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Abstract

The impact of fish-eating birds on fishery has long been debated. It is therefore important that the arguments in this debate
be scientifically based. The Great Cormorant Phalacrocorax carbo is a flagship example of a conflict species that has been
well studied. In some areas, however, such as the southern Baltic estuarine lagoons, the Goosander Mergus merganser may
be more abundant, exerting a potentially greater impact on fisheries. However, this aspect has not been well studied in this
region, so this article is an attempt to fill this knowledge gap. Based on the digestive tract content of 23 Goosander drowned
in gillnets in Poland, it was found that the most frequently consumed species was Ruffe Gymnocephalus cernua (70% of
biomass), followed by Zander Sander lucioperca (13% of biomass), Perch Perca fluviatilis (9% of biomass) and Roach Ruzilus
rutilus (8% of biomass). Average Goosander numbers in the Vistula and Odra estuaries in 2011-2018 were 11,000 in
winter, 4,500 in spring and 2,800 in autumn. These fish-eating ducks were found to consume 242 t of fish annually during
this period, whereas at the same time fishermen caught an average of 4,400 t of fish. The species caught by both Goosander
and fishermen were mainly Zander (32 t vs 189 t), Perch (21 t s 668 t) and Roach (19 t vs 701 t). No negative impact of
Goosander foraging in the winter preceding the fishery season was demonstrated for any of the above species (Zander
R? = 0.022; Perch R? = 0.834; Roach R® = 0.881).

Keywords: Fish-eating birds, social conflict, Zander, Ruffe, Perch, Roach, fish consumption, fish resources, wintering area,

marine habitat

Introduction ;
Phalacrocorax carbo (hereafter Cormorant), which

The prey-predator system is one of the most basic
relationships in ecology but studying the influence of
a particular predator species on its prey population
is difficult as the status of the latter depends on
a number of biological and abiotic factors
(Domenici et al. 2007). Fish-eating waterbirds are
natural competitors of fishermen, who blame them
for depleting the fish stocks in the waters they use
(e.g. Beach 1936; Bayer 1989). Conflict situations
arise because diving waterbirds often choose habitats
similar to those in which fishermen fish (Cowx
2003). A good example is the Great Cormorant

has been mentioned as one of the reasons for the
decline in fish stocks (Psuty 2012). It is therefore
essential to understand the interactions between
birds, fish and fishing as it poses an important social
problem (Cowx 2003). The results of scientific
research should be the basis for the debate on the
impact of birds on fisheries (Ovegard et al. 2021)
and vice versa, the impact of fisheries on birds
(Tasker et al. 2000).

Along with the Cormorant, Goosander Mergus mer-
ganser has been regarded as a competitor for commer-
cially caught fish (Kear 2005). Early publications
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indicated a significant negative impact of this species’
feeding on salmon, a fish that is particularly valued by
humans (Beach 1936; Smith 1967; Scanlon et al.
1978). However, later studies showed a smaller and
less significant effect than had previously been
assumed (Wood 1987; Kalas et al. 1993). After the
Cormorant, the Goosander is one of the most numer-
ous fish-eating waterbirds, large populations of which
spend a considerable part of the year wintering in the
southern Baltic (Marchowski et al. 2018). It is among
the top five fish-eating birds responsible for 80% of all
fish eaten by birds in the Baltic (Hansson et al. 2018).
Therefore, wherever it concentrates in the largest
flocks, its presence does have an impact on fish stocks
(Wood 1987; Hansson et al. 2018). Although
Goosander is the third most important and numerous
fish-eating species in the Baltic Sea in terms of fish
consumption after Razorbill Alca rtorda and
Cormorant, only a few studies on the diet of this
species in the Baltic Sea have been published
(Hansson et al. 2018).

