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Recent evidence suggests that the White-tailed Eagle (Haliaeetus albicilla) — the largest
avian predator to have recently recovered in Europe — may prey on mesopredators and
their broods. Mesopredators may respond to predators near their nests by exhibiting off-
spring defence behaviour. The present study involved White-tailed Eagle diet analysis,
and we report on their predation on Common Buzzard (Buteo buteo) nestlings and the re-
sults of a field experiment conducted near the nests of Common Buzzards to test how they
respond to the appearance of a top predator. The remains of nestling Common Buzzards
were observed in 9% of successful nests, while evidence on the consumption of other rap-
tor species was scarce. Additionally, our results indicate that habitat and pair/territory
identity may explain the probability of predation on mesopredators, thus suggesting a spa-
tially varying effect on smaller raptors. During the field experiment, Common Buzzards
responded to a White-tailed Eagle dummy placed near nest sites during only half of the
observed visits. Moreover, the response of Common Buzzards was not explained by their
proximity to the breeding pairs of White-tailed Eagles. The probability of Common Buz-
zards alarm calls and attacks increased in the latest stage of the breeding season, although
this was largely due to differences in defence behaviour between pairs, which suggests in-
dividual differences in aggressiveness towards predators. In summary, our data indicate
that the White-tailed Eagle may prey upon the broods of Common Buzzard under certain
environmental conditions, and that this source of prey could easily be accessed due to the
weak brood defence behaviour by Common Buzzards.
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1. Introduction

Superpredation is a form of predation in which a
top predator kills and consumes another predator,
independent of the degree of resource overlap and
competitive interaction (Lourenco et al. 2014).
This type of predation is widespread in avian pre-
dator communities with several-fold differences in
body size between the predator and prey (Sergio &
Hiraldo 2008). Top raptors predate on adults, nest-
lings, fledglings or dispersing young of another
raptor species (see references in Sergio ez al. 2003,
Sergio & Hiraldo 2008, Lourengo et al. 2011).
Superpredation is primarily caused by food acqui-
sition since, just as any other prey, such behaviour
would yield energetic gains (Polis ef al. 1989).

Previous studies have established that the di-
etary breadth of an avian predator increases when
the abundance of a preferred prey species declines
(Whitfield et al. 2009 and references therein).
When a predator population increases, new pairs
settle in progressively poorer sites (Brown 1969),
and predators may experience food limitation un-
der this sequential habitat occupation process
(Lohmus 2001). Despite the specific reasons caus-
ing a decrease in principal prey species, a top pre-
dator may shift to exploit alternative prey under
food stress conditions (Korpimiki ez al. 1990, Reif
et al. 2001). Alternative prey species may belong
to a high trophic level (Hoy et al. 2017) or even to
be competitors to the larger raptor (Morosinotto et
al. 2017). Due to heterogeneity of the prey re-
sources in the environment, spatial variation is ex-
pected.

The subordinate species may respond to a
superpredator in different ways. It may avoid
superpredator’s neighbourhood when occupying
territories (Sergio ef al. 2003, Chakarov & Kriiger
2010), skip habitats associated with the super-
predator (Sergio et al. 2007, Bjorklund et al. 2016,
Michel et al. 2016) or reduce vocalisations or
movements (Zuberogoitia et al. 2008). However, a
locally abundant territorial subordinate species
may be limited in responding to increased
superpredators through site or habitat changes
(Mueller et al. 2016). Prey species may respond to
predators by offspring defence behaviour includ-
ing alarm calling, distraction displays, and attack
responses (Rytkdnen & Soppela 1995). Moreover,
in many altricial species, brood defence increases

with offspring age (Onnebrink & Curio 1991).
Due to frequent encounters, individuals may learn
about predator capabilities and would thus exhibit
higher defence intensity than inexperienced birds
(Rytkonen & Soppela 1995). More aggressive re-
sponses towards a local increase in predators may
be also due to the disappearance of less-aggressive
individuals from that population (Mueller et al.
2016). Hence, it could be assumed that breeding
individuals may respond differently during con-
tact with predators in enemy-free areas compared
to areas inhabited by that predator.

