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Abstract Caprella scaura (Templeton in Trans Entomol
Soc Lond 1:185-198, 1836) is a native species to the west-
ern Indian Ocean. It was first described from Mauritius and
later reported from several regions of the world. During the
last decade, the species spread out of the Adriatic Sea, and
in 2005, C. scaura was reported in Gerona, on the north-
eastern coast of Spain. The present study shows the recent
rapid expansion of the species to the East Atlantic. During a
sampling survey of harbours along the Strait of Gibraltar
(Dec 2009—June 2010), we found high densities of C. sca-
ura associated with the bryozoans Zoobotryon verticillatum
Della Chiaje, 1822, in Chipiona and Bugula neritina (L.) in
Cédiz, Atlantic coast of southern Spain; on the other hand,
during May 2009, an important population of C. scaura
was also found in the Canary Islands (Tenerife) associated
with aquaculture resources. A total of 1,034 individuals of
C. scaura were studied, and we confirm that the popula-
tions are effectively established, with high densities and
reproducing females during the whole year. The population
from Cédiz was characterised by smaller specimens but a
higher number of eggs per female. These differences could
be related to environmental conditions, mainly sea water
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temperature and to other factors such as competition with
other species, or availability of food or substrate. Signifi-
cant correlation was found between female size and number
of eggs in the three populations, but egg size did not vary
with female body length. The morphometric relation
length/width of the second gnathopod was also calculated
and compared between sexes: larger males presented longer
gnathopods at the three sites. The most probable introduc-
tion vector of this species is shipping; in fact, the Strait of
Gibraltar is characterised by an intense shipping traffic.
Also, we have observed that the native Caprella equilibra
Say, 1818, is being displaced by C. scaura in the harbour of
Cédiz, where this species reach densities of 35,945 ind/
1,000 g of B. neritina. Further experimental studies are nec-
essary to explore the potential danger of this species, which
might spread into natural habitats too.

Short communication

Biological invasions occur worldwide and are considered
today as one of the greatest threats to ocean and coastal
marine ecosystems (Ruiz et al. 2000; Hayes and Sliwa
2003; Montelli 2010). Introduced species are those that
were transported by human activities from their original, or
historically known, areas of distribution (Somaio Neves
et al. 2007). They can be considered invasive when interfer-
ing with the establishment and survival of native species
with concurrent ecological or socio-economical costs (Elli-
ott 2003). Most introduced species are not invasive,
although they may become so if environmental variability
favours invasion (Silva et al. 2004). Ballast water, fouling
of commercial vessels and aquaculture are generally con-
sidered the main vectors responsible for species movement
of introduction across the oceans, but also touristic
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Fig. 1 Lateral view of Caprella scaura from the Strait of Gibraltar

harbours can represent a sink of alien species (Savini et al.
2006). They provide suitable habitat for settlement in the
local fouling community, and consequently, they could
play an important role in the diffusion of invasive species
along the littoral by recreational boating (Bulleri and Air-
oldi 2005; Glasby et al. 2006; Bulleri and Chapman 2010).
In fact, harbours and ports are likely sites of first introduc-
tions and structures common to ports, harbours and marinas
provide new habitats and substrata for potentially invasive
species (Floerl and Inglis 2003).

In spite of having direct development, peracarids and, in
particular, caprellids are able to disperse large distances
associated with detached aquaculture buoys and other artifi-
cial substrata (“rafting”), or as a part of the fouling commu-
nities of ships and boats (Thiel et al. 2003; Astudillo et al.
2009). Caprella scaura Templeton 1836 (Fig. 1) is a native
species to the western Indian Ocean. It was first described
from Mauritius and later reported from several regions of
the world (Krapp etal. 2006) (Fig.2). During the last
decade, C. scaura spread out of the Adriatic Sea, and, in
2005, it was reported in Gerona, on the north-eastern coast
of Spain (Martinez and Adarraga 2008), indicating that it
is probably invading the whole Mediterranean. Caprella
scaura is mainly a detritivore (Guerra-Garcia and Tierno de
Figueroa 2009) and has aggressive behaviour among indi-
viduals, especially males in the presence of receptive
females (Lim and Alexander 1986; Schulz and Alexander
2001). Courtship and mating involve exploration of the
female by the male using antennae and maxillipeds fol-
lowed by moulting of the female and copulation (Lim and
Alexander 1986). Caprella scaura has parental care (Lim
and Alexander 1986; Aoki 1999). Although the species
seems to prefer Bugula neritina as a substrate (pers.

