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Abstract

Bivalves of the family Teredinidae are among the most destructive wood-boring species in the sea. We report the first occurrences of the
warm-water shipworm Teredo bartschi in Mersin, Turkey, and Olhdo, Portugal. The colonisation of the site in Mersin is likely to have
occurred by rafting adults originating from the Red Sea, which passed through the Suez Canal (lessepsian migrants). 7. bartschi might have
been introduced in Olhdo Harbour, Portugal, either by rafting adults with larvae transported by currents or by larvae transported by ships in
ballast water. These seem to be the first published records of established 7. bartschi populations in the Mediterranean and in northeast

Atlantic.
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Introduction

The Mollusca is the group with the highest
number of alien species in the Mediterranean Sea
(Zenetos et al. 2012) and in European waters
(Katsanevakis et al. 2013). Among the Mollusca,
bivalves of the family Teredinidae (commonly
known as shipworms) are probably one of the
most economically important groups due to the
destruction they inflict in wooden maritime
structures. World-wide the damage is estimated
to be > one US$ billion dollars annually (Distel
et al. 2011). The detection of new invasive
teredinid species in European coastal waters is,
therefore, of particular importance. Invasive
species are in general hard to detect in the early
phase of colonisation (Kamburska et al. 2013),
this is particularly so in the case of teredinids
because their habitat, wood, makes them incon-
spicuous to most types of surveys. Shipworms enter
the wood as larvae, producing minute holes in
the wood surface, hardly visible to the naked-
eye. Once inside the wood, the tunnels they

excavate are not visible from the exterior.
Therefore these organisms can go undetected until
the wood is heavily colonised (Turner 1966).
Teredo bartschi Clapp, 1923 is a warm water
teredinid species (Turner 1966). It was first
described from Port Tampa, Florida, but has since
been reported widely (Turner 1966; EOL 2007).
The wide distribution of 7. bartschi seems to
contradict a number of mechanistic hypotheses
that predict a positive correlation between the
dispersal ability of a species (the actual or
potential distances travelled by migrant species)
and its geographic range size (Lester et al. 2007).
T. bartschi is a long-term larviparous species,
brooding the larvae in the gill to the pediveliger
stage (Hoagland 1986a). It would be expected,
therefore, that this species would have a relatively
confined regional distribution because of its short
planktonic life stage (Wellington and Victor 1989).
However, in many cases, the dispersal ability of
species does not correlate with species
geographical distribution (Lester et al. 2007).
Indeed, in the case of T. bartschi, new locations
are likely to be colonised by adults (with larvae)
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rafting in floating wood (Hoagland 1986b; Cragg
et al. 2009). Moreover, T. bartschi shows a broad
physiological tolerance for temperature and
salinity, which suits the colonisation of new
habitats (Hoagland 1986b).

Methods

Pallets and shells of teredinids were extracted
from panels of Pinus sylvestris L. exposed at a
depth of 3-metres from May 2002 to May 2003
at Olhdo, Portugal (N 37.024, W 7.835) and at
Mersin, southern Turkey (N 36.563, E 34.254).
In the latter site, pallets were also extracted from
panels exposed during 2012/2013. Specimens
were identified on the basis of the morphology of
the pallets, using the keys of Turner (1971) and
the illustrations in Turner (1966). In addition, the
dimensions of the pallets were measured. The
total length of the pallets was measured from the
end of the tip to the middle of the line between
the tips of the periostracum. The length and
width of the blade were also measured.

Environmental conditions of sea surface
temperature (SST) and sea surface salinity (SSS)
at the two study sites were determined from a
global hybrid dataset of temperature and salinity
compiled by Borges et al. (2014). This hybrid
dataset was based primarily on the global environ-
mental dataset in BIO-ORACLE (Tyberghein et al.
2012), using the long-term variation for salinity
provided by the Research Archive (RDA) (Ishii
et al. 2005).

Results

The long-term SST and SSS conditions at Olhao
ranged from 15.0 to 25.0°C and 33.0 to 37.0,
respectively. These conditions agreed with measured
temperatures and salinity in the area (Borges et
al. 2014). At Mersin the range SST and SSS
varied from 15 to 30.7°C and 33 to 40, respecti-
vely, also agreeing with measured values of
temperature and salinity in the area in 2002—
2003 (Develi, unpublished data).

The pallets collected were counted and
identified. The morphology of the pallets matched
the description of 7. bartschi by Turner (1971).

Diagnosis. Blade of pallets without middle
ridge; calcareous portion not extending to tip of
blade but visible internally; distal margin of
inner face U-shaped, outer face U-V shaped;
periostracum light golden to dark brown, extending
beyond calcareous portion to form lateral horns.
The size of pallets from Olh3o varied between
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2.68-3.80 mm, while the height and width of the
blade varied respectively between 1.0-1.7 mm and
0.9-1.3 mm; the pallets obtained from Mersin had
sizes varying from 2.92-3.61mm, whereas the
height and width of the blade varied respectively
from 1.3-1.9 mm and 0.9—1.3 mm (Figure 1).

