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Abstract
The invasive crabCharybdis longicolliswas first reported inMersin Bay (Mediterranean Sea/Turkey) in 1954, and since the early
1990s, its populations have been heavily parasitised by the alien rhizocephalan Heterosaccus dollfusi. In Antalya Bay, 46.6% of
the trawled catch is constituted byC. longicollis. Monthly biomass values fluctuated between 67 kg km−2 (June) and 704 kg km−2

(October), with a mean of 260 kg km−2. The percentage of change in females ranged from 29% inOctober to 53% in January. The
mean carapace width of uninfected crabs was significantly larger in males (35.1 mm) than females (30.6 mm). Male crabs
(34.3%) were more heavily parasitised than females (12.1%). The reduction in size of the chela and broadening of the abdomen
are two characteristic modifications of infected males. The size at first maturity was estimated at CW= 24.7 mm. Ovigerous
females were found all year-round but were more abundant in spring. Male and female individuals of C. longicollis displayed a
maximum of three and one modal groups per year, respectively. Natural mortality (M) was estimated as 1.1 year−1 for male crabs.
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Introduction

The invasive crab Charybdis longicollis Leene, 1938 is native
to the Indian Ocean, the Persian Gulf, and the Red Sea, and
was first recorded in the Mediterranean Sea in Mersin Bay in
1954 (Holthuis 1961), from which the population spread to
Egypt and Greece in the south-eastern Mediterranean and
soon dominated the sandy-mud bottoms to a depth of 25 to
80 m (Innocenti and Galil 2011).

Since the early 1990s, the populations of C. longicollis in
Israel (Galil and Lützen 1995) and Turkey (Øksnebjerg et al.
1997) have been heavily parasitised by the alien
rhizocephalan barnacle Heterosaccus dollfusi Boschma,
1960. Infections in the females cause loss of swimmerets,
while infected males acquire mobility of segments that are
normally fused in unparasitised males; in addition, the copu-
latory appendages are lost or heavily reduced and the

abdomen broadens to such a degree that it closely resembles
that of a normal female (Galil and Lützen 1995; Innocenti and
Galil 2007). Due to the negative impact of rhizocephalan par-
asites on decapod crustaceans, several researchers suggested
the use of these species as control agents to reduce population
densities of invasive species (Hoddle 2004; Kuris 1997). This
hypothesis is not supported by C. longicollis populations
along Levantine coasts because the population has consistent-
ly increased in recent decades (Innocenti and Galil 2007;
Innocenti et al. 1998, 2009, 2017).

Charybdis longicollis prefers infaunal and slow-moving
prey, and the most frequent food items are molluscs, crusta-
ceans, and fishes. Since the species is extremely abundant in
Levantine littoral and sublittoral zones, it is likely to impact
the local biota (Stasolla et al. 2015). There are increasing
complaints from both small-scale and trawl fisheries in
Antalya Bay concerning the large amount of C. longicollis
in fishing nets (fishermen, personal communications, 2010).
Although the structure of the population of C. longicollis in
Israel was studied in detail (Galil and Innocenti 1999; Galil
and Lützen 1995; Innocenti and Galil 2007; Innocenti et al.
2017), only a few studies are available regarding populations
distributed along the Turkish coastline (Innocenti et al. 2009;
Özcan and Katağan 2016).
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The aim of the present study was: i) to investigate the
prevalence and impact of the alien rhizocephalan barnacle
H. dollfusi on its host and ii) to provide scientific data on the
population pattern of the host crab C. longicollis along the
Turkish Mediterranean coast. Moreover, the survey data ob-
tained in the present study was compared to populations of
C. longicollis located in different parts of the Levant Sea.

Material and methods

Monthly field surveys were carried out during 2010 aboard
the R/V “Akdeniz Su” at night in the trawling grounds of
Antalya Bay (between 20 and 41 m) in the eastern
Mediterranean (Fig. 1). After each haul, C. longicollis were
separated from the rest of the catch and weighed. Subsamples
of ~10 kg were randomly selected, placed in cold storage, and
transported to the laboratory for analysis. According to sea
surface temperature (SST) data obtained from the Turkish
General Directorate of Meteorology, the monthly average
SST value in 2010 fluctuated between 16.0 °C in February
and 29.4 °C in August, with an annual average of 22.7 ±
4.7 °C.

