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Rapid Communication

Gammarus tigrinus Sexton, 1939 continues its invasion in the Baltic Sea:
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Abstract

The paper provides a new record of the North-American invasive amphipod
Gammarus tigrinus from the Bornholm island (Denmark), accompanied by DNA
barcodes. We found this species in two locations 9 km apart: 1. Baltic Sea in Svaneke,
2. Ostersgen stream, Nexe. Our finding shows further range expansion of this
species in the Baltic Sea. Earlier findings of this invader from Germany (1985),
Poland (1988), Lithuania (2004), Latvia (2011), Estonia (2003), Finland (2003) and
Russia (2005). However, taking into account, the current locality, spreading
directions and speed it is only a matter of time, before the species colonizes coastal
waters all around the Baltic Sea and its islands.
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Introduction

Amphipods are macroinvertebrates with a high invasive potential in fresh-
and brackishwater ecosystems (Holdich and Pockl 2007). The invasive
amphipods are frequently characterized by a unique set of physiological
and behavioral traits which allows their successful colonization and
overwhelm local species (e.g. Grabowski et al. 2007; Rewicz et al. 2014).
The Baltic Sea is the world’s largest brackish-water basin (382,000 km?* or
415,000 km?* with the Kattegat included) and a unique ecosystem (Leppakoski
et al. 2002). Most of the local animals and plants are postglacial immigrants,
many of them living close to their salinity tolerance limits (Leppakoski and
Olenin 2001). The Baltic Sea has often been regarded as very exposed and
sensitive to biological invasions due to the low number of native species, its
environmental instability, and increasing intensity of freight transportation
as well as of anthropogenic pressure (Leppékoski et al. 2002; Reisalu et al.
2016). Currently, more than 120 non-indigenous species (NIS) have been
recorded in the Baltic Sea (Lehtiniemi et al. 2015). Among them there are
at least 11 species of invasive amphipods, with seven species of Ponto-
Caspian origin: Chaetogammarus warpachowskyi Sars, 1897, Chelicorophium
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curvispinum (G.O. Sars, 1895), Dikerogammarus villosus (Sowinsky, 1894),
D. haemobaphes (Eichwald, 1841), Echinogammarus ischnus (Stebbing,
1899), E. trichiatus (Martynov, 1932), Obesogammarus crassus (Sars G.O.,
1894), Pontogammarus robustoides (Sars, 1894) (e.g. Herkill and Kotta
2007; Messner and Zettler 2018); one, Gmelinoides fasciatus (Stebbing,
1899), from Lake Baikal (Berezina and Panov 2003) and two, Melita nitida
Smith, 1873 and Gammarus tigrinus, originating from the Atlantic coast of
North America (Bulnheim 1976; Messner and Zettler 2018).

Gammarus tigrinus is widely distributed from the Labrador Peninsula in
Canada to the eastern coast of Florida in the United States. It occurs most
frequently in tidal estuaries with salinities up to 25 PSU (Bousfield 1973).
This amphipod has an extensive invasion history. It was first recorded in
1931 in England (Sexton and Cooper 1939) and then in 1950s in Lough
Neagh, Northern Ireland (Hynes 1955) (Supplementary material Table S1).
Then it was intentionally introduced to the Werra River in Germany in
1957 (Schmitz 1960), to enrich its fauna after the populations of native
gammarids declined in result of salt-pollution. In 1960 some dozens of
individuals were introduced to Iljsselmeer in the Netherlands (Nijssen and
Stock 1966). Both populations successfully established and started to
spread in river systems of Western Europe, interconnected by artificial
channels. Gammarus tigrinus reached the Baltic Sea in 1975 in Germany
(Bulnheim 1976), and continued its eastward expansion. Notes about first
records were obtained from: the Szczecin Lagoon in Poland in 1988
(Gruszka 1999), the Vistula Lagoon in 1998 (Jazdzewski and Konopacka
2000), the coasts of Lithuania (Daunys and Zettler 2006) in 2004, Estonia
in 2003 (Herkiil and Kotta 2007), Finland in 2003 (Pienimaki et al. 2004),
the Gulf of Riga in 2003 (Kotta 2005), and Russia in 2005 (Berezina 2007)
(Figure 1A). The species was also reported in 1990 from the Baltic Sea in
Denmark (Staehr et al. 2016).

Here, we present the first record of G. tigrinus from the isle of Bornholm,
Denmark, documenting further range expansion of this species and
provide genetic identification of the local population based on the portion
of cytochrome oxidase (COI) gene used as a DNA barcode, to show which
of the already known lineages it belongs to (see Kelly et al. 2006a, b for
comparison), and to reveal the most probable source of the Bornholm
populations. This marker has sufficient variability to be used commonly in
studies upon molecular population structure and cryptic diversity of
various invasive invertebrates, including amphipods (e.g. Rewicz et al.
2015, 2016; Hupalo and Grabowski 2018; Lipinskaya et al. 2018;
Mauvisseau et al. 2019). The data presented here shows also an updated
European distribution of G. tigrinus (Figure 1A, Table S1).

