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Predator and prey: the role of the round goby Neogobius melanostomus in the
western Baltic

Daniel Oesterwind?, Christiane Bock®?, Anja Forster®, Michael Gabel®®, Christina Henseler*™<, Paul Kotterba?,
Marion Menge®, Dennis Myts® and Helmut M. Winkler®

*Thiinen Institute of Baltic Sea Fisheries, Thiinen Institute, Rostock, Germany; "Allgemeine & Spezielle Zoologie, Institute of Bioscience,
University of Rostock, Rostock, Germany; “Environmental and Marine Biology, Abo Akademi University, Abo, Finland

ABSTRACT

Different studies on the position of the non-indigenous species Neogobius melanostomus within
the coastal food web of the Pomeranian Bay (western Baltic) were performed, resulting in a
quantitative and qualitative species list of prey organisms found in the stomachs of the
invader and an estimation concerning the importance of round goby as prey for different
resident predators. It seems that the colonization process is not fully completed yet, but the
results reveal that the species is already established in the food web 16 years after the first
observation within the study area. The results show that N. melanostomus feed upon a wide
range of different resident organisms. While a direct predation effect on native fish species
appears rather unlikely, indirect effects such as competition cannot yet be excluded. In
addition, our results reveal an ontogenetic diet shift and that the round goby itself already
serves as an important prey for piscivorous fish and seabirds. Finally, we formulate different
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hypotheses based on our results which will require further research.

Introduction

Non-indigenous species often pose a severe threat to
the native brackish water fauna in the Baltic Sea (Leppa-
koski & Olenin 2000, 2001). One of the most prominent
invasive species is the euryhaline round goby Neogobius
melanostomus (Pallas, 1814). Native to the Caspian Sea,
Black Sea and the adjacent Sea of Azov (Svetovidov
1964; Miller 1986), it has been introduced into various
locations (Kornis et al. 2012). In 1990, the round goby
was first recorded in the St Clair River in North
America and has spread throughout the Great Lakes
since then (Jude et al. 1992, 1995). In Central Europe
the species was observed first in the Baltic Sea (Skéra
& Stolarski 1993) in 1990 and later in several river and
canal systems (Wiesner 2005; van Beek 2006; Borcherd-
ing et al. 2011; Piria et al. 2011; Verreycken et al. 2011;
Brunken et al. 2012; Hempel & Thiel 2013; Jacobs & Hoe-
demakers 2013; Schomaker & Wolter 2014). In the Baltic
Sea, round gobies were first caught in the Gulf of
Gdansk in 1990 (Skoéra & Stolarski 1993, 1996) and had
become one of the dominant species in the western
part of the Gulf by 1999 (Sapota & Skéra 2005). The inva-
sion expanded in a northeasterly direction towards the

Curonian Lagoon (Rakauskas et al. 2013), the Gulf of
Riga and the Gulf of Finland (Ojaveer 2006), as well as
in a westerly direction (Winkler et al. 2000; Winkler
2006; Czugata & Wozniczka 2010; Schomaker & Wolter
2014). While several studies about the invasive process
in the Great Lakes were published within recent
decades (e.g. Barton et al. 2005; Lederer et al. 2006;
Raby et al. 2010; Kipp et al. 2012; Kipp & Ricciardi
2012), the invasive process in the Baltic has been
treated as a ‘Cinderella subject’ and in comparison
fewer studies were published (e.g. Janssen & Jude
2001; Barton et al. 2005; Lederer et al. 2006; Copp
et al. 2008; Raby et al. 2010; Kipp et al. 2012; Kipp & Ric-
ciardi 2012; Sapota et al. 2014; Kotta et al. 2016). This has
led to an opportunity to investigate the invasive and
colonization process of a new species. However, in
some areas the invasion process is still ongoing and
should be investigated. One of those regions exhibiting
an ongoing invasion process is the western part of the
Baltic, where our studies were performed. The first
occurrence of N. melanostomus in our study area was
observed in 1999. In recent years, the species spread
out rapidly and abundances increased (Winkler et al.
2015). Presuming that the species must already be
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established in the local food web to achieve the
observed successful colonization of the area, we
present a synergistic compilation of several case
studies - each focusing on a particular aspect of the tro-
phodynamic interactions between the round goby and
the food web in the Pomeranian Bay and adjacent
waters. Combining different adapted techniques, we
focused on important native components of the investi-
gated ecosystem and examined their specific inter-
action with N. melanostomus.