A study conducted in the Finnish archipelago
showed that the main component of the
Goosander diet was Three-spined stickleback
Gasterosteus aculeatus; other fish found in this bird’s
digestive tract were Roach Rutilus rutilus and
Eelpout Zoarces viviparous, which in that area are
not targeted by fishermen. Goosander has been
found on rare occasions to consume Pike Esox lucius
and Herring Clupea harengus from among the eco-
nomically important fish in the northern Baltic Sea
(Bagge et al. 1973; Lemmetyinen & Mankki 1975).
As regards the southern Baltic, we found only one
publication discussing the Goosander’s dietary com-
position from the Lithuanian part of the Curonian
Lagoon: Zydelis and Kontautas (2008) showed that
Smelt Osmerus eperlanus (average length = c. 17 cm,
average mass = 31 g) was the main component of its
diet, accounting for 84% of the biomass. From the
Gulf of Finland, too, there are reports of Goosander
feeding mainly on spawning Smelt (Hansson et al.
2018). Studies from beyond the Baltic Sea indicate
that Goosander’s prey items are 25-30 cm in length
(Kalas et al. 1993; McCaw III et al. 1996).

The aim of this article is to fill a gap in knowledge
about the dietary composition and the impact on
fishery of the second most abundant fish-eating
waterbird in the southern Baltic Sea. Specifically,
we address the following questions: (1) What is the
species composition of fish eaten by Goosander and
what is the percentage of each species in its diet? (2)
Do the ecological niches of Goosander and fisher-
men coincide? In other words, do fishermen and
Goosander target the same species? (3) Does the
foraging of Goosander have a negative impact on

the sizes of fishery catches in the lagoons of the
southern Baltic?

Methods
Study site

The study site was chosen for its importance as one of
the most important Goosander wintering sites in the
North-West & Central Europe population. On aver-
age, about 12% of this population winters in Poland
(Wardecki et al. 2021; Wetlands International 2022),
while the lagoons in the estuaries of the Vistula and
Odpra rivers are the most important Goosander winter-
ing grounds in Poland (Marchowski et al. 2018).
Szczecin Lagoon (coordinates: 53.785578,
14.457359) is divided by the state border and about
half of the estuary system is on the German side.
Similarly, in the case of Vistula Lagoon (coordinates:
54.339986, 19.430559), a large part of this water body
is on the Russian side. The estimates presented in this
publication concern only Polish parts of these water
bodies. Additionally, samples from the digestive tracts
of Goosander also come from other areas, from two
dam reservoirs: Goczatkowice (49.929752,
18.854052) and Dobczyce (49.867169, 20.046346)
in southern Poland, which are also the Goosander’s
wintering habitat in this part of Europe (Chylarecki
et al. 2018); (Figure 1).

Goosander dietary composition study

Twenty-three dead birds were obtained from
bycatch from three areas of Poland (Szczecin
Lagoon N = 17, Goczalkowice Reservoir N = 4
and Dobczyce Reservoir N = 2) during the period
from November to March in the years 2010-2018.
The dead birds were frozen immediately on receipt.
After thawing, the birds were necropsied in the
laboratory. The contents of the digestive tract (giz-
zard and oesophagus) were examined. Fish derived
from the gastrointestinal tract were identified to
species level, counted and measured. In the case of
partially or fully digested fish, their species, length
and weight were determined on the basis of phar-
yngeal bones (cyprinids) and otoliths (percids). The
number of individuals of a prey species contained in
a stomach was approximated by the highest total of
any of the identifiable parts present, taking the right
and left parts separately. They were measured to
calculate the prey length using published regression
formulae (pharyngeal bones — Horoszewicz 1960,
otoliths — Dirksen et al. 1995). The composition of
the diet was assessed by summing weighted averages
of the numbers of particular prey fish species. The
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Figure 1. Study site, the estuary areas of the two largest rivers in Poland (Odra - Szczecin Lagoon) and the Vistula (Vistula Lagoon), and
two dam reservoirs in southern Poland, from which part of Goosander stomach samples originated: Goczatkowice (left) and Dobczyce

(right).

weights of the fish species were calculated using the
regression formulas for particular species in winter
given by Dirksen et al. (1995).

Assessment of goosander abundance

Data on the size of the wintering population were
obtained from the Monitoring of Wintering Birds in
Poland Programme, implemented by the Chief
Inspectorate for  Environmental Protection
(Neubauer et al. 2015; Chodkiewicz et al. 2019),
and from the Waterbird Monitoring in Western
Pomerania Project (Marchowski et al. 2018). The
method used to collect data on wintering waterbirds
was based on the standards recommended by
Wetlands  International (2010) during the
International Waterbird Census (IWC).