The White-tailed Eagle (Haliaeetus albicilla)
is the largest avian predator in the temperate and
boreal latitudes of Europe, but evidence of their
predation on avian mesopredators remains scarce
(review in Sergio & Hiraldo 2008). Previous stud-
ies on White-tailed Eagle diet from different geo-
graphical areas have demonstrated that their prin-
cipal prey includes fish and waterfowl, while pro-
viding only occasional evidence of predation on
diurnal and nocturnal raptors (Helander 1983,
Sulkava et al. 1997, Struwe-Juhl 2003, Whitfield
et al. 2013, Sindor ef al. 2015, Nadjafzadeh et al.
2016).

However, since their populations continue to
grow, the White-tailed Eagle has effectively ex-
panded its range along the environmental gradient
while increasing local densities, thereby resulting
in the occupation of less suitable breeding territo-
ries (Ekblad et al. 2016, Treinys et al. 2016, Heuck
et al. 2017). Due to the exploitation of a broader
environmental gradient, White-tailed Eagle diet
has also changed over several decades to corre-
spond to prey availability (Sulkava et al. 1997,
Ekblad et al. 2016). The Common Buzzard (Buteo
buteo) is the most abundant among birds of prey in
Europe (Mebs & Schmidt 2006). Nestlings of this
species have recently been repeatedly observed as
prey items in the nests of White-tailed Eagles bree-
ding in Germany (Miiller & Lauth 2006, Neumann
& Schwarz 2017), which suggests that predation
on the broods of this abundant mesopredator could
also be expected elsewhere. In the present study,
we focus on the interaction between these species
assuming that they represent a predator—prey sys-
tem.

First, by analysing prey material collected dur-
ing White-tailed Eagle nestling ringing in coastal
and inland habitats, we report on White-tailed Ea-
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gle predation on Common Buzzard nestlings. Sec-
ond, we performed a field experiment near the
nests of Common Buzzard to test how they re-
spond to the appearance of a top predator during
different stages of the breeding period in an area
inhabited by White-tailed Eagle as well as in an
area where this raptor does not yet breed. The fol-
lowing predictions were made: a) As a prey item,
the Common Buzzard will be more likely to occur
in the nests of White-tailed Eagles breeding in in-
land habitats compared to coastal habitats (coastal
habitats provide optimal feeding conditions due to
the high availability of principal prey — fish and
waterfowl — for the White-tailed Eagle); b) the de-
fence behavior of the Common Buzzard to the
presence of White-tailed Eagle near their nests
will increase when the distance to the nearest nest
of the predator decreases (aggressive behaviour in
Common Buzzard towards its predator — the Eagle
Owl (Bubo bubo) — increased when the latter spe-
cies was present in high abundance throughout the
landscape; Mueller et al. 2016); and ¢) the defence
behavior of the Common Buzzard to White-tailed
Eagle presence will be the strongest close to the
fledging period (a frequently observed pattern
among altricial species; Onnebrink & Curio
1991).

2. Material and methods

2.1. Data collection and analysis
of the White-tailed Eagle diet

The search for new — and monitoring of known —
occupied White-tailed Eagle nesting territories
was conducted in Lithuania (65,200 kmz, central
coordinate 55°100°N, 23°39’E; Fig. 1) using pro-
cedures previously described in detail (Dementa-
vicius 2007, Treinys et al. 2016, Dementavicius et
al. 2019). The range of the White-tailed Eagle in
Lithuania was estimated based on information re-
garding the breeding territories collected between
1995 and 2015. The White-tailed Eagle range for
1995-2005 and its expansion between 2006 and
2015 are presented in Fig. 1. The Range Tool for
Article 12 (Birds Directive) and Article 17 (Habi-
tat Directive), available at the European Topic
Centre on Biological Diversity (Mac Sharry
2012), was employed. The pan-European
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ETRS89 LAEAS5210 grid with 10-km resolution
was used, and a gap distance of five grid cells was
set for range modelling (for details: Treinys et al.
2016).

Prey and their remains in White-tailed Eagle
nests were collected in coastal and inland areas
(Fig. 1) once per season when the ringing of nest-
lings was performed during May—June between
2001 and 2016. Altogether, we observed 249 suc-
cessful breeding attempts of 53 White-tailed Eagle
pairs, which constitutes ca. 33% of the Lithuanian
population. Prey and their remains were identified
to the lowest identifiable taxonomic level. Fresh,
whole, or otherwise easily identified prey items
were identified in the field. The remaining items,
such as body parts, bones, feathers, fur, skulls, etc.,
were collected and later identified using reference
animal collections in the T. Ivanauskas Zoological
Museum (Kaunas, Lithuania).