@ Springer

observ.), Guerra-Garcia (2003) reported no specific habitat
selection: specimens were collected on bryozoans, red
and brown algae, seagrasses (Lim and Alexander 1986;
Takeuchi and Hino 1997; Guerra-Garcia and Thiel 2001) or
sponges (Serejo 1998). Furthermore, the complete mito-
chondrial genome of C. scaura has been recently published
(Ito et al. 2010), with an emphasis on the unique gene order
pattern and duplicated control region. The diploid number
is 2n =24, with 12 pairs of metacentric chromosomes
(Krapp et al. 2006).

During a sampling survey of the harbours along the
Strait of Gibraltar, we found C. scaura associated with the
bryozoans Zoobotryon verticillatum Della Chiaje, 1822, in
Chipiona harbour (36°44'46"'N, 6°25'46''W) (Dec 2009)
and Bugula neritina (L.) in the harbour of Cadiz
(36°32'29''N, 6°17'61""W) (June 2010), on the Atlantic
coast of southern Spain. An important population of C. sca-
ura was also found in the Canary Islands (IEO Installations,
Santa Cruz de Tenerife), associated with aquaculture tanks
(28°29'58''N, 16°11'48""W) (May 2009). Specimens from
the three locations (Fig. 3) were collected and studied in
detail. Photographs of each specimen were taken with a
Motic K-400L stereomicroscope. The number of eggs per
female was counted and photographed with a Leica CME
microscope. Measures such as total body length, length and
width of gnathopod 2 and diameter of eggs—Ilong axis—
were taken using software Scion Image Alpha 4.0.3.2©
(2000-2001 Scion Corporation).

A total of 1,034 individuals of C. scaura were studied.
The sampling effort was similar in the three locations, and
three replicate samples of substrate were collected in all
sites. The largest population was found in Cadiz (Fig. 3),
where C. scaura was the dominant species on the bryozoan
Bugula neritina (reaching densities of 35,945 ind/1,000 g
of B. neritina), but was also abundant on the bryozoans
Zoobotryum verticillatum and Tricellaria inopinata and the
hydroid Eudendrium sp. In aquaculture tanks of Canary
Island, we measured densities of 3,080 ind m~2. Taking
into account the large differences in the total number of
specimens of each population, we selected randomly the
same number of specimens from each location (n = 35) to
conduct a balanced ANOVA design for length comparison.
The length of male specimens from Chipiona (11.8 &
3.7 mm, Mean =+ SD) and Canary Islands (9.6 & 3.9 mm)
was significantly higher than the length of males from
Céadiz (5.2 +2.6 mm) (one-way ANOVA, F,,, =39.1,
p <0.001, Tamhane post hoc test: Cadiz-Chipiona
p =0.0001, Cadiz-Canary Islands p =0.0001, Chipiona-
Canary Islands p =0.051). A similar pattern was obtained
for mature females, with smaller specimens in Cadiz
(5.4 £ 0.8 mm) than in Chipiona (7.4 &= 0.6 mm) or Canary
Islands (7.5 + 0.8 mm) (one-way ANOVA, F,,y =772,
p <0.001, Tamhane post hoc test: Cadiz-Chipiona
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Fig. 2 Distribution of Caprella scaura. White circles indicate the most
recent sites (after 2000) where the species has been found. Star symbols
indicate the localities registered during the present study, representing
the first record to East Atlantic. Data of distribution have been taken from
Templeton (1836), McCain (1968), McCain and Steinberg (1970),
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Fig. 3 Number of specimens of Caprella scaura studied during the
present work

