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Abstract Although the Red Sea is considered as a center of
endemism and a ‘hotspot’ of biodiversity, the ascidian fauna
(Chordata, Ascidiacea) of the region has been poorly stud-
ied. The current study provides a review of the literature
concerning the ascidian fauna of the Red Sea, including the
Gulf of Aqaba and the Gulf of Suez, an updated species list
based on extensive field sampling and museum data, and an
analysis of the diversity and rates of endemism of the
Ascidiacea of the Red Sea. The inventory lists 73 ascidian
species, belonging to 13 families. The majority of species
records are of colonial species, as typical of tropical regions.
Representatives of 30 species are available at the National
Collections of Natural History at Tel Aviv University. Only
12 species (17 %) of the Red Sea ascidians were found to be
endemic to the region, whereas the majority have an extra
Indo-Pacific distribution. Eight species have been recorded
for the first time from this region. The Gulf of Aqaba and the
Gulf of Suez represent the northern boundary of the natural
distribution for the majority of tropical species recorded in
this study. However, several species have successfully
entered the Mediterranean Sea through the Suez Canal. This
list is certainly incomplete and emphasizes the need to
increase the sampling effort for this group, and for addition-
al taxonomic studies of the ascidian fauna of this highly
diverse and rich region.
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Introduction

Ascidians (Phylum: Chordata, Class: Ascidiacea), or sea
squirts, are the largest and most diverse class of the sub-
phylum Tunicata (also known as Urochordata). They com-
prise approximately 3,000 accepted species found in all
marine habitats (Shenkar et al. 2012). Adult ascidians bear
little resemblance to typical chordates, though their short-
lived non-feeding tadpole larvae clearly exhibit the four
fundamental characteristics of the phylum: a dorsal tubular
nerve cord, notochord, rudimentary pharyngeal gill slits and
a post-anal tail. Another important character is the presence
of the endostyle in the pharynx that would evolve as the
thyroid gland in vertebrates (Fujita and Nanba 1971). Fol-
lowing settlement, the lecithotrophic larvae undergo meta-
morphosis during which they lose all these characteristics
except for the endostyle and the gill slit rudiments in the
pharynx (Millar 1971), which become functional and mul-
tiply to form the branchial sac.

All ascidians are hermaphrodites, having both male and
female organs. They generally avoid self-fertilization by
developing only eggs or only sperm at any one time (Newlon
et al. 2003). Most solitary ascidians release their eggs and
sperm into the water for external fertilization, while colonial
ascidians usually retain and brood their eggs (Lambert 2005).
Under natural conditions, ascidian larvae do not normally
disperse very far, often just a few meters or less (Ayre et al.
1997). The majority of ascidians filter their food from the
water-column via an oral siphon that brings water into
the pharyngeal chamber; a cloacal siphon then expels the
water. Particles suspended in the current are trapped in a
mucous net on the gill slits. The net pores range from 0.1
to 0.3 μm, allowing ascidians to filter even very small
particulate matter, primarily in the range of 0.5–2 μm
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diameter (Bak et al. 1998; Bone et al. 2003). The sub-
stances caught in the mucous net are later transported to
the stomach for digestion.

In general, ascidians constitute a minor benthic compo-
nent on exposed surfaces of the natural coral reefs. They are
often found in cryptic environments such as grottos, crevi-
ces and the sides or undersides of rocks and corals. In
exposed sites, solitary species frequently protect themselves
better than colonial species from the dangers of predation,
abrasion and physical damage. In such environments, their
rigid tunic is often covered by epibionts that provide cam-
ouflage and physical protection (Monniot et al. 1991). Some
colonial species of the family Didemnidae that host the
photosynthetic prokaryote symbiont Prochloron thrive on
surfaces exposed to high irradiance on the reef flat (Kühl
and Larkum 2002). Both colonial and solitary species suc-
cessfully foul various artificial substrates such as jetties and
other man-made substrata adjacent to the natural coral reef
(Oren and Benayahu 1998; Paulay et al. 2001; Shenkar et al.
2008a). There is a growing evidence that colonial ascidians
can rapidly overgrow corals and outcompete them for space
(Bak et al. 1996; Shenkar et al. 2008b; Sommer et al. 2009;
Vargas-Ángel et al. 2009). As ascidians are able to filter
even minute particulate matter (Bak et al. 1998; Bone et al.
2003), any rise in nutrient levels and organic material will
have a direct influence on their abundance. Combined
with the rapid decline in coral cover around the world
(Wilkinson 2004), these reports may present a growing con-
cern (Shenkar et al. 2008b).

