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Genetic diversity of the non-native crab Rhithropanopeus harrisii
(Brachyura: Panopeidae) in the Polish coastal waters — an example
of patchy genetic diversity at a small geographic scale
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Ioanna Hegele_Drywa > NICOIaS The American panopeid crab species Rhithropanopeus
ThiercelinZ, ChI’iStOph D. SChUbartz, harrisii (Gould, 1841) is listed as an non-native species in Eu-

ropean waters. In Poland, it occurred in the 1950s at two sites
at the Baltic Sea coast, the Dead Vistula River (DVR) and the
Vistula Lagoon (VL). Almost 50 years later, two additional
populations were identified in the Gulf of Gdansk (GG) and its
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inner part, Puck Bay (PB). In the present study, we sequenced
and analyzed part of the mitochondrial cytochrome oxidase
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subunit I gene of the four Polish populations of R. harrisii in
order to assess their genetic diversity and connectivity. The

analyzed sequences of a length of 989 base pairs revealed eight
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different haplotypes. The highest number of haplotypes (n=6)

was observed in the population from GG, whereas the low-
est (n=3) in VL. The most common haplotype was recorded
in 37% of the analyzed individuals. Pairwise @ values were
mostly non-significant, with the exception of the comparison
between DVR and VL (® . = 0.267; P < 0.05) and between PB
and VL (d)s,r = 0.194; P < 0.05), indicating a restricted gene

flow or different sources of colonization.
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Introduction

Human-mediated introductions of alien species
areregarded as a global problem due to the ecological
and economic consequences they can cause (Lowe et
al. 2000, Rudnicketal.2000,d’Udekem d’Acoz2006).
Our current knowledge about this matter is largely
based on the presence and abundance data, whereas
information on the origin and genetic diversity of
non-native species, as well as the adaptive capacity
and the functional role in new environments is rather
sparse. Therefore, integrating genetics and ecology is
crucial in the context of biological invasions. Insights
from these fields, combined with the understanding
of evolutionary processes, could determine whether
an invasion may take place, succeed, or fail (Sakai
et al. 2001, Lee 2002, Lawson Handley et al. 2011,
Seebens et al. 2013, Markert et al. 2014). Molecular
identification and population genetics render new
and exciting tools to improve our understanding of
the population dynamics during biological invasions
and have already shed light on the management,
prevention and restoration strategies (Holland 2000,
Sakai et al. 2001, Le Roux & Wieczorek 2009).

The American Harris mud crab Rhithropanopeus
harrisii has been described by Grozholz & Ruiz
(1996) as one of the most widely distributed
brachyuran invaders worldwide. Its native areas are
saline to brackish waters of the northwest Atlantic
from Canada to the Gulf of Mexico (Williams
1984). This species reached Europe by ship transport
(Rodriguez and Suarez 2001, Projecto-Garcia et al.
2010) and was first described in the Netherlands
(Maitland 1874). Thereafter, R. harrisii gradually
spread into other European regions, including
countries with Baltic coastlines, e.g. Germany
(Nehring & Leuchs 1999), Denmark (Jensen &
Knudsen 2005), Poland (Demel 1953, Kujawa 1957,
Michalski 1957) and most recently Estonia (Kotta
& Ojaveer 2012) and Finland (Fowler et al. 2013).
In Polish coastal waters, R. harrisii occurred in
1951 and since then, a stable and dense population
has been observed in the oligohaline waters of the
Vistula Lagoon (VL) (Demel 1953, Rychter 1999)
and Dead Vistula River (DVR) (Michalski 1957,
Turoboyski 1973, Normant et al. 2004). However, in
recent years, more frequent appearance as well as a
sudden increase in the abundance of R. harrisii was
noticed also in the Gulf of Gdansk (GG) and in its
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inner part, Puck Bay (PB), where clusters of crabs
were observed (Hegele-Drywa & Normant 2014).
The sudden appearance of R. harrisii in these waters
is somewhat surprising because, as mentioned
before, for decades stable populations have occurred
in the adjacent waters of DVR and VL (Turoboyski
1973; Janta 1996; Rychter 1997, 1999; Normant et al.
2004), and despite a direct connection with DVR,
R. harrisii was absent for more than 50 years in the
Gulf of Gdansk (Hegele-Drywa & Normant 2014).
According to Cronin (1982) and Cronin & Forward
(1986), larvae of the Harris mud crab stay within
estuaries, and do not drift far from the parental
population. Such a behavior of larvae could be an
explanation for local endemism. In general, however,
estimates of dispersal distances are mostly indirect
(Levin et al. 1993) and derived from inferences of
oceanography (Lee et al. 1994), larval biology (Emlet
et al. 1987), or the genetics of adult populations
(Palumbi 2001). Moreover, most of the documented
discontinuities in the gene flow along a coast occur
due to natural barriers, water currents or genetic
isolation by distance (Palumbi 2003, Cassone and
Boulding 2006, Patarnello et al. 2007). It is worth
mentioning that along with the patchy distribution
of R. harrisii observed in European waters, the crab
also demonstrates genetic heterogeneity among the
investigated European populations (Projecto-Garcia
et al. 2010). A similar situation was observed in
the Texas freshwater reservoirs where Harris mud
crab is distributed among five river systems and
revealed genetic population structure among these
populations (Boyle et al. 2010). This can be explained
by multiple colonization events (founder effects) and
pathways via ballast water, fouling communities
on the hulls of vessels, or other human activities.
Such a situation may also play a role in the Polish
coastal populations of R. harrisii due to the existence
of two large harbors in the Gulf of Gdansk (GG).
Moreover, the studied populations were collected
from habitats characterized by diverse abiotic
factors (e.g. temperature, salinity, type of bottom) as
well as the availability and quality of potential food
(Wiktor 1990; Kruk-Dowgialto 1994; Zmudzinski
1957; Plinski 1999; Osowiecki 1998, 2000; Kruk-
Dowgiallo & Szaniawska 2008; Janas et al. 2004;
Janas 2005; Lysiak-Pastuszak et al. 2006; Hegele-
Drywa & Normant 2009, 2014).

