
Research Article
Abundance and Diversity of Holothuroids in
Shallow Habitats of the Northern Red Sea

Boaz Yuval,1 Lee Sudai,2 and Yarden Ziv2

1 Interuniversity Institute for Marine Sciences Eilat and Faculty of Agriculture, Food and Environment,
Hebrew University of Jerusalem, P.O. Box 12, 70795 Rehovot, Israel

2 Department of Biology, Ben Gurion University of the Negev, Beer Sheva, Israel

Correspondence should be addressed to Boaz Yuval; boaz.yuval@mail.huji.ac.il

Received 11 August 2014; Revised 20 October 2014; Accepted 27 October 2014; Published 13 November 2014

Academic Editor: Evgeny Pakhomov

Copyright © 2014 Boaz Yuval et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Holothuroid sea cucumbers are vital members of Coral Reefs and associated marine habitats and provide vital ecological services.
In the southern regions of the Red Sea their populations have been decimated by overfishing.Themain objective of this study was to
test the hypothesis that the northern part of the Red Sea serves as an ecological refuge for the species threatened farther to the south.
Accordingly, populations of sea cucumbers in 4 shallow sites south of Eilat, Israel (29∘3300N 34∘5714E), were repeatedly surveyed
from November 2013 to April 2014. Overall 11 species were observed in these shallow sites. Their abundance and diversity differed
significantly between sites, but not temporally. In sites in marine protected areas, with an intact fringing reef, diversity was high,
with Holothuria edulis and Bohadschia sp. being the most common species. In areas with higher human use and characterized by
rubble and scattered corals, diversity was low, and Actinopyga bannwarthi was the most common species. The observed abundance
and diversity did not support the refuge hypothesis. These findings are discussed in relation to other surveys of abundance and
diversity in similar habitats.

1. Introduction

Holothuroid sea cucumbers provide vital (and often over-
looked) ecological services in the habitats they occupy. As
primarily sediment feeders they effectively provide, through
bioturbation and remineralization, significant amounts of
otherwise inaccessible nutrients to other organisms in the
benthic environment [1–7]. In addition, many species of this
group have commercial value and are exploited in fisheries,
often in an unregulated manner with severe ecological con-
sequences [8–10]. Furthermore, these animals contain untold
numbers of bioactive molecules, of potential applications for
humannutrition andhealth (e.g., [11]). In order to understand
the ecological services provided by these animals, to plan and
regulate fisheries in a sustainable manner, and eventually to
mine their unknown molecular bounty, a basic knowledge of
their community structure is needed, followed by an analysis
of the forces that shape and maintain this structure.

Historically, distributions of species were catalogued in
area wide taxonomic surveys, thus providing a firm basis for

future work [12–14]. Subsequently, patterns of sea cucumber
diversity and abundance have been determined for many
locations in the world, particularly for areas where fisheries
are an important source of local revenue (reviewed in [9];
e.g., [15–17]). Concurrently, information about holothuroid
community structure in many areas of the Indian Ocean and
Africa, both associated with fisheries and not, is emerging
(e.g., [18–21]).

In general, holothuroids are more abundant and diverse
in complex habitats, but the scaling of samples is important
in such analyses, with greater variability at finer spatial scales
[22]. Why particular species and species assemblages are
found in different habitats has been addressed in several
studies and largely attributed to differences in diet, size,
developmental stage, organic content, habitat complexity, and
physical characteristics of substrate. In addition, exposure to
oceanic waves can be amajor determinant of local abundance
and diversity [15]. For example, focusing on distribution of
sea cucumbers in the various habitats surrounding the island
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Figure 1: Study area south of Eilat, Israel (29∘3300N 34∘5714E). Survey sites are (A) coral beach, (B) Japanese gardens, (C) Interuniversity
Institute, and (D) Lighthouse.

of Mayotte, Eriksson et al. [20] found that although species
overlap in their habitat choices, substrate was in many cases
a reliable predictor of segregation. Similarly, Dissanayake
and Stefansson [23] who studied the habitat preferences of
Holothuria atra Jaeger andH. edulis Lesson around Sri Lanka
concluded that depth and substrate significantly affect their
distribution. They suggest that niche separation is fuelled by
their disparate preference for sediments that differ in organic
content. Interspecific difference in food or sediment prefer-
ences (or lack of them) may produce discrete spatial effects.
Uthicke andKarez [24] studied in the lab how nutrients in the
sediment affect patch choice in several species. They found
that while members of the genusHolothuria had only a weak
(or none at all) tendency to select their food source, Stichopus
species were able to select a preferred sediment patch. Thus,
the habitat segregation between species commonly found in
most surveys probably also reflectsmorphological and behav-
ioral differences in feeding and physiological differences in
digestion and processing of nutrients.