Monitoring carried out in Poland has shown that
Goosander’s most important wintering grounds in
Poland are the Baltic coastal lagoons and estuaries
(Neubauer et al. 2015; Chodkiewicz et al. 2019).
The present article takes into account the estuaries
of the two largest rivers in Poland, the Vistula and
the Odra (Figure 1). Specifically, the following
water bodies were selected to assess the scale of
fish consumption by Goosander: the Szczecin
Lagoon, Kamien Lagoon and Dziwna, Swina
Delta, Lake Dabie and Vistula Lagoon. The

approximate combined area of these water bodies
is 85,000 ha. They all have similar ecological fea-
tures, and likewise, a similar species composition of
fish (Psuty 2012; Psuty et al. 2017). Information on
the numbers of non-breeding Goosander from these
water bodies was obtained from the available litera-
ture data and ornithological monitoring databases
(Goc & Mokwa 2011; Lawicki & Guentzel 2012;
Mokwa et al. 2012; Marchowski et al. 2018).

To determine which species — Cormorant or
Goosander — was dominant, their numbers were
compared in the Odra River estuary (~60% of the
study area) based on data gathered during the mon-
itoring of waterbirds carried out by the West
Pomeranian Nature Society from November to
March in 2010-2018 (Marchowski et al. 2018).

Assessment of the scale of fish consumption by Goosander

As Goosander usually forages twice a day (Anderson
& Reeder 1977), it was assumed that the analysed
digestive tract contents came from a single feeding.
The average weight of the contents of one stomach
was multiplied by two, which gave the daily con-
sumption of fish for one individual. These values
were compared with others reported in the literature
(Marquiss & Carss 1994; Carss 1997; Engstrom
2001). If the values calculated in the present
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research fell within the range given in the literature
or were close to it, they were deemed suitable for
further calculations.

Assessment of Goosander abundance in consecu-
tive months during the period 2011-2018 enabled
the length of stay in days of large flocks in the above-
named water bodies to be calculated. The following
formula was used to calculate the scale of the annual
consumption of fish:

YC = D*N*(C*2),

where YC - annual consumption of fish, D —
number of days the birds stay on the water body,
N — estimated number of birds, C — average weight
of fish from the gastrointestinal tract.

Fish caught by fishermen

The databases relating to the water bodies under
scrutiny were obtained from the Polish Fisheries
Monitoring Centre (https://www.cmr.gov.pl/). The
data in this database were collected in so-called
Baltic Squares (resolution 20 X 20 km). The entire
Polish Exclusive Economic Zone in the Baltic Sea is
divided into such squares for the purpose of mon-
itoring fishing effort. The fisheries within the
squares, which include both sea and lagoon waters,
were marked accordingly and thus recognizable. All
the records in the database were checked for correct-
ness and any errors discovered were eliminated,
mainly by removing incorrectly assigned records.
After the database was prepared, the data on the
total catch volume of all fish species in each area
was obtained, broken down by the type of fishing
gear with which the fish were caught and by fish
species. The amount of fish caught in the studied
waters was calculated for the period 2011-2018.

The effect of Goosander foraging on fish catches

The overlap between the ecological niches of fisher-
men and Goosander was examined. We assumed
that the food of Goosander on the Vistula Lagoon
is the same as in the Szczecin Lagoon. This assump-
tion was made because the dominant fish species in
a diet of Cormorant in the Vistula ILagoon
(Stempniewicz et al. 2003) and in the Szczecin
Lagoon (Wolnomiejski & Witek 2013) was the
same as in a diet of Goosander in the Szczecin
Lagoon (this study). Additionally, the general com-
position of fish species in both lagoons is similar
(Psuty 2012; Wolnomiejski & Witek 2013). An
assessment was made of the species of fish regularly
caught by fishermen and of those consumed by

