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Abstract:

The oyster mudworm Polydora websteri is an Asian polydorid polychaete that has become invasive in dif-

ferent parts of Europe. Here, we provide the first report of the species parasitising Mediterranean mussels
(Mytilus galloprovincialis) from the Gulf of Odesa, Black Sea, Ukraine. The P. websteri are identical in
morphology to worms from the Romanian Black Sea coast and also match the original description of the
species. High prevalence parameters indicate a high level of infestation in bottom-dwelling molluscs and
suggests the species has spread throughout the North-Western Black Sea M. galloprovincialis population.
The data suggest that the polychaetes prefer larger M. galloprovincialis (70—80 mm) with more convex

and rounded valves.
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Introduction

Owing to their ability to transform habitats, and thus
serve as ecosystem engineers, bivalve molluscs, espe-
cially mytilids (Fam. Mytilidae), are one of the most
important components of coastal marine ecosystems
(CINAR & Gonliigiir-DEMIRCT 2005, BORTHAGARAY &
CARRANZA 2007, NORLING et al. 2015, CINAR et al.
2008, 2020). Such molluscs are a conspicuous com-
ponent of many marine and brackish waters, where
they exert significant effects on benthic-pelagic cou-
pling and energy flow through their filtration activi-
ties (KauTsky & Evans 1987, NEWELL 2004).

The Mediterranean mussel (Mytilus gallo-
provincialis Lamarck, 1819), a mytilid bivalve, is
widely distributed in the Mediterranean basin (in-
cluding the Adriatic and Black Seas) and along the
European Atlantic coast, and has been introduced
into many marine areas around the world through
intensive international shipping, where the species’
plasticity has allowed it to establish successfully
(ANDERSON et al. 2002, WonHAM 2004, BRABY &
SoMERO 2006). Nevertheless, recent years have
seen a decline in M. galloprovincialis numbers and
biomass in the Black Sea, along with degradation
of mussel-formed assemblages (VOROBYOWA et al.
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2017, SNIGIROV et al. 2019). One of the most im-
portant factors affecting these mussel populations is
eutrophication of marine waters, leading to hypoxia
and mortality of bottom-dwelling species (SHUROVA
2000, SHUROVA & STADNICHENKO 2008, BREITBURG
et al. 2018). Other factors contributing to the decline
include predation by purple whelks Rapana venosa
(Valenciennes, 1846), an invasive Pacific marine
snail, and an increase in parasite load (ZA1Tsev 2008,
RAYYAN et al. 2004, SNIGIROV et al. 2013, COEN &
Bisnop 2015, GovoriN 2019). Mussel parasites and
diseases can have a significant influence on both the
environment and society as they affect both natu-
ral and aquacultural stocks (FIGUERAS et al. 1991,
Bartisting et al. 2020). One of the most important
parasitising groups are the shell-boring polydorid
polychaetes, represented in the Black Sea by native
Polydora ciliata (Johnston, 1838) (HOLODKOVSKAYA
2003, OzEr & Giineydag 2014, 2015).

The Spionidae Grube, 1850 are a highly spe-
cies-rich polychaete family, with representatives
widely distributed in marine habitats around the
world (ABE et al. 2022). Several species belonging
to the Polydora-complex inhabit silty and silt-mud
areas in deeper parts of gulfs, lagoons, and estuar-
ies (PREGENZER 1983) and form symbiotic relation-
ships with other demersal organisms, including
bivalves, gastropods, pinnipeds, corals, bryozoans
and ascidians (RODRIGUES et al. 2008, ABE & Sa-
TO-OKOSHI 2020, ABE et al. 2019, 2022). Some of
these polydorids are characterised by an ability to
perforate calcareous substrates, including mollusc
shells (BLAKE & Evans 1973). The feeding activity
of these ‘shell-destructors’ leads to the accumula-
tion of detritus, mud and faecal particles within the
mollusc’s shell, followed by formation of so-called
mud blisters (BLAKE 1969, OGBURN et al. 2007,
BoonNzaAler et al. 2014). Where feeding activity
is high, the numerous mud blisters can affect host
condition by diverting energy from growth to shell
repair (KENT 1981, LLEONART et al. 2003). In addi-
tion, molluscs respond to shell damage by reduc-
ing their soft tissue mass and growth rate, which, in
turn, reduces the commercial value of the molluscs
(SmmoN & Sato-OxosHI 2015, SPENCER et al. 2020).
Further loss of shell strength reduces the molluscs
ability to resist predators (KENT 1981, AMBARIYAN-
TO & SEED 1991, BuscHBAUM et al. 2007, COEN &
Bisnop 2015).