The Red Sea is a narrow water body, ca. 1,950 km long
and averaging 280 km wide, connecting to the Indian Ocean
across the narrow Bab al Mandab Straits.

At its northern end, the Red Sea terminates in two gulfs:
the northern, shallow-water Gulf of Suez, ca. 30–40 m deep
and with a flat bottom, opening widely into the Red Sea
proper; and the north-eastern Gulf of Aqaba, with local
depths of ca. 1,900 m and separated from the Red Sea
proper by the narrow and shallow Straits of Tiran
(Fishelson 2011).

The coral reefs of the Red Sea are well known for their
extraordinary beauty and richness, and are recognized as a
centre of endemism that represents a high priority for con-
servation (Roberts et al. 2002). The scientific explorations
of the Red Sea fauna and flora began with the Danish
“Arabia Felix” expedition to the Red Sea in 1772–1773,
with the extremely important works of Peter Forsskäl, con-
tinuing with Savigny’s studies during Napoleon’s campaign
in 1779–1801 (Fishelson 2011). Several cosmopolitan as-
cidian species such as Phallusia nigra and Didemnum can-
didum were originally described by Savigny from this area
(Savigny 1816). However, not many species have been
added to the original inventory list since then, and the
ascidian fauna of this area remains relatively unknown.

The published list of ascidians from Elat (Red Sea coast of
Israel) published by Pérès (1960) contains only 19 species
with an additional 6 species added by Monniot (1973). The
relatively low number of ascidian species described from
Elat thus appears to be a result of less research and fewer
sampling efforts.

The growing awareness to the importance of the class
Ascidiacea in marine ecosystems (Lambert 2001; Shenkar
and Swalla 2011) emphasizes the need for additional studies

Fig. 1 a The Red Sea showing study sites. b Study sites along the Gulf
of Aqaba and Suez. Names and information of sites in Table 1
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of this group in diverse ecosystems such as tropical coral
reefs. The current study provides a review of the literature
concerning the ascidian fauna of the Red Sea, including the
Gulf of Aqaba and the Gulf of Suez, an updated species list
based on extensive field sampling and museum data, and an
analysis of the diversity and rates of endemism of the
Ascidiacea of the Red Sea.

Materials and methods

In order to establish a list of ascidian records from the Red
Sea, a meticulous survey of the available literature was con-
ducted. In addition, museum material stored at the National
Collections of Natural History, Tel Aviv University (TAU),
Israel, was examined. This collection includes samples from
the 1950s on, with two significant periods of ascidian sam-
pling from the Red Sea: 1962–1977 and 2003–2008.

Between the years 1962 and 1977, several scientific
expeditions were conducted by Israeli scientists in different
areas of the Red Sea (Fig. 1; Table 1). During these expedi-
tions, extensive sampling of marine organisms was con-
ducted, and these were identified throughout the years by
professional taxonomists, including ascidian taxonomists.

