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Abstract
The Indo-Pacific oyster Chama pacifica Broderip, 1835 (Mollusca, Bivalvia,
Chamidae) is rarely found in the Northern Red Sea reefs of Eilat (Gulf of
Aqaba), where it is outnumbered by its indigenous congener, Chama savignyi
Lamy, 1921. The influx of Eritrean biota from the Red Sea into the Mediterranean Sea via the Suez Canal has led to the formation of massive Chama oyster
beds along the Eastern Mediterranean shore. However, unlike the Northern
Red Sea, the Eastern Mediterranean Chama beds are dominated by C. pacifica
oysters, whereas C. savignyi is absent from this region. In an attempt to understand this difference in their respective distribution, the reproductive biology
of both species was compared. Histological analysis of the male and female
gonads, monitored monthly from March 2009 to August 2010 in both regions,
revealed a similar reproductive cycle, comprising six stages: onset of gametogenesis, advanced gametogenesis, ripe, ready to spawn, spent and sexual rest.
Female gonads demonstrated an additional, seventh stage – restoration, coinciding with inferred spawning of ripe gametes. Both species were found to be
dioecious spawners, with a single, annual, temperature-dependent inferred
spawning period. Chama pacifica was found to reproduce efficiently in maximal
Mediterranean seawater temperatures not experienced by the Northern Red Sea
Chama populations. This study demonstrates the high invasive potential of an
oyster species despite its rarity in its source region.

Introduction
Members of the oyster family Chamidae are common in
Indo-Pacific subtidal habitats, adhering to the sides of
rocks, where they are usually well hidden by a fine growth
of algae that extends equally over the rocks and the oyster
shells (Purchon 1968). Chamidae species are known for
their efficient filter-feeding abilities and thus may compete with other benthic filter-feeders for both space and
food (Raj 2008). In Eilat (Northern Gulf of Aqaba, Red
Sea), Chama savignyi Lamy, 1921, is quite abundant in
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH

reefal habitats, growing among coral colonies (Fig. 1A),
from shallow subtidal rocky formations down to 20 m.
Chama savignyi outnumbers all other oyster species there.
However, its congener, Chama pacifica Broderip, 1835, is
seldom found in Eilat (see Results).
The opening of the Suez Canal in 1869 connected the
Eastern Mediterranean Sea and the Gulf of Suez (Northern Red Sea), linking two biogeographic provinces, the
Atlanto-Mediterranean and the Indo-Pacific (Spanier &
Galil 1991). This triggered an invasion of Indo-Pacific
(Erythrean) biota into the Mediterranean Sea (termed the
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Fig. 1. (A) Chama savignyi oysters on a
Northern Red Sea coral reef. (B) C. pacifica
oyster bed on an Eastern Mediterranean rock
formation.

‘Lessepsian migration’; Por 1978), imposing changes on
the Mediterranean food web (Argyrou et al. 1999; Rilov
et al. 2002), generating constant competitive stress on the
local fauna (Fishelson et al. 2002; Atad 2005), and
also introducing alien parasites (Diamant 1998). Chama
pacifica was first recorded in the Mediterranean from
Alexandria, Egypt (Tillier & Bavay 1905) and a few decades later from Lebanon, Turkey, and Cyprus (Galil
2008). In contrast to its rarity in the Eilat reefs, C. pacifica has formed dense populations in the form of gregarious beds off the Israeli Mediterranean coast (see Results
below; Fig. 1B), where it has almost completely replaced
Chama gryphoides (Linnaeus, 1758), its indigenous Mediterranean congener (Galil 2008). On the other hand,
C. savignyi has not yet been recorded in the Mediterranean Sea, despite the steady invasion of the Red Sea biota
into the region (Zenetos et al. 2010).
Reproductive traits are considered among the most significant factors determining the success of a bivalve species in establishing a population in a new environment
(reviewed by Vermeij 1996). In Chile, for example, the
oyster Crassostrea gigas, despite having been introduced
into several habitats, has only succeeded in maintaining a
growing population in environments in which the temperature of the seawater has allowed optimal development
of the female gonads (Castaños et al. 2009). The freshwater mussels Limnoperna fortunei and Dreissena polymorpha (family Mytilidae) have both successfully invaded
freshwater bodies in East Asian countries, such as China
and Japan (Morton 1975; Nakai 1995), and South American ones, such as Argentina and Bolivia (Pastorino et al.
1993). Limnoperna fortunei was found to have greater
invasive potential than D. polymorpha, partially due to its
longer reproductive season (Karatayev et al. 2007). The
higher reproductive ability of the invasive mussel Mytilus
galloprovincialis has been suggested to contribute to its
successful competition with the indigenous Perna perna
along the South African shores (Zardi et al. 2007).
The reasons for the disparity in occurrence of the two
congeners C. pacifica and C. savignyi in both the Eastern
Mediterranean Sea and Eilat are still not known.
2

