju City, Gimpo City, and Ganghwa District) of west-central Korea during the period of September 2010—
August 2012. Percentage data were arcsine-transformed. Territories affected by human disturbances (e.g., amateur
photographer, herb picker) were excluded from the analysis (see methods for details). Pvalue indicates the significance
of the difference of breeding outputs between the two study areas, and significant difference is in bold type. n in
parenthesis refers to numbers of sample.

WETLAND (n) NON-WETLAND (7)
REPRODUCTIVE RATE MEeAN = SD RANGE MEAN = SD RANGE ~ STATISTIC" P

Nesting success (%) 71.4 (21) 43.2 (37)
Mean number of fledglings per territorial pair 1.4 * 1.0 (21) 0-3 0.8 = 1.0 (36) 0-3 —2.233 0.030
Mean number of fledglings per breeding pair

(pair that laid eggs) 1.9 = 0.7 (16) 0-3 1.3 = 1.0 (23) 0-3 —1.982 0.048
Mean number of fledglings per successful pair 2.0 * 0.5 (15) 1-3 1.8 £ 0.7 (16) 1-3 —0.870  0.392
Mean number of fledglings per hatchling 0.9 = 0.3 (16) 0-1 0.7 = 0.4 (20) 0-1 —2.801 0.005
Mean number of fledglings per egg 0.8 = 0.3 (16) 0-1 0.5 * 04 (23) 0-1 —2.253  0.030

* tvalue (ttest), except for number of fledglings per breeding pair and number of fledglings per hatchling, which are zvalue (Mann—
Whitney U-test);
" percentage of territorial pairs that successfully fledged at least one young.

Table 4. Diet composition of the Eurasian Eagle-Owl in west-central Korea (September 2010-August 2012), analyzed by
pellets and prey remains. Taxonomic groups with <3% of number or biomass of prey items were included in the
categories “Other mammals” and “Other birds,” respectively. tr = trace (<0.01%). Number of each species (n),
frequency of each species (F), and biomass of prey (B) in the diet are shown. » in parenthesis refers to sample size.

PELLETS PRrREY REMAINS PooLED
TaxoNOMIC GROUP n Y%F %B n Y%F %B n %F %B
Birds (total) 850 34.4 59.7 668 85.1 90.5 1518 47.0 72.4
Anatidae 92 3.8 15.0 171 21.8 40.0 263 8.1 25.2
Ardeidae 48 2.0 4.1 45 5.7 5.6 93 2.9 4.7
Columbidae 94 3.8 17.7 122 15.5 26.8 673 20.8 15.5
Corvidae 478 19.5 18.7 195 24.8 11.0 107 3.3 2.3
Phasianidae 63 2.6 2.3 44 5.6 2.2 216 6.7 21.5
Other birds® 75 2.7 1.9 91 11.7 49 166 5.2 3.1
Mammals (total) 1565 63.9 40.1 117 14.9 9.4 1682 52.0 27.5
Leporidae 23 0.9 8.5 10 1.3 5.3 33 1.0 7.2
Muridae 1495 61.1 28.4 99 12.6 3.4 1594 49.3 18.1
Other mammals” 47 1.9 3.2 8 1.0 0.7 55 1.7 2.2
Insects® 21 0.9 tr 21 0.6 tr
Crustaceans” 9 0.4 tr 9 0.3 tr
Actinopterygians® 1 tr tr 1 tr tr
Reptiles’ 1 tr tr 1 tr tr
Total prey items 2447 100 100 785 100 100 3232 100 100

* Accipitridae (n=4), Caprimulgidae (n=1), Cuculidae (n=3), Coracidae (n=2), Emberizidae (n=1), Falconidae (n=14), Laridae (n=
1), Motacillidae (n=2), Oriolidae (n= 1), Phalacrocoracidae (n=2), Picidae (n= 3), Podicipedidae (n = 1), Pycnonotidae (n=17),
Rallidae (n = 22), Scolopacidae (n = 5), Strigidae (n = 40), Threskiornithidae (n = 1), Turdidae (n = 15), Zosteropidae (n = 1),
unidentified birds (n = 30);

" Canidae (n=1), Erinaceidae (n=1), Felidae (n=2), Mustelidae (n=22), Sciuridae (n = 6), Soricidae (n=17), Talpidae (n = 6);