Goosander. Then, for those species that overlap,
the total numbers consumed by Goosander in the
winter season preceding a given year were compared
with the subsequent catches by fishermen in that year
(e.g. Goosander fish catch in the 2010/2011 winter
season vs fishermen’s catch in the whole of 2011).
With respect to the fish species that overlap in these
two niches, it was assumed that Goosander foraging
would have an impact if the fishermen’s catches were
inversely proportional to the number of fish caught
by Goosander and if this relationship were statisti-
cally significant. The inference from a positive or
zero correlation would be that Goosander has
a negligible impact on fishermen’s catches. We
applied the simple linear regression using the Im ()
function in the R environment (R Development Core
Team 2021). The predictor variable for our regres-
sion was the Goosander catch in the wintering period
preceding the year of the fishermen’s catch, and the
dependent variable was the catch by fishermen in
each year.

Results
Goosander food composition

Twenty-two of the 23 Goosander collected had fish
and fish remains in their digestive tracts. A total of
349 fish specimens were identified. The prey com-
position was dominated by Ruffe Gymmnocephalus
cernua, which accounted for 82.5% of all fish
found — frequency by number (fz). The average
estimated length of a Ruffe was 7.1 cm (SE = 0.1,
Nrisg = 287), and the average mass was 8.1 g
(SE = 0.1, Ngisg = 287). The second most abun-
dant fish eaten by Goosander was Perch Perca flu-
wvianlis, which accounted for 10.3% (fn) of all fish
found. The average estimated length of a Perch was
8.7 cm (SE = 0.3, Ngsg = 36), and the average
mass was 8.1 g (SE = 0.3, Ngisg = 36). Zander
Sander lucioperca (third most abundant fish 5.2%
fn) and Roach Rutilus rutilus (1.7% fn) were also
important dietary components. The average length
of a Zander was 13.9 cm (SE = 0.5, Ngsg = 16),
and the average mass was 29.8 g (SE = 0.5, Ngisyg
= 16). The average length of a Roach was 13.7 cm
(SE = 0.7, Ngisg = 6), and the average mass was
42.5 g (SE = 0.7, Ngsy = 6), (Figure 2). Other fish
species accounted for only 0.3% (fn) of the dietary
composition.

In the digestive tracts of birds drowned in the
Szczecin Lagoon (Nprps = 17), 263 fish were
found, the most numerous being Ruffe (81.0% fn),
followed by Perch (11.8% fn), Zander (5.7% fn),
Roach (1.1% fn) and other species (0.4% jfn). Eighty-
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Figure 2. Species of fish, their length (A) and weight (B) (Ngsg = 348) eaten by Goosander (Ngrps = 23) wintering in Poland in 2010-
2018. Black dots — outliers; grey dots — all data; line — median; whiskers — the highest and lowest values; box — interquartile range. See raw
data for more details: S2_Goosander_stomach_analysis.csv at Marchowski, Dominik (2021), “Goosander_vs_Fishermen”, Mendeley

Data, V1, doi: 10.17632/fc2kscztmv.1.

five fish were found in birds from the Goczatkowice
and Dobczyce Reservoirs (Ngrps = 5), and the spe-
cies composition and proportion were similar, the most
numerous being Ruffe (87.1% fn), followed by Perch
(5.9% fn), Zander (3.5% fn) and Roach (3.5% fn).

Assessment of Goosander abundance

The highest numbers of Goosander in the southern
Baltic lagoons (Odra and Vistula) were recorded in
January — the average in 2011-2018 was 11,022
individuals (SE = 1,923, NCOUNTS = 11), with
smaller numbers in autumn (November) — average
2,795 (SE = 740, NcounTs = 10) — and spring
(March) — average 4,506 (SE = 1,019, NcounTs
= 10). Before November and after March, numbers
were significantly lower (Figure 3).

The average Goosander abundance in the Odra
estuary during the wintering period in 2010-2018
was 7,243 (SE = 1,261, NCOUNTS = 24), whereas
that of the Cormorant population was 5,541
(SE = 24). Indicating that
Goosander was the predominant fish-eating species
during the winter.