A comparison of their reproductive traits could shed light
on the factors that have led to this pattern. However,
such a study requires examination of a sufficient number
of oysters and, as C. pacifica is extremely rare in Eilat and
C. savignyi is absent from the Eastern Mediterranean Sea,
a comparison is not feasible. Conversely, the large population of C. pacifica in the latter region provides a sufficient sample of the animal for examination of its
reproductive traits and it can be compared with the Red
Sea C. savignyi. The present study quantifies the abundance of C. pacifica and C. savignyi in the Eastern Mediterranean Sea and Eilat and examines for the first time
their annual gonad development and reproductive cycles.
During an 18-month period, animals of the two species
were examined histologically and their gonad development monitored, in an attempt to understand the disparity in their abundance in the respective regions (Eastern
Mediterranean Sea versus Northern Red Sea). The current
study addressed the following questions: first, is the difference in the abundance of the two chamid species in
Eilat due to certain species-specific reproductive traits;
and second, have certain reproductive traits led to the
successful establishment of C. pacifica in the Eastern Mediterranean Sea? The study also provides for the first time,
quantitative data regarding the abundance and density of
both oyster species in the two regions.

Material and Methods
Study sites and oyster abundance

Chama pacifica was collected from Sdot Yam (29º
32¢28¢¢ N, 53º 34¢10¢¢ E), along the Israeli Eastern Mediterranean Sea (EMS); and Chama savignyi from opposite
the Interuniversity Institute of Marine Science (IUI) (30º
29¢06¢¢ N, 55 º 34¢03¢¢ E), Eilat, at 2–5 and 1–2 m depth,
respectively. The density of the two species was determined by counting specimens in the respective regions
(5 m depth), using 1-m2 quadrats (n = 10 random counts
in each region, approximately 20 m apart, April–May
2009).
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Sampling and histological studies

During March 2009–August 2010, monthly samples of 10
randomly collected specimens of each species were
obtained from the largest size group (shell length
>10 cm) in each region. Due to bad weather conditions,
no sampling was conducted in April 2009 and January
2010 in either region. In March and July 2009 and February 2010, the EMS sample comprised 20 Chama pacifica
oysters. The ambient seawater temperature was recorded
on the day of collection using a Vyper diving computer
(Suunto, Vantaa, Finland). The oysters were removed
from the substrate with a hammer and chisel, kept in seawater and immediately dissected: the Sdot Yam specimens
at Tel Aviv University (TAU) and the Eilat ones at the
IUI. They were opened with a hammer and chisel, and
the soft body was separated from the shell and individually placed overnight in 50-ml PVC containers with 4%
formaldehyde in seawater, then rinsed with distilled
water, transferred to 70% ethanol and stored at 4 C.
The gonads of Chama pacifica and C. savignyi surround
the surface of the gut (see Yonge, 1966). Following
fixation (see above), a random slice of the gonad
(10 · 20 mm) was removed from each oyster with a
scalpel for preparation of histological sections. After dehydration in a graded series of ethanol and butanol and
embedding in paraffin, serial sections, 8 lm thick, were
prepared using an MIR microtome (Thermo Fisher Scientific, Waltham, MA, USA) and stained with Delafield
hematoxylin-eosin. Fifteen sections were prepared from
each oyster and were examined after mounting with an
Optiphot Nikon microscope (·400) attached to a Nikon
HB 10101 AF Camera. The presence of gonads and their
sex were determined in each section. To measure oocyte
size, five oocytes from each female oyster were randomly
chosen and the size of their longest axis crossing the
nucleus (maximum diameter, following Lango-Reynoso
et al. 2000 and Castaños et al. 2009) was measured to the
nearest lm, using the measuring tool of the Nikon
Camera (see above). The developmental stages of the
male and female gonads were determined following the
seven-stage characterization defined by Darriba et al.
(2004) for the study of the razor clam Ensis arcuatus for
both sexes, as follows:
l Start of gametogenesis: characterized by the presence of
a few follicles within the gonads, in which gametes in
meiotic stages are found on the follicle wall.
l
Early and advanced gametogenesis: the size of the follicles increases and they occupy a larger percentage of
the gonad. In males the center of the follicles contains
a mass of spermatozoa, while immature sperm cells
develop along the follicle wall. In females, free oocytes
are found inside the lumen of the follicle.
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Ripe: follicles densely packed with gametes occupy the
entire space of the gonad.
Spawning: gonoducts appear full of gametes; follicles
lose their packed image and many follicular walls are
ruptured.
Restoration: follicles are condensed, allowing immature
gametes to mature and consequent further spawning.
Spent (exhaustion): follicles decrease in size and are
almost empty; a preceding spawning event can thus be
inferred from their presence. At this stage, tissue
appears between the follicles and the latter reveal an
empty lumen, occasionally with a few individual ripe
gametes.
Sexual rest: follicles and gametes are not found and
most of the gonad is occupied by collagen tissue and fibroblasts.