Materials and methods
Top-down effect

To investigate the prey of Neogobius melanostomus, two
different study sites in the Pomeranian Bay and adjacent
waters were investigated (Figure 1, Case Study 1) includ-
ing a semi-enclosed inshore lagoon (Greifswald Bay)
and an area close to the Oderbank Plateau. At the first
site (inshore), round goby samples were taken in three
different habitat types using a beam trawl in August,
October and November 2014. Habitat types included
the ‘Potamogeton zone’' between 1 and 2 m water
depth, the ‘Zostera zone’ at 3-4 m depth and the
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‘Subphytal zone’ between 5 and 7 m water depth.
Species from Oderbank Plateau were sampled with
multi-mesh gillnets at around 5, 10 and 20 m depths
in May and November 2014 (Figure 1, Case Study 1).
Another round goby sampling was performed from
May 2011 until July 2012 at the inshore lagoon (‘Potamo-
geton zone') and the area of the Oderbank Plateau at
depths up to 14 m with a beach seine and trawl, respect-
ively (Figure 1, Case Study 2). In the laboratory, round
gobies for both studies were measured for total length
and stomach contents were examined. Gobies were dis-
sected ventrally and the stomachs separated from the
remaining digestive tract. Only prey organisms that
had been in the stomach were identified to the lowest
possible taxonomic level. For samples from 2014 the
presence/absence of the single prey taxa was noted
for each fish dissected and afterwards the percentage
of specific prey taxa was calculated for each individual
goby. For samples from 2011 and 2012, the frequency
of occurrence of prey taxa was noted per length class.

Bottom-up effect

To examine the bottom-up effect of the invasive Neo-
gobius melanostomus, stomach content analyses of

13°E
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Figure 1. Sampling stations of cormorant pellets, round gobies and piscivorous fish in the Pomeranian Bay. Numbers indicate the

case study number.
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piscivorous fish and analyses of pellets of the cormor-
ant Phalacrocorax carbo (Linnaeus, 1758) from the
Pomeranian Bay were investigated. The fish were
sampled by different techniques (bottom trawl,
gillnet) at several locations during the year where an
occurrence of round gobies was noted (Figure 1, Case
Study 3). Total length of piscivorous fish was measured
to the nearest 0.5 cm, individuals were dissected ven-
trally and the stomach was separated. Afterwards,
stomach contents were identified to the lowest poss-
ible taxon. When prey individuals were intact, the wet
weight and length were noted; otherwise, individual
lengths and weights were estimated using empirically
characterized relations between total length/biomass
and otoliths or other skeleton fragments from the lit-
erature and/or the local reference collection (Harkdnen
1986, Debus & Winkler 1996; Leopold et al. 2001; Myts
2012). The diet composition was calculated as N; (%)
individual number, W; (%) as the reconstructed
weight and F; (%) as the frequency of occurrence of
prey taxon i. These three parameters were combined
to calculate the Index of Relative Importance (IRI) as
used by George & Hadley (1979):

Ni + Wi +F;

Rl=———F7—"-—"—
> (INi+ Wi+ F)

x 100%

For the prey analysis of piscivorous birds, cormorant
pellets were sampled between 2010 and 2015. The
pellets were collected during the breeding season
(between March and October) near Peenemiinde in
the Pomeranian Bay (Figure 1, Case Study 4). When poss-
ible, 30 or more pellets were collected at least once a
month with fresh and intact pellets being preferred to
older and/or damaged pellets. After sampling, pellets
were washed so that macerated pellet contents and
prey items could be identified more efficiently. All
prey items were identified to the lowest possible
taxon. At least, length and biomass of prey individuals
were recalculated via published and non-published
regressions based on the identified otoliths and bony
prey remains. Regressions for otoliths and lengths and
weights for the round goby were calculated according
to Menge (2012).