495, Ncounts =

Assessment of the scale of fish consumption by Goosander

Goosander wintering in Poland achieve their high-
est numbers in mid-winter. Birds in larger concen-
trations appear in the wintering grounds in
November, and large flocks disappear from these
areas in March (see Figure 3). Thus, a period of
five months (November — March), i.e. 151 days,
was used for the calculations. Based on the diges-
tive tract contents, the average weight of fish con-
sumed was estimated at 139.5 g per individual, so
the average daily consumption was 279 g. On
average, in 2011-2018, Goosanders consumed
242 t of fish in each season (SE = 26.5,
Nseasons = 8). The most frequently eaten fish
species was Ruffe, on average 170 t (SE = 19,
Nseasons = 8) per season, which accounted for
an average of 70% of the total weight of all fish
eaten — frequency by biomass (f6). Zander (32 t
seasonally, SE = 35, NSEASONS = 8, 13% _ﬂ?),
Perch (21 t, SE = 2.3, NSEASONS =8, 9% _ﬂ?)
and Roach (19 t, SE = 2.1, Nggasons = 8, 8%
fb) were also important components of the
Goosander diet. Other fish species accounted for
less than 0.5% (fb) of the total weight of the fish
eaten by Goosander (Figure 4).
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Figure 3. The average numbers of Goosander Mergus merganser in southern Baltic lagoons in particular months in 2011-2018. OCT -
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Fish caught by fishermen

In the southern Baltic lagoons, fishermen caught an
average of 4,389 t of fish between 2011-2018
(SE = 310, Nsgasons = 8). They regularly caught 19
species, and occasionally a few others, grouped under
the collective category “other”. Baltic herring Clupea
harengus membras was the most frequently caught fish,
an average of 1,909 t per year (SE = 259, Nsgasons
= 8): this is due to the short-lasting (about a month,
mostly in April) but intensive catches of this species
when it is spawning in the Vistula Lagoon and the
Odra estuary. At other times, herrings were caught
much less frequently. The next most numerous spe-
cies of fish that fishermen caught are better represen-
tative of the fish fauna in the lagoons and are targeted
throughout the year: Roach (701 t/year, SE = 43,

Nsgasons = 8), Bream Abramis brama (677 tly
SE = 58, Nggasons = 8), Perch (668 t/y, SE = 39,
Nseasons = 8) and Zander (189 tly, SE = 23,

Nseasons = 8).

The effect of Goosander foraging on fishermen’s catches

The average weight of Goosander’s prey in the south-
ern Baltic lagoons in 2011-2018 was equivalent to
5.5% of the weight of fishermen’s catches in the
same area and during the same period (Figure 5).

No negative impact of Goosander feeding on fish-
ermen’s catches was demonstrated for any of the fish
species in the overlapping ecological niches (Figure 6).
A positive correlation was demonstrated in the case of
Perch (F(1, 14) = 70.06, p < 0.001; R? = 0.834), and



Piscivorous birds and fishery in the Baltic lagoons 303

3001

Fish consumption by Goosander in tonnes

Fish

[ ee

] we
B ro
[ B2

2012 2014

2016 2018

Figure 4. Average yearly fish consumption by Goosander Mergus merganser wintering in the Baltic coastal lagoons and the estuaries of the
two largest rivers in Poland (Vistula and Odra) in 2011-2018, broken down by fish species. PE — Perch Perca fluviatlis, RF — Ruffe
Gymnocephalus cernua, RO — Roach Rutilus rutilus, ZA — Zander Sander lucioperca.

likewise for Roach (F(1, 14) = 103.7, p < 0.001;
R? = 0.881). In contrast, there was no correlation
between the variables for Ruffe (F(1, 14) = 2.021,
p = 0.177; R* = 0.126) or for Zander (F(l,
14) = 0.316, p = 0.583; R* = 0.022).