Results
Oyster abundance

At Sdot Yam, beds of Chama pacifica were commonly
found on the aeolinite sandstone formations known as
Kurkar sandstone (Fishelson et al. 2002) at a wide depth
range (1–25 m), with a density of 13.6 ± 5.3 m)2 at
5 m. They form dense aggregations, often growing next
to another Lessepsian invasive oyster, Spondylus spinosus,
as previously described by Mienis et al. (1993a). Such
oyster beds are rather new to the Eastern Mediterranean
Sea and have been noticed only in the last few decades
since C. pacifica invaded the region (Mienis et al.
1993b). In Eilat, this latter species was found in the
current survey to be extremely rare and only two or
three oysters could be found during a 60-min dive.
However, at 5 m, Chama savignyi exhibited a density of
5.4 ± 2.7 oysters m)2, although it was never found in
Sdot Yam or in any other Eastern Mediterranean Sea
site explored by us (pers. obs.). Both species were found
in Eilat at depths of up to 20 m. The oyster density in
Sdot Yam is significantly higher than in Eilat (C. pacifica versus C. savignyi, paired t-test t = 5.32, P-value
<0.05, n = 20).
Histological studies and reproductive stages

Both C. pacifica and C. savignyi were found to be dioecious and no hermaphrodites were found in any of the
oysters examined. Their reproductive stages were rather
similar and both corresponded to those assigned by Darriba et al. (2004) (see above). At the start of spermatogenesis, some follicles were present in the gonads, along with
a few dispersed spermatocytes attached to the follicular
wall (Fig. 2A: C. pacifica; Fig. 3A: C. savignyi). Early
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Fig. 2. Chama pacifica, Sdot Yam, Israeli
Eastern Mediterranean Sea. Histological
sections showing reproductive stages of
males. (A) Start of spermatogenesis. (B) Early
spermatogenesis. (C) Advanced
spermatogenesis. (D) Ripe spermaries. (E)
Ready to spawn spermaries. (F) Spent
spermaries.

spermatogenesis was recorded in C. pacifica (Fig. 2B) but
not in C. savignyi, most probably due to lack of sampling
in January and February 2010 (see Material and Methods).
Advanced spermatogenesis was recorded for both species
(Fig. 2C: C. pacifica; Fig. 3B: C. savignyi), as well as ripe
(Fig. 2D: C. pacifica; Fig. 3C: C. savignyi), spawning
(Fig. 2E: C. pacifica; Fig. 3D: C. savignyi) as well as spent
spermaries (Fig. 2F: C. pacifica; Fig. 3E: C. savignyi).
Among the females, onset of oogenesis was found in
both Chama species (Fig. 4A: C. pacifica; Fig. 5A: C. savignyi), as well as the advanced oogenesis stage (Fig. 4B:
C. pacifica; Fig. 5B: C. savignyi), ripe gonads (Fig. 4C:
C. pacifica; Fig. 5C: C. savignyi), and spawning (Fig. 4D:
C. pacifica; Fig. 5D: C. savignyi). The restoration stage
was observed during the inferred spawning period of both
species. Condensed follicles featuring immature oocytes
were also found concurrently at that stage with the ruptured follicles post-spawning (Fig. 4E: C. pacifica; Fig. 5E:
C. savignyi). Spent gonads (Fig. 4F: C. pacifica; Fig. 5F:
C. savignyi) and sexual rest (Fig. 4G: C. pacifica; Fig. 3F:
C. savignyi) were found in both species. No follicles were
4

seen in the gonad tissue during sexual rest and therefore
the sex of such oysters could not be determined.
Annual gonad development and reproductive cycle