Results
Top-down effect

Round gobies were found at each sample site except ata
depth of 20 m on the Oderbank Plateau. The length and
weight of each round goby was measured and individ-
uals were assigned to different length classes (<

50 mm, 51-100 mm, 101-150 mm, 151-200 mm and

201-250 mm). When available, a maximum of 10
stomachs per length class and haul were analysed
from the beam trawls and 20 stomachs per length
class and depth contour were examined from the
gillnet survey. A total of 1192 individuals were caught
with 249 stomachs being analysed in the first case
study, of which 47 were empty (Table I). Individuals at
both study sites from Case Study 1 consumed a variety
of prey organisms. In general, polychaetes belonging
to the family Nereididae Blainville, 1818 were identified
in stomachs. Arthropod prey items included insects and
crustaceans, which comprised several taxonomic groups
as well. Neogobius melanostomus fed on cladocerans
(Bosmina), ostracods and copepods, but also on amphi-
pods such as Gammaridae, isopods as Idotea chelipes
(Pallas, 1766), decapods including Crangon crangon (Lin-
naeus, 1758) and Palaemon sp. and Balanidae. The
round goby diet also included bivalves such as Mya are-
naria Linnaeus, 1758, Cerastoderma spp., Limecola
balthica (Linnaeus, 1758) and Mytilus sp., whereas gas-
tropods included hydrobiids Peringia ulvae (Pennant,
1777) and/or Ecrobia ventrosa (Montagu, 1803) and Lit-
torina spp. On the Oderbank Plateau round gobies also
consumed Halicryptus spinulosus (von Siebold, 1849),
which belong to the family Priapulidae. In the inshore
lagoon (Greifswald Bay), the diet of smaller individuals
(< 50 mm TL) predominantly included ostracods, cope-
pods and cladocerans. Larger round gobies (>100 mm
TL) increasingly consumed polychaetes and molluscs.
Neogobius melanostomus from the Pomeranian Bay
(Oderbank Plateau), with a mean total length of 111.3
+ 13.5 mm for females and 150.5 +31.7 mm for males,
fed on crustaceans such as C. crangon and Palaemon
sp. However, molluscs were consumed more often
than all other prey items such as arthropods, annelids
and priapulids. Mytilus sp. and hydrobiid gastropods
were identified as the most important prey items
found in the stomachs of fish from the Oderbank
Plateau. From the sampling in 2011 and 2012 (Case
Study 2), a total of 115 round gobies were randomly
selected depending on their length class so that
around 20 stomachs per length class, if available, were
analysed, resulting in 17 empty and 98 full or partly full
stomachs. In addition to the above results, the analyses
of prey occurrence of distinct length classes showed an
ontogenetic diet shift. Crustaceans dominated the
stomach contents of smaller individuals, while the occur-
rence of molluscs increased with body length (Figure 2).

Bottom-up effect

In addition to the stomach analysis of round gobies, a
total of 321 individuals of piscivorous fish were analysed



Table I. Detailed information about investigated round gobies (RG) and respective stomach contents from Case Study 1.