Nevertheless, the occurrence of four not directly
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connected populations on such small geographic
scale, with two of them established more than
60 years ago, and two established relatively
recently, contributed to undertaking this research.
Furthermore, it should be emphasized that while the
genetic diversity of the Harris mud crab was already
examined (Boyle et al. 2010, Projecto-Gracia 2010),
there is no genetic information available to date on
this species in non-native regions on such a small
scale. Therefore, it would be of great importance
to evaluate the potential gene flow and dispersal
capacity of this species, in order to monitor its future
spread and to understand its genetic diversity. This
shall be achieved through analyzing the population
genetics of R. harrisii from four sites in the Polish
coastal waters.

The objective of his study was to determine the
genetic diversity of R. harrisii from four populations
in the Polish coastal waters and to test the following
hypotheses: 1) R. harrisii from recently established
populations (PB, GG) in the Polish coastal waters is
genetically similar to the older Polish populations
(DVR, VL) and thus probably colonized locally,
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and 2) the small-scale geographic isolation of newly
established populations as well as larval retention
mechanisms in this species may result in differences
in local genetic diversity.

Materials and methods

Specimens (n=80) were collected in 2010 and
2011 from four localities (n=20 from each locality)
along the Polish coast: Puck Bay (PB), the Gulf of
Gdansk (GG), the Dead Vistula River (DVR), the
Vistula Lagoon (VL) (Fig. 1) and preserved in 96%
ethanol.

Genomic DNA was extracted from muscle
tissue of walking legs using the Puregene kit
(Gentra Systems). A fragment of the mitochondrial
cytochrome oxidase subunit I (COI) gene was
amplified through the polymerase chain reaction
(PCR; 40 cycles: 45 s at 95°C, denaturing; 1 min
at 54-56°C, annealing; 1 min at 72°C, extension;
final extension of 5 minutes at 72°C). The following
primers were used COL 14R 5-GCA TGA GCT GGT
ATA GTA GG-3’ and COH 12 5-GGY ATA CCR
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Figure 1

Rhithropanopeus harrisii collection sites in the Polish coastal waters: Puck Bay (PB), the Gulf of Gdansk (GG), the Dead

Vistula River (DVR), the Vistula Lagoon (VL)
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TTT ART CCT AAR AA-3. PCR products were
outsourced for sequencing to LGC Genomics. The
resulting sequences were edited and aligned with
BioEdit (Hall 1999). The sequences were submitted
to EMBL and are available under accession numbers:
LN810557-LN810636.

Genetic diversity indices (nucleotide diversity nt
and haplotype diversity /) were assessed through
DnaSP 4.0 (Rozas & Rozas 1999). The following
additionaltests wererun with Arlequin 3.11 (Excofhier
et al. 2005): AMOVA analysis (O-statistics) for the
analysis of variance; neutrality tests Tajima’s D and
Fu’s Fs, which test whether the sampled populations
follow the neutrality model (i.e. genetic variability
maintained by a balance between mutations and
genetic drift; Avise 2004); mismatch analyses using
the minimization of the sum of squared deviations
(SSD) between the observed mismatch distribution
and its expectation under the model of sudden
expansion, discriminating distributions that result
from expansion or from stationary populations
(Harpending et al. 1993, Schneider & Excofhier
1999); and the raggedness index that quantifies the
smoothness of the observed mismatch distribution,
showing low values when the populations are
stationary or suffered a bottleneck (Harpending et
al. 1993, Harpending 1994). Moreover, a pairwise
genetic distance (®;) was computed among
populations from all locations (Excoffier et al. 2005).
A statistical parsimony network of haplotypes was
constructed using the program TCS 1.21 (Clement
et al. 2000).

Results

A dataset of 80 sequences and an alignment
length of 989 base pairs (bp) was obtained, revealing
eight different haplotypes with 16 variable sites. The
highest number of haplotypes within the populations
(n=6) was observed in the GG population, whereas
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Table 1
Haplotypes and the corresponding numbers of

specimens carrying this haplotype of Rhithropanopeus
harrisii from the Polish coastal waters: Puck Bay (PB), the
Gulf of Gdansk (GG), the Dead Vistula River (DVR), the
Vistula Lagoon (VL)

Populati No. of Haolotvo No. of individuals per
opuiation individuals aplotypes haplotype

A 10
B
PB 20 !
C 2
D 1
A 7
B 5
© 5
GG 20
17GG 1
18GG 1
19GG 1
A 13
B 2
DVR 20
C 4
D 1
B 11
VL 20 © 8
7VL 1

the lowest (n=3) was observed in the VL population.
Haplotype A was the most common haplotype and
was recorded in over 37% of the analyzed individuals,
but only two haplotypes (B and C) were found in all
populations, as haplotype A was missing from the
VL population (Table 1).

The haplotype network (Fig. 2) confirms the
presence of three haplogroups (A, B, C). The highest
haplotype diversity (0.784+0.053) was observed
in GG and the lowest (0.553+0.111) in the DVR
population, while the nucleotide diversity was the
lowest within the populations from DVR and PB
(Table 2).

