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Abstract We monitored population size from 1996 to
2003 and studied behavioural interactions (in 2001)
between the native Black-headed Gull Chroicocephalus
ridibundus and an expansive, opportunistic predator, the
Caspian Gull Larus cachinnans, at water reservoirs in
Poland. The expansive species caused a population decline
in the native species and affected its choice of nest sites.
The Black-headed Gulls perceived the risk of predation on
the part of the larger Caspian Gulls. When both species
occurred in close proximity, the native gull breeding pairs
built nests where the vegetation was higher and its cover
greater than at the sites chosen by pairs breeding far away
from the expansive species. The native gulls in proximity to
the expansive species spent more time guarding their nests.
However, this was not compensatory, as egg losses were
higher and breeding success much lower in pairs breeding
near the Caspian Gulls than in those breeding far from the
latter. Such a low breeding performance in the Black-
headed Gulls was probably caused either by predation on
the part of Caspian Gulls or by aggressive interactions
among Black-headed Gulls. In fact, the rate of intraspecific
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aggression in native gulls was higher in pairs breeding in
proximity to the expansive species than in those breeding
far away from it. These intraspecific fights, caused by the
presence of the expansive species were, at least partially,
responsible for egg and chick losses. We did not find the
presence of native gulls to have any effect on the behaviour
and breeding performance of the expansive gull. These
results indicate that the expansive predatory Caspian Gull
negatively affects local population size and alters the
behaviour of the native Black-headed Gull, and may, both
directly and indirectly, affect its reproductive performance.

Keywords Behaviour - Breeding success - Range
expansion - Invasion - Nest-site selection

Zusammenfassung

Auswirkungen des Populationswachstums der expansi-
ven WeiBkopfmowe Larus cachinnans auf Populations-
groBe und Verhalten der Lachmowe Chroicocephalus
ridibundus

Wir haben die Populationsgréle der Lachmowe Chroico-
cephalus ridibundus an polnischen Stauseen zwischen 1996
und 2003 erfasst und im Jahr 2001 zusitzlich Verhaltensin-
teraktionen mit einem opportunistischen Ré&uber, der
Weillkopfmowe Larus cachinnans, untersucht. Die expan-
sive Weillkopfmowe verursachte einen Populationsriick-
gang der heimischen Lachmdéwe und beeinflusste ihre
Nistplatzwahl. Die Lachmdwen nahmen das Préddationsri-
siko durch die groBBeren Weilkopfmowen wahr. Wenn beide
Arten in unmittelbarer Nihe zueinander vorkamen, bauten
die Lachmowenpaare ihre Nester in hoherer Vegetation, wo
sie besser versteckt waren, verglichen mit Paaren, die weiter
entfernt von Weilkopfmowen briiteten. In der Nihe der
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expansiven Art verbrachten die heimischen Mowen mehr
Zeit damit, ihre Nester zu bewachen. Dennoch hatten
Lachmdwenpaare, die in der Nihe von Weillkopfmdwen
briiteten, hohere Eiverluste und einen deutlich niedrigeren
Bruterfolg als Paare, die weiter entfernt briiteten. Eine derart
niedrige Fortpflanzungsleistung der Lachmdwen war wa-
hrscheinlich entweder auf Priadation durch Weillkopfmowen
oder auf aggressive Interaktionen zwischen Lachmdwen
zuriickzufiihren. In der Tat war die intraspezifische
Aggression der Lachmowen hoher bei Paaren, die in der
Néhe von Weilkopfmowen briiteten, als bei Paaren, die
weiter entfernt briiteten. Diese durch die Anwesenheit der
Weillkopfmowe verursachten intraspezifischen Kimpfe
waren zumindest zum Teil fiir Ei- und Kiikenverluste
verantwortlich. Wir fanden keine Hinweise darauf, dass die
Anwesenheit der heimischen Mowen das Verhalten und die
Fortpflanzungsleistung der expansiven Mowe beeinflusste.
Diese Ergebnisse deuten darauf hin, dass die expansive
rauberische Weilkopfmowe die lokale Populationsgrofie der
heimischen Lachmowe negativ beeinflusst, ihr Verhalten
verdndert und sowohl direkt als auch indirekt ihre Fort-
pflanzungsleistung beeinflussen kann.

Introduction

Predation is a process of major importance in biology, influ-
encing the distribution, abundance, and behaviour of most of
animals (Lima and Dill 1990; Lima 1998; Cervencl et al.
2011; Cresswell 2011). Predatory species typically exert top—
down control on ecosystems through their direct predatory and
competitive interactions with non-predatory species or smal-
ler predators, as well as indirectly, through a trophic cascade
(Frank et al. 2005; Ritchie and Johnson 2009). The effect of
predation on ecosystem processes may be especially strong
when predatory species are introduced from distinct geo-
graphical regions or arrive and expand their ranges, leading to
population decline in native species and, therefore, to a sub-
stantial loss of biodiversity (Salo et al. 2007). The interactions
between invasive or expansive species and native ones often
constitute a completely new evolutionary situation for two, or
more, species that have never coevolved and are confronted
with each other over a short period of time (Mooney and
Cleland 2001). This may cause the very rapid evolution of
both invasive predators and native species (Huey et al. 2000;
Phillips and Shine 2006; Suarez and Tsutsui 2008). Further-
more, when the expansive or invasive species are both com-
petitors and opportunistic predators, they may have a
particularly dramatic effect on ecosystems, since the wide
range of native species is potential prey (Mooney and Cleland
2001; Finney et al. 2003; Rehage et al. 2005; Caut et al. 2008;
Newson et al. 2010).