From 2003 to 2008, extensive surveys and sampling were
conducted along the Red Sea coasts of Israel by the author.
The ascidians sampled during these surveys were collected
using scuba and snorkeling. Upon sampling, the ascidians
were narcotized with menthol crystals in a closed jar in order
to prevent evaporation of the menthol. Only after the samples
were fully relaxed (determined by inserting a sharp probe into
an open siphon and getting no response) were they transferred
to a jar with seawater/formalin fixative after rinsing the men-
thol crystals from the animals’ body. The fixative was pre-
pared according to the following formula: 100 ml of full-
strength formaldehyde, 850 ml of seawater, and 50 ml of
distilled water. One gram of sodium borate was added to the
mixture and the solution was then mixed with a magnetic

stirrer. In order to allow DNA analysis, a small portion of
each sample was directly preserved in absolute ethanol. Dis-
sections were stained with hemalum and mounted on perma-
nent slides. Taxonomic identification was carried out using
authoritative keys and texts (e.g., Van Name 1921, 1931,
1945; Kott 1985, 1990, 1992, 2001; Monniot et al. 1991;
Monniot and Monniot 2001). The entire collection is part of
the National Collections of Natural History, TAU.

Following the construction of the species list of the
region, their global distribution was investigated using the
Ascidiacea World Database (Shenkar et al. 2012) and veri-
fied using numerous publications by Berrril, Kott, Millar,
the Monniot’s, Nishikawa and Van Name. Since ascidians
play an increasing role in marine bioinvasion, the occur-
rence of species with known introduction records was ascer-
tained by comparison to the list of non-indigenous ascidian
species from Shenkar and Swalla (2011). Divison of colo-
nial versus solitary species was based on the Monniot et al.
(1991) keys, and species morphological descriptions.

Results

Number of species and systematic diversity

A survey of the available preserved material from the Na-
tional Collections of Natural History, Tel Aviv University
(TAU), Israel, combined with the number of species de-
scribed from the Red Sea region in the literature, resulted
in an estimation of 73 ascidian species, belonging to 13
families (Table 2; Fig. 2). The highest number of species
is found in the order Stolidobranchia, with 50 % of the
species recorded in this review. The Styelidae family com-
prised the highest number of species recorded, with the
genus Polycarpa with the highest number of representatives
(Table 2; Fig. 2). The majority of species records were of
colonial species (41 colonial species vs. 32 solitary species
records, Table 2). Their zoogeographical classification is

Table 1 Sampling sites with
geographic coordinates, and
sampling period. Site numbers
according to Fig. 1

Sampling period Position Latitude Longitude Site No.

1966–2008 Gulf of Aqaba 29°30′N 34°56′E Elat 1

1972 Gulf of Aqaba 28°34′N 34°32′E Nakeb Shahin 2

1968 Gulf of Aqaba 28°30′N 34°31′E Dahab 3

1972, 1985 Red Sea 28°00′N 34°27′E St. of Tiran 4

1972 Red Sea 27°50′N 34°18′E Ras Um Sid 5

1972, 1977, 1978 Red Sea 27°47′N 34°14′E Marsa Bareika 6

1971 Gulf of Suez 27°55′N 33°52′E Ras Kanisa 7

1974, 1978, 1979 Gulf of Suez 28°01′N 33°45′E Ras Gahra 8

1989 Gulf of Suez 27°35′N 33°47′E Tawila 9

1965 Red Sea 15°57′N 40° 05′E Dahlak Archipelago 10

1975 Red Sea 15°36′N 39°28′E Massawa 11

Mar Biodiv (2012) 42:459–469 461
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shown in Fig. 3, while images of the most dominant species
from the Gulf of Aqaba are presented in Figs. 4, 5 and 6.

Endemism

Twelve species (17 %) were found to be endemic to the
region, with publication record restricted to the Red Sea:
Aplidium effusum, Ascidia savignyi, Boltenia yossiloya,
Botryllus eilatensis, Botryllus rosaceus, Eucoelium

hospitiolum, Polycarpa ehrenbergi, Polycarpa polycarpa,
Polycitor torensis, Polyclinum hesperium, Polyclinum isia-
cum and Rhopalaea sp. (Table 2; Fig. 3). The majority of
the endemic species belong to the order Stolidobranchia,
which (as mentioned above) comprise 50 % of the total
number of species.