We can conclude from the neutrality tests that
all populations are close to a mutation-random drift

Table 2

Measures of genetic diversity of Rhithropanopeus hatrrisii from the Polish coastal waters: Puck Bay (PB), the Gulf of
Gdansk (GG), the Dead Vistula River (DVR), the Vistula Lagoon (VL)

Haplotype diversity Nucleotide diversity
- No. of haplotypes | No. of polymorphic sites () + SE) )
6

DVR 20 4
VL 20 3

) onel o SR

0.647 + 0.072
15 0.784 £ 0.053
12 0.553 +0.111
11 0.563 + 0.063

0.00425 + 0.001
0.00570 + 0.001
0.00406 + 0.001
0.00537 + 0.001
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Figure 2

Minimum spanning network based on a 989 bp
fragment of the COIl gene of Rhithropanopeus harrisii
from the Polish coastal waters: Puck Bay (PB), the Gulf
of Gdansk (GG), the Dead Vistula River (DVR), the Vistula
Lagoon (VL), with four shared haplotypes constructed
with TCS. White circles indicate missing haplotypes

equilibrium (neutral model), since the model was not
rejected (Table 3). Despite being non-significant, high
Tajima’s D values (>2) obtained for VL may indicate
association with genetic bottlenecks or founder
effects. The SSD tests did not render similar results
as all populations, except DVR, rejected the sudden
expansion model. Although taking into account the
raggedness index, the obtained high values might
be due to stationary or bottleneck populations.
Moreover, clear multimodal distribution of all four
populations may allow us to exclude an experience
of expansion event.

Although the AMOVA analysis suggests that
the largest fraction of the variation resides within
populations (81.14%), this result is not significant
(P = 0.25593). However, a significant difference (P<
0.0001) is observed for the variation among regions
(PB+GG and DVR+VL), even if the percentage of
variation it represents is smaller (17.64%) (Table 4).

The highest pairwise genetic distances (D)
amounting to 0.267 (P<0.05) were noted between
populations from DVR and VL, suggesting a
significantly reduced gene flow. A similar situation
was observed between populations from PB and VL
(Table 5).

Discussion

Ecologists use molecular genetic techniques
and analyses to address a wide variety of questions,
including dispersal, genetic diversity of a species
or source of an introduction (Selkoe & Toonen

Table 3

Measures of neutrality tests and mismatch distribution with their corresponding P values for the sampled populations
of Rhithropanopeus harrisii from the Polish coastal waters: Puck Bay (PB), the Gulf of Gdansk (GG), the Dead Vistula

River (DVR) the Vistula Lagoon (VL)

0.873

GG 20 1.230

DVR 20 0.672
VL 20 2.528

0.815
0.832
0.759
0.993

4. 686
3.204
4.460
8.126

0.980 0. 176 <0.001 0.371 <0.001
0.964 0.063 0.050 0.119 0.040
0.982 0.174 0.100 0.100 0.150
0.999 0.537 <0.001 0.540 0.940
Table 4

Hierarchical analysis of variance of squared matrices of distances between all haplotypes of Rhithropanopeus harrisii

Among populatlons \\1thm
regions

Within populations

DE GRUYTER

Source of variation Variance components

0.52083
0.03603
2.39605

% Variation

O-suaistc

<0.0001 @, =0.01481
1.22 0.25247 @, = 0.18858
81.14 0.25593 @, = 0.17638
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Table 5

Pairwise @, values among populations of Rhithropanopeus harrisii from the Polish coastal waters: Puck Bay (PB), the
Gulf of Gdansk (GG), the Dead Vistula River (DVR), the Vistula Lagoon (VL). Values with asterisks indicate significant
differences (P<0.05).

Population

PB <0.00001
GG 0.00785
DVR 0.03509
0.19358 *

2006). The aim of our study was to provide the
corresponding data for the non-native brackish water
crustacean species Rhithropanopeus harrisii. With
the knowledge of physicochemical water parameters
as well as food base (Osowiecki 1998, 2000; Paturej
2006; Hegele-Drywa & Normant 2009) of Harris
mud crab from the Polish coastal waters, we tried to
determine if the newly established populations were
genetically similar, and thus derived from the older
populations. Furthermore, the genetic relationships
and gene flow among the four populations inhabiting
this region were quantified and interpreted.

Eight haplotypes of the COI gene were found
among 80 specimens of R. harrisii across the four
sampled Polish populations. Such a reduced number
of haplotypes for R. harrisii is not surprising in
non-native regions. Similar results were obtained
by Projecto-Gracia et al. (2010) for R. harrisii from
the European waters based on a shorter fragment of
the COI gene. On the other hand, Petersen (2006)
found a haplotype diversity of 0.9568 in a native
population of R. harrisii from the Neuse River
(North Carolina, USA). Comparisons with data
from this study suggest genetic impoverishment
during the colonization process in Poland. However,
haplotype numbers in other crab species from their
native range have shown to vary from 30 to 45%, e.g.
the lined shore crab Pachygrapsus crassipes and the
estuarine crab Hemigrapsus oregonessus (Cassone &
Boulding 2006, Petersen 2007).