@ Springer

Many of the prey perceive the presence of predators and
respond by modifying their behaviour or phenotype in
order to reduce predation risk (Abrams 2000; Relyea 2003;
Forstmeier and Weiss 2004; Morosinotto et al. 2010;
Krystofkova et al. 2011). However, the lack of coevolu-
tionary history between native and invasive predatory
species raises the question as to whether or not the mech-
anism of competition and predation avoidance works in
native species. When a competitor and predator appears in
new areas, the native species may be unable to perceive a
new risk or may perceive the risk but respond maladap-
tively (Mooney and Cleland 2001; Sih et al. 2010).

Among birds, many gull species spread to new areas at
the end of the twentieth century (e.g. Burger and Lesser
1980; Wilds and Czaplak 1994; Vidal et al. 1998; Garthe
et al. 1999; Thyen and Becker 2006; Lenda et al. 2010). In
Europe, some species that originally occurred mostly on
the coast expanded to inland areas where they had never
occurred before (Hiippop and Hiippop 1999; Zielinska
et al. 2007; Lenda et al. 2010). The main reasons for this
wide range of expansion were the availability of trawler
discards, anthropogenic refuse, and high breeding success
in newly colonised areas (Fasola et al. 1993; Jonsson 1998;
Skorka et al. 2005). Gulls, mostly large-bodied species,
such as the Caspian Gull Larus cachinnans, are opportu-
nistic predators inhabiting the same habitats, namely islets
on bodies of water, as native waterbird species (Skorka
et al. 2005; Lenda et al. 2010). Therefore, the presence of
these expansive species may have important consequences
for populations of native waterbirds. Large gulls may
exclude native species from breeding sites and predate their
eggs and chicks (Hario 1994; Skodrka et al. 2005; Oro and
Martinez-Abrain 2007). The risk of egg predation has led
to the evolution of many forms of parental defence in
animals, including gulls (Clutton-Brock 1991). Such
defence can greatly increase hatching success (e.g. Buk-
acinska et al. 1996; Zink 2003); however, parental invest-
ments, including nest and chick defence, are also costly in
terms of energy expenditure (e.g. Trivers 1972; Hario
1990; Hario et al. 1991; Wendeln and Becker 1999; Kokko
and Jennions 2008).

In this study, we examined interactions between the
Black-headed Gull Chroicocephalus ridibundus (BHG), a
waterbird that is native to Central Europe, and the expan-
sive large-bodied Caspian Gull (CG). The latter species has
colonised inland reservoirs in Central Europe and excluded
some native species, including BHG, from their breeding
grounds (Skorka et al. 2005; Wojcik et al. 2005; Lenda
et al. 2010). Like other large gulls, the CG is an opportu-
nistic predator hunting the chicks of other waterbird spe-
cies (Vidal et al. 1998; Guillemette and Brousseau 2001).
First, we were interested in seeing whether the two species
interact with each other and what impact the expansive CG
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has on the population size of native BHG breeding in the
same reservoir. We were also interested in observing which
of these two species is more successful in establishing a
population when the availability of nesting space decrea-
ses. Second, we investigated whether the native species
perceived the potential predator and changed its behaviour
in such a way as to minimise egg and chick predation. We
expected that, in places where these two species co-occur,
the native BHGs would build nests in more concealed sites,
namely with higher vegetation and a greater percentage of
vegetation cover around the nests than occurs in sites
where the invasive species is absent. For gulls, vegetation
cover is positively related with predation avoidance and
breeding success (Parsons and Chao 1983; Bosh and Sol
1998; Garcia-Borboroglu and Yorio 2004). We also
expected that, where the expansive, predatory CGs were
present, the native BHGs would guard their nests and
chicks more intensively than in sites where they were
absent, given that, in gulls, as in many other species, nest-
guarding is positively correlated with breeding success
(Bukacinska et al. 1996, 1998; Catry et al. 2010). Specif-
ically, we predicted that, in the presence of CGs, the BHGs
would guard their nests with eggs and chicks for a greater
proportion of time and that interspecific aggressive
behaviour would be displayed predominantly, as compared
to sites without CGs.

Methods
Study area

The study was carried out on one of the largest CG colonies
in Poland, with 177 pairs in 2001 (Skoérka et al. 2005). It is
located in Tarnéw, in the south of the country, at a water
reservoir of 56 ha (Fig. 1, Skorka et al. 2005). The CGs
nested sympatrically with a large number of BHGs (up to
2,782 pairs in 1996) on 85 small islets of between 1 and
50 m? and a larger islet of 1 ha (Fig. 1).

Numerical response of the BHGS to the population
growth of the CGs

We monitored the breeding population size of BHGs and
CGs at the reservoir and two control reservoirs of similar
size between 1996 and 2003. The control reservoirs, from
which CGs were absent, were located 1 km south and
70 km west, respectively (see also Skorka et al. 2005).
Islets on inland reservoirs are a limited resource (Skorka
et al. 2005; Lenda et al. 2010). We thus also observed the
response of both species to the reduction of nest site
availability. Furthermore, we took advantage of a ‘natural
experiment’ which occurred in our study area. At the end

of 2001, the flooding of the reservoir with additional water
began, resulting in the reduction of available space by 80%
in 2003; the total area of islets decreased from 12,080 to
2,400 m? and 73 (86%) of the 85 islets disappeared, while
the area of the largest islet decreased from 10,009 to
2,053 m>. We compared, in percentages, the extent of the
decrease in population size of CGs and BHGs after the
reservoir was flooded with additional water. We assumed
that, in both species, the decrease in the number of
breeding pairs should be proportional to the decrease in the
availability of nesting sites.

Nest-site selection in BHGs and CGs

In order to study the effects of the CGs’ presence on the
BHGSs’ nest site selection, behaviour and breeding perfor-
mance, in 2001 we established four sample plots, two for
each species, on the largest of the reservoir’s islands
(Fig. 1). This islet lay at the centre of the gull colony on
this reservoir and 6,740 m? of it was occupied by BHGs
(989 pairs) and 3,260 m? by CGs (82 pairs). There were
two plots in the contact zone, in other words, the area
where both species bred close to each other, one for the
BHGs and the second for the CGs (Fig. 1). These plots
were established in the part of the contact zone where the
BHGs’ and CGS’ area met in a straight line, with no
mixing of species. The remaining two plots were control
plots, one for BHGs and one for the CGs. These were
located 20 m from the plots in the area where both species
occurred in close proximity. In the control plots, the birds
were only involved in intraspecific interactions.