Over the course of the study, in any given month, both
Chama pacifica and Chama savignyi exhibited at least one
reproductive stage (Table 1). On the first sampling date,
March 2009, C. pacifica featured onset of gametogenesis,
whereas C. savignyi was in the spawning stage. During
March–August 2009, 61.5% of the males of C. savignyi
were either at the ripe, spawning or restoration stages,
whereas the rest were undergoing either onset (11.5%) or
early (15%) spermatogenesis or had spent gonads (8%)
(Table 1). During this period, 80% of the females were in
the ripe, spawning or restoration stages, the rest undergoing onset of gametogenesis (Table 1).
Based on histological sections, spawning of C. pacifica
males was inferred to have begun in May 2009, and the
females demonstrated the onset and early gametogenesis
stages during the same period. During May–August
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH
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Fig. 3. Chama savignyi, Eilat, Northern Gulf
of Aqaba. Histological sections showing
reproductive stages of males. (A) Onset of
spermatogenesis. (B) Advanced
spermatogenesis. (C) Ripe spermaries. (D)
Ready to spawn spermaries. (E) Spent
spermaries. (F) Sexual rest.

2009, 83% of the males were ripe, spawning or in the
restoration stage, and the remaining 17% had spent
gonads. Most of the females at that time (48%) featured ripe, spawning or restoration stages. Onset of
oogenesis (38%), advanced oogenesis (7%), and spent
(7%) stages were also found in females at that time. In
September 2009, both Chama species featured advanced
oogenesis, although spawning could not be inferred
from the histological examination. Sexual rest was
found in C. pacifica in September and October 2009
and in C. savignyi during September–December 2009. In
both species, sexual rest coincided with gametogenesis.
During September 2009–April 2010, all male and female
C. pacifica were either at onset of gametogenesis (54
and 63%, respectively), or at early or advanced gametogenesis (51 and 37%, respectively). During September–
December 2009, 75% of the males of C. savignyi and all
the females featured onset of gametogenesis, whereas
early or advanced gametogenesis was noted in only
25% of the males. In March 2010, spawning was
inferred in C. savignyi. From then until August 2010,
67% of males and 65% of females were ripe, spawning
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH

or at the restoration stage. The remaining males (33%)
and 4% of the females featured advanced gametogenesis, while the rest of the females (30%) had spent
gonads. Spawning was inferred for C. pacifica in May
2010 and from then until August 2010, 67% of the
males and 62% of the females were ripe, spawning or
at the restoration stage. The remaining male and female
oysters (33 and 38%, respectively) were at the advanced
gametogenesis stage.
Examination of all C. pacifica oysters containing
gonads revealed a sex ratio of 59 males (40.4%) to 87
females (59.6%) with no significant difference between
the occurrence of each sex in the samples (v2 = 3.3, P
= 0.07). The sex ratio of C. savignyi was 65 males
(55.2%) to 53 females (44.8%), and similarly indicated
no significant difference (v2 = 0.84, P = 0.36). Sdot Yam
C. pacifica showed a significant tendency toward females
when compared to Red Sea C. savignyi, (v 2 = 5.9,
P = 0.015).
Figure 6 presents the average maximal diameter (± SD)
of the oocytes of C. pacifica and C. savignyi throughout
the study. This diameter in both species corresponded
5
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Fig. 4. Chama pacifica, Sdot Yam, Israeli
Eastern Mediterranean Sea. Histological
sections showing reproductive stages of
females. (A) Start of oogenesis. (B) Advanced
oogenesis. (C) Ripe oocytes. (D) Ready to
spawn oocytes. (E) Restoration of immature
oocytes for further spawning. (F) Spent
gonads. (G) Sexual rest.