In total, 15,451 specimens of C. longicollis, with a total
weight of 121.2 kg, were analysed in the laboratory. The first
stepwas determination of sex by observing the sexual opening
(vulva) (Fig. 2a2). Seven different types of crabs were classi-
fied: i) apparently uninfected (UI) females (Fig. 2a) and ii) UI
males (Fig. 2el, e2), iii) Ovigerous females (OvF) with the
presence of eggs attached to pleopods (Fig. 2d), iv) infected
and morphologically-modified (MM) females without pleo-
pods (Fig. 2b1, b2), v) the presence of externally parasitised
(EP) females (Fig. 2c), vi) infected and MM males with mod-
ification of abdomenal shape (Fig. 2f1) and without gonopods
(copulatory appendages) (Fig. 2f2), and vii) the presence of
EP males (Fig. 2g1, g2).

In the next step, the carapace width (CW) was measured
with a digital Vernier calliper to the nearest 0.1 mm. In addi-
tion, the chela length (ChL), the maximum width of the fifth
abdominal segment (5AW), and the number of externae re-
corded in the 600 individuals randomly selected each climatic
season were measured. Physically damaged specimens were
discarded.

Morphometric relationships were determined using the lin-
ear regression formula for both sexes: log Y = a + log X * b. To
test the difference in slopes (b) among the equations, the series
CW versus ChL and 5AWwere subjected to multicomparison
analysis of covariance (ANACOVA). The temporal relation-
ship of SST with the incidence of parasitised crabs (Lafferty
and Holt 2003) was investigated using correlations analysis.
The degree of modifications of ChL and 5AW, according to
infection status in crabs, were calculated using two ratios: CH
ratio (ChL: CW) and AWratio (5AW: CW). Data analysis was
carried out using IBM SPSS 21.0 (one-way analyses,
correlations, and regressions) and MATLAB version 7.0
(MathWorks®) ANACOVA. In those instances where data
did not meet the prerequisites of the parametric tests (normal-
ity, homogeneity of variance), nonparametric tests were ap-
plied. All post hoc tests were corrected for multiple compari-
sons (Kristensen et al. 2012).

During the period of maximum reproductive activity (April
and May), Ov and UI females were evaluated to determine
size at first maturity (CW50%). The maturity probabilities were
modelled by means of logistic curves: r(l) = [exp(v1 + v2.l)/
1 + exp.(v1 + v2.l)], using the software CC2000 (ConStat
1995), where r(l) is the probability of reproductive individuals
for each 2-mm size class (l), and v1 and v2 are regression
parameters to be estimated.

From the monthly size frequency distribution (CWFD) of
C. longicollis for both sexes, the growth parameters (L∞ and
K) were estimated using the ELEFAN I method by means of
the FiSAT II software (Gayalino et al. 2002). The instanta-
neousM coefficient was computed using the empirical model

Fig. 1 Study area and sampling
stations in Antalya Bay, Turkey
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of Pauly (1980): lnM = −0.0066 − 0.279 lnL∞ + 0.6543 lnK +
0.463 lnT, where T is the mean SST in degrees centigrade
(22.7 °C).

Results

During the survey, a total of 820.1 kg of C. longicollis were
caught in a total trawling time of 39.2 h. Of the trawled bio-
mass, 46.6% was constituted by C. longicollis (Table 1). The
monthly percentage of females in the population varied be-
tween 29% (October) and 53% (January). The chi-square test
showed a significant difference in the sex ratio (SR) from the
1:1 expectation (X2 = 7.626, p < 0.05). The monthly CPUE
(catch per unit effort) values fluctuated between 5.9 kg h−1

(April) and 60.6 kg h−1 (October), with a mean of 22.6 ±
16.9 kg h−1. Seasons had a statistically significant effect on
the CPUE (H-test, X2 = 244.609; p = 0.000).