For eight species, this is the first published record from
the Red Sea (Shenkar, work in progress): Aplidium depres-
sum (TAU- AS25417), Diplosoma modestum (TAU-
AS25492, AS25493), Polycarpa cryptocarpa (TAU-
AS25427), Polycarpa insulsa (TAU- AS25489), and Pyura
scortea (TAU- AS25419), which were identified by the
author. Leptoclinides sp. (TAU- AS18871), Polysyncraton
hartmeyeri (TAU- AS19951, AS19957, AS20987), and Sto-
lonica prolifera (TAU-AS8352; Table 2; Fig. 3), which were
identified by F. Monniot.

Museum availability

Representatives of 30 species are available at TAU (collec-
tion numbers are given in Table 2). The majority of species
(83 %) were collected from the Gulf of Aqaba (sites 1, 2, 3;
Table 1), mainly from Elat (site 1). Only 9 species are
available from the Gulf of Suez and the Red Sea (sites
4–11; Tables 1, 2).

Global distribution and introduction records

The majority of species have published Indo-Pacific distri-
bution records (Table 2). Out of the 73 known species from
the Red Sea, 14 have published records of introduction into
non-native regions around the world: Ascidia cannelata,
Botrylloides leachii, Botryllus schlosseri, Ciona intestinalis,
Diplosoma listerianum, Distaplia stylifera, Ecteinascidia
thurstoni, Herdmania momus, Microcosmus exasperatus,

Fig. 2 Systematic division of
Red Sea ascidians, number of
species by family within each
order

Fig. 3 Composition of the ascidian species known in the Red Sea
showing their zoogeographical classification, as percentages and with
real numbers (in parentheses)
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Phallusia nigra, Polyclinum constellatum, Rhodosoma tur-
cicum, Styela canopus, and Styela plicata (Table 2; Fig. 3).
Almost 50 % of these species have entered the Mediterra-
nean Sea. Botryllus schlosseri, Ciona intestinalis, Styela
plicata and Phallusia nigra are widely distributed and are
currently considered as cosmopolitan species. The rest are
considered native to the Red Sea.

Discussion

The current study provides a list of 73 ascidian species from
the Red Sea, divided between 13 families (out of approxi-
mately 26 known families from around the world). The
highest number of species belongs to the Styelidae family,
which is the second most diverse family of the class Asci-
diacea (Shenkar and Swalla 2011). The genus Polycarpa,
which is well known for its diversity (Monniot et al. 1991),
is represented with the highest number of species.

In tropical areas, colonial species represent approximate-
ly 80 % of the species (Kott 1981; Monniot and Monniot
1985, 2001; Primo and Vazquez 2004). It has been

suggested that their indeterminate growth and a-sexual re-
production provides them with an advantage for the exploi-
tation of tropical habitats (Bak et al. 1996; Shenkar et al.
2008b). However, in the current study, colonial species
comprise only 56 % of the total species. This may be a
result of the difficulty in providing accurate taxonomic
identification of colonial species, and/or easier sampling in
the field of solitary species by less trained researchers (as
many colonial species are cryptic). It is expected that, as the
sampling effort for ascidian fauna increases, the relative
contribution of colonial species will also rise.

The rate of endemism found in the current study for the
ascidian fauna, 16 %, is relatively low in comparison to
other regions. For example, much higher rates of endemism
were found in New Zealand (43 %), South Africa (45 %),
the Antarctic region (44 %; Primo and Vazquez 2007, 2009),
and the Eastern Mediterranean (40.9 %; Koukouras et al.
1995). As depicted in Table 2, the majority of species
recorded from the Red Sea have an additional distribution
in the Indo-Pacific, Mediterranean and Atlantic Ocean. It is
possible, however, that the identification of some of the
species that were originally described from the Red Sea in