Location Littoral zone Oderbank Plateau

August October November May November
Depth (m) ~15 ~2.5 ~15 ~3.5 ~6 ~15 ~3.5 ~6 ~5 ~10 ~5 ~10
RG mean total length (mm)  43.4 (£22.9) 346 (£11.1) 39.0 (+13.0) 27.5 (+4.1) 243 (¥54) 374(x6.7) 37.0(x7.0) 293 (£13.2) 12877 (£32.99) 123.95(+32.36) 148.73 (+24.49) 136.92 (+25.27)
Total number of RG 156 89 89 10 25 266 3 4 503 19 15 13
Investigated stomachs 19 26 34 9 1 31 3 4 65 19 15 13
Empty stomachs 7 4 3 1 3 8 0 0 13 4 4 0
Prey presence %
Polychaeta 26 19 15 0 9 35 0 25 21 7 0 15
Nereididae " 4 3 0 0 32 0 25 13 0 0 15
Arthropoda 95 62 88 100 100 84 100 75 44 47 64 38
Amphipoda 26 12 3 0 0 19 0 0 0 0 0 0
Corophium sp. 0 4 0 0 0 6 0 0 0 0 0 0
Gammaridae 5 0 3 0 0 10 0 0 0 0 0 0
Bosmina sp. 0 0 9 0 0 45 0 0 0 0 0 0
Copepoda 21 4 59 33 0 77 67 75 0 0 0 0
Balanidae 0 0 0 0 0 0 0 0 23 20 55 31
Crangon crangon 0 0 0 0 0 0 0 0 0 0 9 15
Palaemon sp. 0 0 0 15
Insecta 21 4 15 0 0 6 33 0 0 0 0 0
Chironomidae 16 0 15 0 0 6 33 0 0 0 0 0
Isopoda 32 8 21 0 0 0 0 0 0 0 0 0
Cyathura carinata 0 0 3 0 0 0 0 0 0 0 0 0
Idotea chelipes 32 0 18 0 0 0 0 0 0 0 0 0
Ostracoda 1 12 44 100 100 29 67 25 0 0 0 0
Mollusca 37 69 21 56 82 0 33 25 98 93 100 100
Bivalvia 26 46 9 0 55 0 33 25 85 80 45 62
Cerastoderma sp. 0 4 0 0 45 0 0 0 27 27 0 31
Limecola balthica 5 0 3 0 9 0 0 0 4 7 0 0
Mya arenaria 1" 4 3 0 9 0 0 0 27 0 27 15
Muytilus sp. 1 4 3 0 0 0 0 0 67 73 36 31
Gastropoda 1" 35 15 56 64 0 0 0 92 67 82 92
Hydrobiid gastropods 1 31 6 0 0 0 0 0 92 67 82 92
Littorina sp. 0 0 6 44 64 0 0 0
Priapulidae 0 0 0 0 0 0 0 0 12 7 0 0
Halicryptus spinulosus 0 0 0 0 0 0 0 0 12 7 0 0

Prey presence is the percentage of the taxa (per line and column)

o

ccurring in non-empty stomachs based on presence/absence analysis.

161 (%) HD¥VISIH ADOTOIS INIIYW
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Table II. Information about analysed piscivorous fish species (Case Study 3).

Species Geographical area Number Total number Non-empty stomachs
Scophthalmus maximus (Linnaeus, 1758) Pomeranian Bay 8 8 8
Perca fluviatilis Linnaeus, 1758 Pomeranian Bay 91 186 104
Greifswald Bay 19
Saaler Bodden & Darss-Zingst Lagoon 44
Odra estuary 32
Sander lucioperca (Linnaeus, 1758) Greifswald Bay 28 89 57
Pomeranian Bay 29
Odra estuary 32
Gymnocephalus cernuus (Linnaeus, 1758) Greifswald Bay 3 38 12
Pomeranian Bay 35

(Table Il, Case Study 3). Stomachs from Scophthalmus
maximus (Linnaeus, 1758) and Gymnocephalus cernuus
(Linnaeus, 1758) contained prey items, but no Neogo-
bius melanostomus were detected. However, stomachs
from Perca fluviatilis Linnaeus, 1758 and Sander lucio-
perca (Linnaeus, 1758) included N. melanostomus
besides other prey species. The IRl shows that
N. melanostomus became an important prey item for
S. lucioperca and P. fluviatilis during the last years of
the invasion process (Figure 3). These results were veri-
fied by determining the number, the frequency of
occurrence and the biomass of the food items. Further-
more, N. melanostomus was found in the stomachs of
S. lucioperca and P. fluviatilis at all sampling sites.
Whereas S. lucioperca caught in the Odra estuary had
the highest number of N. melanostomus in their
stomachs, the IRl of N. melanostomus calculated for
P. fluviatilis was highest from this location. In this
study, S. lucioperca with a total length of 30-38 cm
and P. fluviatilis with a total length of 20-30 cm had
ingested the highest number of N. melanostomus.
Moreover, the analysis of 1048 (103-263 per year)
cormorant pellets (Case Study 4) shows that the

occurrence of N. melanostomus in the pellets has
increased significantly over recent years (Pearson’s r,
p=0.009). In 2010, the first round gobies were
observed in the pellets; however, the percentage of

35

W P. fluviatilis
30 4 S. lucioperca

25

20

Index of Relative Importance (%)