The “minimum approach” was applied when
counting the number of prey items from the re-
mains (i.c., if two different parts of the same spe-
cies were found, they were recorded as belonging
to only one individual). In total, 1,705 prey items
belonging to the Aves, Mammalia, and Pisces
classes were identified. We estimated the effect of
habitat (i.e., coastal or inland; see Fig.1) on the oc-
currence of Common Buzzard as a prey item in
successful nests (0 = absent, 1 = at least one indi-
vidual of Common Buzzard found) using a gener-
alised linear mixed model (GLMM) with binomial
error structure and logit link function. White-tailed
Eagle pair identity was included as a random fac-
tor. We compared Akaike Information Criterion
corrected for a small sample size (4/Cc) and the
weight of that model to the reduced model, which
included only random factor but no fixed effects.

2.2. Field experiment
and behavioural analysis

An experiment to test the behavioural responses of
nesting Common Buzzards towards White-tailed
Eagles was performed during summer (May—
June) of 2018 in two plots located in Central and
Northern Lithuania (Fig. 1). The first plot was se-
lected in a forest located near a large water reser-
voir, where the first breeding pair of White-tailed
Eagles was found in 1995 (Malinauskas 1998),
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Fig. 1. Locations of the
study site, White-tailed
Eagle range, coastal (trian-
gles) and inland (circles)
nests sampled for diet
analysis, and two plots
where Common Buzzard
brood defence behaviour
were tested.

D Experiment areas

and after which the number of pairs around that
area increased, as revealed by monitoring (D.
Dementavicius, unpubl.). The nearest neighbour
distance between Common Buzzard and White-
tailed Eagle nests in this plot ranged from 0.8 km to
14.1 km. The second plot was located in a large fo-
rest near the northern border of the country. De-
spite extensive raptor studies since the 2000s, no
breeding pairs of White-tailed Eagle have been
found at this site or close to it until 2018 (S. Skuja,
R. Treinys, unpubl.). The nearest neighbouring
White-tailed Eagle pair on the Lithuanian side was
ca. 32 km away in a south-easterly direction (D.
Dementavicius, unpubl.) and ca. 21 km away in a
north-easterly direction in Latvia (J. Kuze, pers.
comm.). The nearest neighbour distance between
Common Buzzard and White-tailed Eagle in this
area ranged from 21 km to 34.9 km.

In April 2018, we checked previously known
Common Buzzard nests for occupancy and se-
lected a total of 28 nest sites for a treatment (i.e., 14
occupied nest sites in each study plot). Common
Buzzard nests were known from former studies
conducted in these plots (Central Lithuania plot:
Mammen & Stubbe 2002; North Lithuania plot:
Kamarauskaité¢ et al. 2019). The raptor nest
searches were conducted during the leafless period
(October—March), and later checked for occu-
pancy from April to June. Nests were searched
also observing territorial and feeding behaviour of

A O WTE nests with CB remains
A ® WTE nests without CB remains

[ WTE range in 1995-2005
/] WTE range expansion in 20062015

20 40 80 120

160 km

Common Buzzards during the breeding period.
During the experiment, a White-tailed Eagle
dummy was mounted on a tripod at a height of 1 m
above the ground and left exposed in the most visi-
ble place in the vicinity of an occupied nest (mean
distance from the nest of 45 m). A speaker was
used to play calls of the male White-tailed Eagle
under the tripod, and the dummy was hidden when
transported to each point. The dummy was ex-
posed for 30 min, with the calls being played for
the first 15 min of each treatment. During the treat-
ment, an observer dressed in camouflaged cloth-
ing was hidden in a place that provided an optimal
overview of the space surrounding the dummy.
During the 30 min treatment, the following Com-
mon Buzzard behaviours were registered: 1) the
time of the first alarm call; 2) the number of alarm
calls; and 3) the number of attacks towards the
dummy (mainly mock attacks were performed; at-
tacks with physical contact were observed only a
few times, in which case the treatment was stopped
to avoid injuries to the birds). The number of re-
sponding adults was also registered. Each nest site
was visited three times between 18 May and 22
June. The same nests were visited at different
times of day between 8 am and 9 pm. All visits and
observations were performed by the same person.
After the breeding season, all nests were checked
for breeding success. Most treatment pairs raised
broods successfully, though we removed visits to
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pairs which failed prior to analysis or when an ap-
proximate brood failure date was known (only vis-
its after brood failures were excluded). One visit
was removed because the dummy was exposed too
far from a nest (190 m).