Each plot was 20 m long and 5 m wide and divided into
four subplots (5 x 5 m). The area of all the plots and the
distances between them were chosen in such a way as to
retain a similarity in terms of nest density within species)
and of vegetation structure. The dominant vegetation was
patches of grasses, mostly Feather Reed Grass Calam-
grostis epigeios, co-occurring with Stinging Nettle Urtica
dioica. The boundaries of the plots were marked with
wooden sticks. In each plot, all the nests of both species
were marked, and nest histories (egg laying date, egg fate
and hatching success) were determined on the basis of
visits carried out either every day or every second day
during incubation and hatching periods. At each nest, we
measured vegetation height and vegetation cover in a
50-cm radius at the beginning of May. Vegetation height
was measured at ten points within a 50-cm radius and the
mean measurement from the points was used in further
analyses. Vegetation cover was measured by the vertical
projection of the vegetation and the bare ground within a
50-cm radius around the nest and transferred onto graph
paper. Then, vegetation cover was calculated using pla-
nimetry. The same parameters were taken for a sample of
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Fig. 1 Location of the study
area and design of the
behavioural study of
interactions between native
Black-headed Gulls
Chroicocephalus ridibundus
and expansive Caspian Gulls
Larus cachinnans. In 2001, 985
Black-headed Gull breeding
pairs and 82 Caspian Gull pairs

bred on the largest islet in the
study colony. Black-headed
Gulls occupied approximately
two-thirds of the islet and
Caspian Gulls occupied one-
third of it, with a contact zone
where the both species occurred
in close proximity. Plots

(5 x 20 m) were established in
the contact zone and in the
control areas for both species,
where only conspecifics bred

Black-headed Gull

20m

random points within each plot. In the case of the CGs, we
also measured vegetation at a few additional nests located
near the plot in the contact zone and control plot, in order
to receive a meaningful sample size.

Behaviour of species

For all the plots, we used a hide for observing the behav-
iour of randomly selected pairs to provide a basis for
establishing the nest attendance pattern and calculating the
occurrence rate of aggressive conflicts during the incuba-
tion and chick-rearing period. We endeavoured to maintain
an equal amount of observation time among pairs. We
therefore devoted six observation sessions to both the
incubation and chick-rearing periods. Three of these ses-
sions took place the morning, from 0600 to around
1000 hours and three in the afternoon, from 1200 to
1600 hours. Thus, each pair was observed during six ses-
sions during the incubation period and six sessions during
the chick-rearing period. One pair was observed for
approximately 1 h during one session. Observation of the
plot was always carried out by two observers. However, the
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Plots in a contact zone

Caspian Gull

5m

Control plots

total time devoted to the observations differed slightly
between pairs (see below), since, under adverse weather
conditions, the observations were necessarily aborted.
Those of the selected nests that were close to each other
were observed simultaneously by one observer, who
monitored the selected nests assigned to him or her con-
tinuously during the session and noted the behaviour of
birds.

On average, in the zone where two species co-occurred,
we spent 409.4 + 82.6 (mean & SD) min on behavioural
observations per pair of BHGs during incubation (n = 12
pairs) and 311.5 £ 62.0 min during the chick-rearing
period (n = 8 pairs). For the control plot where only
BHGs were breeding, we spent on average 405.4 +
74.1 min on behavioural observations during incubation
(n = 15 pairs) and 297.8 &+ 71.4 during the chick-rearing
period (n = 14 pairs).

In the case of the CGs breeding in the contact zone, we
spent, on average, 398.5 + 65.3 min on behavioural obser-
vations per pair during incubation (n = 6 pairs) and
266.7 £ 53.2 min during the chick-rearing period (n = 6
pairs). In the control plot where only CGs were breeding, we
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spent, on average, 390.0 = 50.2 min on behavioural obser-
vations during incubation (n = 6 pairs) and 310.0 £ 70.1
during the chick-rearing period (n = 6 pairs).

Aggressive behaviour in gulls is complex (Groothuis
1989a, b). Therefore, we only took into consideration
overt, highly aggressive behaviour, in other words, fights
and aggressive attacks towards neighbours, since these
were easily distinguishable in field conditions. A fight was
defined as being when one bird rushed towards another,
primarily mostly in flight, and tried to peck it or jump onto
its shoulders. Physical contact was always a factor in the
fights. Aggressive attacks were very similar to fights, but
here, the bird being attacked quickly ran away and there
was thus no physical contact. We noted the duration (1) of
both parents’ presence at the nest, (2) of one bird’s pres-
ence and (3) for which the nest was unattended.

Every second day, we surveyed all the nests within the
study plots, counted all the eggs and marked them with an
individual code. We noted every case where eggs disap-
peared, were crushed or rolled out of the nest. Hatching
success was estimated in two ways: firstly, as the propor-
tion of eggs that hatched from among those that survived to
hatching time, and secondly, as the mean number of chicks
hatched per pair. Egg losses were estimated as the pro-
portion of eggs that disappeared, rolled away or were
crushed to the total number that were laid.

In order not to disturb the behaviour of the birds, and to
minimise the possible effects arising from the presence of
the observers, the nests were not fenced (e.g. Oro et al.
1996; Jehl 2001; Lezalova-Pialkova 2011). Therefore, to
determine fledging success we applied the following two
procedures:

1. First, from the hide, we counted all the BHG chicks
and CG chicks present at their nests when they were at
an average age of 2 and 3 weeks, respectively.