Figure 3. Diet composition of Perca fluviatilis in black (n = 104)
and Sander lucioperca in grey (n=57) expressed as Index of
Relative Importance.
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Figure 2. Frequency of occurrence of different prey taxa for different length classes, Case Study 2. Numbers in brackets indicate the

number of non-empty analysed round goby stomachs.
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Figure 4. Number of individuals and estimated biomass of
round goby as percentage of the total number and biomass
of the cormorant pellets for 2010-2015 in Peenemiinde
(Case Study 4) (Stark 2011; Myts 2012; Winkler et al. 2014).
Number of analysed cormorant pellets: 2010 =263, 2011 =
221, 2012 =184, 2013 =164, 2014 =103, 2015 =113.

biomass was very small. Over the following three years,
the occurrence of N. melanostomus within the pellets
increased considerably, especially between 2012 and
2013 (Figure 4). In recent years, the biomass of
N. melanostomus represented about 35% of the esti-
mated  pellet biomass. This shows that
N. melanostomus became an important, perhaps the
most important, prey of the cormorants at that location
during the breeding season. In contrast, the biomass of
other prey organisms decreased over the last six years.

2010

others
23%

flatfish
5%
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With an occurrence of 20%, for example, roach Rutilus
rutilus (Linnaeus, 1758) was the most important prey
in 2010, while the percentage was only around 4% in
2015 (Figure 5).

Discussion

Despite the emergence of modern techniques such as
measuring stable isotopes and fatty acid analyses, clas-
sical stomach content analysis remains an irreplaceable
method to investigate fish feeding ecology, mainly due
to the advantage that prey items can be determined to
lower taxonomic levels (Cresson et al. 2014). However,
it has to be considered that prey items are sometimes
very difficult to identify, depending on their degree of
digestion (Hyslop 1980), and that some species could
be overestimated due to indigestible fractions
(Hyslop 1980; Baker et al. 2014). In our study, the per-
centage of bivalves might be overvalued in the diet
of round goby because their shells are indigestible
and have a longer retention time in stomachs com-
pared to soft-bodied prey. Moreover, they are easier
to identify (Coulter et al. 2011; Brush et al. 2012).
Another critical aspect is that the digestive process
continues during the catch period (Baker et al. 2014);
therefore, fish were frozen immediately after capture
and the fishing time of the gillnets was minimized to
less than 24 hours. However, even if the stomach
content analyses present only a snapshot of the
species’ diet and describe what the individual has con-
sumed over a certain time span, the results of this study

2015

eelpout
1%

others
5%
flatfish

5%

Figure 5. Abundance of fish species in cormorant pellets from 2010 (first appearance of round goby in prey) compared to 2015
(Case Study 4). Data for 2010 modified from Stark (2011). Number of analysed cormorant pellets: 2010 = 263, 2015 =113.
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regarding dietary composition of the round goby and
round goby predators are assumed to represent a
reasonably accurate picture within the different case
studies.

Our results show that the round goby preys upon a
variety of resident species and shifts the choice of its
prey depending on its size. The study reveals that
mainly crustaceans and molluscs were impacted
directly by the introduction of round goby while fish
were rarely found in the stomachs. Therefore, a signifi-
cant and direct impact on fish species appears rather
unlikely while an indirect impact on the resident fish
community due to competition could not be excluded
at this stage and will be discussed later. On the other
hand, some piscivorous fish and bird species adapted
to the new food resource so that Neogobius melanosto-
mus became an important food item.

The percentage of successful invaders is difficult to
determine. Statistics are rare and unsuccessful Non-
Indigenous Species (NIS) are underrepresented, as
well as the more easily observable species being over-
represented (Lodge 1993). A review conducted by
Lodge (1993) presents a minimum rate of NIS establish-
ment of 35%, but others assume a rate of 10% (William-
son & Brown 1986; Williamson 1989). The colonization
success of NIS depends on different factors, but it is
assumed that climate and predation are the most
important factors influencing the invasion process;
however, competition, diseases and other factors are
difficult to analyse and could therefore be undervalued
(Crawley et al. 1986; Lodge 1993). On the other hand,
the most important impact of introduced mammals
on native species, for example, is caused by predation
and habitat changes. Ecological changes due to com-
petition are less frequently documented, probably
due to the challenging task of proving their actual sig-
nificance (Ebenhard 1988). Based on different types of
fishing gear (e.g. bottom trawls, beach seine) and inter-
views with fishermen, a chronological analysis of the
round goby invasion in the eastern German part of
the Baltic shows that N. melanostomus has occurred
in the German part of the Pomeranian Bay since 1999
and spread out rapidly over recent years with an
increasing abundance at some sites (Winkler 2006;
Winkler et al. 2015). Such a fast and successful coloniza-
tion can only be feasible with a successful niche
partitioning together with the factors described
above. In addition, our case studies reveal that
N. melanostomus is already successfully established in
the food web of our study area and has already or is
well on the way to establishing itself within the ecosys-
tem in the investigated area. Therefore, future work
should focus on the description of the niche, and the

