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Abstract Species distribution, ecology, and beha-

viour are shaped, amongst other things, by interspeci-

fic, antagonistic interactions, and this phenomenon is

particularly noticeable among predators. We studied

the spatial co-distribution of two top piscivorous bird

species foraging on inland waters outside breeding

season. We considered the hypothesis that goosanders,

Mergus merganser, and great cormorants, Phalacro-

corax carbo, avoid foraging in close proximity to each

other. Data collected on five river-reservoir systems in

the Western Carpathians (Poland and Slovakia) during

two periods (2014–2015 and 2015–2016) showed that

goosander numbers reduced significantly and their

foraging areas changed when large flocks of cor-

morants arrived and began foraging. We also found

that inter-flock distances were greatest between flocks

of goosanders and cormorants, suggesting that the

former species avoided the waters occupied by the

latter. Distribution of flocks of both species was

additionally determined by the location of foraging

place in river-reservoir system, weather, and presence

of other piscivorous birds (e.g. grebes) and raptors

(e.g. eagles). Together with the results of research in

adjacent Bohemia, this study suggests that competi-

tion between cormorants and goosanders may arise

when bodies of water suitable for piscivorous foraging

are scattered and limited in number, as in the

mountainous areas of Central Europe.
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Introduction

Interspecific interactions amongst animals have sub-

stantial effects on species distribution, ecology, and

behaviour. These phenomena have been widely stud-

ied in various animal groups (Schoener 1974, 1982),

and many of the studies have described relationships

between predatory species (e.g. Capizzi and Luiselli

1996; Goldsworthy et al. 2001; Tannerfeldt et al.

2002; Berger and Gese 2007; Bur et al. 2008;

Amirowicz and Gwiazda 2012). The majority of

studies of interspecific interactions in birds have

primarily been concerned with the breeding period,

when competition for resources is highest (e.g.

Kostrzewa 1991; Camphuysen 1995; Chakarov and

Krüger 2010; Sergio et al. 2007). Relatively few

studies have considered interactions in the post-

breeding period or outside the breeding season (e.g.

Blázquez et al. 2009; Paprocki et al. 2014) and only a

few of them have concerned piscivorous species (e.g.

Morkūn _e 2011; Orben et al. 2015; Wood and Stillman

2014). Piscivorous birds are interesting species in

which to study interspecific interactions as they are

apex predators on water bodies and usually display

complex relations in multispecies guilds. Moreover,

larger piscivores are also considered important com-

petitors for fisheries (e.g. Marquiss and Carss 1994;

Carpentier et al. 2003; Mous et al. 2003; Stemp-

niewicz et al. 2003; Wilson et al. 2003; Harris et al.

2008; Östman et al. 2013; Manikowska-Ślepowrońska

et al. 2016). Studies of this group are, therefore,

important for at least two reasons. First, simply

because they can improve our fundamental ecological

and ethological understanding of use of space amongst

piscivorous predators. Second, they can be used to

address the economic impact of piscivores on angling

and fisheries.

During migration and wintering several of the

species of larger piscivorous birds present in Central

Europe may be involved in interspecific interactions

(including direct competition or avoidance) for forag-

ing places (Žydelis and Kontautas 2008). The pisciv-

orous guild includes raptors, herons, gulls, grebes,

divers, mergansers, and cormorants. The latter four

members of this guild share a common hunting

behaviour, namely diving for fish, although they differ

with respect to preferred prey size and depth and

duration of underwater hunting (e.g. Sjöberg

1985, 1988; Wood and Hand 1985; Dirksen et al.

1995; Van Dobben 1995; Carrs et al. 2012). Among

them, only goosander, Mergus merganser (Linnaeus,

1758), and great cormorant, Phalacrocorax carbo

(Linnaeus, 1758), regularly form large and compact

flocks (Cramp and Simmons 1977; Van Eerden and

Voslamber 1995) on the inland waters of Central

Europe, whereas others do it only occasionally [e.g.

great crested grebe Podiceps cristatus (Linnaeus,

1758); Källander 2008].