2. Counting fledglings from the hide may underestimate
fledging success, especially when young birds hide in
grass tufts. Therefore, after counting from the hide, all
the chicks at nests within the plots were marked on
their bills with Tipp-ex, a non-toxic white marker that
disappears after a few days. Two hours later, we
counted all the chicks present at the nests within the
sample plots from the hide to determine the number of
both marked and unmarked chicks (Table 1). The
modified Lincoln—Petersen method (Seber 1982; Krebs
1989; Martinez-Abrain et al. 2003) was then used to
determine the number of chicks in the plots:

M
N:( +1)(C—|—1)_1,
R+1
where N is the estimated total number of fledglings,

M is the number of fledglings at nest and marked with

Tipp-ex, and C is the total number of chicks observed
at the nests after marking, including R, the number of
chicks marked (Table 1).

Of course, the method assumes a closed population,
while the plots were not fenced. However, the chicks
stayed close to their nests and we could therefore assume
that they constitutes a closed population, even though this
was not formally the case (see Kendall 1999 for discussion
on this issue). The plots were located at a considerable
distance from the water and, thus, the chicks would not
have escaped into the reservoir. The counting of chicks
took place very rapidly, taking no more than approximately
10 min, meaning that the likelihood of their being counted
twice was slim. Besides, the potential bias should be the
same in both the experimental and control plots and what
was of interest to us were the relative differences rather
than the precise real estimates.

Fledging success was estimated as the number of chicks
with an average age of 2 weeks (BHGs) or 3 weeks (CGs)
divided by the number of chicks hatched. The total
breeding success was estimated as the number of chicks
with an average age of 2 weeks (BHGs) or 3 weeks (CGs)
divided by the number of eggs laid. Calculations of
the fledging and total breeding successes were based on the
numbers of fledglings counted from the hide and the
numbers of fledglings estimated by the capture-mark-
resight method (Table 1).

Statistics

We used a bootstrapped correlation analysis to test the
statistical significance of the population size changes in the
two species. A generalised linear model (GLM) with an
identity link function was used to test the differences in
population trends in the BHGs inhabiting the invaded and
the two control reservoirs. The interaction between the
reservoirs’ identities (invaded, control 1 and control 2) and
year of study was of primary interest, because this term
tested the statistical significance of the difference in BHG
population trends in the invaded and the control reservoirs.
The chi-square test was used to test the effects of the
reduction of nesting space on the number of breeding pairs
in the two species. We tested whether the expected fre-
quencies correspond to the observed ones. To compare the
proportion of eggs lost and the proportion of chicks that
hatched in the control plot and the plot in the contact zone
in both species, the generalised linear mixed model
(GLMM) with logit link function and binomial error vari-
ance was used. This model was also used to compare the
proportion of BHG eggs that were outside their natal nests,
crushed and disappeared in the control plot and the plot in
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Table 1 The number of Black-headed Gull Chroicocephalus ridibundus (BHG) and Caspian Gull Larus cachinnans (CG) fledglings, estimated

using the capture-mark-resight method

Number of Number of Number of Number of
fledglings fledglings fledglings fledglings
of BHGs in the of BHGs in the of CGs in the plot of CGs in the
plot near CGs control plot near BHGs control plot
Number of marked fledglings 21 45 23 20
Total number of resighted fledglings 19 40 26 28
Number of resighted previously marked fledglings 16 38 18 20
Estimated number of fledglings in the plot with 95% 249 £ 6.8 474 £ 45 33.1 £ 109 28 £ 8.4
confidence intervals
the contact zone. Nest identity was assigned as a random  Results

effect in these models. The GLM with logit link function
and binomial error variance was used to compare fledging
success and total breeding success in the birds breeding in
the control plot and in the contact zone. A bootstrapped
t test was used to compare the mean date of clutch initi-
ation, mean nest density, mean clutch volume, mean
number of hatched chicks per nest, proportion of time
when two parents attended the nest and when the nest was
unattended in pairs breeding in the control plot and the
plot in the contact zone. This test was also used to com-
pare the mean proportion of time when two parents
attended the nest and when the nest was unattended
between incubation and chick-rearing period in both spe-
cies. In the case of the BHGs, the comparison of the
proportion of time spent at the nests between incubation
and the chick-rearing period was carried out using ¢ tests
for independent samples, rather than a ¢ test for matched
pairs, because many of the pairs observed during incuba-
tion lost their broods and the sample size was therefore
lower during the chick-rearing period. The bootstrapped
t test was also used to compare the rate of aggressive
encounters in pairs breeding in plots in the contact zone
and in the control area for both species. A bootstrapped
one-way analysis of variance was applied to compare
vegetation height and vegetation cover at nest and random
points between the plot in the contact zone and the control
plot for both species. We used the bootstrapped correla-
tion, ¢ test and one-way analysis of variance because these
tests are preferred over ordinary equivalents when sample
sizes are small or unequal or when the data distribution is
not known (Good 2005; Edgington and Onghena 2007;
Manly 2007), as occurred for many of the cases in our data
set.

The GLM and GLMM were performed using SPSS v.19
(IBM, Somers, NY, USA) software. All correlation anal-
yses, ¢ tests, and ANOVA were performed in Rundom Pro
3.12 (Jadwiszczak 2009).
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Numerical response of BHGs to population growth
of CGs

We found that the BHG population size decreased, while
the population size of CG increased (r = —0.912,
P = 0.003, n = 6 years) until 2001, when the flooding of
the reservoir with additional water began (Fig. 2). Simul-
taneously, the BHG population sizes for the control reser-
voirs increased (interaction between year and identity of
the reservoir in GLM F, 3 = 96.421, P < 0.001; Fig. 2).
We found that both species decreased in population size,
but to a different degree, after reduction of breeding islet
availability (Fig. 3). After reduction of the islets’ area, the
relative decrease in the number of pairs was greater in
BHG than in CGs (x; = 109.259, P < 0.001; Fig. 3).