direct and indirect influence on native species and
habitats. As an example, apart from N. melanostomus,
we identified 12 other fish species within the inshore
and 19 other fish species within the offshore study
area. While our results support the findings of Thiel
et al. (2014) that it can be excluded that round
gobies exert a high predation pressure on native fish
species, it can be assumed that there is already a poten-
tial competition concerning space and food resources
at least with some of the native species. As our
results show, smaller N. melanostomus feed upon crus-
taceans while larger individuals prefer molluscs. A
similar feeding behaviour and therefore a potential
competition is assumed for Platichthys flesus (Linnaeus,
1758) and Vimba vimba (Linnaeus, 1758) in the Baltic
Sea. Young of the year (YOY) flounders start feeding
on small crustaceans, larvae of chironomids and oligo-
chaetes, whereas they switch to polychaetes and mol-
luscs at a body length of around 10 cm (Ojaveer &
Drevs 2003). YOY vimba bream feed on small crus-
taceans, molluscs (Hydrobia) and mainly on the poly-
chaete Hediste diversicolor (O.F. Miiller, 1776) in the
Parnu Bay of the Baltic Sea. Limecola balthica is domi-
nant in the diet of larger vimba bream (Erm et al.
2003). In addition, molluscs are also an important
food for Rutilus rutilus (Vetemaa et al. 2003), whereby
a competition with N. melanostomus may exist.
Karlson et al. (2007) describe a dietary overlap
between small flounders and round gobies based on
stomach contents, stable isotope analyses and lab
experiments and reveal a decrease of the flounder
population following the establishment of round
goby in the area. A comparison between stomach con-
tents from 0 age flounders (Andersen et al. 2005) and
our results, in addition to the known temporal and
spatial overlap at our study sites, supports the potential
diet competition. However, besides the indirect diet
competition with other fish species, direct feeding con-
sequences exerted by N. melanostomus within the eco-
system are still unknown. As an example, our data show
that isopods (Idotea chelipes) and hydrobiid gastropods
were regularly found in stomach contents of round
goby within the inshore area. Both prey species are
grazers within the macrophyte area (Schaffelke et al.
1995; Schanz et al. 2000) and an induced decrease of
these grazers due to N. melanostomus predation
could have extensive consequences for the filamen-
tous algae fouling on seagrass and other macrophytes
and thus for the whole ecosystem. Besides the negative
effects on the native biodiversity, our analyses of the
cormorant pellets and stomach contents of piscivorous
fishes show that the biomass of native species within
the prey decreased, which may have positive effects



on the population of those resident species. For
example, round goby is one of the most important
food items for pikeperch in the Sea of Azov (Maiskij
1955). Therefore, it is not surprising that round goby
is now the most important food item for pikeperch in
the newly colonized Kiel Canal (Thiel et al. 2014).
Gobies also serve as an important food especially for
young sea mammals. According to Behnke et al.
(1998), 50% of the food biomass of the harbour por-
poises Phocoena phocoena (Linnaeus, 1758) in the
Baltic Sea consists of gobies. Hepner et al. (1976)
reviewed literature concerning the diet of harbour por-
poises in the Black Sea and found that a total of 36% of
the porpoises’ food biomass consisted of gobies,
including N. melanostomus. However, an assumption
about future consequences would be purely speculat-
ive. Therefore, more fieldwork and experiments are
necessary to rate the consequences of the invasion of
round goby for native biodiversity in the coastal area
in order to learn more about the impact of general
invasion processes.
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