Materials and methods

The amphipods were collected from two localities: 1. Baltic Sea, Svaneke,
23.07.2018, N55.13293; E15.15201 (Figure 1B, C); 2. Osterspen stream, Nexo,
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Figure 1. A) Distribution of Gammarus tigrinus in Europe. Yellow circles — previously known
records of the species (combined literature and own data — see details in Table S1). Red circles
— localities of G. tigrinus in Bornholm revealed in 2018. B) Map of Bornholm with big red dots,
numbers on data points correspond to the locality 1 and 2. C) Habitat of G. tigrinus in Svaneke
(locality 1). D) Ostersgen stream, Nexe (locality 2). E) Numerous individuals of G. tigrinus in
Ostersgen stream.

25.07.2018, N55.05695; E15.12698 (Figure 1D, E). The samples were
gathered with a benthic hand-net, from all the available habitats and
preserved in 96% ethanol directly in the field. In the laboratory, the material
was identified to the species level under a Nikon SMZ-800 stereomicroscope,
based on available literature (i.e. Zettler and Zettler 2017) and stored in the
permanent collection of the Department of Invertebrate Zoology &
Hydrobiology, University of Lodz.

Genetic analysis

The total DNA of four individuals (one from Svaneke and three from
Nexo) identified as G. tigrinus was extracted from their fifth pereiopod,
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with the Chelex procedure (Casquet et al. 2012). The COI fragments were
amplified using the LCO1490 JJ/HCO2198 J] primer pair (Astrin and Stiiben
2008). We used reaction conditions following Hou et al. (2007). PCR
products (5 pl) were cleaned up by Exonuclease I (2 U, Thermo Scientific)
and alkaline phosphatase FastAP (1 U, Thermo Scientific) treatment,
according to the manufacturer’s guidelines and sent for sequencing to the
Macrogen Inc., Korea. The identity of the obtained sequences was verified
with BLAST (Altschul et al. 1990). The obtained sequences were edited,
aligned and trimmed to 540 bp using BIOEDIT® 7.2.5 (Hall 1999) and
deposited in GenBank under accession numbers (MK403733-MK403736).
Simultaneously, the DNA sequences were deposited in the online database
of the Barcode of Life Data Systems (BOLD) (Ratnasingham and Hebert
2007), in order to obtain the Barcode Index Numbers (BIN) that group
DNA sequences based on the genetic distance, as tentative equivalents of
species (Ratnasingham and Hebert 2013). Obtaining BINs for sequences
deposited in BOLD provides an additional verification of species identification.
Haplotypes were identified using the DnaSP 5.10.01 software (Librado and
Rozas 2009). The phylogenetic tree was constructed using the haplotype
data in MEGA 6 (Tamura et al. 2013) with the neighbor-joining method
(N7]) (Saitou and Nei 1987) based on the p-distance (Nei and Kumar 2000)
with a bootstrap test performed on 10,000 replicates (Figure S1). The K2p
pairwise genetic distances were calculated in MEGAG6 software (Tamura et
al. 2013). Additional COI sequences of Gammarus tigrinus (117 individuals)
as well as the outgroup sequence (four individuals) of the Gammarus
daiberi Bousfield, 1969 were acquired from GenBank and BOLD (Table S2)
and included in the dataset to build the NJ tree. Relevant voucher information
is accessible through the public data set “GTIGBOR” (http://dx.doi.org/
10.5883/DS-GTIGBOR) in the Barcode of Life Data Systems (BOLD;
http://v4.boldsystems.org).

Results

The results of the morphological identification revealed the presence of 18
individuals (ind.) of Gammarus tigrinus (119, 73") accompanied by six ind.
of Gammarus locusta (Linnaeus, 1758) and 175 ind. of Gammarus duebeni
Lilljeborg, 1852 at site 1, and 124 ind. (479, 773) of G. tigrinus at site 2
(Figure 2).

DNA barcoding

The DNA barcoding confirmed that the obtained sequences (1 ind. — Svaneke,
3 ind. - Nexo) belonged to Gammarus tigrinus. We have identified three
haplotypes. The pairwise K2p distance between individuals from Bornholm
only, did not exceed 3.6% and 11.6% for all 121 sequences of G. tigrinus
gathered in our dataset. The sequences from Bornholm grouped under two
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Figure 2. Male specimen of Gammarus tigrinus collected in Bornholm.

BINs (BOLD: AAA4302; ADP7774) which are widespread in Europe. Two
haplotypes identified in this study occurring in Bornholm were identical
with those already recorded from Poland, Germany, Estonia and Finland.
The third haplotype was new, however it fits inside the lineage known from
all over Europe (Figure S1).