Piscivorous birds with similar body size, diet, and

flocking behaviour are a good model system in which

to study interspecific competition. For this study, we

selected populations of goosanders and cormorants

present on freshwaters of the Western Carpathians

during autumn, winter, and early spring in which to

investigate whether and how these species interact

with each other to distribute the available foraging

places. We tested the hypothesis that in areas with

limited access to water bodies, goosanders would

decrease in number when larger flocks of cormorants

arrived and stayed to hunt. We predicted that

goosanders and cormorants avoid foraging in the

same places, based on preliminary findings from

programs monitoring wintering populations of both

species in Czechia, Slovakia, and Poland (Chod-

kiewicz et al. 2013; Musil et al. 2015; Wilk et al.

2016).

Methods

Study area

We selected the freshwaters of the Western Carpathi-

ans as our study area, because there, especially during

the winter, the water bodies available for piscivorous

birds are scattered and limited in size. Moreover, in the

Western Carpathians, the context of the relationship

between the two species is very unusual. Only

goosanders breed in the area, although the species

only settled there quite recently (less than two decades

ago; Kajtoch and Bobrek 2014). Over the past few

years, the breeding population of goosanders in the

Western Carpathians has increased significantly,

resulting in an increase in goosander numbers on

water bodies outside the breeding season (Musil et al.

2015). Thus they have become a regular species across

the whole year and only during winter do numbers

increase due to the arrival of wintering of birds from
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northern populations (probably of Baltic, Scandina-

vian, and Russian origin). On the other hand, cor-

morants do not breed in the area and are rare from late

spring to late summer. They migrate in large flocks

during autumn and early spring, but in winter they are

present only on some ice-free water bodies.

Data on the occurrence of both target species—

goosanders and cormorants—and additional taxa that

may be involved in predatory interactions (white-

tailed eagle Haliaeetus albicilla (Linnaeus, 1758)) and

by competition for food (large gulls such as mainly

caspian gull Larus cachinnans (Pallas, 1811) and

herring gull L. argentatus (Pontoppidan, 1763); grebes

such as great crested grebe and red-necked grebe

Podiceps grisegena (Boddaert, 1783), and divers such

as red-throated diver Gavia stellata (Pontoppidan,

1763) and black-throated diver Gavia arctica (Lin-

naeus, 1758)) were collected in five river-reservoir

systems in the Western Carpathians, three of which

were in Poland (the Soła river with _Zywiec reservoir of

area 10.0 km2 [N49�53.30, E19�12.30; 340 m a.s.l.],

the Raba river with Dobczyce reservoir of area

9.8 km2 [N49�52.10, E20�2.50; 270 m a.s.l.], the

Dunajec river with Czchów reservoir of area 3.5 km2

[N49�48.90, E20�39.20; 230 m a.s.l.]) and two in

Slovakia (the Hron river with Kozmálovce reservoir

of area 0.7 km2 [N48�16.50, E18�31.50; 180 m a.s.l.]

and the Slatina river with Môt’ová reservoir of area

0.6 km2 [N48�33.50, E19�100; 300 m a.s.l.) (Fig. 1).

Bird inventories

Birds (cormorants, goosanders, grebes, divers, large

gulls, and eagles) were counted during the middle of

every month from September until March, in two

periods: 2014–2015 and 2015–2016 (7 month of

counts during each period).

Inventories were standardised into four sections to

enable us to estimate the distribution and movement of

bird flocks on river-reservoir systems of different

sizes: (1) along river fragments 750–250 m above the

backwater; (2) on reservoirs, counts from a point

localised up to 1000 m below the backwater; (3) on

reservoirs, counts from a point localised up to 1000 m

above the dam; (4) along river fragments 0–500 m

below the dam. In ‘‘Methods’’ section and ‘‘Results’’

section, counts were executed at a visibility distance of

c. 500 m. In ‘‘Introduction’’ section and ‘‘Discussion’’

section, counts were executed by ‘‘walking’’ along a

500 m of the river channel. Each count in each section

lasted for 15 min. The selection of sections was

designed to cover a wide spectrum of the available

freshwaters used by piscivores: man-made reservoirs

on rivers (in two areas: close to the dam, where water

often freezes during severe winters, and in the

backwater where water is usually ice free throughout

the winter) and river channels below and above

reservoirs (the former are usually ice free, whereas

the latter tend to freeze during cold periods of winter).