We also observed that the number of BHG nests located
on the shore of the reservoir increased as the CG popula-
tion size grew (r = 0.966, P = 0.002, n = 6 years) and
reached a maximum (n = 22 nests) in 2001. All these nests
were predated by corvids and foxes. Moreover, in the years
with the highest number of CGs, we also noted seven cases
of BHG nests built in old Magpie (Pica pica) nests in the
trees along the shore.

Nest-site selection

BHG nest density did not differ in the plot near the CGs
and the control plot (Table 2). The BHGs built nests in
places with greater vegetation cover around the nests (one-
way ANOVA Fj 65 = 130.123, P < 0.001, n = 172) in
the presence of CGs than they did in the control plot (post
hoc test, P < 0.001; Fig. 4). Both BHGs and CGs (one-
way ANOVA F; 195 = 10.228, P < 0.001, n = 112) built
nests in greater vegetation cover than was found for ran-
dom points (both post hoc tests significant at the
P < 0.001; Fig. 4).
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Fig. 2 Exclusion of the Black-headed Gulls by the Caspian Gulls.
a Local population growth of the Caspian Gull, b local population
decrease in Black-headed Gulls (circles). In the control reservoirs
(triangles and squares), where Caspian Gulls were absent, the
population sizes of Black-headed Gulls were increasing. The arrow
indicates year when flooding of the study area started

In the proximity of the CGs, the BHGs built their nests
in higher vegetation than noted at the random points (one-
way ANOVA Fj 63 = 5.831, P <0.001, n = 172 with
post hoc test for this specific comparison significant at
P = 0.009) and this vegetation was higher around the nest
of the BHGs in the proximity of CGs than around nests in
the control plot (post hoc test P = 0.010; Fig. 5).

We found no effect of the presence of BHGs on nest-site
selection in CGs (Figs. 4 and 5). Vegetation cover did not
differ between random points in the plot in the contact zone
and the control area for either BHGs or CGs (Fig. 4).
Similarly, as far as vegetation height was concerned, the
random points did not differ between control plots and
plots in the contact zone for either BHGs or CGs (Fig. 5).

Nest attendance pattern

During the incubation period, the proportion of time when
both BHG parents were present at nests in the contact zone

" 1500 1 Year 2001

1200

900 1

600 1

Number of pairs

300 A

BHGs CGs

Year 2003
250 1

[Jobservedvalues
[Cexpectedvalues

200 A
150 A

100 A

Number of pairs
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Fig. 3 Natural experiment showing that expansive Caspian Gulls
(CGs) deal better with a situation of the limited nesting space than
native Black-headed Gulls (BHGs). a In 2001, as many as 1,178 pairs
of BHGs and 177 pairs of CGs breed in the study reservoir. In 2001,
the filling of the reservoir with water surplus began, reducing the
nesting space by 80% in 2003. b Reduction of the nesting space
should result in a proportional reduction of population sizes of both
species, as indicated by the grey bars. The white bars indicate the real
numbers of breeding pairs

was greater than in the control plot (r = 2.311, P = 0.033,
n = 12 pairs in contact zone and 15 pairs in the control
plot; Fig. 6). During the chick-rearing period, adult BHGs
shared parental duties in the contact zone; we noted a lower
proportion of time when the nest was unattended compared
to the control plot (t = —4.667, P = 0.003, n = 8 pairs in
plot in the contact zone and 14 pairs in the control plot;
Fig. 6). Simultaneously, the proportion of time when both
parents were present was shorter compared to the incuba-
tion period (¢ = 2.920, P = 0.013, n = 12 pairs examined
during incubation and eight pairs during the chick-rearing
period; Fig. 6). In contrast, at the control plot, the pro-
portion of time when two BHG parents were present at the
nest was higher during the chick-rearing period than during
incubation (¢ = —2.215, P = 0.046, n = 15 pairs exam-
ined during incubation and 14 pairs during the chick-
rearing period; Fig. 6), but the proportion of time when the
nest was unattended was higher during the chick-rearing
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Table 2 Breeding parameters for the Black-headed Gulls nesting in the contact zone, near Caspian Gulls, and in the control plot

Breeding parameter Contact zone (n = 47 nests

and 121 eggs laid)

Mean date of clutch initiation 26 April & 1 day
Mean number of nests per 1 m?
89.4 £ 0.6 (n = 30)

% of nests abandoned during incubation  23.4

Mean clutch volume (cm®)?

% of eggs lost 39.7
Hatching success (%)b 76.7
Mean number of chicks hatched per pair® 1.5 & 0.2 (n = 36 nests)
Fledging success (%)" 41.1
Fledging success (%)° 44.6
Total breeding success (%)f 19.0
Total breeding success (%)® 20.7

0.47 £ 0.05 (n = 4 subplots)

Control plot (n = 39 nests Test P

and 98 eggs laid)

27 April £+ 1 day t = —0.536 0.607
0.40 £ 0.04 (n = 4 subplots) 1= 1.494 0.187
87.8 £ 1.0 (n = 24) t = 1.466 0.154
5.1 GLM Wald 7 = 4.647  0.031
153 GLMM F 57 = 14.088 <0.001
90.3 GLMM F, ;54 = 6.746 0.010
2.0 £ 0.1 (n = 37 nests) r=—-2.220 0.032
60.0 GLM Wald 3 = 4.625 0.032
62.7 GLM Wald y7 = 6.043 0.014
45.9 GLM Wald 3 = 17.446 <0.001
48.0 GLM Wald 3 = 17.494 <0.001

The parameters are given with standard errors. Statistically significant P values are in bold

* Only three egg clutches included

® Ratio of the number of eggs hatched to the number of eggs that survived to hatching period

¢ Nest abandoned before hatching period; excluded

d
e

f

Ratio of the number of fledglings at nests to the number of chicks hatched, as counted from the hides
Ratio of the number of fledglings estimated by the capture-mark-resight method to the number of chicks hatched

Ratio of the number of fledglings at nest to the total number of eggs laid, as counted from the hide

€ Ratio of the number of fledglings estimated by the capture-mark-resight method to the total number of eggs laid

period than during incubation (r = —5.352, P < 0.001,
sample size as in the previous test; Fig. 6).