p =0.0001, Cadiz-Canary Islands p =0.0001, Chipiona-
Canary Islands p = 0.951). The number of eggs was signifi-
cantly higher in females of Cadiz (41.4 £ 12.8, n=22)
than in the other two localities (Canary Islands:
297 £ 155, n=19; Chipiona: 29.6+9.4, n=23)
(Fy66=1.0, p <0.01, Tamhane post hoc test: Cadiz-Chipi-
ona p =0.003, Cadiz-Canary Islands p = 0.015, Chipiona-
Canary Islands p = 1.00). In this case, to have the same
number of replicates in all sites (n = 23), we used mean val-
ues to replace the missing replicates, adjusting the degrees
of freedom of the residual. However, the mean size of eggs
(measured as the long axis length) was similar at the three
localities: 0.22 mm =+ 0.02 (Cédiz), 0.21 & 0.01 (Canary
Islands) and 0.24 4 0.04 (Chipiona). A significant correla-
tion was found between female size and number of eggs for

Arimoto (1976), Lim and Alexander (1986), Laubitz (1991,1995), Ren
and Zhang (1996), Coles et al. (1999), Guerra-Garcia and Thiel (2001),
Guerra-Garcia (2003, 2004), Guerra-Garcia and Takeuchi (2003, 2004),
Foster et al. (2004), Krapp et al. (2006), Martinez and Adarraga (2008).
Possible pathways of introduction are indicated with question marks

the three localities (Chipiona: r=10.49, p <0.05; Cadiz:
r=0.67, p<0.01; Canary Island: r=0.61, p<0.01)
(Fig. 4). Although the parallelism test did not show differ-
ences between the slopes of regression lines, the equality
of lines test showed significant differences between Cadiz
and the other two sites (Cddiz-Canary Islands, F, 5, = 17.5,
p=0.0001; Cadiz-Chipiona, F,, =19.5, p=0.0001;
Chipiona-Canary Islands, F, 33 = 1.3, p=0.3); for a given
size of the female, a higher number of eggs was measured
in Cadiz. On the other hand, egg size did not significantly
correlate with female body size nor the number of eggs in
any of the three localities (Fig.4). A clear correlation
between the ratio length/width of the gnathopod 2 and the
body size was obtained for males in the three localities
(Chipiona: r=0.78, p<0.01; Cadiz: r=0.55, p<0.01;
Canary Island: » = 0.72, p < 0.01), while no correlation was
measured for females (Fig.5). In general, larger males
showed more elongate gnathopods 2, provided with stron-
ger “poison tooth”. Although there is no conclusive evi-
dence that caprellids produce a toxin with this tooth, the
extensive array of tegumental glands suggest that the secre-
tions may have an offensive or defensive function in
aggressive encounters (Schulz and Alexander 2001).

The coloration and external anatomy of C. scaura
appeared quite similar to the bryozoan Bugula neritina, so
the affinity of C. scaura for B. neritina can be attributed to
its cryptic adaptation to this substrate. A similar association
has been reported for Caprella californica, a species close
to C. scaura (Keith 1971), which has recently expanded
around the coastline of Australia (Montelli 2010). Keith
(1971) proposed at least two means of colour regulation
for C. californica: (1) by cuticular tanning and (2) by
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Fig. 4 Correlations between female size, number of eggs and eggs
size for Caprella scaura collected during the present study in the three
populations. Only the females with a close brood pouch were consid-
ered for this study

physiological colour changes brought about by expansion
and contraction of chromatophores.

Caprella scaura is remarkable because of its size and
McCain (1968) reported males and females as long as 21
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Fig. 5 Correlation between the ratio length/width for Gnathopod 2 in
males and females of the three populations of C. scaura