Moreover, these sections also differed with respect to

fish assemblages (running water species in rivers;

stagnant water species in reservoirs) and foraging

conditions (deep waters in the reservoirs; shallow but

fast-running waters in the rivers).

Separate counts for each section and each flock

were recorded on a special sheet. The approximate

localisation of all goosanders and cormorants was

noted on maps saved and printed from geoportals

(http://mapy.geoportal.gov.pl/imap/ and https://www.

geoportal.sk/sk/geoportal.html). Birds were observed

and counted with the help of telescopes and binocu-

lars, by experienced observers. Counts were estimated

before midday, but usually after early morning,

because in the river valleys and over reservoirs dense

fog often limited visibility and hindered inventory

taking and in order to reduce the risk of multiple

counting of birds moving from sleepover to foraging

areas after dusk. All counts were executed in good

weather conditions (without precipitation or heavy

wind and large waves) and only if visibility exceeded

500 m (usually if the observer could see the birds at a

distance greater than 1 km).

Collection of variables

Several variables were noted during all counts. These

variables were selected to describe the location where

the inventory was taken, the duration of counts, and

the weather conditions during the counts. These

variables were as follows: (i) SITE (location of river-

reservoir system), (ii) SECTION (location of count

within the system), (iii) SEASON (2014–2015 or

2015–2016), (iv) TEMPERATURE (average temperature

during the count in �C), and (v) ICECOVER (estimated

percentage of body of water covered by ice—

estimated from simplified maps sketched by the

observers). Next, total numbers of the following bird

species during the count in the relevant section were
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noted: (i) EAGLES, (ii) GULLS, (iii) GREBES, (iv)

GOOSANDERS, and (v) CORMORANTS. Divers were even-

tually excluded from the analyses as representatives

were observed only occasionally (only five individuals

during both periods on all systems).

In the case of goosanders and cormorants, all birds

(individuals and flocks) were counted and their

position mapped. Maps showing the approximate

distribution of goosander and cormorant flocks were

then used to calculate the shortest straight-line

intraspecific and interspecific distances (to c. 10-m

accuracy) between flocks.

Data analysis

Numbers of both species during both study periods

were analysed and compared using the Chi-square test

to evaluate migration and wintering patterns. Next, we

calculated Spearman’s rank correlations between raw

numbers of goosanders and cormorants in each survey

(separate correlations were calculated for each section

of all reservoirs for every monthly count). Correlations

were calculated for two datasets: (1) all birds noted and

(2) cases when at least one species was present as a

flock of at least 10 individuals. The Mann–Whitney

U test was used for several comparisons of flock size:

cormorants alone versus cormorants in the presence of

less than 10 goosanders; in the presence of less than 10

goosanders versus cormorants in the presence of more

than 10 goosanders; goosanders alone versus goosan-

ders in the presence of less than 10 cormorants;

goosanders in the presence of less than 10 cormorants

versus goosanders in the presence of more than 10

cormorants.

Intraspecific and interspecific distances for all

datasets and for cases where only both species

occurred simultaneously were compared using the

Mann–Whitey U test (paired comparisons) and

Kruskall–Wallis ANOVA (comparison of all condi-

tions). Next, the ratio of distances within cormorants,

within goosanders, and between cormorants and

goosanders was compared as above.

Spearman’s rank correlations between all pairs of

examined explanatory variables were assessed. Only

two variables (TEMPERATURE and ICECOVER) were corre-

lated, significantly but moderately (q = -0.46). There-

fore, all variables were included in models of

determinants of goosander and cormorant abundance.

Abundance of CORMORANTS was included as a potential

explanatory variable in models of goosander abundance

and vice versa. After confirming that all model residuals

met the assumptions of generalised linear models

(GLMs), a set of competitive models was built based

on the Poisson distribution. The performance of the

models was evaluated in two steps: (i) univariate models

were evaluated using Wald statistics and (ii) multivari-

ate models were evaluated using Akaike’s information

criterion (AIC), delta AIC (DAIC), and AIC weights

(AIC w). Following Arnold (2010), we treated param-

eters which did not improve the AIC of a model by more

than 2.0 as uninformative. All analyses were executed in

Statistical v. 11 software (StatSoft Inc. 2001).