with the ambient seawater temperature curve, i.e. larger
oocytes occurred when temperature was high and vice
versa.
Significant differences were recognized among the average oocyte diameter of both oyster species in the different
months (Kruskal–Wallis test C. pacifica: H = 62.8,
P < 0.01; C. savignyi: H = 36.61, P < 0.01). In C. pacifica,
the maximal average diameter of oocytes did not differ
significantly between the two monitored spring–summer
periods (May–August 2009 and 2010) (Mann–Whitney
test, P = 0.06, t = 73.5, n = 22 for each period). However, significant differences were found between the
spring–summer periods of both years (May–August 2009
and 2010) and the autumn–winter periods (October
2009–March 2010, n = 25) (Mann–Whitney test, t = 0,
P = 2.7E-08; t = 0, P = 4.2E-05, respectively). In C. savignyi, the average maximal diameter of oocytes did not
differ significantly between the two monitored springsummer periods (March–August 2009 and 2010)
(Mann–Whitney test, P = 0.12, t = 32, n = 20 and 22,
respectively). However, significant differences between the
6

average maximal oocyte diameters were found when each
of the spring–summer periods (May–August 2009 and
2010) was compared to the autumn–winter period (September–December 2009, n = 20) (Mann–Whitney tests:
t = 0, P = 0.001 and t = 0, P = 1.45E-05, respectively). In
both oyster species the high standard deviation around
the average values in July 2009 reflected the co-occurrence of immature and mature oocytes at the restoration
stage (Figs 5E and 6E).
The largest oocyte diameter of C. pacifica (85.5 lm)
was found in August 2009 and was smaller than that of
the largest C. savignyi oocyte (98.9 lm), found in May
2010. Notably, the maximal average diameter of the five
largest mature oocytes measured in ripe and spawning
oogenic stages did not differ significantly between the two
species (paired t-test P > 0.05). Mann–Whitney pairwise
comparisons revealed significant differences in maximal
oocyte diameter between start, early and advanced
oogenic stages. No significant differences in maximal
oocyte diameter were found between advanced, ripe and
spawning stages (Table 2). Comparisons were applied to
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH
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Fig. 5. Chama savignyi, Eilat, Northern Gulf
of Aqaba. Histological sections showing
reproductive stages of females. (A) Onset of
gametogenesis. (B) Advanced oogenesis. (C)
Ripe oovaries. (D) Ready to spawn oocytes.
(E) Restoration of immature oocytes for
further spawning. (F) Spent gonads.

pooled data from both 2009 and 2010 samples. Similar
results were obtained for C. savignyi (Table 3).

among the most conspicuous solitary organisms on the
Eastern Mediterranean subtidal hard substrate, mainly
Kurkar sandstone formations.

Discussion
The present study compared the abundance and reproductive traits of two Indo-Pacific congeneric oysters,
Chama pacifica and Chama savignyi. Both the invasive
C. pacifica in Sdot Yam and the indigenous, congeneric
C. savignyi in Eilat, are prominent in the respective
regions. Our results reveal that C. pacifica has become a
notable component of the shallow Eastern Mediterranean
benthos, occasionally in association with Spondylus spinosus, another Lessepsian invasive oyster (see Results). The
density of C. pacifica in Sdot Yam found in the current
study, resembles that obtained at three other sites along
the Eastern Mediterranean Israeli coast: the submerged
rocky habitat off Tel Aviv (Zurel et al. unpublished data),
steel pillars supporting the coal conveyer belt at Hadera
powerplant, and the rocky shore at Shiqmona near Haifa
(Sharon 2006). These two invasive oysters appear to be
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH

Reproductive stages and gametogenic cycle

Prior to the current study, the only available data on
reproduction of a chamid species were on Chama congregate, studied in North Carolina and found to be a dioecious spawner (Labarbera & Chanley 1971). The current
study has revealed that C. pacifica and C. savignyi are also
dioecious spawners, and are characterized by similar
reproductive features, with an inferred spawning period
throughout spring and summer (Fig. 6, Table 1). The
gonad stages of the two oysters correspond to those previously found for the razor clam Ensis arcuatus (see Darriba et al. 2004) and the oyster Crassostrea gigas (Castaños
et al. 2009). Restoration and recovery stages, deduced
from the large standard deviation around the average
oocyte diameter, measured during the inferred spawning
period (Fig. 6), have been found in several other bivalves
7
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Table 1. Chama pacifica (CP), Sdot Yam, Israeli Eastern Mediterranean coast, and C. savignyi (CS), Eilat, Northern Red Sea. Number of oysters:
females (F), males (M) or unidentified sex (U) during the study with respect to reproductive stage (Ripe, Spawning and Restoration lumped
together).