Only two of the shared haplotypes for R. harrisii
from the Polish coastal waters (B and C) were present
in all populations, as the most common haplotype A
was not recorded in the VL population. This pattern
has at least three possible explanations, in addition
to the random distribution of haplotypes from the
overall gene pool: firstly, the VL population may
have a genetically distinct founding source from
that of the three other populations. Secondly, it may

) onel o SR

<0.00001
0.01100 <0.00001
0.08005 0.26680 * <0.00001

be a result of a much smaller founding population
(genetic bottleneck), or thirdly, there were repeated
introductions into the other populations but not into
VL. The geographic location of VL, with a possible
isolation effect by the Vistula Spit, may contribute
to preventing the gene flow. The presence of unique
haplotypes, even if at low frequencies, e.g. in GG,
could either be explained by newly introduced
haplotypes associated with the proximity of the
commercial shipping harbors, or perhaps represent
rare haplotypes that remain unsampled due to their
low frequencies. However, even in cases of thorough
sampling, it is possible that more haplotypes exist in
unsampled specimens from the analyzed population
(Muirhead et al. 2008 ). Despite non-significance,
results obtained from both the Tajima's D and Fu's
Fs tests support the postulate that Polish populations
of R. harrisii are experiencing the bottleneck effect,
possibly as a result of founder effects, which is
usually observed in introduced populations (Fu
1997, Excoffier et al. 2005, Dlugosch & Parker 2008).
Multimodal pairwise mismatch distribution and
high values of the raggedness index are observed
in Polish populations, which are typical for
stationary or bottleneck populations (Harpending
et al. 1993, Harpending 1994). Also according to
Projecto-Gracia et al. (2010), bottleneck effects in
other R. harrisii populations have occurred during
colonization of non-native regions (e.g. European).
Based on the above, we can assume that stationary
populations without obvious features of expansion
reveal different genetic diversity metrics. Also our
results performed in AMOVA allow concluding that
some populations from the Polish coastal waters are
not connected by gene flow. We did not find the same
pattern as Projecto-Gracia et al. (2010), as in our
case variation among regions was significant and
amounted to over 17%. On the other hand, taking
into account the relatively small distances separating
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the analyzed populations in our study as compared
to relatively large distances between populations in
the study of Projecto-Gracia et al. (2010), the results
from these two studies are not directly comparable.
Moreover, pairwise @ indicates a limited gene
flow between populations in two cases only (VL-
PB and VL-DVR), whereas the gene flow among
other populations was not significantly restricted.
In the case of the population from VL, which is
the most distant sampling site in relation to other
sites, the founding population was probably much
smaller than in the case of PB or DVR, resulting
in a more pronounced founder effect. Possibly the
VL population did not experience as many new
successful introductions as PB or DVR or was
founded by fewer individuals. Similar observations
were made by Boyle et al. (2010) for R. harrisii from
different freshwater reservoirs in Texas.

The obtained results suggest that our first
hypothesis was correct. R. harrisii from recently
established populations (PB, GG) in the Polish
coastal waters are genetically similar to the older
Polish populations (DVR, VL) and thus probably
colonized from the older population. Due to lack
of distant haplotypes as well as the occurrence of
the main haplotypes B and C in all the analyzed
populations, we can assume that the colonization
process took place locally. However, the largest
values for haplotype as well as nucleotide diversities
occurred in GG and the lowest in DVR. Such high
values for haplotype and nucleotide diversities
for GG and PB are surprising due to the recent
establishment of these populations, but might be
due to the open character of their habitat as well
as the vicinity of commercial shipping harbors.
The increase in haplotype diversity, as a measure
of the uniqueness of a particular haplotype in a
given population, could be explained by recurring
introductions through ballast water or hull fouling
communities. According to Walk & Modrzejewska
(2011), every year most of the vessels arriving at
the trade harbors in GG are from other parts of
the Baltic Sea. The second largest group are ships
arriving from the North Sea and the third group are
vessels coming from the southern coast of Ireland,
Great Britain and western coast of France. Projecto-
Gracia et al. (2010) noted that in the European
populations of R. harrisii, there is a tendency for
older populations to have higher genetic diversity. If
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that is true, we would expect the populations of R.
harrisii discovered more than 60 years ago in DVR
and VL to be more diverse than the younger ones,
but this was not supported by our data. Instead, there
seems to be a bottleneck effect which has decreased
the haplotype and nucleotide diversities in older
populations due to a very small initial population
size (Tajima 1989, Projecto-Gracia et. al 2010). What
is most astonishing is the lack of range expansion
over this period of time from DVR, in spite of the
direct physical connection between these sites.

The obtained results also allow us to accept the
second hypothesis: small-scale geographic isolation
of the newly established populations as well as
larval retention mechanisms of this species may
result in differences of local genetic diversity. The
extent to which different populations of the same
species are linked by exchange of larvae, recruits,
juveniles, or adults is referred to as connectivity.
Patterns of connectivity in a network of protected
or isolated areas are important to understand
the supply of adults and larvae into and out of a
reservoir (Palumbi 2003). All populations of the
Harris mud crab analyzed in this study occur in
waters surrounded by natural barriers. The direct
access to PB and GG as well as DVR is prevented by
the Hel Peninsula, which protects these areas from
physical impact of the open water of the Baltic Sea,
like storms and waves (Pruszak 2004). A similar
situation is observed in VL which is separated from
open waters of the Baltic Sea by the Vistula Spit, a
sandy peninsula forested to secure dune stability
(Rozynski et al. 2013). Furthermore, environmental
heterogeneity is expected to be an important factor
determining the occurrence, range expansion and
gene flow, with invasions accelerating as individuals
encounter favorable conditions, and decelerating as
they reach less favorable environments (Colautti &
Maclsaac 2004, Urban et al. 2008, Galil et al. 2009).
All localities at the Polish coast where R. harrisii
specimens were found offer a different but wide
variety of shelters, good food base, as well as proper
physicochemical water parameters (Turoboyski
1973; Rychter 1999; Paturej 2006; Hegele-Drywa &
Normant 2009, 2014). This can be confirmed by the
appearance of new populations in water areas where
they have not been observed before (Czerniejewski &
Rybczyk 2008; Czerniejewski 2009, Kotta & Ojaveer
2012, Fowler et al. 2013, Hegele-Drywa & Normant
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2014). The gene flow in marine systems is generally
predicted to be correlated with larval dispersal
potential (Scheltema 1975, Hedgecock 1986), which
in turn may strongly influence the geographical
range and genetic structuring of populations
(Hedgecock 1986). As already mentioned, the
Harris mud crab exhibits larval retention, which
is manifested in vertical migrations of zoeae
around the depth where no horizontal motion of
water occurs. Migration follows the tides, as larvae
ascend during the flood tide and descend during
the ebb tide (Cronin 1982). This migration pattern
is typical for species that are retained in estuaries
and is also observed for copepods, mysids, and fish
larvae (Forward et al. 2001). However, there are no
tides in the Polish coastal waters in the Baltic Sea,
meaning that only ambient currents might influence
the dispersal potential, which then is determined
primarily by the length of the larval pelagic stage
(Scheltema 1971, Grantham et al. 2003). Additionally,
according to Forward (2009), the time before the
metamorphosis is reduced by exposure to estuarine
water, adult odor, or high salinity, but is prolonged
by exposure to offshore water or low salinity.
Since larvae are retained in estuaries, but occur in
many estuaries, this flexibility allows R. harrisii to
delay metamorphosis until megalopae encounter a
suitable area for their settlement. According to this
information, R. harrisii is an eurytopic organism
that has found favorable niches, and due to suitable
conditions in the Polish coastal waters and the
larval retention mechanism, reveal different genetic
diversity in the studied populations.