Prevalence of infestation

The percentage of infected C. longicollis by H. dollfusi in the
total population varied significantly (chi-square test, X2 =
44.013; p = 0.000) between 7.3% (January) and 43.1%
(December) with a mean of 25.3 ± 11.6 (Table 1). There was
also a significant difference according to SST (chi-square test,

F = 44.013; p = 0.000) and season (H-test; X2 = 93.789, p =
0.000), which were positively related to both variables
(Spearman’s rho, r = 0.706, p = 0.010, and r = 0.490, p = 0.000,
respectively). Male crabs (34.3% ± 19.2) were infected more
often than females (12.1%± 5.1) (t-test, t = −4.513; p = 0.001).

The mean CW of UI male crabs was significantly larger
(35.1 ± 8.3 mm) than the UI females (30.6 ± 3.5 mm) (U-test,
Z = −18.137; p = 0.000), and the CWFD was found to be sig-
nificantly different between the sexes (Kolmogorov-Smirnov
test, Dobs = 0.427 > Dcrt = 0.045; p < 0.001).

Evaluation of infestation in relation to CWFD of
C. longicollis revealed that the infestation exceeded 50%, es-
pecially in small size classes (18–27 mm) of male crabs and
negatively related to size (r2 = −0.930, p = 0.000) (Fig. 3a);
while larger male crabs (CW> 55 mm) were free of infesta-
tion. The mean CW of the MM crabs (28.1 ± 5.1 mm) was
significantly lower than the UI (38.7 ± 8.3 mm) and EP (39.1
± 4.5 mm) males (Tukey HSD test, p = 0.000). In contrast, the
infestation was extremely low in small (20–32 mm CW) fe-
males and showed a positive correlation with size (r2 = 0.847,
p = 0.000) (Fig. 3b). The mean CW (31.8 ± 3.9 mm) of UI
crabs was statistically different from both MM (35.8 ±
3.4 mm) and EP (37.2 ± 4.1 mm) female crabs (Tukey HSD
test, p = 0.000). In both sexes, an increase in CW in infected
individuals continued uninterrupted until the individuals suf-
fered from the external parasites. The per-cent infestation

Fig. 2 Morphological features of C. longicollis relative to infection
status. Ventral view of uninfected females (a1 and a2) and males (e1
and e2), infected and morphologically modified female with missing
pleopods (b1 and b2), externally parasitised female (c), ovigerous

female with attached eggs on pleopods (d) , infected and
morphologically-modified male with modification of the shape of the
abdomen (f1) and the gonopods (f2), and externally parasitised male
(g1 and g2)
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(%IR) for both sexes was predicted using the following re-
gression models:

Male: %IR = 56.612–0.708 * CW (mm), (r2 = 0.834; F =
104.5, p ˂ 0.01).
Female: %IR = 31.220 + 0.155 * CW (mm), (r2 = 0.966;
F = 224.2, p ˂ 0.01).

Feminisation effect on hosts

The reduction in size of the chela and broadening of the abdo-
men are characteristic of infected C. longicollis. In healthy
crabs, the mean ChL of males (31.4 mm) were 50% larger than
in females (21.2 mm) (U-test, Z = 18.082; p = 0.000), while the
mean 5AW of males (5.4 mm) (Fig. 2e1) was 62% narrower
than females (14.1 mm) (Fig. 2a1) (Z = −29.930; p = 0.000)
because each sex has a unique abdominal shape. Through the
feminisation progress of the secondary sex characteristics, the
ChL of infected males decreased, while the 5AW widened
(Fig. 2f1). The ChL of externally-infected males (27.7 mm)
decreased to the mean value of infected females (26.1 mm)
(U-test, Z = 4.697; p = 0.000). Concurrently, the mean 5AW
of externally-infected males (15.5 mm) (Fig. 2g1) increased
200%, reaching the size of infected females (15.6 mm) (U-test,
Z = 1.707; p = 0.088) (Table 2).

Comparison of regression lines—ChL versus CW by in-
fection status for male and female crabs—are shown in Fig. 4.
The ChL of MM and EP male crabs decreased linearly with
CW (Fig. 4a). ANACOVA analyses revealed statistically sig-
nificant differences among the slopes for three values of in-
fection status at the 99% confidence level (F = 140.70; p =
0.000). The MM and EP male crabs have slopes significantly
different from UI males (p < 0.01) (Fig. 4b).