¢ Acrididae (n=>5), Carabidae (n=7), Curculionidae (n=2), Lucanidae (n = 6), Mantidae (n=1);

4 Leucosiidae (n=7), Sesarmidae (n=2);

¢ Cyprinidae (n=1);

 Colubridae (n=1).
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Table 5. Spatial variations of the Eurasian Eagle-Owl diet in the breeding and nonbreeding periods in wetland (Sihwa
Reclaimed Area) and non-wetland populations (Paju City, Gimpo City, and Ganghwa District) of west-central Korea,
September 2010-August 2012. Number of each species (n), frequency of each species (F), and biomass of prey (B) in the
diet are shown. Taxonomic groups with <3% of number or biomass of prey items were included in the categories “Other
mammals” and “Other birds,” respectively. tr = trace (<0.01%). Territories with n < 20 prey items were excluded from
analyses of the difference between the two habitats. » in parenthesis refers to sample size.

BREEDING PERIOD® NONBREEDING PERIOD?

WETLAND NON-WETLAND WETLAND NON-WETLAND
TaxoNoMIC GROUP n %F %B n %F %B n %F %B n %F %B
Birds (total) 537 66.6 84.4 794 41.1 66.7 65 44.8 79.5 122 34.8 54.5
Anatidae 156 19.4 41.9 87 4.5 16.1 14 9.7 33.2 6 1.7 7.3
Ardeidae 25 3.1 3.3 54 2.8 5.3 4.1 7.5 8 2.3 5.7
Columbidae 174 21.6 11.2 400 20.7 18.1 25 17.2 14.3 74 21.1 18.7
Corvidae 25 3.1 1.5 69 3.6 2.8 3 2.1 1.6 10 2.8 2.3
Phasianidae 90 11.2 22.3 104 5.4 21.8 7 4.8 14.7 15 4.3 19.4
Other birds 67 8.3 4 80 4.5 2.6 10 7 8.2 9 2.7 1.1
Mammals (total) 253 314 15.5 1129 58.5 33.3 78 53.8 20.4 222 63.2 45.4
Leporidae 14 1.7 8.5 14 0.7 6 5 1.4 11.9
Muridae 223 27.7 5.5 1086 56.3 24.8 73 50.3 18.6 212 60.4 29.8
Other mammals 16 1.9 1.4 29 1.6 2.5 5 3.5 1.9 5 1.4 3.7
Insects 10 1.2 tr 6 0.3 tr 5 1.4 tr
Crustaceans 5 0.6 tr 2 1.4 tr 2 0.6 tr
Actinopterygians 1 0.1 0.1
Reptiles 1 0.1 tr
Total prey items 806 100 100 1930 100 100 145 100 100 351 100 100

#15 December to 31 August;
LS| September to 31 December.

biomass (31% and 16%, respectively) were lower
than those of birds. In contrast, both birds and
mammals were important components of the owl
diet at the PGG. Mammals were 1.4 times more
frequent than birds (Table 4), but avian prey
contributed twice as much to the overall biomass
(Table 5).

MWP was 1.7 times greater at SRA than at PGG
during the breeding period (SRA: 473.8 + 498.9 g,
PGG: 276.6 * 365.9 g; Mann—-Whitney U-test, z =
-11.036, n = 2513, P < 0.001). H was also
significantly higher in SRA (SRA: 2.1 * 0.4, PGG:
1.7 = 0.5; ttest, t=—3.555, n=35, P=0.001). Eagle-
owls in the SRA wetland area captured more diverse
prey, but MWP of avian prey that they hunted was 2.6
times greater than that of mammalian prey (Fig. 2).

Association of Landscape Variables, Nest Loca-
tion, and Diet with Reproductive Rate. Percent
wetland was the only landscape variable positively
associated with the reproductive success of eagle-
owls (Table 6, Fig. 3A). As the proportion of
wetland area increased, there were also increases
in the number of fledglings per hatchling and per

egg. Of nest location characteristic variables, NND
was negatively correlated with the number of
fledglings per breeding pair and hatchling, and
DOA was negatively associated with the number of
fledglings per hatchling (Table 6). MWP and H’
were positively associated with both the number of
fledglings per breeding pair (Fig. 3B) and per egg
(Fig. 3C, Table 6). The percentage of Anatidae (by
number) in the diet was positively correlated with
the number of fledglings per hatchling; similarly,
the percentage of Phasianidae (by number) in the
diet was positively correlated with the number of
fledglings per breeding pair and per egg (Table 6).
The number of fledglings per successful pair was
not significantly associated with any of the inde-
pendent variables.