According to our findings, R. harrisii apparently
still expands its range in the European waters, but so
farlittle isknown about its invasiveness in non-native
ecosystems. With this paper we present for the first
time the small-scale geographic genetic structure
of Harris mud crab populations in a non-native
environment. The obtained results might confirm
the invasive potential of this species as well as good
adaptation to environments in the Polish coastal
waters. Among other adaptations, this is manifested
in inter-population genetic differentiation. Such
genetic diversification might be important to the
success of biological invasions (Mooney and Cleland
2001, Sakai et al. 2001) and possibly responsible for
phenotypic variability which might crucial for the
colonization success (Parker et al. 2003, Poulin et al.

L et hstoceantgtedus )
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2005, Lee et al. 2011). Moreover, it can be assumed
that even if the species does not pose a threat to
local biodiversity at present, this may change in the
future. According to the Marine Strategy Framework
Directive (Ojaveer et al. 2014), R. harrisii — as a
relatively small organism not spreading radically,
but with the increasing number of individuals in the
vicinity of the parental population — should be still
monitored to foresee its status in non-native regions.
Therefore, it is necessary to associate ecological,
morphological and genetic analyses together with
environmental surveys, to prevent an unexpected
introduction of Harris mud crab specimens in the
waters where it was never present before.

Acknowledgments

This research was funded by the Polish National
Science Centre, grant No. 3016/B/P01/2011/40.

We would like to thank the DAAD (German
Academic Exchange Service) for providing
a scholarship (Forschungsstipendien fur
Doktoranden) to J. Hegele-Drywa. We also express
our gratitude to Mr. Romuald Jachimowcz and Mr.
Stanistaw Parszo for their support in collecting the
material for this study.

References

Avise, J.C. (2004). Molecular markers, natural history and
evolution. Sinauer Associates, Suderland.

Boyle, TM. Jr, Keith D. & Pfau R. (2010). Occurrence,
reproduction, and population genetics of the estuarine
mud crab Rhithropanopeus harrisii (Gould) (Decapoda,
Panopidae) in Texas freshwater reservoirs. Crustaceana 83
(4): 493-505. doi:10.1163/001121610X492148.

Cassone, B.J. & Boulding E.G. (2006). Genetic structure and
phylogeography of lined shore crab, Pachygrapsus crassipes,
along the northeastern and western Pacific coasts. Mar. Biol.
149:213-226. DOI: 10.1007/500227-005-0197-9.

Clement, M., Posada D. & Crandall K.A. (2000). TCS: a computer
program to estimate gene genealogies. Mol. Ecol. 9:1657-
1659. doi:10.1046/j.1365-294x.2000.01020.x.

Colautti, R.I. & MacIsaac H.J. ( 2004). A neutral terminology to
define ‘invasive’ species. Div. Distr. (10): 135-141.

Cronin, T.W. (1982). Estuarine retention of larvae of the crab
Rhithropanopeus harrisii. Estuarine, Coast. Shelf. Sci. (15):
207-220.

Cronin, T.W. & Forward R.B.Jr. (1986). Vertical migrations
cycles of crab larvae and their role in larval dispersal. Bull.
Mar. Sci. (39): 192-201.

DE GRUYTER

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 3 | SEPTEMBER 2015

Genetic diversity of the non-native crab Rhithropanopeus harrisii (Brachyura: Panopeidae) in the Polish coastal waters

Czerniejewski, P. (2009). Some aspects of population biology of
the mud crab, Rhithropanopeus harrisii (Gould, 1841) in the
Odra estuary, Poland. Oceanol. Hydrobiol. Stud. 38 (4): 49-
62. DOI: 10.2478/v10009-009-0043-3.

Czerniejewski, P. & Rybczyk A. (2008). Body weight,
morphometry, and diet of the mud crab Rhithropanopeus
harrisii  tridentatus (Maitland, 1874) in the Odra
Estuary, Poland. Crustaceana 81 (11): 1289-1299. doi.
org/10.1163/156854008X369483.

Demel, K. (1953). Nowy gatunek w faunie Baltyku. Kosmos 2:
105-106.

Dlugosch, K.M. & Parker I.M. (2008). Founding events in species
invasions: genetic variation, adaptive evolution, and the role
of multiple introductions. Mol. Ecol. 17 (1): 431-4409.

Emlet, R.B., McEdward L.R. & Strathmann R.R. (1987).
Echinoderm larval ecology viewed from the egg. Echinoderm
Stud. 2: 55-136.