and 12 mm, respectively. Foster etal. (2004), however,
reported lengths of 18 mm for males and 6-8 for females
and even smaller (10 and 5 mm, respectively) for speci-
mens collected in summer. The specimens of the present
study were also smaller to those reported by McCain
(1968). Foster et al. (2004) suggested that these size differ-
ences may be due to seasonal effects; for example, these
authors reported that individuals, especially males, in win-
ter populations reach much larger sizes than those observed
during the summer months in coastal waters of Georgia.
They attributed these apparent ecophenotypic differences in
size to the decrease in predation during the colder months,
in conjunction with the dampening effects of low tempera-
ture on reproductive activity. Our study seems to support
this trend. Specimens from Chipiona were collected in win-
ter (Dec 2009), while the specimens of Canary Islands and
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Cadiz were collected by the end of spring and beginning of
summer (May 2009 and June 2010, respectively). Sea water
temperature ranges from 18.4°C (February) to 24.3°C
(October) in Canary Islands and 13.6°C (January) to 23.3°C
(October) in C4diz and Chipiona. The highest temperatures
in June could explain the smaller size of specimens from
Cédiz and the higher number of eggs relative to those from
Chipiona, just a few kilometres from Cadiz. Differences
between Cadiz and Canary Islands are not so clear, since
specimens were collected during the same period, with sim-
ilar seawater temperature and salinity (36—36.5 psu). Proba-
bly other factors such as competition with other species,
availability of substrates or food, could be determining
these differences. In fact, the specimens of the three popula-
tions were collected from different substrates: Zoobotryon
verticillatum in Chipiona, Bugula neritina in Cadiz and sur-
face of aquaculture tanks in Canary Islands. Further studies
should be conducted to compare the ecology and the repro-
ductive patterns of these different populations throughout
the whole year.

In recent decades, Caprella scaura sensu lato has widely
extended its geographic distribution (Fig. 2): Coles et al.
(1999) found the species in Hawaii; Foster et al. (2004)
reported a range extension from the Caribbean Sea to the
Florida Gulf Coast and South Carolina; Guerra-Garcia
(2003, 2004) reported the species from western Australia
and Tasmania; since 1994, the species has been extending
along the Mediterranean Sea. The present study represents
an extension towards the East Atlantic of around 3,000 km.
Krapp et al. (2006) suggested that the species could have
spread across the Mediterranean probably travelling among
fouling on the hulls of ships. Martinez and Adarraga (2008)
also suggested that the introduction of the species in Medi-
terranean waters seemed to be due to the continuous circu-
lation of yachts, although aquaculture (movement of fish
cages) in certain specific zones represents another possible
introduction vectors. Recreational boating has already
been claimed to be responsible for the dissemination of
C. scaura (Sconfietti et al. 2005; Savini et al. 2006).

According to several authors (see Martinez and Adar-
raga 2008), C. scaura appears to be a strong invader, able
to colonise a wide geographical range. These authors, based
on the high densities measured in Gerona (12,925 ind m_z),
suggested a probable future invasion along the Iberian
Mediterranean coasts and adjacent areas. In fact, the pres-
ent study reveals that C. scaura has been already intro-
duced along the Strait of Gibraltar and the East Atlantic
coast, where it had not been reported before. Several path-
ways could be suggested: (1) Mediterranean specimens
could have come from the native Indian Pacific, through the
Suez Canal and could have extended from the Mediterra-
nean to nearby Atlantic or (2) East Atlantic and Mediterra-
nean specimens could have arrived from Caribbean

populations. Future molecular studies would be very help-
ful to elucidate the invasion patterns; for example, Ashton
et al. (2008) revealed multiple northern Hemisphere intro-
ductions of the invader Caprella mutica based on mito-
chondrial DNA. A low genetic divergence between native
and non-native populations may enable identification of the
source population, while a high genetic divergence may
indicate limited gene flow, long-term isolation or different
selection pressures in the non-native habitat (see Ashton
et al. 2008).

During the present study, we observed that in the har-
bours where C. scaura was abundant, the native species,
such as Caprella equilibra or Caprella dilatata were
absent, or present in very low abundances. Furthermore,
other macrofauna associated with the main substrates at
these harbours (Bugula neritina, Tricellaria inopinata,
Zoobotryon verticillatum and Eudendrium sp.) was also
less abundant when the invasive C. scaura was present.
Other amphipods sharing habitats with C. scaura in the
studied populations were Elasmopus rapax, Corophium
acutum, Jassa cf falcata and Ericthonius brasiliensis. Fur-
ther studies based on seasonal fluctuations and ecological
experiments should be conducted to evaluate the potential
impact of C. scaura on the native species and properly
address the management of this invasive species.
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