A recent taxonomic revision of the Polydora-
complex highlighted problems with P. ciliata iden-
tification and suggested that the species was in fact
absent in the Black Sea (SuruGiu 2012). Further-
more, several cases of polychaete introduction have
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been registered in the Black Sea in recent decades.
For example, both Polydora cornuta Bosc, 1802 and
Streblospio gynobranchiata Rice & LEVIN, 1998
have been registered in North-Western Black Sea
coastal waters, including estuarine and deltaic zones
(TEACA et al. 2021, SNIGIROVA et al. 2022, BONDAR-
ENKO & VORrRoBYOVA 2023, SoN et al. 2023, BANCILA
et al. 2022), while the oyster mudworm (Polydora
websteri Hartman, 1943), an Asian polydorid poly-
chaete reported as invasive in several parts of the
world including European waters such as the Wad-
den Sea and the Adriatic Sea (WASER et al. 2020,
MixAc et al. 2023), has also been recorded from
the Black Sea (Suruciu 2012). This latter worm,
a commensal of many mollusc hosts worldwide,
has negatively affected the mariculture of oysters,
pearl oysters, scallops and edible mussels, as well
as natural settlements of these commercially impor-
tant species (Simon & Sato-Okoshi 2015, RICE et
al. 2018, WASER et al. 2020, ROBERTO et al. 2024).
Consequently, an invasion of P. websteri can result
in significant economic losses (SCHEITER & BREMEC
2007, StMON & SATO-OKOSHI 2015, MARTINELLI et
al. 2020).

Polydora websteri have been recorded living
in the shells of both living and dead molluscs and in
natural limestone outcrops (CLEMENTS et al. 2018).
In the Black Sea, this invasive species has been re-
corded near the Romanian coast as limestone boring,
and in southern Crimea, Ukraine, as a shell-boring
parasite of cultured Pacific oysters Magallana gigas
(Thunberg, 1793) (LisITsKAYA et al. 2010, SURUGIU
2005, 2012). The present work confirms the further
spread of this invasive oyster worm into Ukrainian
mussel beds in the North-Western Black Sea.

Materials and Methods

Using scuba equipment, three 10x10 ¢m benthic
frame samples of M. galloprovincialis were col-
lected from rocks at 6-m depth in the Gulf of Odesa,
Black Sea, Ukraine, (46.441194 N, 30.773389 E)
in July 2021. The healthy and damaged mussels in
each sample were counted, and recalculated per 1
m? of the mussel bed. To ensure infestation analysis
of all mussel size-groups present, the largest indi-
viduals, not present in the frame samples, were col-
lected manually from the underside of rocks for the
samples where such large individuals were absent
(Fig. 1).

A total of 134 mussels were collected and
transported to the laboratory of the Institute of Ma-
rine Biology at the National Academy of Sciences of
Ukraine. There, the mussels were cleaned of sessile



Mediterranean Mussel Mytilus galloprovincialis Shell Damage Caused by the Invasive Polydora websteri...