The relationship between behavioural re-
sponses and explanatory variables was tested us-
ing GLMMs. Two binary response variables were
used for modelling: 1) response by alarm calls (0 —
absence of alarm calls or only a single call regis-
tered during a 30 min treatment, 1 —multiple alarm
calls); and 2) response by attack (0 — no mock or
real attack observed, 1 —mock or real attack(s) per-
formed towards the dummy). The four explana-
tory variables and all of their possible combina-
tions were included in the models: distance to the
nearest White-tailed Eagle nest occupied in 2018,
breeding stage, time of day, and the distance from
the dummy to the nest. The mean Common Buz-
zard brood hatch date in Lithuania is 14 May and
the mean fledging date is 27 June (Drobelis 2004);
thus, breeding stages were classified as: early (vis-
its made between 18 and 21 May), middle (be-
tween 1 and 7 June), and late (between 19 and 22
June). Time of day was divided into morning
(treatment performed between 8 am and 10 am),
midday (performed between 10 am 5 pm), and
evening (performed between 5 pm and 9 pm). The
pair identity of the Common Buzzard was in-
cluded as a random term in all models fitted with
binomial error structure and logit link function.

The relative importance of each model was es-
timated through ranking the models by Eq. 1,
where AICc . is the best model in the model sub-
set.

AICe = AICe,— AICe (1)

Model weight was estimated through the normal-
ized Akaike weights, Eq. 2.
exp (—0.5x A4ICc)

D" exp(-05x AdICe,)

)

To separate good models from less supported
models, the threshold A4/Cc < 2 was used. The
packages “Ilme4” (Bates ef al. 2015), “MuMIn”
(Barton 2019), “sjmisc” (Liidecke 2018), “sjPlot”
(Liidecke 2019a), “sjlabelled” (Liidecke 2019b)
and “ggplot2” (Wickham 2016) were used in the
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statistical environment R version 3.6.0 (R Core
Team 2019). We reported marginal and condi-
tional R* estimated by a “theoretical” method
applied for binomial family models.

3. Results

3.1. The Common Buzzard as prey
in the White-tailed Eagle diet

In prey remains collected for 16 years in successful
White-tailed Eagle nests, a total of 31 individuals
of three raptor species were identified. The raptors
accounted for 1.8% of all prey items identified (n =
1705) or 5.7% of total avian prey items (n = 546).
Raptors found in prey remains included 29 Com-
mon Buzzard nestlings, one adult Common Kes-
trel (Falco tinnunculus), and one fledgling Tawny
Owl (Strix aluco). Common Buzzard nestlings
were present as prey in 9.2% of the White-tailed
Eagle nests sampled for prey items (7 =249) or in
the nests of 17% of sampled White-tailed Eagle
pairs (n=53) (Fig. 1). Overall, 19 White-tailed Ea-
gle nests contained the remains of one predated
Common Buzzard individual, two nests contained
two predated buzzard individuals, and two nests
contained three predated buzzard individuals.
Common Buzzards were less frequently observed
as a prey item in White-tailed Eagle nests located
in the coastal area (3.6% of nests with Common
Buzzard prey, n =139) compared to nests in inland
areas (16.4%, n=110).

The model containing habitat type as a fixed
effect received much greater support (weight =
0.81) compared to the model including only a ran-
dom effect (i.e., pair identity; AAICc = 2.85,
weight = 0.19) in explaining the occurrence of
Common Buzzard prey in White-tailed Eagle
nests. According to this model, the occurrence
probability of Common Buzzard in the diet of
White-tailed Eagles was significantly higher in
nests of the pairs breeding in inland compared to
coastal habitats (2.96 + 1.36 SE, P < 0.03). Fur-
thermore, the results also indicate that the prob-
ability of a White-tailed Eagle preying on a Com-
mon Buzzard was strongly associated with the pair
identity factor (marginal and conditional R =16%
and 75%, respectively). Common Buzzard prey
items in the coastal area were found in the nest of
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one pair of White-tailed Eagle that nested the
greatest distance from major water bodies and
large rivers (Fig. 1).