Following infection for two infected (MMand EP) groups of
crabs (Fig. 4c), the width of 5AW of males increased linearly
with CWand there is a statistically significant difference among
slopes (ANACOVA, F = 3229.27; p = 0.000).Multicomparison
analyses showed that all three male groups have slopes (Fig.
4d) significantly different from each other (p < 0.01). Results
suggest a significantly higher rate in males than in the MM and
EP female groups. However, two infected female groups did
not exhibit reduction in size of chela (Fig. 4e) or broadening of
5AW (Fig. 4g). ANACOVA analyses showed no significant
differences in the ChL and 5AW versus CW ratio between UI
and MM, EP female crabs (p > 0.05) (Fig. 4f, h).

Figure 5 shows the relationship between CH and AW ratios
versus infection status and sex. The mean CH ratio decreased
from 0.797 ± 0.09 to 0.698 ± 0.06 (12.4%) when the UI males
have been externally parasitised. However, the AW ratio of UI
males (0.143 ± 0.01) increased 178% to 0.397 ± 0.03 for males
carrying external parasites. A Kruskal-Wallis (K-W) test
showed that there was a statistically significant differenceTa
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between the three infection statuses (UI, MM, EP) for both CH
(X2 = 577.88, p < 0.0005; Tamhane post hoc test, p < 0.0005)
and AW indices (X2 = 339.81, p < 0.0005; Tamhane post hoc
test, p < 0.0005) (Fig. 5a). The abdomen of male crabs with
external parasites were broad like females to provide the same
degree of protection for the parasite as is normally offered to the
brood. Moreover, CH of EP female individuals (0.69 ± 0.05)
was significantly larger than UI (0.66 ± 0.05) individuals (t-test,
F = 72.393, p = 0.000), while the AW ratio of EP females (0.41
± 0.03) was significantly smaller than UI (0.44 ± 0.05) crabs (t-
test = 95.760, p = 0.000) (Fig. 5b).

Multiple infections

Three hundred thirty-three EP male and 321 EP female individ-
uals ofC. longicolliswere examined for the existence of external
parasites.Multiple infections were not common in the population
of C. longicollis in Antalya Bay. For both sexes combined,
91.1% of individuals with external parasites showed only one

externa, five individuals had three externae, and one male spec-
imen had five. One-way ANOVA indicated that sex was a sig-
nificant factor on the number of externae in C. longicollis (F =
5.025, p ˂ 0.05), with males more prone to infection.

Reproduction of C. longicollis

While individual OvF were encountered throughout the year,
the percentage fluctuated between 24.5% in December and
82.2% in May, with a mean of 51.4%, but proportions of
OvF in excess of 50% of the total female population occurred
between March and May, and in September (Table 1, Fig. 6).
The only factor that had a significant effect on both SR and the
proportion of OvF (p < 0.05) was the season. There was a not
significant correlation between OvF and SST (r = −0.378, p =
0.226). The CW of OvF ranged from 20 to 45 mm, with a
mean 31.7 ± 3.4 mm (n = 2697). The fitted logistic curve re-
vealed a CW at first maturity (CW50%) of 24.7 mm (Fig. 7).
Also, the CW/5AW relationships of the UI female crabs

Fig. 3 Size (CW) frequency dis-
tribution ofC. longicollis sampled
in Antalya Bay: amale, b female.
UI-M: uninfected male; MM-M:
morphological modified male;
EP-M: externally parasitised
male; UI-F: uninfected non
ovigerous female; OvF:
ovigerous female; MM-F: mor-
phologically modified female;
EP-F: externally parasitised
female

Table 2 The mean values
(±standard deviation) of the
biometric measurements (in mm)
according to sex and infection
status in the population of
C. longicollis

Infection status Male Female

CW ChL 5AW CW ChL 5AW

UI 38.7 ± 8.3 31.4 ± 9.2 5.5 ± 1.0 31.8 ± 3.9 21.2 ± 2.9 14.1 ±

MM 28.1 ± 5.1 18.2 ± 4.4 7.4 ± 2.9 35.8 ± 3.4 25.0 ± 2.8 14.4 ±

EP 39.1 ± 4.5 27.7 ± 4.0 15.5 ± 2.1 37.2 ± 4.1 26.1 ± 3.6 15.6 ±

Ov – – – 31.7 ± 3.4 – –

UI: Uninfected;MM:morphological modified; EP: externally infected; Ov: ovigerous; CW: carapace width; ChL:
the chela length; 5AW: maximum width of the 5th abdominal segment

2243Biologia (2020) 75:2239–2249



showed that crabs above 24–25mmCW tended to have larger
abdominal segments (Fig. 4g).