Fig. 1. Mediterranean mussels (Mytilus galloprovincialis) on rocks in the Gulf of Odesa, Black Sea, Ukraine, with
damaged individuals visually identified.

organisms (algae, bryozoa and barnacles), opened
and the soft tissues separated from the valves. Any
shell-boring polychaetes were isolated from mud
blisters using a scalpel (Fig. 2) and preserved in
70% ethanol for further identification. The damaged
outer surfaces of the shells were also examined for
polychaetes under a Konus Crystal 7x-45x light ster-
eomicroscope (Konus Optical and Sport Systems,
Italy). All polychaetes collected were then identified
to species based on descriptions by SURUGIU (2012).
Infestation of the host population was described as
prevalence as a percentage of all infected hosts (P,
%; BusH et al. 1997).

To identify the mass-size structure of mussels
in bottom assemblages the shell length (L, mm),
height (H, mm) and the width of both valves (B,
mm) was measured in all molluscs with an accuracy
of 0.1 mm. The index of frontal curvature (B/H) was
calculated as the shell width/height ratio. The total
weight of the mussel (/, g), wet weight of soft tis-
sues (Ww, g) and valve weight (Ws, g) were meas-
ured using an Axis AD500 electronic scale (AXIS
Sp. z 0.0., Poland) with an accuracy of 0.01 g. Meas-
urements of weight and length were used to deter-

mine the relationship between linear and weight in-
dicators, allowing estimates of mussel weight from
length measurements, using the equation In ¥ =a +
b In L, where Y is a weight characteristic of the mus-
sel, L is shell length, H is shell height, and a and b
are allometric coefficients determined from empiri-
cal data (SHUROVA 2013).

The accepted scientific names and taxonomy
of aquatic organisms were verified with WoRMS
(2024) and SeaLifeBase (PALOMARES & PauLy 2024)
databases. Vernacular names are used in accordance
with the Seal.ifeBase database (PALOMARES & PAuLY
2024).

Linear regression analysis was performed on
linear and non-linear mussel parameters (i.e. length/
weight relationships) using the Statgraph Plus 5.0
statistical package, the data being log10-transformed
to normalise/homogenise any variance. Individual
mussel characteristics (i.e. shell measurements, total
weight, wet tissue weight and shell mass) were com-
pared using one-way analysis of variance (ANOVA),
the results being presented as means + standard er-
ror (SE). In all cases, the significance level used in
tests was set at p < 0.05 (LAKIN 1990).
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Fig. 2. Shells of Mediterranean mussels (Mytilus galloprovincialis) from the Gulf of Odesa, Black Sea, Ukraine, show-
ing mud blisters caused by Polydora websteri. A = valves with mud blisters, B = mud in the blister, C = perforations
on the outer side of the shell. Scale lines: A =200 mm, B =150 mm, C =2 mm.

Results

Examination of the blisters on the mussel shell sur-
faces confirmed presence of Polydora polychaetes,
positively identified as P. websteri (F1G. 3a). Poly-
chaete infestation resulted in clear changes in mus-
sel valve morphology, the valves becoming more
convex and rounded, as shown by an increase in the
B/H (Table 1). Such changes in morphology suggest
that the mollusc is adapting to changes in the shell’s
internal volume as mud blister size increases.

The worm’s body segmented (up to 97 chaeti-
gers), pigmentation absent, total length reaches 14
mm. Prostomium with a slightly cut anterior edge,
caruncle reaches second chaetigers, occipital anten-
na absent, three small eyes present. Modified chaeti-
ger 5 bearing an oblique or almost horizontal row of
5-6 thick, falcate spines alternating with companion
chaetae. Major spines of chaetiger 5 falcate, distally
curved, and with a broad, subterminal flange on the
concave side (F1G. 3b). Companion chaetae slender,
pennoned closely adjoining falcate spines. Neuro-
podial bidentate hooded hooks from chaetiger 7.
Branchiae digitiform, elongated, from chaetiger 7,
reaching maximum length by chaetiger 9-10. The
pygidium thin, cup shaped.