3.2. Common Buzzard response
to the White-tailed Eagle dummy
and playback calls

The final field experiment sample consisted of 73
visits to 25 pairs that had broods during the visits.
The most commonly observed type of behavioural
response by the Common Buzzard was alarm call-
ing, which was registered during 49% of the visits.
When behavioural response was observed during
these visits, 50% of the first Common Buzzard
alarm calls were registered within five minutes,
while 75% were registered within 12 min from the
beginning of call playback. One or two adult Com-
mon Buzzards were involved in alarm calls at a
similar frequency (52% and 48%, respectively, n=
36). The Common Buzzard usually alarmed inten-
sively with many calls (mean number of calls per
visit = 166 + 148 SD, range 3-586, n = 36). An
over three-fold difference in the mean number of
alarm calls during visits was observed when be-
havioural responses were performed by one (78 +
69 SD, n =19) compared to two adult individuals
(264 £ 153 SD, n=17).

Common Buzzards also reacted to the White-
tailed Eagle dummy by performing attacks during
22% of visits (n = 73). All attacks were performed
only during visits when Common Buzzards re-
sponded to alarm calls. The number of attacks per-
formed by Common Buzzards during these 30-
min visits ranged from 1 to 17, with amean of 5.8 +
4.5 SD (n = 16). Again, more attacks were regis-
tered when both adults participated in a response
to the dummy (6.4 £4.9 SD, n = 11) compared to
visits when attacks were performed by only one
bird (4.4 £3.6 SD, n=75).

Common Buzzard responses to eagle predator
by alarm calling varied temporally. Modelling the
relationship between visits with/without alarm
calls and four explanatory variables resulted in
two models being supported by the data (i.e.,
AAICc < 2). The best supported model included
only breeding period as a fixed effect. According
to estimates of the highest ranked model, Common

Buzzard response probability to the White-tailed
Eagle dummy by alarm calls was similar between
the early and the middle stage (0.76 +0.78 SE, P=
0.33) but was greater during the late breeding stage
compared to the early one (2.55 + 0.96 SE, P <
0.01). The marginal coefficient of determination
for this fixed effect is 14.5%. Second, a similarly
well-supported model (i.e., A4dICc = 0.49) in-
cluded two fixed effects — breeding period and
time of day.

In addition to the breeding period effect, the re-
sults of the second ranked model tended to support
the decreased response of Common Buzzards by
alarm calls in the evening compared to the morn-
ing hours (—2.96 + 1.69 SE, P = 0.08), but not be-
tween morning and midday hours (—0.83 = 1.03
SE, P =0.42) (for response variation, see Fig. 2).
The marginal coefficient of determination for that
model with two fixed effects was 22%. Pair iden-
tity was included in these two models as a random
effect and received solid support, as indicated by
the conditional marginal effects (58% and 65% for
the first and second models, respectively). These
values indicate that the individual traits of pairs are
more important in explaining the response of
Common Buzzards to the top avian predator
dummy compared to breeding stage and time of
day.

Common Buzzard attacks towards the White-
tailed Eagle dummy were also time dependent.
Modelling the relationship between visits
with/without an attack observed and four explana-
tory variables resulted in only one model being
supported by the data. This model included the
same two fixed effects as previously, namely bree-
ding period and time of day. The results of this
model indicate a tendency towards increased
dummy attack probability with advancing bree-
ding period (early breeding stage vs. middle bree-
ding stage 7.60 £ 4.62 SE, P <0.1; early breeding
stage vs. late breeding stage 11.44 +£5.50 SE, P <
0.04) and time of day (morning hours vs. midday
hours 14.89+7.76 SE, P=0.06; morning hours vs.
evening hours 19.31+10.13 SE, P=0.06) (Fig. 2).
However, both of these fixed effects were less rel-
evant in explaining the response of Common Buz-
zard by attacks compared with pair identity, as
judged from the marginal (10%) and conditional
coefficient of determination (99%).
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4. Discussion

Analysis of the data on White-tailed Eagle diet
during the 16 observed breeding seasons revealed
that the remains of nestling Common Buzzards
were found in 9% of the successful nests of 17% of
the pairs studied but made up less than 2% of all
prey items identified. Notably, evidence on the
consumption of other raptor species was scarce.
Furthermore, our results suggest that habitat (as a
proxy indicator of prey availability) may explain
the probability of predation on species belonging
to high trophic levels.