Fig. 1 Simplified map of

the Western Carpathians

presenting the localisation

of river-reservoir systems in

which piscivorous birds

were inventoried. SZ Soła-
_Zywiec system, RD Raba-

Dobczyce system, DC

Dunajec-Czchów system,

HK Hron-Kozmálovce

system, SM Slatina-Môt’ova

system, A country borders,

B major rivers, C range of

the Carpathians, D sampling

sites
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Results

Migration and wintering

In total (on all examined river-reservoir systems) we

counted 1340 cormorants in the 2014–2015 period and

roughly half that number (627 individuals) in the

2015–2016 period. In contrast, the total number of

goosanders differed only marginally between the two

periods: 825 and 730 individuals in 2014–2015 and

2015–2016, respectively. In comparison, the great

crested grebe was found in much smaller but consistent

numbers: 148 and 164 individuals in 2014–2015 and

2015–2016, respectively. There was clear variation in

the relative abundance of cormorants and goosanders

across the 2014–2015 period. Cormorants were more

abundant during October and January–February,

whereas goosanders were more abundant in December

(Fig. 2). During the 2015–2016 period, there was no

similarly clear pattern in relative species abundance.

Once again cormorants were found in abundance in

October and January, but in December both species

were found in similarly high numbers (Fig. 2). Within

each species, abundance differed between the two

periods (cormorants: v2 = 168.2, df = 6, p\ 0.001;

goosanders: v2 = 30.1, df = 6, p\ 0.001). Within

each period the abundance of the two species differed

(2014–2015: v2 = 299.5, df = 6, p\ 0.001;

2015–2016: v2 = 112.5, df = 6, p\ 0.001).

Co-distribution

In cases where only one species was present, the

average flock size was twice as high for cormorants as

for goosanders (Table 1A). When both species were

noted during the count, cormorants were more

numerous, especially in cases with cormorant flocks

larger than 10 individuals (Table 1A). These differ-

ences were significant when the number of birds in

flocks was compared in cases when competitor species

was absent or in low number (below 10 individuals)

and when competitor was in large number (above 10

individuals) (cormorants: Z = 3.54, p\ 0.001; goo-

sanders: Z = 2.53, p = 0.012). The numbers of each

species were only negatively correlated (q = -0.67)

in cases where at least one species was present as a

flock of more than 10 individuals (Fig. 3).

In descriptive terms, the distance between goosan-

der flocks was 1.7 times smaller than the distance

between cormorant flocks, but the interspecific flock

distance was greatest (Table 1B). These differences

were significant always when the following compar-

isons regarding distances were carried out—cor-

morants: cormorants to distances goosanders:

goosanders (Z = 4.78, p\ 0.001); cormorants: cor-

morants to cormorants: goosanders (Z = 5.67,

p\ 0.001); and goosanders: goosanders to cor-

morants: goosanders (Z = 2.39, p = 0.017), and also

all combinations were compared (ANOVA

v2 = 16.84, p\ 0.001). Therefore, the ratio among

the distances of flocks was the lowest for goosander:

cormorant/cormorant: cormorant and similar for cor-

morant: cormorant/goosander: goosander and goosan-

der: cormorant/goosander: goosander (Table 1C).

These ratios were found to be significantly different

only in comparisons between cormorant: cor-

morant/goosander: goosander to goosander: cor-

morant/cormorant: cormorant (Z = 2.19, p = 0.028)

but not significant in other comparisons.

Model selection

Separate univariate models for each species showed

that almost all the analysed variables were predictors

of either cormorant or goosander abundance (Table 2)

with exception of TEMPERATURE and ICECOVER in case

of cormorants and GULLS, EAGLES and TEMPERATURE in

case of goosanders. This meant that for both species,

models that contained all or almost all variables and

components provided the best explanation of abun-

dance (Table 3). Based on the principles described by

Arnold (2010), the best model of cormorant abun-

dance contained the following variables: GOOSANDERS,

EAGLES, GULLS, SITE, SECTION and SEASON, whereas the

best model of goosander abundance included all

variables except EAGLES (Table 3).