Mussel shell length varied from 18.4 to 94.2
mm, average length of healthy and damaged shells
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being 59.95 and 71.66 mm, respectively (TABLE 1).
Healthy and damaged mussels showed statistically
significant morphological differences in average
length, height, width of both valves and B/H (TABLE
1). Linear regression models describing the rela-
tionship between LOG mussel shell weight Ws and
LOG mussel shell length L were as follows: (R? =
97.59; SE=0.129)

healthy mussel: Log W = 3.02 x Log L - 10.52
damaged mussel: Log W = 2.13 xLog L - 6.68

where R? is the coefficient of determination
and SE is the equation’s standard error, i.e. the error
of Log Ws values calculated from the dependence.
Comparison of regressions for wet tissue weight
(Ww) and shell height (H) revealed a significant dif-
ference between intercepts for healthy and damaged
mussels (F =59.91; p <0.0001).

Infestation with P. websteri was registered in
mussels > 50 mm length, with prevalence varying
from 27.8% to 68.4% in different samples combined
(average 41.88 +£9.58). Mussels of 50-60 mm had
a prevalence of 8.33%, while those of 70—80 mm
showed a maximum infestation rate of 38.33%, sug-
gesting a preference the worms for larger M. gallo-
provincialis with more convex and rounded valves
(Tables 1, 2). Overall, mud blisters covered around
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Table 1. Shell length (L, mm), height (H, mm), width of both valves (B, mm), index of frontal curvature (B/H), total
weight (W, g), shell weight (Ws, g) and wet tissue weight (Ww, g) of Mediterranean mussels (Mytilus galloprovincialis)
from the Gulf of Odesa, Ukraine. F = Fischer criterium; P = F-test probability value.

Parameters Undamaged shells Damaged shells F P
L 59.95 £2.52 71.66 +£1.94 11.85 0.0011
H 30.85 £1.06 34.24 £0.93 5.25 0.0253
B 22.73 +£1.01 27.84 +£0.66 15.2 0.0003
B/H 0.748 +0.01 0.815 +0.009 22.55 <0.0001
w 9.896 +1.256 16.715 +1.110 16.55 0.0003
Ws 6.291 +0.829 11.270 +0.727 20.39 0.0001
Www 2.327 +£0.340 3.553 £0.261 8.17 0.0072

Table 2. Infestation prevalence (P, %) of Polydora web-
steri in different size-classes of Mediterranean mussels
(Mytilus galloprovincialis) from the Gulf of Odesa,
Ukraine.

Size class, mm Number P, %
50—60 5 8.33
60—70 17 28.33
70—-80 23 38.33
80—90 12 20.0

90—100 3 5.0

2/3 of the shell surface in damaged mussels (FiGs.
2A, B). In the infected part of the mussel population,
21.47 +4.19% had damage on one valve and 20.41
+6.51% on both valves.

Discussion

Our data confirm the spread of P. websteri to the
North-Western Black Sea coast of Ukraine, with
the high prevalence parameters indicating a high
degree of infestation in bottom-dwelling molluscs.
The polychaete worms, confirmed as P. websteri, are
identical in morphology to worms from the Roma-
nian Black Sea coast and to the original description
of the species (RADASHEVSKY 1999, SURUGIU 2012).
Morphologically, P. websteri are similar to P. cor-
nuta Bosc, 1802, a common cryptogenic species in
the North-Western Black Sea, differing in the pres-
ence of an occipital antenna and the structure of fal-
cate spines on chaetiger 5. Adult P. websteri tend to
be larger, reaching 100 chaetigers and up to 20 mm
in length (LOOSANOFF & ENGLE 1943, BLAKE 1969,
NELL 2007). Also, P. cornuta does not perforate
mollusc shells and limestone, and thus is not regis-
tered as a mussel parasite but as a common compo-
nent of the benthic community in the estuarine and

deltaic areas (VOROBYOVA et al. 2008, VOROBYOVA
& BONDARENKO 2009, BONDARENKO 2011, SON et
al. 2023).