We found no significant effect of the proximity of
BHGs on the CG nest attendance pattern (Fig. 6). For
CGs, there were also statistically significant differences in
nest guarding between the incubation and chick-rearing
periods. Contrary to BHGs, the proportion of time when
the nest was unattended was higher during the chick-
rearing period than during incubation for both the plot in
the contact zone (f = —5.298, P = 0.026, n = 6 pairs
examined in both periods; Fig. 6) and the control plot
(t = —3.609, P = 0.029, n = 6 pairs examined in both
periods; Fig. 6).

Breeding performance

The date of clutch initiation and clutch volume was similar
for BHGs breeding in the proximity of CGs and those
breeding in the control plot (Table 2). However, the pro-
portion of abandoned nests was higher in the plot in the
contact zone than in the control plot, while the hatching,
fledging and total breeding successes were considerably
lower. When we carried out a detailed scrutiny of the cases
of BHG nest failure, we found significantly more eggs
which had rolled out of the nests and crushed eggs in the
plot in the contact zone than in the control plot (Table 3).
The proportion of eggs that disappeared was low and
similar in both plots (Table 3).
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We found no significant effect of the proximity of BHGs
on the CG’s breeding performance (Table 4).

Rate of aggressive encounters

Although the BHGs displayed compensatory behaviour in
the proximity of CGs, such as breeding in denser and taller
vegetation, and evincing better nest guarding behaviour,
the breeding performance, as shown above, still remained
low. We therefore compared intra- and interspecific
aggressive behaviour of the species. Surprisingly, we found
that the BHGs in the proximity of CGs showed a rate of
intraspecific aggressive encounters that was almost six
times higher than in the control plot during incubation
(r = 13.007, P < 0.001, n = 12 pairs examined in the plot
in the contact zone and 15 pairs in the control plot) and
during chick-rearing periods (¢t = 12.124, P < 0.001,
n = 8 pairs examined in the plot near CGs and 14 pairs in
the control plot; Fig. 7). However, the aggression was
interspecific and directed towards CGs. Some 60% of
intraspecific aggression events (n = 1,561 intraspecific
aggression events in BHGs in the plot in the contact zone)
occurred immediately after BHG aggression towards CGs.
We found a positive correlation between intra- and inter-
specific aggressive encounter rates within BHG territories
both during incubation (r = 0.711, P = 0.010, n = 12
territories) and during the chick-rearing period (r = 0.730,
P = 0.035, n = 8 territories). During field observation, we
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Headed Gulls (BHGs) and b expansive Caspian Gulls (CGs) in the
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the control plots, where only conspecifics were present. Means are
shown with 95% confidence intervals. Samples sizes are given in
parentheses. ***P < 0.001

noted that the appearance of CGs in the close vicinity of
BHG nests, even for short periods of time, such as, for
example, when CGs landed among BHG nests and walked
to their own, caused a great deal of panic among BHGs.
They immediately chased the CGs away, but violent con-
flicts among neighbouring BHGs arose simultaneously,
apparently as a result of the violation of territorial bound-
aries. In effect, every appearance of CGs gave rise to a
‘wave’ of intraspecific aggression among BHGs. This was
only observed in the plot in the contact zone.

In general, during the BHGs’ intraspecific conflicts with
their neighbours, many eggs rolled out of the nests or were
crushed; during such situations, we directly observed
n = 12 eggs rolled away and n = 4 crushed. During the
chick-rearing period, aggression towards chicks was also
visible; we directly observed n = 8 cases that ended with a
chick’s death. However, it was never observed in the
control plot.

We found no significant effect of the presence of BHGs
on the aggressive behaviour of CGs (Fig. 7).
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Fig. 5 Choice of vegetation height around nests by a native Black-
headed Gulls (BHGs) and b expansive Caspian Gulls (CGs) in the
contact zone where both species occurred in close proximity and in
control plots. *P < 0.05, **P < 0.01. For further explanations, see
Fig. 4

Discussion

As we have demonstrated, the expansive CGs negatively
affected the local population size of native BHGs. The
local CG population grew rapidly, even though the BHGs
were far more abundant. Three complementary mecha-
nisms may explain this result. Firstly, the CG is a large-
bodied species and may be a stronger competitor for
breeding sites than BHGs. Secondly, the CGs started laying
eggs about 2 weeks earlier than the BHGs and thus
excluded them from the breeding islets. Third, the native
BHGs perceived CGs as a potential predator and could be
reluctant to breed in their proximity.

Body size is one of the major indicators of competitive
ability in animals (Alatalo and Moreno 1987; Lindstrom
1988; Jonart et al. 2007). Some smaller species, if abundant
enough, are able to resist new colonisers and effectively
compete with larger species, as was found with the Royal
Tern Sterna maxima and Cayenne Tern S. eurygnatha
when competing with larger Kelp gulls Larus dominicanus
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contact zone, 12 and 8 pairs of BHGs were examined during
incubation and the chick-rearing period, respectively, and 15 and 14
pairs for both breeding stages were examined in the control plot. Six
pairs of CGs were examined during the two breeding stages in both
the contact zone and control plot. For further explanations, see
Figs. 4, and 5

(Quintana and Yorio 1998). This, however, was not the
case in our study system.

CGs are large birds and they may thus also outcompete
other native waterbirds besides BHGs from islets. The islets
are usually in shortage at inland reservoirs in our study
region and are therefore one of the most limited resources
for waterbirds (Skorka et al. 2005; Lenda et al. 2010).