Fig. 4 Common solitary
species found along the Red
Sea coast of Israel. a Ascidia
cannelata (Oken, 1820),
b Rhodosoma turcicum
(Savigny 1816), c Phallusia
arabica (Savigny 1816),
d Phallusia nigra (Savigny
1816), e Rhopalaea sp.,
f Boltenia yossiloya (Shenkar
and Lambert 2010)
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other regions of the world is not accurate. Following a
comparison with the Red Sea original material, it may be
discovered in the future that there are separate species in-
volved. For example, Polyclinum saturnium, described by
Savigny (1816) from the Gulf of Suez, has publication
records from Japan, Australia and the Philippines, but with
the lack of the original material it is difficult to ascertain
whether they are indeed all attributed to the same species
(Tokioka 1962). Another explanation for the relatively low
endemic rates of the Red Sea ascidian fauna is that, similar
to the ichthyofauna of the region, the current ascidian fauna
represents the outcome of recent colonization, free of evo-
lutionary and deep-historical signatures (Kiflawi et al.
2006). Since during the last glacial maximum water depth
at Bab el Mandab was reduced to c. 15 m, water exchange
with the Indian Ocean was highly limited (Siddall et al.
2003). Consequently, salinity within the Red Sea surpassed
50 ‰, decimating most reef-based organisms (Sheppard et
al. 1992; Siddall et al. 2003). Ascidian adults and larva are
extremely sensitive to such high salinities, and only a few

species of ascidians can survive salinities above 44‰
(Shenkar and Swalla 2011). It is thus possible that the
original endemic fauna of the Red Sea underwent extinction
during this period, further contributing to the low rate of
endemism.

Although the majority of ascidian species recorded in the
Red Sea have an additional distribution in the Indo-Pacific
oceans, the Gulf of Suez and the Gulf of Aqaba represent the
northern boundary of the natural distribution of these trop-
ical species. Following the opening of the Suez Canal,
several Red Sea species (representing 8 % of the total
species recorded in the current study) have successfully
increased their latitudinal distribution into the East-
Mediterranean basin (Shenkar and Loya 2009). Taking into
account the anticipated rise in sea-water temperature, due to
global warming (Rahmstorf and Ganopolski 1999), the ar-
rival and spread of Red Sea ascidians into the Mediterranean
Sea is anticipated.

The taxonomic identification of some of the species
remains questionable due to the inability to investigate the

Fig. 5 Common solitary
species found along the Red
Sea coast of Israel. a Polycarpa
cryptocarpa (Sluiter, 1885),
b Polycarpa mytiligera
(Savigny 1816), c Pyura
gangelion (Savigny 1816), d
Herdmania momus (Savigny
1816), e Halocynthia spinosa
(Sluiter 1905)
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original material. The ascidian collection at TAU contains
less than half the species listed. Closely-related species such
as Eusynstyela hartmeyeri and Eusynstyela latericius may
have been confused. In addition, the validity of Boltenia
ovifera, Clavelina borealis and Synoicum turgens records
from the Red Sea (Savigny 1816) is questionable, as these
are cold-water species with additional distributions along
the North Atlantic coast and in the Arctic region (Hartmeyer
1903; Van Name 1945).

The current study is the first to provide an inventory of
the ascidian fauna of the Red Sea based on the literature and
museum collections. As this sea is considered a ‘hotspot’ of
biodiversity (Roberts et al. 2002), this number of species
strongly reflects the low sampling effort invested in asci-
dians of this tropical and diverse region, rather than the true
number of species. For comparison, in tropical coral reefs
such as those of New Caledonia, Australia’s Great Barrier
Reef and the Western Pacific, where professional ascidian
taxonomists have studied the local fauna, the number of
species ranges from 180 to above 600 (table 2 in Shenkar
and Swalla 2011).

The growing recognition of ascidians as a subject for
research in the fields of ecology and evolution, and espe-
cially their promising potential for new pharmaceutical

compounds, greatly emphasizes the need for future taxo-
nomic studies of the ascidian fauna of the Red Sea.
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