Confirmation of P. websteri in the North-West-
ern Black Sea increases the number of shell-boring
parasites attacking Black Sea M. galloprovincialis.
In the 1930s, damage caused by the drilling sponge,
Pione vastifica (Hancock, 1849) (Porifera: Clionai-
dae), was recorded on mussel shells (NIKiTIN 1934)
and, in the 1960s, a mytilicilid crustacean, Mytili-
cola intestinalis Steuer, 1902 (Copepoda: Mytilicili-
dae), was recorded in mussels in Romanian coastal
waters (PORUMB & ANDRIESCU 1963). More recent-
ly, damage by a mussel shell destructor polychaete,
identified as Polydora cf. ciliata, was reported in
the Black Sea (HoLopkovskava 2003, Ozer &
Glineydag 2014, 2015), though this is possibly a
misidentification of P. websteri (SURUGIU 2012).

First reported along the Black Sea Romanian
coast as a limestone boring worm, this recent find-
ing of P. websteri confirms the species as a facul-
tative parasite of molluscs (SURuGIU 2005, 2012).
The species has previously been recorded as a shell-
boring parasite of farmed M. gigas near southern
Crimea and in the invasive half-crenated ark clam
(Anadara kagoshimensis Tokunaga, 1906) (SURU-
GIU 2005, LisiTskAYA et al. 2010, DAVINACK et al.
2024).

The infection of molluscs with polydorid
worms results in a decrease in growth and surviv-
al rates, along with other physiological indicators,
causing the molluscs to become more susceptible to
disease and other environmental stressors (CHAM-
BON et al. 2007, NELL 2007). Our data demonstrated
clear differences in size and weight characteristics in
healthy and damaged mussels, thereby confirming
the negative influence of P. websteri. An increase in
the width of both valves, resulting from polychaete
colonisation of the shell’s inner cavity, also contrib-
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A

Fig. 3. Polydora websteri from the Gulf of Odesa, Black Sea, Ukraine. A = general view, B = modified spines on chae-

tiger. 5. Scale lines: A=1 mm, B=0.1 mm.

uted to an increase in the wet tissue weight ratio.
This change in total weight between healthy and
damaged mussels was primarily due to an increase
in the weight of the shell due to the presence of poly-
dorids developing inside. Consequently, the strength
of the shells is significantly reduced and the mussel
becomes more vulnerable to predators (BERGMAN et
al. 1982, BuscHBAUM et al. 2007).

In its native range, P. websteri has been shown
to damage species inhabiting silty areas, especially
oysters, and is thus often a common species in oys-
ter beds (Saro-OkosHI & ABE 2013). An invasive
population of this worm has established itself in
the Wadden Sea, where it only parasitises M. gi-
gas shells but is absent in the local blue mussel
Mpytilus edulis L., 1758, probably due to its thinner
shells (WaSER et al. 2020). Though outbreaks can
occur under low siltation conditions (NELL 2007),
observations of native oyster populations have in-
dicated that silt accumulation on shells can lead to
increased infestation with P. websteri, with inva-
sion levels up to 1.5 times higher in oysters ex-
posed to twice the amount of silt (CLEMENTS et al.
2017). Likewise, oysters in conditions of high sedi-
mentation have also been shown to have a higher
infestation rate with P. websteri (ARAUIO-LEYVA et
al. 2024). In the Black Sea, intensive sedimenta-
tion of suspended particles can occur on the lime-
stone substrate inhabited by P. websteri due to the
release of sewage effluent. Under such conditions,
P. websteri can form dense 2—-3 cm thick tubular
mats comprising 132.5 thousand ind.xm™ (Suru-
GIU 2012). Owing to intensive inflow from large
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European rivers such as the Danube, Dnipro and
Dniester, the North-Western Black Sea is also sub-
ject to high levels of siltation, which provides ideal
conditions for P. websteri population development.
As a result, the rapid establishment of P. websteri,
alongside the invasion of R. venosa, is likely to
represent an important secondary negative impact
on local mussel populations.
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