Discussion
Dietary composition of Goosander

Because Goosander is considered an opportunistic
species (Pearce et al. 2020), its dietary composition
depends on the place where it is feeding and what
species of fish are most easily available (White 1957;
Bellrose 1980). It seems, however, that certain prefer-
ences are discernible in southern Baltic waters. Despite
the fairly large numbers of species such as Bream and
Crucian carp Carassius carassius (Wolnomiejski &
Witek 2013), these fish were not found in the digestive
tracts of Goosander. It seems that this fish-eating duck
prefers slender-shaped fish that are probably easier to
swallow (see later in the Discussion for further details).

Other studies also reported that Goosander preferred
to eat slender species such as Atlantic salmon Salno
salar (Sjoberg 1988), Brown trout Salmo trutta (Pearce
et al. 2020) and Three-spined stickleback
(Lemrnetyinen & Mankki 1975).

Throughout its distribution, Goosander consumes
a great variety of fish species, for example: Atlantic
salmon, constituting 65.7% of the food composition
in Nova Scotia (White 1957); Sculpin Cortoidea, mak-
ing up from 23.6% to 54.0% of the diet in British
Columbia (Munro & Clemens 1932); Brown trout,
accounting for 47.4% of the food composition in
Michigan (Pearce et al. 2020); Gizzard shad
Dorosoma cepedianum, accounting for 76% of the
food composition in Oklahoma (Miller & Barclay
1973); Threadfin shad Dorosoma petenense, accounting
for 47% of the food composition in New Mexico
(McCaw et al. 1996). The above studies relate to
North America; other publications concern northern
(Sjoberg 1985; Kalas et al. 1993) and central Europe
(Wzigtek & Konieczny 2012), where salmonid fish are
also mentioned as the main dietary component. Kear
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Figure 5. Fishing by fishermen and Goosander Mergus merganser in the lagoons of the southern Baltic in 2011-2018.

(2005) states that in Europe, Goosander feeds on
Roach. Several other species of fish are given as the
main food item, e.g. Roach, Three-spined stickleback,
Eelpout, Pike and Herring (Bagge et al. 1973;
Lemrnetyinen & Mankki 1975), but nowhere in the
literature has Ruffe been mentioned as the main com-
ponent of the Goosander diet, even in relatively nearby
locations such as the Curonian Lagoon in Lithuania
(Zydelis & Kontautas 2008). In contrast to our study,
the main food item in the Curonian Lagoon was Smelt
(84% according to biomass and numbers; Zydelis &
Kontautas 2008).

Assessment of Goosander abundance

The Goosander population studied in this research
belongs to the one wintering in north-western and
central Europe and is estimated at 170,000-260,000
individuals, the trend being stable or increasing
(Nagy & Langendoen 2020). On this basis, we can
calculate that, on average, from 4.2% to 6.5% of this
population spent the winter (2011-2018) in the
coastal lagoons and estuaries of two rivers, the

Vistula and the Odra (the Polish part). These areas
are therefore important wintering sites for this spe-
cies. In view of the high numbers of wintering
Goosander in our study sites (Marchowski et al.
2018); (Figure 3) and the concurrent, intensive gill-
net fishing in these waters (Psuty et al. 2017), two
aspects should be considered: first, the impact of
this species on commercial fish stocks (the aim of
this article), and secondly, the impact of fishing on
the state of this species. The southern Baltic is well-
known as one of the world’s most important hot-
spots for high bycatches of birds in gillnets (Zydelis
et al. 2013). The estimated annual bycatch of all
diving bird species in our study sites together with
German Baltic waters is about 45,000 individuals
(Zydelis et al. 2009). The birds collected for the
present study also came from bycatch, and numer-
ous toxicological and parasitological studies have
been conducted on Goosander, bycaught in the
Odra estuary (Kavetska 2005, 2006; Kavetska &
Borgsteede 2005; Kavetska & Kornyushin 2008;
Kalisinska et al. 2010, 2014; Kroélaczyk et al. 2012;
Stapf et al. 2013). This confirms that bycatch is
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Figure 6. The impact of Goosander Mergus merganser foraging on fishermen’s catches in the lagoons of the southern Baltic (Poland) in
2011-2018 (Nsgasons = 8). Species from overlapping ecological niches are shown. Black dots - fish caught by Fishermen and Goosander
in tons, black line - linear model fitted to the data, the grey area is the 95% confidence level interval for predictions from the linear model.

a ubiquitous threat to Goosander in the waters of
the southern Baltic. It would therefore be advisable
to analyse the impact of fishing in the lagoons on the
Goosander population.