Discussion

In their recent report on trends in the numbers of

wintering cormorants and goosanders in Central

Europe between 1991 and 2013 Musil et al. (2015)

noted that ‘‘… negative trends of goosanders were

recorded in larger rivers in Central Bohemia (Labe and

Vltava), especially since the regular wintering of

larger numbers of cormorants in the area. We assume

the existence of competition between these two fish-
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eating species, especially in large rivers’’. Our results

generally corroborate this with respect to non-breed-

ing populations of goosanders and cormorants on

bodies of water in the Western Carpathians although

the pattern was not as clear.

First, bird numbers varied across the 2014–2015

and 2015–2016 periods. Seasonal variability in num-

bers of migrating and wintering species is a well-

known phenomenon (e.g. Berthold 1993; Rubolini

et al. 2007) and reflects the duration and timing of
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Fig. 2 Visualisation of changes in the number of goosanders and great cormorants counted during two periods (2014/2015 and

2015/2016) in the selected waters (five river-reservoir systems) of the Western Carpathians
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migration (products of evolutionary adaptation), and

ecological constraints (e.g. weather and environmen-

tal conditions that limit survival). Cormorant numbers

were especially variable, both within the examined

periods (with peak abundance during autumn and

early spring migration) and between periods (probably

reflecting conditions in areas north to the Carpathi-

ans—i.e. on waters around the Baltic coasts—which

were less severe during 2015–2016, leading to lower

numbers of birds coming to the south; Suter 1995).

Variation in goosander numbers was much lower as

this species is migratory in the north (Hansen 1976;

Marquiss and Duncan 1994), but partially sedentary in

Central Europe (Keller 2009; Kajtoch and Bobrek

2014). These results suggest that although weather

conditions (e.g. temperature and ice cover) affected

Fig. 3 Correlation between

the sizes of flocks of

goosanders and great

cormorants counted during

the inventories in 2014/2015

and 2015/2016 periods in

the selected waters of the

Western Carpathians

Table 1 Basic statistics

describing sizes and intra-

and interspecific distances

among flocks of goosanders

and great cormorants

examined in selected rivers

and reservoirs of the

Western Carpathians

Variable N Average Min Max SD

A—flock sizes (number of individuals)

Cormorants alone 50 17.1 1 421 60.0

Cormorants if goosanders\ 10 114 15.0 0 421 44.4

Cormorants if goosanders[ 10 41 11.1 0 144 32.9

Goosanders alone 40 9.2 1 42 10.9

Goosanders if cormorants\ 10 121 10.1 0 80 16.8

Goosanders if cormorants[ 10 35 3.9 0 27 6.3

B—distances between flocks (in m)

Goosanders:goosanders 55 100 20 300 70

Cormorants:cormorants 77 170 50 400 80

Cormorants:goosanders 47 210 80 500 100

C—ratio (relations among distances flock/flock)

Cormorants:cormorants/goosanders:goosanders 11 2.3 0.8 6.0 2.0

Cormorants:goosanders/goosanders:goosanders 16 2.5 0.5 10.0 2.4

Goosanders:cormorants/cormorants:cormorants 19 1.5 0.6 4.7 1.1
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numbers of both species during counts, they were less

important than, for instance, the location of water

bodies with bird flocks.

The distribution of flocks of both species was

dependent on the type of water (running and shallow

on rivers; stagnant and deep in reservoirs), which may

be linked to prey fish availability. Both species can

forage on medium and large rivers and on reservoirs,

which are present in the Carpathians. There are

probably some differences in the two species’ foraging

strategies for example with respect to preferred depth

of water for hunting, preference for stagnant or

running water, but these differences are probably only

detectable during breeding season (when cormorants

usually hunt on larger, deeper, stagnant waters,

including coastal waters, whilst goosanders often

forage on shallow, running inland waters) (Ross

1977; Sjöberg 1985, 1988; Wood and Hand 1985;

Marquiss and Carss 1994; Dirksen et al. 1995; Van

Dobben 1995; Gibbons and Withers 2006; Carss et al.

2012). Outside the breeding season, there are probably

no differences in foraging habits, as during migration

and wintering both species forage on various waters,

from the open sea to inland rivers, lakes, and ponds

(Gilissen et al. 2002; Musil et al. 2011). Of course

weather and type of water affected the distribution and

numbers of both species, but these factors did not

explain the local distribution of flocks.