Excoffier, L., Laval G. & Schneider S. (2005). Arlequin ver 3.0—
an integrated software package for population genetics
data analysis. Computational and Molecular Genetics Lab,
Institute of Zoology, University of Berne, Berne.

Forward, R.B.Jr. (2009). Larval Biology of the crab
Rhithropanopeus harrisii (Gould): A Synthesis. Biol. Bull.
216: 243-256.

Forward, R.B.Jr., Tankersley R.A. & Rittschof D. (2001). Cues of
metamorphosis of Brachyuran crabs : an overview. Am. Zool.
41:1108-1122.

Fowler, A.E., Forsstrom T., von Numers M. & Vesakoski O.
(2013). The North American mud crab Rhithropanopeus
harrisii (Gould, 1841) in newly colonized Northern Baltic
Sea: distribution and ecology. Aquat. Inv. 8 (1): 89-96. DOI:
0.3391/ai.2013.8.1.10.

Fu, Y.X. (1997). Statistical tests of neutrality of mutations against
population growth, hitchhiking and background selection.
Genetics 147: 915-925.

Galil, B.S., Gollasch S., Minchin D. & Olenin S. (2009). Alien
marine biota of Europe (in:) Handbook of Alien Species in
Europe, Edited by DAISIE, Dordrecht: Springer, 93-104.

Grantham, B.A., Eckert G.L. & Shanks A.L. (2003).
Dispersal potential of marine invertebrates in diverse
habitats. Ecol. Appl. 13: 108-116. doi.org/10.1890/1051-
0761(2003)013[0108:DPOMII]2.0.CO;2.

Grozholz, E,.D. & Ruiz G.M. (1996). Predicting the impact
of introduced marine species: Lessons from the multiple
invasions of the European green crab Carcinus meanas. Biol.
Cons. 78: 59-66.

Hall, T.A. (1999). Bio Edit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/
NT. Nucleic Acids Symp. Ser. 41: 95-98.

Harpending, H.C. (1994). Signature of ancient population
growth in a low-resolution mitochondrial DNA mismatch
distribution. Human Biol. 66: 591-600.

Harpending, H.C., Sherry S.T., Rogers A.R. & Stoneking M.
(1993). The genetic structure of ancient human populations.

DE GRUYTER

Curr. Anthropol. 34:483-496. d0i:10.1086/204195.

Hedgecock, D. (1986). Is gene flow from pelagic larval
dispersal important in adaptation and evolution of marine
invertebrates? Bull. Mar. Scie. 39(2): 550-564.

Hegele-Drywa, J. & Normant M. (2009). Feeding ecology of
the American crab Rhithropanopeus harrisii (Crustacea,
Decapoda) in the coastal waters of the Baltic Sea. Oceanologia
51 (3): 361-375. doi.org/10.5697/0c.51-3.361.

Hegele-Drywa, J. & Normant M. (2014). Non-native crab
Rhithropanopeus harrisii (Gould, 1984) — a new component
of the benthic communities in the Gulf of Gdansk (southern
Baltic Sea). Oceanologia. 56 (1): 125-139. DOIL: 10.5697/
0c.56-1.125.

Holland, B.S. (2000). Genetics of marine bioinvasions. In:
Sole-Cava C, Russo C, Thorpe J (eds.) Marine genetics,
Developments in  Hydrobiology. Kluwer Academic
Publishers Netherlands 63-71.

Janas, U. (2005). Distribution and individual characteristics of
the prawn Palaemon elegans (Crustacea, Decapoda) from
The Gulf of Gdansk and the Dead Vistula River. Oceanol.
Hydrobiol. Stud. 34 (1): 83-91.

Janas, U., Wocial J. & Szaniawska A. (2004). Seasonal and annual
changes in the macrozoobenthic populations of the Gulf
of Gdansk with respect to hypoxia and hydrogen sulphide,
Oceanologia, 46(1): 85-102.

Janta, A. (1996). Recovery of the crab Rhithropanopeus harrisii
(Gould) tridentatus (Maitland) population in the Dead
Vistula Estuary (Baltic Sea, Poland). In: Crangon, Iss. Mar.
Biol. Centre, Gdynia, Proc. 2nd Estuary Symp., Gdansk,
October 1993, 37-41.

Jensen, K.R. & Knudsen J. (2005). A summary of alien marine
benthic invertebrates in Danish waters. Oceanol. Hydrobiol.
Stud. 34 (1): 137-162.

Kujawa,S. (1957). Biology and culture of the crab Rhithropanopeus
harrisii (Gould) subsp. tridentatus (Maitland) from Vistula
Lagoon. Wszechswiat 2: 57-59 (in Polish).

Kotta, J. & Ojaveer H. (2012). Rapid establishment of the alien
crab Rhithropanopeus harrisii (Gould) in the Gulf of Riga.
Estonian J. Ecol. 61 (4): 293-298. doi: 10.3176/ec0.2012.4.04.

Kruk-Dowgiallo, L. (1994). Distribution patterns and biomass
of the phytobenthos from inner Puck Bay, Summer 1987.
In: Kruk-Dowgialto L, Ciszewski P (eds.) Puck Bay; renewal
possibilities. IOS Warszawa 216pp (in Polish).

Kruk-Dowgialto, L. & Szaniawska A. (2008) Gulf of Gdansk
and Puck Bay. In: Schiewer U (eds.) Ecology of Baltic
coastal waters. Ecol. Stud. No. 197, Springer-Verlag, Berlin—
Heidelberg, 139-165.

Lawson Handley, L., Estoup A., Evans D.M., Thomas C.E.,
Lombaert E., Facon B., Aebi A. & Roy H.E. (2011). Ecological
genetics of invasive species. BioControl 56: 409-428. DOI
10.1007/s10526-011-9386-2.