A SMLR revealed that H', percent biomass for
“other family” and NND were significant determi-
nants of the number of fledglings per breeding
pair, whereas percent wetland was the only signif-
icant determinant of the number of fledglings per
hatchling (Table 7). The percent of Phasianidae in
the diet (by number) and date of the onset of egg-
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Figure 2. Biomass contribution of avian and mammalian
prey in the Eurasian Eagle-Owl diet in the breeding period
in the wetland population (Shihwa Reclaimed Area) of
west-central Korea (September 2010-August 2012). Aves:
X =608.2 = 446.7 g, n = 537, Mammalia: X = 237.1 *
529.4 g, n =253 (Mann-Whitney Urtest: z=—18.895, P <
0.001). The box includes the middle 50% of the
distribution of prey weights, with the bold central line
within the box indicating the median of the data. The top
and bottom of the box represent the 75th and 25th
percentile of the data, respectively. The vertical lines
outside the box show the upper and lower deciles. Circles
and asterisks represent outliers and extreme values,
respectively.

laying were significant determinants of the number
of fledglings per egg (Table 7). A significant
predictor of the number of fledglings per successful
pair was not detected in the pooled samples.
Overall, the predictive power of a multiple linear
regression was highest for reproductive rate in
terms of the number of fledglings per breeding
pair, accounting for >47% of the variation.

Discussion

Reproductive success of eagle-owls in wetland-
dominated habitats in Korea (2.0 young per
successful pair) was slightly lower than that of owls
studied in Spain (2.3 young per successful pair,
Beneyto and Borau 1996) but similar to or higher
than reproductive success in Germany (2.1 young
per successful pair, Dalbeck and Heg 2006), Austria
(2.0 young per successful pair, Frey 1992), France
(1.9 young per successful pair, Cochet 1985; 1.8
young per successful pair, Penteriani et al. 2002),
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and Sweden (1.6 young per successful pair, Olsson
1979).

High breeding success of eagle-owls in Mediter-
ranean habitats was related to high local abundance
of rabbits (Oryctolagus cuniculus), their primary local
prey (Donézar 1990, Penteriani et al. 2002, Pérez-
Garcia et al. 2012). Our results suggest that the
large and abundant prey in wetlands (i.e., water-
birds) might be a driver of the differences in
breeding success between the wetland and non-
wetland populations. Actually, wetland-dependent
waterbirds formed almost half of biomass delivered
to owl nests. This result is not consistent with a
widespread premise that the eagle-owls feed pri-
marily on mammals (Martinez and Zuberogoitia
2001, Marchesi et al. 2002, Penteriani et al. 2002,
Koénig and Weick 2008). However, our findings are
consistent with an eagle-owl diet study at the
Amvrakikos wetland in Greece, where birds made
up 62% of prey by biomass and 20% by number
(Alivizatos et al. 2005). The avian predominance is
likely linked to the proximity or prevalence of
wetlands and the low availability of rats due to the
distance to villages. This may result in a higher
predation on birds and a more diverse diet
(Marchesi et al. 2002, Penteriani et al. 2004, Shin
et al. 2013).