The data we collected showed that goosanders and

cormorants avoided each other outside the breeding

season but this was not obvious. Analysis of the co-

location of the two species suggests that goosander

numbers decreased significantly when cormorants were

present in large numbers. The converse relationship was

not as clear, although on some bodies of water where

goosanders dominated cormorants were less numerous.

This pattern was most obvious in cases where flocks of at

least 10 individuals were noted, when there was a

significant negative correlation between goosander and

cormorant numbers. The average size of cormorant

flocks was about 1.5 times smaller when goosanders

were numerous, but goosander flocks were about 2.5

times smaller when cormorants were numerous. The

same pattern was found approximate in inter-flock

distances; goosander–goosander flock distance was

smallest (average = 100 m), cormorant–cormorant

flock distance was larger (average = 170 m), and the

interspecies flock distance was largest (aver-

age = 210 m). This pattern shows that, in sympatry,

both species tried to occupy distant foraging locations

outside the breeding season. Any explanation of this

phenomenon is necessarily somewhat speculative

owing to the limitations of our observational data. In

view of the ecology of the two species, especially their

feeding preferences (Sjöberg 1985, 1988; Wood and

Hand 1985; Dirksen et al. 1995; Van Dobben 1995;

Carss et al. 2012), the most probable explanation for

their avoidance of proximity is competition for food, but

this remains speculative as we have no direct evidence

(we were unable to estimate abundance of fish on such a

varied set of water bodies, estimating fish abundance

concurrently with counting of birds would have been

particularly problematic). Both goosanders and cor-

morants feed on various species and sizes of fish (Cramp

and Simmons 1977). In the same habitat, their prey can

be similar, so their feeding niches overlap (Sjöberg

1985, 1988; Wood and Hand 1985; Dirksen et al. 1995;

Van Dobben 1995; Carss et al. 2012). The fact that they

Table 2 Performances of univariate logistic regression mod-

els explaining, separately, the abundance of goosanders and

great cormorants examined in selected rivers and reservoirs of

the Western Carpathians

Model Wald statistic p value

Cormorants

INTERCEPT 107.7 0.000

Goosanders 104.0 0.000

Eagles 32.3 0.000

Gulls 41.7 0.000

Grebes 57.8 0.000

Temp 1.7 0.190

Ice cover 3.7 0.053

Site 1839.3 0.000

Section 1042.3 0.000

Season 132.9 0.000

Goosanders

INTERCEPT 14.5 0.000

Cormorants 24.2 0.000

Eagles 0.9 0.347

Gulls 3.6 0.057

Grebes 14.2 0.000

Temp 3.7 0.054

Ice cover 9.1 0.002

Site 336.1 0.000

Section 353.3 0.000

Season 5.3 0.021
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have common prey probably forces these species to hunt

in different places; however, the avoidance is uneven

and the goosander should be considered the subordinate

species, forced to look for other foraging places when

cormorants are present on the same body of water. This

was especially noticeable when cormorants were

numerous and occupied some part of a reservoir. In

such cases, goosanders were usually noted as single

individuals, with flocks found on adjacent rivers. This

avoidance is probably not related to direct competition,

because during counts the observers did not note any

instances of cormorants chasing goosanders out of a

foraging area. This leads to the hypothesis that

goosanders’ hunting success is lower when cormorants

are present in larger numbers, and hence they change

their foraging areas. One possible mechanism is that as

cormorants are able to hunt socially, larger flocks of

cormorants create so much disturbance in the water that

fish are scared and/or move (e.g. dive deeper), thus

reducing the efficiency of foraging by goosanders.

Another probable explanation is kleptoparasitism

between piscivorous birds, which has been reported

previously between goosanders and grebes (e.g. Cardini

and Chiozzi 2015) and may have gone undetected in this

study simply due to methodological constraints (dura-

tion of bird observation was too short).