Lee, C.E. (2002). Evolutionary genetics of invasive species. Trends
Ecol. Evol. 17:386-391 do0i:10.1016/S0169-5347(02)02554-5.

Lee, C.E., Kieergard M., Gelembiuk G.W.,, Eads B.D. & Posiavi

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



M. (2011) .Pumping ions: rapid parallel evolution of ionic
regulation following habitat invasions. Evolution 65(8):
2229-2244 doi: 10.1111/j.1558-5646.2011.01308.x.

Lee, T., Clarke M.E.,, Williams E., Szmant A.F. & Berger T.
(1994). Evolution of the Tortugas Gyre and its influence on
recruitment in the Florida Keys. Bull. Mar. Scie. 54: 621-646.

Le Roux, J.J. & Wieczorek A.M. (2009). Molecular systematics and
population genetics of biological invasions: towards a better
understanding of invasive species management. Ann. Appl.
Biol. 154: 1-17. DOI: 10.1111/j.1744-7348.2008.00280.x.

Levin, L.A., Huggett D., Myers P, Bridges T. & Weaver J. (1993).
Rare-earth tagging methods for the study of larval dispersal
by marine invertebrates. Limnol. Oceanogr. 38: 246-360.

Lowe, S., Browne M., Boudjelas S. & De Poorter M. (2000). 100
of the World’s Worst Invasive Alien Species A selection from
the Global Invasive Species Database. Published by The
Invasive Species Specialist Group (ISSG) a specialist group
of the Species Survival Commission (SSC) of the World
Conservation Union, 12 pp.

Lysiak-Pastuszak, E., Osowiecki A., Filipiak M., Olszewska A.,
Sapota G., Woron J. & Krzyminski W. (2006). Preliminary
assessment of the eutrophication status of selected areas in
the Polish sector of the Baltic Sea according to the EU Water
Framework Directive. Oceanologia 48 (2): 213-236.

Maitland, R.T. (1874). Naamlijst van Nederlandsche
Schaaldieren. Tijdsch Nederl Deirk Ver 1: 228-269.

Markert, A., Raupach M.J., Segelken-Voigt A. & Wehrmann
A. (2014). Molecular identification and morphological
characteristics of native and invasive Asian brush-clawed
crabs (Crustacea: Brachyura) from Japanese and German
coasts: Hemigrapsus penicillatus (De Haan, 1835) versus
Hemigrapsus takanoi Asakura & Watanabe 2005. Organ. Div.
Evol. 14: 369-382 doi: 10.1007/s13127-014-0176-4.

Michalski, K. (1957). Rhithropanopeus harrisii subsp. tridentata
(Mtl.) in the Rivers Vistula and Motlawa. Przeglgd
Zoologiczny 1: 68-69 (in Polish).

Mooney, H.A. & Cleland E.E. (2001). The evolutionary impact
of invasive species. Proceedings of the National Academy of
Sciences of the United States of America 98: 5446-5451.

Muirhead, J.R., Gray D.K., Kelly D.W,, Ellis S.M., Heath D.D.
& Macisac H.J. (2008). Identifying the source of species
invasions: sampling intensity vs. genetic diversity. Mol. Ecol.
17:1020-1035. DOI: 10.1111/j.1365-294X.2008.03669.x.

Nehring, S. & Leuchs H. (1999). Rhithropanopeus harrisii
(Gould, 1841) (Crustacea: Decapoda) - ein amerikanisches
Neozoon im Elbedstuar. Lauterbornia 35: 49-51.

Normant, M., Miernik J. & Szaniawska A. (2004). Remarks on
the morphology and the life cycle of Rhithropanopeus harrisii
tridentatus (Maitland) from the Dead Vistula River. Oceanol.
Hydrobiol. Stud. 33 (4): 93-102.

Ojaveer, H., Galil B.S., Minchin D., Olenin S., Amorim A.
et al. (2014). Ten recommendations for advancing the
assessment and management of non-indigenous species in
marine ecosystems. Mar. Pol. (44):160-165 doi:10.1016/j.

LTt h¥oceged INoT)

Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 3 | SEPTEMBER 2015

Joanna Hegele-Drywa, Nicolas Thiercelin, Christoph D. Schubart, Monika Normant-Saremba

marpol.2013.08.019.

Osowiecki, A. (1998). Macrozoobenthos distribution in the
coastal zone on the Gulf of Gdansk - autumn 1994 and
summer 1995. Oceanol. Stud. 27(4), 123-136.

Osowiecki, A. (2000). Directions of multiannual changes in
the structure of Puck Bay macrozoobenthos, Ph.D. thesis,
University of Gdansk, Gdynia, 133 pp (in Polish).

Palumbi, S.R. (2001). The ecology of marine protected areas. In:
Bertness M, Gaines SD, Hay ME (eds.) Marine Ecology; the
new synthesis. Sinauer Sunderland, Massachusetts, USA.

Palumbi, S.R. (2003). Population genetics, demographic
connectivity, and the design of marine reserves. Ecol. Appl.
13 (1): 146-158.

Parker, I.M., Rodrigues J. & Loik M.E. (2003). An evolutionary
approach to understanding the biology of invasions: Local
adaptations and general purpose genotype in the weed
Verbascum thapus. Conserv. Biol.17: 59-72.

Patarnello, T., Volckaert EA. & Castilho R. (2007). Pillars
of Hercules: is the Atlantic-Mediterranean transition a
phylogeographical break? Mol. Ecol. 16 (21): 4426-4444. doi.
org/10.1111/j.1365-294X.2007.03477 x.

Paturej, E. (2006). Estuaries of the Polish Baltic coastal zone.
Baltic coastal Zone 10: 83-96.