Discussion

Teredo bartschi specimens recruited and grew to
maturity in wooden panels exposed in Mersin,
Turkey in 2002/2003 and 2012/2013 and therefore
this species was considered established, according to
the definition of Turner (1966). However, in
surveys carried out in 2007 and 2010, T. bartschi
did not recruit to the collecting panels exposed in
the area. Therefore, it is not possible to ascertain
whether the specimens found in 2013 were
descendent of the population sampled in 2003 or
whether they are a recent reintroduction. It is
also possible that the population found in Mersin
is a sink population, originated from a source
population in the Red Sea. This species is a long-
term larviparous and, therefore, the area was
likely to have been colonized by rafting gravid
females, which entered the Mediterranean via the
Suez Canal (lessepsian migrants). Indeed this
species was previously found in the Suez Canal
(Clapp and Kenk 1963; Turner 1966: pg 86).
Another population of 7. bartschi present in the
Gulf of Aqaba was also thought likely to
originate from the Red Sea (Cragg et al. 2009).
Furthermore, both the characteristics and the
dimensions of the pallets found in the present
study were similar to that of the pallets found in
the Gulf of Aqaba. Other surveys carried out in
southern Turkey by Sen et al. (2010) and Shipway
et al. (University of Portsmouth, UK, pers. comm.)
did not find this species, which may mean that it
has not yet spread to other areas in the
Mediterranean.

Teredo bartschi also recruited and matured in
wooden panels exposed at Olhdo harbour (one
year exposure); therefore, the species was
considered established. This species did not,
however, recruit to collecting wooden panels
exposed in 1999, 2000, and 2001 at this site
(Praél 2003). Therefore, it seems that 7. bartschi
occurred in Olh3o harbour for the first time in
2003 and should be considered an alien
cryptogenic species, as there is no evidence of its
origin. We cannot ascertain, however, whether or
not the population was able to persist in the area,
because no additional monitoring was carried
out. Although the colonization of the site (Olh&o)



Records of the warm water shipworm

Figure 1. Outer and inner face of pallets of Teredo bartschi collected from experimental panels at Mersin Bay Turkey (a and b) and Olhdo
Harbour Portugal (¢ and d). Scale bar= 1mm; bl- blade; st- stalk. Photomicrograph by Luisa Borges.

by larvae transported in ballast water cannot be
ruled out, the short duration of the larvae in the
plankton before settlement (Hoagland 1986a)
makes it less likely than colonization by adults
(with larvae) carried in driftwood, either from
the Mediterranean or from western Atlantic. The
environmental conditions of temperature and
salinity at Olhdo and at Mersin are probably not
limiting factors for Teredo bartschi, even at the
most critical life stage. Indeed, the reported
limits of temperature (16-32°C) for larval T.
bartschi (Hoagland, 1986b) are close to the
range of temperature and salinity observed at
Olhdo (15-25°C) and Mersin (15-30°C) (Borges,
unpubl. data). Similarly, this species occurs in
estuarine areas (Hoagland 1986b) and also in
hyperhaline areas as in the Gulf of Agqaba with
salinity > 40 (Cragg et al. 2009). Therefore, the
shipworms are not likely to be stressed by the
range of salinity either at Olhdo (33-35) or at
Mersin  (33-40). Favourable conditions of
temperature and salinity for this species can be
found in other areas in the Atlantic and along the
Mediterranean coasts of Europe (Borges et al.
2014) and additional surveys are warranted to
monitor for possible range extensions of this
destructive species.

Teredo bartschi was previously reported
occurring in European waters (Gofas et al. 2001;
Coll et al. 2010). In both publications, the
occurrence of 7. bartschi in the Mediterranean is
cited from Sabelli et al. (1990). However, the

latter refers to the publication of Clapp (1923),
who mentions the distribution of the species but
not in Europe (Tagliapietra, Consiglio Nazionale
delle Ricerche, Instituto di Scienze Marine,
Venice, Italy, pers. comm.). We also searched
online databases such as World Register of
Marine species (WoRMS), Integrated Taxonomic
Information System (ITIS) and Encyclopedia of
Life (EOL). The map of point data provided by
EOL (2007) shows three locations for 7. bartschi
in Europe, one of which is misplaced (specimens
collected in New Jersey, USA).The other two
points refer to the occurrence of the species in the
east Atlantic, off Nazaré, Portugal (1978) and in
the Mediterranean at Rota, Spain. The information
provided by the Global Biodiversity Information
Facility (GBIF), on the point data in EOL, and
other records of 7. bartschi in Israel and Egypt,
does not mention the type of wood from which
the specimens where collected (driftwood, local
wooden structures or wooden test panels).
Therefore, it is not possible to ascertain whether
or not 7. bartschi was found established in the
sites listed in GBIF. This might be the reason
why T. bartschi was not included in some of the
most recent lists of alien species in the
Mediterranean and Europe (Zenetos et al. 2005;
Zenetos et al. 2010; Zenetos et al. 2012;
Katsanevakis et al. 2013). Therefore, ours seem to
be the first record of established Teredo bartschi
populations in the Mediterranean and east
Atlantic coast of Europe.
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