During the field experiment, Common Buz-
zards responded to the White-tailed Eagle dummy
near nest sites during only half of the conducted
visits. Contrary to our expectations, the proximity
to White-tailed Eagle nests did not explain the be-
havioural response of the Common Buzzard. As
expected, the response probability of the Common
Buzzard only increased in the latest stage of the
breeding season; however, the most plausible pre-
dictor of the response was pair identity, which sug-
gests individual differences in brood defence be-
haviour. In summary, our data indicate that White-
tailed Eagles may prey upon broods of the Com-
mon Buzzard under certain environmental condi-
tions (but not on adult individuals), and that this
source of prey could be relatively easy to access
due to the weak brood defence behaviour of the
Common Buzzard.

Raptors constituted ca. 2% of prey items iden-
tified in our sample, and at least one individual
raptor was found in 9% of visited nests. These
findings confirm that the White-tailed Eagle preys
upon mesopredators during the nestling period.
On the other hand, Lewis et al. (2004) demon-
strated that 10 raptor prey items delivered to
Northern Goshawk (Accipiter gentilis) nests under
video-recording were absent in the prey remains,
which suggests that our study could potentially un-
derestimate the preying on Common Buzzard
nestlings. This suggestion is also supported by re-
peated observations of Common Buzzard nest-
lings as prey items using trail cameras in nests of
White-tailed Eagle in Germany (Neumann &
Schwarz 2017). In the diet samples of previous
studies from other European regions, raptors were
found either occasionally or were completely ab-
sent (Helander 1983, Sulkava et al. 1997, Struwe-
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Juhl 2003, Whitfield et al. 2013, Sindor et al.
2015). The average contribution of diurnal raptors
in the diet of the most well-known superpredators,
such as the Golden Eagle (Aquila chrysaetos),
Northern Goshawk, and Eagle Owl in terrestrial
ecosystems in Europe ranges from 0.7% to 1.2%
by number, and from 0.3% to 2.0% by biomass
(Lourengo ef al. 2011) — though this figure may
even reach 6% by number in the diet (Northern
Goshawk; Hoy et al. 2017). In this context, we
suggest that the White-tailed Eagle can be classi-
fied as a superpredator; however, the evidence
stems almost entirely from Common Buzzard
nestlings in our study.

We suggest four complementary reasons to ex-
plain the nearly single-species predation on the
Common Buzzard in our region: 1) the effect of
habitat/territory quality of the White-tailed Eagle;
2) the abundance of the Common Buzzard; 3)
strong overlap in breeding seasons and activity
rhythms of the White-tailed Eagle and Common
Buzzard; and 4) weak brood defence by the Com-
mon Buzzard.

We have determined that the probability of
raptor prey is significantly higher in the nests of
White-tailed Eagle pairs breeding in inland com-
pared to coastal areas. Moreover, pair/territory
identity was an even more important predictor.
These results are congruent with the findings of re-
cent studies, which indicated that the super-
predation phenomenon is spatially structured and
varies among communities (Lourenco ef al. 2011)
and even within the same population along an en-
vironmental gradient (Hoy er al. 2017). The
White-tailed Eagle adjusts its diet according to
prey availability in the environment (Sulkava et al.
1997, Ekblad et al. 2016). Therefore, two comple-
mentary reasons may be linked to the observed
spatial difference in raptor prey detection: a high
abundance of fish and waterfowl prey in the
coastal habitat and differences in Common Buz-
zard abundance in coastal and inland habitats (the
mean Common Buzzard density in Lithuanian
coastal forests was 11.5 pairs per 100 km” of fo-
rest, but density in inland forests ranged over a
large gradient from 2.5 to 82 pairs; Drobelis 2004).
An increase of mesopredators in the diet of
superpredators was related to a decrease in main
prey abundance (Serrano 2000, Lourengo et al.
2011, Hoy et al. 2017) complemented by a higher
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Fig. 2. Predicted probabilities (whiskers — confidence intervals) of attacks during (A) breeding stages and
(B) time of the day; alarm calls — (C) breeding stages and (D) time of the day.

abundance of mesopredators in breeding territo-
ries (Lourenco et al. 2018). The broods of Com-
mon Buzzard — the most common raptor in Lithua-
nia (6,000-12,000 pairs; European Environment
Agency 2012) —may serve as a source of common
prey outside of optimal habitats and/or in areas
where they are locally abundant.