The CGs started laying eggs 2 weeks before the BHGs.
In fact, the CGs hold the breeding territories from the

beginning of February, thus making them inaccessible to
smaller and later-breeding species (Skorka et al. 2005). The
BHGs, facing a shortage of nest sites, started to locate their
nests on the shore and in old magpie nests, which inevi-
tably resulted in egg losses (see also Burger 1979;
O’Connell and Beck 2003). Not once did we observe
BHGs breeding in the nests of other species at the control
reservoirs, and neither have we seen this in other mono-
specific BHG colonies in Poland. This indicates that the
BHGs were attached to the colony under study and sought
out whatever spot they could find in order to breed there.
Breeding site philopatry is widespread in gulls (Spear et al.
1998) and it may explain why the birds exhibited this odd
behaviour. However, the decrease in the population size of
BHGs in the invaded reservoir corresponded well with the
simultaneous increase in the colony size of BHGs at the
control reservoir located 1 km apart. This suggests that
some birds could have left the natal colony and settled in
the new reservoir. Such shifts in both small-scale nest-site
choice and possible changes in colony location are very
interesting, because they show that the expansive CGs may
directly or indirectly increase the variation of breeding
success in BHGs within the invaded local population and/
or generate a system of BHG colonies similar to sink—
source metapopulation (Pulliam 1988).

The difference in population trends between CGs and
BHGs could also be attributable to a fear of the CGs’ pres-
ence. Large gulls are major predators of the eggs and chicks
of other waterbirds and affect their breeding success and
reproductive strategies (Kruuk 1964; Becker 1984; Hario
1994; Yorio and Quintana 1997). Smaller gull species usu-
ally display a high degree of coloniality and breed at high
densities in large colonies which are prerequisites for suc-
cessful colony defence against predators (Kruuk 1964; Tin-
bergen 1967; Fuchs 1977; Becker 1995). Because most of the
islets in our study reservoir were small, they could only be
inhabited by a few pairs of BHGs. Such small groups were
probably less successful in defending the nests (see Becker
1984) on the islet against the CGs that overtook neighbouring
islets and, therefore, it is possible that the BHGs moved to
other areas. Moreover, it seems that CGs display a lower
degree of coloniality than BHGs, with solitary pairs fre-
quently found in newly colonised areas (Lenda et al. 2010).

Table 3 Details of egg losses in the Black-headed Gulls breeding in the contact zone near Caspian Gulls, and in the control plot

Egg fate Contact zone Control plot Test P

(n = 121 eggs) (n = 98 eggs)
Outside the nests (%)" 22.3 7.1 GLMM F 517 = 8.025 0.005
Crushed (%)* 8.3 1.0 GLMM F, 5,7 = 4.033 0.046
Disappeared (%)* 9.1 7.1 GLMM F,,;; = 0.193 0.661

For further explanations, see Table 2

# Calculated as a ratio of the number of eggs in a given category to
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the total number of eggs laid by birds in a plot
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Table 4 Breeding parameters of the Caspian Gulls breeding in the contact zone, near Black-headed Gulls, and in the control plot

Breeding parameter Contact zone (n = 18 nests Control plot (n = 15 nests Test P

and 52 eggs laid) and 43 eggs laid)

Mean date of clutch initiation 9 April £+ 1 day 7 April £+ 1 day t =1.260 0.234
Mean number of nests per 1 m? 0.16 £ 0.02 (n = 4 subplots)  0.19 £ 0.01 (n = 4 subplots) = —1.188 0.296
Mean clutch volume (cm?)? 251.5 £ 2.5 (n = 16) 2527 £ 3.5 (n=13) t=0.284 0.780
% of nests abandoned 0 0 - -

% of eggs lost 3.8 0 GLMM F 93 = 0.307 0.581
Hatching success (%)" 100 100 - -
Mean number of chicks hatched per pair 2.8 & 0.1 (n = 18 nests) 2.9 £+ 0.1 (n = 15 nests) t = —0.643 0.537
Fledging success (%)° 58.0 65.1 GLM Wald X% =0492 0483
Fledging success (%) 66.0 65.1 GLM Wald y7 = 0.008  0.929
Total breeding success (%)° 55.8 65.1 GLM Wald 7 = 0.852  0.356
Total breeding success (%) 63.5 65.1 GLM Wald 3 = 0.028  0.867

For further explanations, see Table 2

* Only three egg clutches included
b

c
d
e

f

Obviously, in the face of an increasing population of
the expansive predator, the native species may possess
anti-predator adaptations that include morphological and
behavioural changes, reducing the probability of mortality
and/or eggs and chick losses (Kiesecker and Blaustein
1997; Freeman and Byers 2006). In our study, the native
BHGs were able to recognise the CGs as a potential threat
to their broods and responded to the presence of the
predatory species by changes in nest-site choice and
prolonged nest guarding. These results are in line with the
theory and data for other animals, which show that
behavioural response to larger, potential predators often
results in changes of microhabitat choice (Abrams 2000;
Eggers et al. 2006; Fontaine and Martin 2006). In the
presence of large gulls, smaller species build nests in sites
with greater vegetation cover (Burger and Shisler 1978;
Burger 1979) and demonstrate increased aggression
(Cavanagh and Griffin 1993; Whittam and Leonard 2000).
The important finding of our study, though, is that this
response was non-compensatory. The hatching, fledging
and total breeding success of the BHGs breeding near
CGs were lower than in those breeding only among
conspecifics. This result is even more unexpected as it is
believed that taller vegetation and the higher cover reduce
visual contact between neighbours and lessen antagonistic
interactions between individuals (Burger 1977; Bukac-
inska and Bukacinski 1993; Sin-Yeon and Monaghan
2005). Our results are very similar to the data obtained by
Becker (1984) in a colony of Common Terns Sterna

Ratio of the number of eggs hatched to the number of eggs that survived to hatching period

Ratio of the number of fledglings at nests to the number of chicks hatched, as counted from the hides

Ratio of the number of fledglings estimated by the capture-mark-resight method to the number of chicks hatched
Ratio of the number of fledglings at nest to the total number of eggs laid, as counted from the hide

Ratio of the number of fledglings estimated by the capture-mark-resight method to the total number of eggs laid

hirundo under predatory pressure from Herring Gulls
Larus argentatus. Up-flights of the entire colony of
Common Terns occurred frequently and spontaneously
during incubation, but were almost exclusively a response
to the Herring Gulls attempting to predate their chicks.
The lower the Herring Gulls flew over the colony, the
more frequently the Common Terns flew up or attacked
and the greater the number of individuals involved in
these responses. However, despite the defence behaviour
on the part of the terns, the Herring Gulls often succeeded
in robbing them of their chicks and the breeding success
of the Common Tern was poor (Becker 1984).