Assessment of the scale of fish consumption by Goosander

The daily consumption of food by fish-eating birds is
estimated at c. 20% of their body weight (Carss 1997;
Engstrom 2001). Thus, in the case of Goosander,
which have an average body weight of c. 1,500 g
(Pearce et al. 2020), this consumption should be
c. 293 g of fish. Our calculations showed the average
daily consumption of fish by Goosander to be 279 g, so
these two figures can be considered similar. In the
estuaries of the two largest rivers in Poland,

Goosander consumes 242 t of fish annually, which
can be converted into 2.87 kg of fish per hectare.
A similar study in the Lithuanian part of the Curonian
Lagoon showed that Goosander consumed 170 t of fish
there, ie. 4.25 kg/ha (Zydelis & Kontautas 2008).
Those authors also examined a few other bird species —
Cormorant, Grey Heron Ardea cinerea and Great
Crested Grebe Podiceps cristatus — which together con-
sume 700 t of fish (Zydelis & Kontautas 2008). In the
Curonian Lagoon, Cormorants consume the largest
proportion of fish - 346 t (50%), followed by
Goosander (24%). Many studies have been conducted
regarding the amounts of fish consumed by
Cormorants, as a result of which we know which species
of fish they eat and in what amounts (e.g. Dirksen et al.
1995; Veldkamp 1997; Stempniewicz et al. 2003;
Bzoma 2011). So far, however, no analysis has been
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carried out of the second most abundant fish-eating
bird, i.e. Goosander, which at certain times of the year
and in certain areas may outnumber the Cormorant
(Marchowski et al. 2018). In the Odra estuary, for
example, the average abundance of Goosander during
the wintering period in 2010-2018 was higher than that
of Cormorant (see Results). Goosander was thus the
dominant fish-eating species in this water body. Other
piscivorous species, such as Grey Heron, Great Crested
Grebe and Smew (Mergellus albellus), were less numer-
ous (Marchowski et al. 2018), but taken together they
may also constitute an important factor limiting fish
populations in the southern Baltic estuaries. Further
research should therefore aim to investigate the joint
impact of various fish-eating birds on fishery and, con-
versely, the effects of fishery on the mortality of pisci-
vorous birds. It should be noted that all species of
piscivorous birds are legally protected in Poland and
are also subject to the relevant regulations of the
European Union (Bzoma 2011).

Fish caught by fishermen

In 2011-2018, fishermen caught an average of
almost 4,400 t of fish per year in the lagoons around
the mouths of the Odra and Vistula (Figure 5).
Catches increased successively in 2011-2016, peak-
ing in 2016 at 5,800 t, but then fell in the next two
years to the lowest level in the time window exam-
ined here, i.e. 2,970 t in 2018. The most frequently
caught fish was Herring, 1,900 t on average during
this period (SE = 732, Nggasons = 8); it accounted
for 43% of all fish caught in both estuaries. Herring
catches are specific: this fish is caught mainly in the
Vistula Lagoon (96%) during the short period when
Herring spawn there (Psuty 2012). No Herrings
were detected in the stomachs of Goosander, as
the spawning of this fish, which occurs mainly in
April, does not coincide with the presence of extre-
mely large flocks of wintering Goosander (cf.
Figure 3; Psuty 2012). Hence, these fish-eating
ducks will not have had a significant impact on
Herring catches. Conversely, the Herring fishery
should not have such a great impact on Goosander
bycatch, because of the above-mentioned seasonal
factor and also because fyke traps are used, which do
not pose such a serious threat to diving birds as
gillnets (Psuty et al. 2017; Marchowski et al. 2020).