Month
March 2009
May 2009
July 2009
August 2009
September 2009
October 2009
November 2009
December 2009
February 2010
March 2010
April 2010
May 2010
June 2010
July 2010
August 2010
Sum

Sexual
rest

Start of
gametogenesis

Early and advanced
gametogenesis

Ripe ⁄ spawning ⁄
restoration

Spent

U

F

F

F

F

CP

CS

M

CP
6
5

1
1

4
2
3
2
1

1

1
6
7
2
2

CS

CP

CS

M

CP

CS

11
1
1
1
4
4
4
4

4
6
3
2
2
2

12

29

18

30

CS

CP

CS

CP

10
4

4
6
5
1

3
1
1

1
2

2
1
5
4

2

2
2
1
2
2
1

4
1
6
1

2
4

3
3

CP

12

19

3
2
1
1
4
3
4
1

1

1
1
13

20

5

M

6
7
5
4
36

1
2
3
5
4
31

CS

CP

Sum
M
CS

CP

CS

6

2
3
6
16

1

2

1

1
2

2
1
4

2
3

5
3
23

2
10

2

1

CP
18
10
10
6
10
10
10
10
12
9
10
10
10
9
10
136

CS
10
10
9
10
10
10
10
10
8
7
10
10
6
120

Fig. 6. Average maximal diameter of oocytes
(± S.D., n = 15 oocytes per each month,
ND = no data) and the ambient seawater
temperature (ºC) curve for Chama pacifica in
Sdot Yam, Israeli Eastern Mediterranean Sea
(A) and C. savignyi in Eilat, Northern Gulf of
Aqaba (B).

that feature more than one spawning event per year,
such as the South American scallops Amusium laurenti
and Amusium papyraceum (see Penchaszadeh et al.
2000). We suggest, therefore, that the restoration stage
may facilitate the prolonged spawning period found in
C. pacifica and C. savignyi over the entire spring and
8

summer, and thus also contributes to their success in
the respective regions.
Spawning in oysters, such as C. gigas, has been
found to be related to annual seawater temperature rise
(Castaños et al. 2009). In our study, spawning was
first inferred for both Chama species when seawater
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH
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Table 2. Whitney pairwise comparisons between maximal average
oocyte diameters of Chama pacifica measured at different oogenesis
stages.
Start of
Early
Advanced
oogenesis oogenesis oogenesis Ripe Spawning
Start of oogenesis
Early oogenesis
Advanced oogenesis
Ripe
Spawning

0.012

0.008
0.008

0.02 0.004
0.02 0.004
0.9 0.18
0.11

Table 3. Mann–Whitney pairwise comparisons between maximal
average oocyte diameters of Chama savignyi measured at different
oogenic stages.
Start of
oogenesis
Start of oogenesis
Advanced oogenesis
Ripe
Spawning

Advanced
oogenesis
0.023

Ripe

Spawning

0.023
0.66

0.006
0.04
0.14

temperature was >21 C (Table 1, Fig. 6). We found a 5month inferred spawning period for the Sdot Yam
C. pacifica (May–September) and a 6-month period for
the Eilat C. savignyi (March–August). We suggest that the
lower winter seawater temperature measured in Sdot Yam
(14–18 C) compared with Eilat (20–21 C) has led to
the differences in the length of the respective inferred
spawning periods. Exposure of an invasive species to the
temperature regime prevailing in its new environment
may conduce to a change in the timing and duration of
its spawning period, as occurred for example when
C. gigas was introduced into France (Enrı́quez-Dı́az et al.
2009). The invasive C. pacifica appears to have adapted to
the Eastern Mediterranean Sea temperature regime, and
its inferred spawning period commences two months after
that of the Eilat C. savignyi (Table 1), thus meeting the
temperature threshold of >21 C (Table 1, Fig. 6). We
suggest that under the Northern Red Sea conditions prevailing in Eilat, both Chamidae species are expected to
show a similar reproductive cycle, with temperaturedependent spawning periods.