The abovementioned relationships between cor-

morants and goosanders add to our knowledge about

sharing of space amongst predators, in this case

piscivores. The possibilities of spatial avoidance and

indirect or direct competition between bird species

using similar food (in this case, fish) should be

considered in all investigations of intra- and inter-

specific ecological relationships. Moreover this study,

together with research describing relationships among

piscivorous birds, could provide a foundation for

future research of economic importance, for example,

investigations into the impact of piscivores on angling

and fisheries. Both cormorants and goosanders are

held responsible for damage to Central European

fisheries (e.g. Marquiss and Carss 1994; Carpentier

et al. 2003; Mous et al. 2003; Stempniewicz et al.

2003; Wilson et al. 2003; Harris et al. 2008; Östman

et al. 2013; Manikowska-Ślepowrońska et al. 2016);

however, the impact of the two species is probably

different and dependent not only on the season or type

of water, but also on the extent to which the two

species (and perhaps other piscivores) co-occur.

Further research into these explanations is needed,

including determining the exact diet of both species when

they are co-located and the spatial movement of birds

over longer periods (using radio transmitters and

Table 3 Set of selected competing generalised linear models (GLMs) with Poisson’s error distribution explaining separately the

abundance of the goosanders and great cormorants examined in selected rivers and reservoirs of the Western Carpathians

No. Model k AIC D w

GLMs for cormorants

1 GOOSANDERS ? EAGLES ? GREBES ? GULLS ? ICECOVER ? SITE ? SECTION ? SEASON 8 5016.3 0.0 0.342

2 GOOSANDERS ? EAGLES ? GREBES ? GULLS ? TEMP ? ICECOVER ? SITE ?

SECTION ? SEASON

9 5016.6 0.3 0.299

3 GOOSANDERS 1 EAGLES 1 GULLS 1 SITE 1 SECTION 1 SEASON 7 5017.0 0.7 0.241

INTERCEPT 9628.6 4612.3 0.000
P

1.000

GLMs for goosanders

1 CORMORANTS 1GULLS 1 GREBES 1 TEMP 1 ICECOVER 1 SITE 1 SECTION 1 SEASON 8 3223.2 0.0 0.266

2 CORMORANTS ? EAGLES ? GREBES ? GULLS ? TEMP ? ICECOVER ? SITE ?

SECTION ? SEASON

9 3225.4 1.1 0.153

3 CORMORANTS ? EAGLES ? ? GREBES ? ICECOVER ? SITE ? SECTION ? SEASON 7 3225.9 1.7 0.116

INTERCEPT 4814.8 1590.6 0.000
P

1.000

Only five best performed models for each species are presented. The number of predictors (k), the Akaike information criterion score

(AIC), the difference between the given model and the most parsimonious model (D) and Akaike weight (w) are listed for each

model. In bold are marked the best fitted models according to recommendation of Arnold (2010)
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geographic information system analyses). The patterns

observed in the Carpathians, and similar patterns

observed in adjacent Bohemia (Musil et al. 2015), may

not generalise to other areas as conditions in the

mountainous areas of Central Europe are specific (limited

number and scattered distribution of bodies of water

suitable for foraging by goosanders and cormorants) and

distinct from those prevailing on large lowland bodies of

water (coasts, lakes, large rivers and reservoirs) in

Northern and Western Europe, where availability of

water and prey probably reduces the competition among

piscivorous species dramatically. This phenomenon is

expected to be more apparent in future, in response to

climate change, when piscivorous birds will winter in

northern aquatic areas (Mooij et al. 2005).
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Wilk T, Bobrek R, Pępkowska-Król A, Neubauer G, Kosicki JZ

(eds) (2016) Ptaki polskich Karpat—stan, zagro _zenia,

ochrona. OTOP, Marki

Wilson BR, Feltham MJ, Davies JM, Holden T, Cowx JG,

Harvey JP, Britton JR (2003) A quantitative assessment of

the impact of Goosander, Mergus merganser, on salmonid

populations in two upland rivers in English and Wales. In:

Cowx IG (ed) Interactions between fish and birds: impli-

cations for management. Blackwell Science Ltd, Oxford,

pp 119–135

Wood CC, Hand CM (1985) Food-searching behaviour of the

common merganser (Mergus merganser) I: functional

responses to prey and predator density. Can J Zool

63:1260–1270

Wood KA, Stillman RA (2014) Do birds of a feather flock toge-

ther? Comparing habitat preferences of piscivorous water-

birds in a lowland river catchment. Hydrobiologia 738:87–95
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