We could not exclude, though, the possibility that the
lower breeding performance of the BHGs near the CGs
was, to some degree, a result of a maladaptive response to
the presence of the expansive predatory gull. We have
shown that, by their panicked response to the proximity of
the larger, invasive CGs, the native BHGs damaged their
own broods. When nest density is high and territories very
small, the vegetation cover and its height might not be
enough to reduce aggression between neighbours. Many
pairs of BHGs violated the boundaries of their neighbours,
when trying to pursue CGs. This situation, in turn, leads to
the increment of intra-species aggression and the increased
mobility of BHG chicks, which are frequently attacked by
neighbouring adults. In gulls, adults aggression towards
trespassing chicks may be a major cause of chick mortality,
as has been demonstrated in Glaucous-winged Gull Larus
glaucescens chicks (Hunt and Hunt 1976).
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In this study, we did not manage to document direct CG
predation on the BHG broods in the contact zone. Our
previous studies carried out in the same colony showed that
the expansive CGs foraged mostly on fish, but chicks of
BHGs were found at some nests (Skorka et al. 2005;
Skoérka and Wojcik 2008), and we also observed CGs
hunting BHG chicks in other parts of the reservoir
(authors’ unpublished data). Predation must, therefore,
have been involved in such responses of panic to the
presence of CGs. Detecting the occurrence of predation by
larger larids on the chicks of smaller ones is difficult,
because usually no more than a few individuals in the
colony are true predators (Parsons 1971; Southern and
Southern 1984; Hario 1994). Guillemette and Brousseau
(2001) showed that, in the colony of Common Terns, large
gulls predated 60% of chicks and just one individual was
responsible for 85% of predation events. Most predation
events occur on broods located near a predatory neighbour
and, after the predators have been removed, new predators
may appear (Guillemette and Brousseau 2001), some of
which can come from longer distances and are even more
difficult to detect (Hario 1994). The attacks carried out by
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large gulls are of short duration and difficult to establish.
Moreover, the chicks of small gulls are soft-bodied prey
and swallowed whole, so few remains can be found later.
In our study colony, many of the CGs’ nests were located
close to water. Most of the regurgitates thus simply
drowned and this could also make for an underestimation
of the predation impact of CGs on BHG chicks (Skorka
et al. 2005).

We could not attribute the differences in breeding suc-
cess in the native BHGs to the quality or experience of
individual BHGs breeding in plots close to or distant from
CGs. The clutch initiation date, volume of eggs and clutch
sizes are often linked to the quality and body conditions of
the birds (Nol et al. 1997; Wendeln and Becker 1999;
Arnold et al. 2006; Wiebe and Bortolotti 2009; Hipfner
et al. 2010). There is evidence that, in several gull species,
high quality individuals with high breeding success start
broods earlier and lay larger eggs (Davis 1975; Sydeman
et al. 1991; Brouwer et al. 1995; Bukacinska et al. 1996;
Kilpi et al. 1996). In our study, the BHGs breeding in the
two plots had a similar clutch initiation date and similar
numbers of eggs and clutch volumes, suggesting that the
quality and experience of the birds breeding on these plots
was similar. Also, the island in question was located at the
centre of the gull colony, and the observed differences
could not thus be attributed to differences between birds
breeding at the colony’s centre and at its edge (Patterson
1965; Coulson 1968; Becker 1995; Cote 2000).

We believe that our method for the determination of
fledging success in the BHGs was reliable. It differed from
the more usually applied method of ringing chicks with a
unique code and was chosen in order to minimise the
negative effects of observers’ activity on chick behaviour.
In this method, estimations of population size are based on
proportions that are especially biased when the sample size
is low. However, in both the control plot and the contact
zone, the number of chicks resighted was large. Counting
the chicks took less than 10 min, and thus the probability
that some chicks were counted twice was, in all likelihood,
low. Moreover, there is no indication that the bias of
breeding success estimation in the control plots is larger
than in the plot near the CGs (see Krebs 1989; Brower et al.
1998; Kendall 1999).

When species colonise new areas, they may experience
an array of novel selective pressures and simultaneously
act as novel selective agents on native taxa in the invaded
ecosystem. However, we have shown that the native BHGs
had no visible effect on the behaviour and reproduction of
the invasive CGs. This contradicts the general view that
native species affect the fitness components, that is, the
reproductive success and parental effort of expansive or
invasive species (Phillips and Shine 2006; Suarez and
Tsutsui 2008). It is possible that expansive CGs possess
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traits that predispose them to exploit new areas and com-
pete with and/or predate on native species successfully,
since, in their original geographical range, namely the
Black and Caspian Sea Basins, the CG co-occurs in
breeding grounds with other, smaller gull species. On the
other hand, for a long time, the native BHG was the only
breeding gull species in the inland areas of Central Europe.
The presence and nesting of large gulls is quite a new
phenomenon in these areas (Filchagov 1996; Hiippop and
Hiippop 1999; Skdérka et al. 2005). Therefore, the expan-
sion of CGs may constitute a new important factor nega-
tively affecting local population size and breeding success
of both the native BHGs and, probably, other native
waterbirds.
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