In a recent study on mollusk shells found along the
Saudi Arabia coast, Central Red Sea (Wronski 2010),
where the summer seawater temperature of 31 C resembles that of the Eastern Mediterranean Sea (see Results),
C. pacifica comprised >4% of the shells. Additionally,
warm seawater temperatures were found to be favorable
for the symbiotic gill bacteria which co-invaded the Eastern Mediterranean from the Red Sea along with C. pacifica (Zurel et al. 2011). We therefore suggest that the
warmer seawater temperature prevailing in these two
regions, compared to the typical summer temperature of
Eilat (27 C, see Genin 1995), has led to the proliferation
of C. pacifica. However, the mechanism by which the
highest temperature (31  versus 27 C) may affect the
oyster is not necessarily reproduction-related. The summer seawater temperature of the Eastern Mediterranean
Sea contributed considerably to the successful invasion of
C. pacifica of that region.
In the current study, the Sdot Yam C. pacifica population had a significantly higher proportion of females
compared with Eilat C. savignyi. Such a tendency has
been suggested to promote population increase, which
may also conduce to a successful invasion (Galbreath
et al. 2004). At present, invasive populations of C. pacifica
are known from Israel (Mienis et al. 1993a), Cyprus
(Zenetos et al. 2009) and Turkey (Türkmen et al. 2005).
Recent findings of C. pacifica as far west as the Greek
Aegean (Manousis et al. 2010) suggest an even further
spread of this species in the region. It should be noted
that both Sdot Yam minimum and maximum temperatures measured in our study during 2010 were 2 C
higher (20 C and 32 C) than in 2009 (18 C and
30 C). Moreover, the minimum temperature in Sdot
Yam in 2010 was 4 C higher than the 14 C minimum
known for the region (Galil & Zenetos 2002). These findings further demonstrate a pattern of temperature rise of
the Mediterranean Sea (Galil 2007; Occhipinti-Ambrogi
2007; Klausmeyer & Shaw 2009). As C. pacifica was found
to be able to contend with a wide temperature regime,
the predicted scenarios of higher winter temperatures in
the Mediterranean (Klausmeyer & Shaw 2009) are
expected to expand the distribution of C. pacifica to
regions beyond those known at present.
Acknowledgements

Disparity in abundance of Chama savignyi and Chama
pacifica

Despite the general similarity in the reproduction of
C. pacifica and C. savignyi, the former is scarce in Eilat,
in opposition to its remarkably high abundance in Sdot
Yam. Consequently, reproduction does not explain the
rarity of C. pacifica in the Eilat reefs.
Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH

We are grateful to the anonymous reviewers whose comments contributed to this manuscript. We would like to
thank E. Moskowich, R. Posner, and I. Nir for assistance
in field work and processing the oyster samples. We
acknowledge I. Brickner for histological work, R. Tzadok
for supplying field facilities in Sdot Yam, the staff of the
Interuniversity Institute for Marine Sciences in Eilat (IUI)
9

Parity and disparity between two Chama oysters

for diving facilities, H. Mienis for oyster identification,
and N. Paz for editorial assistance. This research was in
part supported by the Israel Cohen Chair in Environmental Zoology to Y.B. D.Z. was supported by a fellowship
from the Porter School for Environmental studies. Collection of animals complied with a permit issued by the
Israel Nature and National Parks Protection Authority.
References
Argyrou M., Demetropoulos A., Hadjichristophorou M. (1999)
Expansion of the macroalga Caulerpa racemosa and changes
in softbottom macrofaunal assemblages in Moni Bay,
Cyprus. Oceanologica Acta, 22, 517–528.
Atad I. (2005) The limpet Cellana rota as a Lessepsian migrant
model: arrival, establishment and competition with the
Mediterranean limpet, Patella caerulea. MSc thesis, Tel Aviv
University.
Castaños C., Pascual M., Camacho A.P. (2009) Reproductive
biology of the nonnative oyster, Crassostrea gigas (Thunberg,
1793), as a key factor for its successful spread along the
rocky shores of Northern Patagonia, Argentina. Journal of
Shellfish Research, 28, 837–847.
Darriba S., San Juan F., Guerra A. (2004) Reproductive cycle
of the razor clam Ensis arcuatus (Jeffreys, 1865) in northwest Spain and its relation to environmental conditions.
Journal of Experimental Marine Biology and Ecology, 311,
101–115.
Diamant A. (1998) Red drum Sciaenops ocellatus (Sciaenidae),
a recent introduction to Mediterranean mariculture, is susceptible to Myxidium leei (Myxosporea). Aquaculture, 162,
33–39.
Enrı́quez-Dı́az M., Pouvreau S., Chávez-Villalba J., Le Pennec
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