Age and growth

In both sexes, the pooled (infected and UI) CWFD (Fig. 8)
were used for the analysis. Identification by age group
(modal group) showed that males of C. longicollis

exhibited a maximum of three modal size groups per year,
while females exhibited only one. Due to the small number
of female cohorts identified, exploitation and mortality
were analysed only for males. The ELEFAN analysis
yielded an optimised von Bertalanffy growth curve with
the following parameters: L∞ = 58.8 mm and K = 0.-
72 year−1 for males. The mean CW per year in males, using
the parameters of the von Bertalanffy growth models,

Fig. 4 Dimensions of chela
length (ChL) and maximum
width of fifth abdominal segment
(5AW) as a function of carapace
width (CW) of uninfected and in-
fected C. longicollis specimens
(circle; uninfected (UI), square;
morphologically-modified (MM),
cross; externally parasitised (EP),
yellow circle; pupil). The CW/
ChL relationship of male (a) and
female (e), The CW/5AW rela-
tionship for male (c) and female
(g). Multiple comparison using
one-way ANACOVA results to
determine which biometric rela-
tionships (slope: b value) are sig-
nificant. Dashed vertical lines de-
note statistical confidence limits
for multiple comparisons of both
sexes. Male (b and d); female (f
and h)
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were: 25, 42, 51, and 55 mm. The M values were estimated
as 1.08 year−1 for male crabs.

Discussion

Some swimming crabs belonging to the genus Charybdis De
Haan, 1833 have proven to be highly invasive, spreading out-
side their original range of distribution via shipping and the
Suez Canal (Froglia 2012). Until now, the presence of six spe-
cies of this genus have been identified in the Mediterranean
(Kondylatos et al. 2017).

Charybdis longicollis is the most abundant (70%) trawl-
caught decapod crustacean (Galil 1986) along the coast of
Israel. With 22.6 kg h−1 CPUE and 47.2% of the trawled
biomass, C. longicollis is the most abundant species in
Antalya Bay. Although the species was not in the main catch
in 1983 along the İskenderun Bay, abundance of the species
increased to 5% with 1.9 kg h−1 CPUE value in 1984. In the
following years (2002–2003), abundance of this species was
reported as 9.7% of the total catch with a CPUE value of
2.6 kg h−1 (Çiçek et al. 2014). Moreover, surveys carried out
between 2009 and 2013 reported an average CPUE value of

2.1 kg h−1, and the species constituted 12.5% of the total
biomass in Mersin Bay (Gökçe et al. 2016).

Previous studies (Table 3) indicated that, even though the
population of C. longicollis settled in the Levant Sea in the
second half of the twentieth century, infected populations of
the species have only been observed in the last decade.
Moreover, in terms of the infection characteristics, significant
differentiation with latitude (between lower (Israel) and upper
(Turkey)) have been reported. Although, no infection was
reported in the population of C. longicollis distributed along
the Israeli coast until 1992; in subsequent years, infestation
rates were reported to increase: 35.5% in 1993–94 (Galil and
Lützen 1995), 60.5% in 2005–07 (Innocenti and Galil 2011),
62.8% inMay 2008 (Innocenti et al. 2009), and 89% in 2008–
12 (Innocenti et al. 2017). Similar to the southern part of
Levant, no infection by H. dollfusi was observed along the
Turkish shoreline until the spring of 1994 (Galil and Lützen
1995; Øksnebjerg et al. 1997). Çiçek et al. (2014) reported a
23.3% infestation in 1120 individuals from Iskenderun Bay
examined in 2002 and 2003. In May 2008, the infestation rate
was reported to be 19.2% (n = 944) in Antalya Bay (Innocenti
et al. 2009). In this study, the infestation rate detected was
25% in May and the annual infestation rate was 26.3%.
Nevertheless, even in limited distribution areas, the