Petersen, C.H. (2006). Range expansion in the northeast Pacific
by an estuary mud crab—a molecular study. Biol. Inv. 8:565-
576 d0i:10.1007/s10530-005-0160-1.

Petersen, C.H. (2007). Historical demography and cotemporary
spatial genetic structure of an estuarine crab in the northeast
Pacific (Hemigrapsus oregonensis). Mar. Biol. 150: 1289-1300.
DOI: 10.1007/500227-006-0442-x.

Plinski, M. (1999). Hydrobiology backgrounds. Wyd. Ocean.
Sopot 138 pp (in Polish).

Poulin, J., Wellwer S.G. & Sakai A.K. (2005). Genetic diversity
does not affect the invasiveness of fountain grass (Pennisetum
setaceum) in Arizona, California and Hawaii. Div. Distrib.
11: 241-247.

Projecto-Garcia, J., Cabral H. & Schubart C.D. (2010). High
regional differentiation in a North American crab species
throughout its native range and invaded European waters:
a phylogeographic analysis. Biol. Inv. 12: 253-263. DOIL
0rg/10.1007/s10530-009-9447-y.

Pruszak, Z. (2004). Polish coast- two cases of human impact.
Baltica 17 (1): 34-40.

Rodriguez G, Suarez H (2001) Anthropogenic dispersal of
decapod crustaceans in aquatic environments. Intersciencia
26 (7): 282-288.

Rozas, J. & Rozas R. (1999). DnaSP version 3: an integrated
program for molecular population genetics and molecular
evolution analysis. Bioinformatics 15:174-175 doi: 10.1093/
bioinformatics/15.2.174.

Roézynski, G., Bielecka M. & Margonski P. (2013). Transboundary
water management in the Vistula Lagoon - regulations,
problems and conflicts. Proceedings of the TWAM2013
International Conference & Workshops Aveiro-Portugal.

DE GRUYTER

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 3 | SEPTEMBER 2015

Genetic diversity of the non-native crab Rhithropanopeus harrisii (Brachyura: Panopeidae) in the Polish coastal waters

Rudnick, D.A., Halat K.M. & Resh V.H. (2000). Distribution,
ecology and potential impacts of the Chinese mitten crab
(Eriocheir sinensis) in San Francisco Bay, University of
California, Berkeley, Water Resources Center Contribution
74 pp.

Rychter, A. (1997) Effect of anoxia on the behaviour,
haemolymph lactate and glycogen concentrations in the mud
crab Rhithropanopeus harrisii ssp. tridentatus (Maitland)
(Crustacea: Decapoda). Oceanologia 39 (3): 325-335.

Rychter, A. (1999) Energy value and metabolism of the mud crab
Rhithropanopeus harrisii tridentatus (Crustacea, Decapoda)
in relation to ecological conditions. Ph.D. thesis. University
of Gdansk, Gdynia (in Polish).

Sakai, A.K., Allendorf EW., Holt J.S., Lodge D.M., Molofsky
J., Baughman S., Cabin R.J., Cohen J.E. Ellstrand N.C.,,
McCauley D.E., O'Neil P, Parker .M., Thompson J.N.
& Weller S.G. (2001). The population biology of invasive
species. Ann. Rev. Ecol. Syst. 32:305-332.

Seebens, H., Gastner, M.T. & Blasius B. (2013). The risk of
marine bioinvasions caused by global shipping. Ecol. Lett. 16
(6):782-790.

Scheltema, R.S. (1971). Larval dispersal as a means of genetic
exchange between geographically separated populations of
shallow-water benthic invertebrates. Biol. Bull. 140:284-322.

Scheltema, R.S. (1975). Relationship of larval dispersal, gene
flow and natural selection to geographic variations of
benthic invertebrates in estuaries and along coastal regions.
Estuarine Research 1: 372-389.

Schneider, S. & Excoffier L. (1999). Estimation of past
demographic parameters from the distribution of pairwise
differences when the mutation rates vary among sites:
application to human mitochondrial DNA. Genetics
152:1079-1089.

Selkoe, K.A. & Toonen R.J. (2006) Microsatellites for ecologists:
a practical guide to using and evaluating microsatellite
markers. Ecol. Lett. 9: 615-629.

Tajima, F. (1989). The effect of change in population size on DNA
polymorphism. Genetics 123:597-601.

Turoboyski, K. (1973). Biology and ecology of the crab
Rhithropanopeus harrisii ssp. tridentatus. Mar. Biol. 23 (4):
303-313.

Urban, M., Phillips B., Skelly D. & Shine R. (2008). A toad more
travelled: the heterogeneous invasion dynamics of cane toads
in Australia. Am. Nat. 171: 134-148. d0i:10.1086/527494.

d’Udekem d’Acoz, C. (2006). First record of the Asian shore
crab Hemigrapsus sanguineus (De Haan, 1835) in Belgium
(Crustacea, Brachyura, Grapsoidea). De Strandvlo 26: 74-82.

Walk, M. & Modrzejewska H. (2011). Alien Species Introduction
Risk Assessment on the Basis of Quality of Ballast Water
Discharged at the Port of Gdynia. Technical Report No. RS
-11/T-001. 45 pp.

Wiktor, K. (1990). The role of the common mussel Mytilus edulis
L. in the biocenosis of the Gulf of Gdansk. Limnologica
20(1):187-190.

DE GRUYTER

Williams, A.B. (1984). Shrimps, lobsters, and crabs of the
Atlantic coast of the eastern United States, Maine to Florida.
Smithsonian Institution Press, Washington D.C. 550 pp.

Zmudzinski, L. (1957). The Firth of Vistula zoobenthos. Prace
MIR 9:454-485 (in Polish).

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