Generally, a decline in abundance of a preferred
prey species causes both an increase in dietary
breadth and a decline in reproductive success
(Steenhof and Kochert 1988, Korpimaki 1992,
Marchesi et al. 2002). Alternative prey is sometimes
less accessible or has lower biomass (Korpiméki
1986, Steenhof and Kochert 1988, Zarybnicka et al.
2009). For the SRA, decreasing predation on
Muridae (mainly brown rat and black-striped field
mouse) was associated with increasing predation on
birds, and dietary diversity indices (/') increased.
Nevertheless, the low Muridae availability did not
necessarily result in lower reproductive rates.
Although eagle-owls of the wetland-dominated
SRA captured more diverse prey types than those
of the PGG, they produced more fledglings and had
higher breeding success rates (the number of
fledglings per hatchling and per egg). Due to the
spatial proximity to wetlands and open areas, they
were able to hunt profitable and high-energy prey,
e.g., ducks and Ring-necked Pheasants. As an SMLR
analysis showed, the percentage of Phasianidae (by
biomass) in the diet was one of the significant
determinants influencing the number of fledglings
per breeding pair. A greater MWP might be an
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Table 6. Correlation of the landscape, nest location, and diet variables with the reproductive success of Eurasian Eagle-
Owls in west-central Korea, September 2010-August 2012, analyzed by Pearson correlation analysis. Dietary data in the
breeding period were pooled among years, and breeding data were averaged across the two study years for each territory.
Percentage data were arcsine-transformed. Territories with n < 20 prey items and affected by human disturbances (e.g.,
amateur photographer, herb picker) were excluded from the analysis (see Methods for details). n in parenthesis refers to

sample size.

REPRODUCTIVE RATE MEASURE

NFBP? NFH" NFE* NFSP?
VARIABLE (n=29) (n=27) (n=29) (n=23)
Wetlands NS 0.484" 0.402" NS
Distance from a nest to open area NS —0.407" NS NS
Nearest neighboring distance between nests —0.439" —0.445" NS NS
Mean weight of prey 0.466" NS 0.421" NS
Shannon-Wiener diversity index (H') 0517 NS 0.428" NS
Percent number for Anatidae NS 0.404" NS NS
Percent number for Phasianidae 0.470" NS 0.508™ NS
Percent biomass for Phasianidae 0.507"" NS 0.480™" NS
Percent biomass for Columbidae —0.872" NS —0.382" NS
Percent biomass for Muridae —0.374" NS NS NS
Percent biomass for other family -0.388" NS —0.442" NS

“ Number of fledglings per breeding pair;
> number of fledglings per hatchling;
¢ number of fledglings per egg;

4 humber of fledglings per successful pair that fledged at least one young;

NS not significant;
“P<0.05;
“P<0.01.

important contributor to the higher reproductive
success in wetland habitat.

The ecology of eagle-owls at SRA appears to be
similar to that recorded in a France massif
(Penteriani et al. 2002): the eagle-owls along the
border had a higher reproductive output than those
in the interior, although the former had a broader
diet (D.M. Shin unpubl. data). With the highest
degree of diversity and food-niche breadth value
among owls (Herrera and Hiraldo 1976), eagle-owls
can profitably focus on large mammals or medium-
to large-sized birds. As Whitfield et al. (2009)
discussed, a positive association between specialized
diet and reproductive success can be expected when
the spatial and temporal availability of specific
profitable prey types is stable and predictable. The
abundance, availability, and distribution of prey are
probably more influential than individual foraging
specialization in determining reproductive output
(Whitfield et al. 2009).

When rabbit (preferred prey) abundance is low,
eagle-owls usually capture alternative prey such as
brown rats and hedgehogs (Hiraldo et al. 1976,
Donazar 1988, Marchesi et al. 2002). The Korean

hare (Lepus coreanus), the only lagomorph in west-
central Korea, once ranged widely over most of
Korea but has decreased in number and range
because of excessive hunting and habitat loss/
destruction (Won and Smith 1999). In our study
areas, this species was extremely rare (Table 4, 5;
Shin et al. 2013). Therefore, PGG eagle-owls
probably focused on brown rats as a suitable
substitute with medium size, high abundance, and
year-round availability (Marchesi et al. 2002).
Oriental Turtle-Doves and Ring-necked Pheasants
also played a key role as another substitute prey and
a second important food resource for them (Shin et
al. 2013).

The breeding strategy of the PGG eagle-owls
should be considered from the perspective of brood
reduction (Lack 1947, Ricklefs 1965). These owls
laid relatively large clutches, but lost a few recently
hatched nestlings due to starvation and siblicide
(73% of overall nestling mortality and 33% of all
nestlings; D.M. Shin unpubl. data). This might be
associated with lower MWP and result in a decrease
in reproductive rates. It is possible they have
adopted a brood-adjustment strategy to produce
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the maximal brood size that can be raised while still
balancing the energetic costs of brood-rearing
(Mock and Forbes 1995, Wellicome 2000, Penter-
iani et al. 2010). There is, however, a need for
further experimental research on the relationship
between the decrease in MWP and brood reduction
at PGG.