Fig. 6 Temporal variation in
relative abundance of ovigerous
females (OvF) among uninfected
female (UI-F) individuals, sex ra-
tio of C. longicollis, and monthly
mean sea surface temperature
(SST) in the Antalya Bay during
the study period

Fig. 5 Box plot (median, range of
quarters, low, high and outliers)
graphs of CH (a) and AW (b)
ratios according to infection status
and sex in C. longicollis.
Uninfected (UI), morphologically
modified (MM), externally
parasitised (EP), male (blue), and
female (diamond-pink)
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prevalence of the parasite displayed local variations (Innocenti
et al. 2009; Werner 2011). Boone et al. (2004) identified sev-
eral factors (host sex, size, molting frequency, molt stage, and
migratory behavior) that affect parasite recruitment. In this
study, the percentage of infected males (35.0%) was much
higher than infected females (12.2%); this result is in accor-
dance with those reported in other studies in Israel (Galil and
Innocenti 1999; Galil and Lützen 1995; Innocenti et al. 2009;
Innocenti and Galil 2011), which found that males constituted
the majority of infected crabs.

The reduction in chela size, broadening of the abdomen, and
degeneration of pleopods are the most common morphological
modifications in male crabs infected with the rhizocephalan
parasite (Kristensen et al. 2012). Thesemodifications also occur
in other brachyurans (Yamaguchi and Aratake 1997) and
anomurans. The present study clearly demonstrates that

Fig. 7 Expected (logistic line) and observed percentage of mature
specimens, related to overall size and size at first maturity (FMS) of
C. longicollis sampled in Antalya Bay

Fig. 8 Monthly changes in the
chela width frequency
standardised distribution
(CWFSD) of C. longicollis in
Antalya Bay between January and
December 2010
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broadening of the abdomen and reduction in the size of the
chela are the two characteristic modifications of the secondary
sex character of infected males of C. longicollis (Figs. 4 and 5;
Table 2).

Although more than 80 species of Charybdis are known,
few comparative data on their life histories are available.
There is no reported information on lifespan and growth of
the C. longicollis in the literature. Four species of the genus
have life spans of about one year in Charybdis bimaculata
Miers, 1886 (Doi et al. 2008), two to four years in
Charybdis japonica A. Milne-Edwards, 1861 (Kim 2001;
Ogawa 1997), one year in Charybdis smithii MacLeay, 1838
(Van Couwelaar et al. 1997), and three cohorts in Charybdis
feriata Linnaeus, 1758 (Dash et al. 2014). In the present study,
the C. longicollis population showed two to three cohorts.

In all previous studies, the sex ratio (0.38–0.41) differed
from the expected 1:1 ratio in northern and southern parts of
the Levant Sea (Table 3). There was a clear surplus of male
individuals in the populations. No previously reported values
on the reproduction and instantaneous natural mortality of
C. longicollis were found in the literature.

Conclusion

Despite the high prevalence of infection by H. dollfusi and its
potential negative impact on C. longicollis (fecundity, larval
dispersal and juvenile recruitment, growth, mortality) (Galil
and Lützen 1995; Innocenti and Galil 2007; Innocenti et al.
1998), populations of C. longicollis are not decreasing in the
region. The reason is crucial and two explanations are sug-
gested: i) overpopulation of C. longicollis can be ascribed to
the density of ovigerous and parasite-free individuals with
high fecundity and the ability to spawn year-round (24.5%
in December and 82.2% in May) and ii) Chondrichthyan spe-
cies (especially Raja clavata Linnaeus, 1758 and Dasyatis
pastinaca Linnaeus, 1758)—the top predators of C. longicollis
(Yeldan et al. 2009)—are susceptible to fishing pressure and
have been decimated by injurious fishery practices over the
years (Çiçek et al. 2014; Innocenti et al. 2017). The prohibi-
tion of fishing for 11 cartilaginous species including
R. clavata and two Rhinobatos species (Rhinobatos
rhinobatos Linnaeus, 1758 and Rhinobatos cemiculus
Geoffroy Saint-Hilaire, 1817) in Turkish Seas in April 2018
confirm the decline in top predators and need for protection.
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