Differences in the breeding phenology of a
mesopredator may promote coexistence with a
superpredator (Rebollo et al. 2017), but the bree-
ding cycles of the Common Buzzard and White-
tailed Eagle overlap greatly in Lithuania: White-
tailed Eagle broods usually hatch in mid-April,
while those of the Common Buzzard hatch in mid-
May; meanwhile, fledglings of both species begin
leaving their nests during the second half of June
(Drobelis 2004). The highest demand for prey was

observed between 7 and 9 weeks in the Golden Ea-
gle (Collopy 1984), which is similar in breeding
phenology to the White-tailed Eagle.

This led us to assume that Common Buzzard
nestlings grow during the period of the highest
prey demand for successfully breeding White-
tailed Eagles. The overlap in activity rhythms be-
tween superpredators and mesopredators may be
one of the factors determining heavier predation
on certain species (Petty et al. 2003, Lourengo et
al. 2011). Both species studied here are diurnal,
which may favour the White-tailed Eagle in locat-
ing the nesting sites of Common Buzzards with
broods.

Common Buzzards that were nesting success-
fully, passively responded to the White-tailed Ea-
gle dummy in the vicinity of their nests, with alarm
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calls being observed during only half of the visits,
and (mainly mock) attacks being observed in 22%
of the visits. Due to different methodological ap-
proaches, we are limited to direct comparisons
with studies that reported Common Buzzard re-
sponse to “typical” superpredators, such as the Ea-
gle Owl and Northern Goshawk (e.g., Kriiger
2002, Boerner & Kriiger 2009). Mueller et al.
(2016) reported that mock attacks and attacks with
physical contact performed by Common Buzzards
on an Eagle Owl dummy were frequent during tri-
als (61% to 90% of trials). The antipredator behav-
iour of a prey species may increase with more fre-
quent predator encounters (Tilgar & Moks 2015,
Mueller et al. 2016), but we did not detect a rela-
tionship between Common Buzzard responses and
proximity to White-tailed Eagle nests.

In the Central Lithuanian plot, Common Buz-
zard nests were located 0.8-14.1 km from the
nearest nest occupied by White-tailed Eagle, and
more than 21 km away in Northern Lithuania plot.
The average distance of White-tailed Eagle feed-
ing flights during the breeding period has previ-
ously been recorded as 3.8 km (Struwe-Juhl 2000)
but could range between 2.5 km and 15 km from
nests (references in Heuck et al. 2017). We cannot
rule out that Common Buzzards responded to the
predator regardless of its proximity because en-
counters with White-tailed Eagles were rare. On
the other hand, birds can recognise predator threat
level and adjust their responses accordingly (Ar-
royo et al. 2001, Dutour et al. 2016).

Therefore, the lack of association to the prox-
imity to White-tailed Eagles, coupled with the
overall non-intensive antipredator behaviour,
might indicate that the White-tailed Eagle is not
perceived by the Common Buzzard as a dangerous
predator. The intensity of brood defence behav-
iour may be explained by the adult sex as well. Fe-
male Common Buzzards mainly attend to the
brood, while males provide the food. Brood de-
fence behaviour depends on adult sex, with males
being more aggressive towards intruders (Pavel &
Bures 2001, Boerner & Kriiger 2009). This might
explain the observed higher intensity of aggres-
siveness when both Common Buzzard adults
(probably male and female) reacted to the dummy
compared to cases when only one bird (probably
female) did.

The Common Buzzard responded most ac-
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tively towards the White-tailed Eagle dummy in
the second half of June (i.e., when nestlings were
closer to fledging). As previously observed among
Common Buzzards, brood defence increases with
the age of offspring (Kriiger 2002), which is the
typical pattern among many other altricial species
(Onnebrink & Curio 1991; but see Speiser &
Bosakowski 1991), and is likely due to the value of
nestlings to parents increasing with age and/or be-
cause older nestlings are more conspicuous and
profitable to predators (Galeotti et al. 2000). How-
ever, the antipredator responses to the White-
tailed Eagle were best explained by the identity of
a pair (or separate mates). Recently, strong evi-
dence has suggested that antipredator behaviour is
consistent over an individual’s lifetime and is de-
termined by genetic factors (Bize et al. 2012). In-
dividual variation in nest defence aggressiveness
was also found in the Ural Owl (Strix uralensis)
(Kontiainen et al. 2009). The plumage colouration
(as a proxy for physiological differences; Karell et
al. 2017) of Common Buzzard individuals was re-
lated to aggressive behaviour against predators
(Boerner & Kriiger 2009). Males of the Black-
tailed Gull (Larus crassirostris) that attacked nest
predators had higher levels of plasma testosterone
compared to non-attacking males (Kazama et al.
2011).