Diurnal raptors such as Northern Goshawks
(Accipiter gentilis), Common Buzzards (Buteo buteo),
and White-tailed FEagles (Haliaeetus albicilla) fre-
quently hunt various birds in SRA in winter (K-water
2009). It is also possible that avian prey remains
were overrepresented in the sample due to the
abundance of their feathers and their longevity in
the nest. Furthermore, annual and territorial
variation in Eurasian Eagle-Owl diet is often
attributed to spatial or temporal variation in prey
abundance (Rusch et al. 1972, Pietiainen 1989,
Hakkarainen and Korpimiki 1994, Steenhof et al.
1997). However, previous studies demonstrated that
the use of pooled samples consisting of pellets and
prey remains yielded a relatively close fit to diet
composition assessed by direct observation (Sim-
mons et al. 1991, Redpath et al. 2001, Marchesi et al
2002, Penteriani et al. 2005).

In conclusion, wetland-dependent Eurasian Ea-
gle-Owls had higher reproductive rates than non-
wetland eagle-owls in west-central Korea. The
wetland offered a variety of large and profitable
prey and the focus on avian prey played an
important role in their reproductive rate. An in-
depth study may be required to better understand
the nature of the relationship between wetland
habitat and breeding success. Further studies are
also needed to examine the effects on owl
reproductive rate of a continuing decrease in
wetland areas due to the conversion to rice paddy

—
Figure 3. Association of percent wetlands (A), mean
weight of prey (B), and diet diversity index (C) in the
breeding period with reproductive success, based on 43
Eurasian Eagle-Owl territories in west-central Korea,
September 2010-August 2012. Dietary data were pooled
among years and breeding data were averaged across the
two study years for each territory. Percentage data were
arcsine-transformed. n in parenthesis is sample size. The
equations of 3A, 3B, and 3C are y=1.070x + 0.845 (72 =
0.234, n=29, P=0.010), y=0.003x+0.153 (*=0.218, n=
29, P=0.011), and y=1.186x— 0.960 (+*=0.267, n=29, P
=0.004), respectively.
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Table 7. Multivariate determinants influencing reproductive success of Eurasian Eagle-Owls in west-central Korea,
September 2010-August 2012, analyzed by a stepwise multiple linear regression. Landscape and diet variables were
entered as independent variables and each of the four measures of reproductive rate as dependent variable (only the
final model is shown). Dietary data in the breeding period were pooled among years and breeding data were averaged
across the two study years for each territory. Percentage data were arcsine-transformed. Territories with n < 20 prey items
and affected by human disturbances (e.g., amateur photographers, herb pickers) were excluded from the analysis.

STD.
DEPENDENT VARIABLE PREDICTOR COEFFICIENT ~ ERROR BETA t P

Number of fledglings per breeding pair®  Constant 0.858 0.852 1.008 0.323
Diet diversity (H')" 0.706 0.346 0.308 2.041 0.052
Percent biomass for —71.238 22.352 —0.462 —3.187 0.004

other family
NND* 0.000 0.000 —0.442 —2.855 0.009
Number of fledglings per hatchling® Constant 0.845 0.142 5970 <0.001
Wetland 1.070 0.387 0.484 2.767 0.010
Number of fledglings per egg® Constant 0.731 0.186 3.938 0.001
Percent number for 4.802 1.263 0.606 3.803 0.001

Phasianidae
Onset of egg laying —0.014 0.006 —0.382 —2.401 0.024

Number of fledglings per successful pair’  No variable

retained in the

model

297 =0.530, 17,q; = 0.474, SE = 0.655, F = 8.153, P=0.009;
" Shannon-Wiener diversity index;

¢ nearest neighbor distance between nests;

47 =0.284, g = 0.204, SE = 0.550, F=7.658, P=0.010;
€97 =0.388, 1%,q; = 0.341, SE = 0.471, F=5.764, P=0.024.

cultivation fields, industrial complexes, and apart-
ment complexes.
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