Discussion

In its native range, G. tigrinus is represented by six genetically distinct
lineages grouped in two main clades defined as the “northern” and
“southern” species (Kelly et al. 2006a). The “southern species” includes two
lineages occurring along the south-eastern Atlantic coast from North
Carolina to Florida. The “northern species” including four lineages spreads
from Virginia towards St. Lawrence river. Our updated molecular dataset
including new records from Bornholm and other European localities shows
that G. tigrinus in Europe is represented by two lineages (N1 and N4) of
the “northern species” sensu Kelly et al. (2006b), equal to two BIN’s
(respectively AAA4302 and ADP7774) and occurring in sympatry.

The rapid expansion of this North-American invasive gammarid is a
serious threat to the local ecosystems of the Baltic Sea. Established populations
of the species often achieve very high abundances, high fecundity and
predation pressure, which significantly dominate or even displace populations
of native gammarids (e.g. Szaniawska et al. 2003; Jazdzewski et al. 2004;
Kotta et al. 2013; Janes et al. 2015; Reisalu et al. 2016). Our results showing its
low abundance in Svaneke, Bornholm (locality 1) but high abundance and
domination at the locality 2 may suggest its preferences to lower salinity in
the stream compared to the sea which is congruent with findings of Boets
et al. (2011a) from the polder waters in Flanders (Belgium). Lack of other
gammarid species in Osterspen stream (locality 2) could facilitate
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colonization, or on the other hand may be a result of successful
outcompeting of native amphipods.

The species is known to exhibit wide tolerance for salinity conditions
(Lewin et al. 2018), probably allowing to survive in the ballast waters of
ships during the initial crossing of the Atlantic Ocean (Savage 1982), but
also enhancing the secondary spread all over Europe.

There can be at least two plausible scenarios of the species’ introduction
to Bornholm. One is the spread from Kolobrzeg, Ustka and Darfowo in
Poland to Nexg, as there have been direct ferry connections between those
towns and G. tigrinus was previously noted in each of those Polish ports
(Jazdzewski et al. 2005, Table S1). On the other hand it is possible, that the
initial place of introduction was an area around the capital of the
Bornholm - Ronne, which has ferry connections with many cities in
Germany, Denmark and with Swinoujécie in Poland (Stettin Lagoon).
However, to verify this hypothesis, further studies of gammarid communities
near Ronne area would be necessary. Dispersal with ballast water or
attaching to biofilm fouling the hulls is often observed in the case of other
invasive amphipods, such as Dikerogammarus villosus (Bacela-Spychalska
et al. 2013; Minchin et al. 2019), Crangonyx pseudogracilis Boustield, 1958
(Slothouber Galbreath et al. 2010), C. floridanus Bousfield, 1963
(Mauvisseau et al. 2019). Thus, such pathway of introduction for G. tigrinus
seems to be very probable.

Independently to invasion along the Baltic Sea coast, G. tigrinus has been
entering the rivers of central and western Europe, extending its range very
quickly (Zettler and Zettler 2017). After establishing stable populations all
along the course of the Oder river and in the Vistula delta, the species
appeared unexpectedly in the upper Vistula tributaries (Lewin et al. 2018).
According to our unpublished data, G. tigrinus was present in the upper
Vistula River already in 2011. Just two years later, in 2013, we found it c.a.
300 km downstream from the place where it was reported by Lewin et al.
(2018) (see Figure 1A, Table S1) and it looks that the invasion is still ongoing.

In conclusion, we provide the first morphological and molecular
evidence of the presence of Gammarus tigrinus in Bornholm, Denmark.
The ongoing invasion is undeniable. This species has almost encircled the
Baltic Sea during the last 40 years. Its wide salinity tolerance, high
intraspecific molecular diversity and observed outcompeting of native and
other invasive amphipods indicates it is a highly invasive component of
invertebrate communities.
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Supplementary material

The following supplementary material is available for this article:

Figure S1. Neighbor-joining tree based on COI p-distances for sequences of Gammarus tigrinus COI from populations across the
northwest Atlantic coast and Europe. Black arrows indicates sequences coming from Bornholm, obtained in this study. Particular
shadings in the tree indicates respectively: blue — outgroup; orange — “southern” clades of North America Atlantic coast after Kelly et
al. (2006a); green — sequences obtained from European invasive populations. Each sequence name consist of three parts separated by
lower dash: 1) BOLD Process ID, 2) GenBank accession number, 3) locality. On right side of the tree BINs and codes of clades
proposed by Kelly et al. (2006a) are presented. Gammarus daiberi was used as an outgroup. Only bootstrap supports above 50% were
reported.

Table S1. Records of Gammarus tigrinus in Europe. Samples from Bornholm are in bold.

Table S2. Cytochrome oxidase I (COI) sequences of Gammarus tigrinus and Gammarus daiberi used in the study. Samples from
Bornholm are in bold. NA - not available

This material is available as part of online article from:

http://www.reabic.net/journals/bir/2019/Supplements/BIR_2019_Rewicz_etal SupplementaryTables.xIsx
http://www.reabic.net/journals/bir/2019/Supplements/BIR_2019_Rewicz_etal Figure S1.pdf
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