The effect of Goosander foraging on fishermen’s catches

This study has shown that the impact of Goosander
on fishing in the lagoons of the southern Baltic Sea
was insignificant. The amount of fish that these
birds ate made up just 5.5% of what fishermen

caught each year (Figure 5). Ruffe, the fish species
most preferred by Goosander, was of very little
interest to fishermen: between 2011-2018 in both
lagoons (Szczecin and Vistula), fishermen caught an
average of c. 300 kg of this fish per year, whereas
Goosander consumed 170 t of it per year during the
same period. This shows that the ecological niches
of Goosander and fishermen overlap to only
a marginal extent and basically concern three species
of fish: Perch, Roach and Zander. Interestingly,
even though our results show a statistically signifi-
cant positive relationship in the case of Perch and
Roach fishing (Figure 6), this does not mean that
larger catches by fishermen coincided with the
greater consumption of these fish by Goosander.
This is simply because the Perch and Roach were
more abundant in some years, so both fishermen
and Goosander caught more of them. The numbers
of Roach and Perch caught by Goosander were each
c. 3% of the fishermen’s catches (Roach: 19 t os
701 t; Perch: 21 t vs 668 t).

When comparing the foraging niches between
Goosander and fishermen, we used extrapolated
biomass removals. At this point, note should be
made on the importance of numbers versus weight.
Goosander consumes larger numbers of fish com-
pared to the fishery if we measure the number versus
biomass. This is because the size and weight of the
fish eaten by Goosander are smaller, while fishermen
target larger fish. However, this is of marginal
importance because, as we have shown, 82.5% (fn)
of all fish eaten by Goosander is an economically
insignificant Ruffe. Goosander is generally a food
opportunist (Pearce et al. 2020), a fact that our
research confirmed. For preference, it consumed
Ruffe — probably one of the most abundant fish
species in these water bodies (Wolnomiejski &
Witek 2013) — which accounted for 70% (fb) of the
weight of all the fish it ate (Figure 4). It seems,
however, that Goosander did display some selectiv-
ity in its choice of fish. Whenever possible, it con-
sumed Zander for preference; although this species
is rarer than Roach and Perch (Wolnomiejski &
Witek 2013), it made up a higher percentage in its
diet (13% fb, see Figure 4). The percentage of
Zander caught by Goosander was about 17% (fb)
of the amount caught by fishermen (32 t vs 189 t).

Conclusion

This article fills a gap in our knowledge of Goosander’s
dietary composition and the impact of this bird on the
fisheries in the estuarine lagoons of the Rivers Vistula
and Odra in the southern Baltic Sea. We have demon-
strated that, despite it being the most numerous



piscivorous bird in some periods of the year, its fora-
ging has no effect on the amounts of fish caught by
fishermen. The ecological niches of fishermen and
Goosander overlap to only a marginal extent. Ruffe
was the most abundant species consumed by
Goosander, and only three species it consumed —
Zander, Perch and Roach — were of interest to fisher-
men. Even so, the percentages caught by the birds
were small in relation to the fishermen’s catches
(17%, 3% and 3% of biomass, respectively). In this
context, further topics worth addressing include
examining the impact of the fisherman on the mortal-
ity of Goosander, as it is a species often bycaught in
gillnets. Likewise, the influence of all fish-eating bird
species on fishery and vice versa, the influence of fish-
ery on fish-eating birds, should be looked at.
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Additional information

Counting of wintering Goosander was carried out as
part of the Monitoring of Wintering Birds scheme in
Poland carried out on behalf of the Chief Inspectorate
of Environmental Protection and the West Pomeranian
Nature Society. Due to the fact that Goosander is
covered by legal protection in Poland, permits were
obtained for the preparation of found dead birds
under protection (including Goosander) for research
purposes, the documents were issued by the appropri-
ate government unit - the Regional Directorate for
Environmental Protection, numbers of individual
documents: RDOS —32-WOPN-6631/2/D/12/10/mk;
WOPN.6402.100.2011.MK, decision No. 66/2011;
WOPN.6401.186.2012.AA, decision No. 127/2012;
WOPN-0G.6401.5.2014.AW. All the data on the
basis of which the analyses were carried out in this
article can be found in the public repository:
Marchowski,  Dominik  (2021), “Goosander_
vs_Fishermen”, Mendeley Data, V1, doi: 10.17632/
fc2kscztmv.1
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