Our results indicate some support for the re-
sponse probability being influenced by the time of
day, although our results were inconsistent for
alarm calls and attacks. Bize ef al. (2012) also de-
termined that antipredator behaviour varied
throughout the day, thereby suggesting some be-
havioural plasticity. To our knowledge, daytime-
dependent brood defence has rarely been tested
(though see Honza et al. 2004); therefore, we are
limited in our interpretation of possible reasons for
this observed trend in daytime patterns. However,
the low probability of mock attacks during morn-
ing hours could be also related to the absence of
males near nests at that time, as females are less
likely to perform attacks compared to males
(Boerner & Kriiger 2009).

Notably, adult raptors were nearly absent from
the diet sample. Apart from Common Buzzard
nestlings, only two individuals (one fledgling
Tawny Owl and one adult Common Kestrel) were
found and likely represent random prey items. Al-
though the prey remains identification method has
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its biases in terms of representing the prey con-
sumed (Lewis et al. 2004), no evidence of preying
on other mesopredators (e.g., Northern Goshawks,
Honey Buzzards (Pernis apivorus), Lesser Spot-
ted Eagles (Clanga pomarina), Black Kites
(Milvus migrans), Red Kites (Milvus milvus),
among others) that breed in the regions included in
this study was found. Therefore, the recently re-
covered White-tailed Eagle population in boreal
and temperate ecosystems is not likely to supress
mesopredator populations by direct removal of
adultindividuals as, for example, is the case for the
recovered Northern Goshawk, which was sug-
gested to contribute to the decline of Common
Kestrel population (Petty ef al. 2003, Hoy et al.
2017). Additionally, we found that the Lesser
Spotted Eagle (a mesopredator) coexists with
more abundant White-tailed Eagle in the coastal
area of Lithuania without any obvious adverse ef-
fects on its population dynamics (Dementavicius
et al. 2019). No substantial evidence exists to ex-
pect that the White-tailed Eagle returning to the
natural ecosystems may strongly reshape avian
mesopredator communities through lethal or non-
lethal interactions. However, tests for these inter-
actions in different regions could provide a deeper
understanding of the role of this recovered large
avian predator.
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Mita ravintoanalyysi ja poikasten
puolustaminen paljastavat merikotkan
ja hiirihaukan vuorovaikutuksesta?

Viimeaikaiset tutkimukset viittaavat siihen, ettid
merikotka — runsastunut huippupeto — voi kayttia
saaliinaan nk. mesopredaattoreita ja niiden poika-
sia. Téssd tutkimuksessa selvitettiin merikotkan ja
mesopredaattori hiirihaukan vuorovaikutusta (i)
analysoimalla merikotkan ravintoaineistoa ja (ii)
kokeellisesti selvittdmalld pesivien hiirihaukkojen
reaktioita lahestyvdan merikotkaan. Hiirihaukan
poikasten jadnnoksid oli havaittavissa 9%:ssa on-
nistuneista merikotkapesinndistd, kun taas muiden

petolintujen jadnndkset olivat hyvin harvinaisia.
Hiirihaukan predaatiossa oli vaihtelua merikotka-
parien ja habitaattien valilld, mika viittaisi alueelli-
seen vaihteluun saalistuspaineessa.

Vain noin puolet hiirihaukoista reagoi keinote-
koiseen merikotkaan pesien ldheisyydessd, mutta
reagointi ei riippunut pesivien merikotkien lahei-
syydestd. Hiirihaukkojen reagointi (varoituséénet,
hyokkédykset) oli voimakkaampaa pesinnan lop-
puvaiheessa, mutta tdmé vaikutus johtui ldahinna
parien vélisistd eroista, ja titen viittaa sithen ettd
aggressiivisuudessa on yksildiden vélistd vaihte-
lua. Tulosten perusteella voidaan todeta, ettd meri-
kotka saalistaa hiirihaukkoja, ainakin tietyissd ym-
paristoolosuhteissa, ja etti hiirthaukan poikue voi
olla helppo saalis merikotkalle, koska vain osa
emoista puolustaa pesid merikotkia vastaan.
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