The Red Sea is a hotspot of marine biodiversity [25].
Nevertheless, human activities are taking their toll, whether
as a result of pollution, overfishing, or recreation (e.g., [26]).
Holothuroid diversity of this region was described from a
taxonomic perspective in the 20th century by several authors
[12, 13, 27–29]. More recently, fisheries (both regulated and
unregulated) were developed in both Egypt and Saudi Arabia,
attended by research aimed at identifying and monitoring
the sea cucumber populations [30–33]. These studies show
that overfishing has decimated populations of commercially
valuable holothuroids and suggest that they will be slow to
recover (also see [34, 35]). In addition to the grim insights
regarding overfishing, these studies provide valuable infor-
mation on the diversity and abundance of all holothuroid
species in the various habitats and regions of the Red Sea [32,
33, 35]. The gulf of Aqaba opens in the south into the north
of the Red Sea. Its northernmost shore is shared by Egypt,
Jordan, and Israel, and although serving 2 major ports and
many recreational activities, it has no sea cucumber fisheries.
Thus an intriguing hypothesis emerges; namely, this areamay
serve as an ecological refuge for the depleted populations of
commercially important species in the southern regions of
the Red Sea.

Support for this hypothesis is lacking, as apart from the
taxonomic catalogues published in the 1970’s and before (see
above) the holothuroids of the Israeli and Jordanian shores of
the gulf of Aqaba have never been examined in an ecological
context. Accordingly, the objectives of this study were to
survey the communities of holothuroids in several shallow
habitats near Eilat, Israel. We determined whether diver-
sity varied spatially and temporally between four different
habitats that differed ecologically and in patterns of human
disturbance.

2. Materials and Methods

2.1. Survey Sites. We systematically surveyed four discrete
transects of coastline, each approximately 5 meters wide and
between 158 and 220 meters in length. These were (1) Coral
Reef, (2) Japanese Gardens, (3) Interuniversity Institute, and
(4) Lighthouse (Figure 1). While the entire coast of the
southern gulf of Eilat (between the town and the Egyptian
border) is officially a nature reserve, sites 1 and 2 are within
a fenced in reserve called “Coral Beach.” In this site the
fringing reef is intact, rising from a depth of ∼4 meters.
Beyond the reef, a sandy bottom dotted with coral outcrops
slopes gently into the depths. Our site was the part of this
reserve that is open to the public, who has access via bridges
that span the lagoon and reach the outer fringe of the reef.
The Japanese Gardens are further to the south and access to
them is restricted to 2–4 boatloads of divers per day. Thus
within this protected site we could test the hypothesis that
intensity of human presence affects community structure of
holothuroids.Thenext 2 sites are ecologically and structurally
distinct. The first is opposite the Interuniversity Institute and
exhibits a gentle slope dotted with coral colonies and patches
of sand.The adjacent site (Lighthouse) is composed primarily
of sand and rubble, interspersedwith a few heads of coral.The
Interuniversity Institute is relatively undisturbed by human
activity, while the Lighthouse is a popular beach under heavy
human pressure. Surveys were conducted by snorkeling along
the transects on 6 occasions between November 2013 and
April 2014.

As a measure of diversity we calculated the Shannon-
Weaver (Wiener) index (H; (38)). Diversity within and
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Table 1: Species of holothuroids observed and their density (extrapolated to individuals per hectare) at four shallow sites off the coast of Eilat,
Red Sea.

Species/Site Coral Beach Japanese Gardens Interuniversity Institute Lighthouse
Actinopyga bannwarthi Panning 61.5 43.2 293.2 284.8
Bohadschia cousteaui Cherbonnier 41 60.5 0 3
Bohadschia tenuissima Semper 80 151.3 23.2 2.8
Holothuria atra Jaeger 69.7 23.7 12.7 12.2
Holothuria edulis Lesson 151.7 118.9 4.2 4.5
Holothuria fuscogilva Cherbonnier 4.1 2.1 2.1 1.5
Holothuria leucospilota Brandt 26.6 12.9 14.8 12.2
Holothuria nobilis (Selenka) 0 0 4.2 0
Stichopus hermanni Semper 0 0 0 1.5
Stichopus horrens Selenka 6.1 2.1 0 0
Synapta maculata Chamisso and Eysenhardt 4.1 0 0 1.06

between sites was analyzed by 2 way ANOVA with site
and replicate as variables, using the JMP statistical package
(SAS Institute, Cary, North Carolina). Relationships between
habitat and community structure were examined by linear
discriminant analysis.

2.2. Holothuroid Identification. Beginning in 2010, areas to be
surveyed were traversed by SCUBA, and all individual sea
cucumbers encountered were photographed, including dor-
sal and ventral aspects, as well as location and characteristics
of anal openings. Subsequently, holothuroids were identified
based on this visual record of their external features, relying
heavily on published descriptions and keys (primarily [12,
36, 37]), as well as material in the collections of the Hebrew
University and Tel Aviv University.

3. Results

Overall 814 holothuroids belonging to 11 species were
observed in our surveys (Table 1). Diversity overall differed
significantly (whole model 𝐹

8,13
= 10.01; 𝑟2 = 0.86; 𝑃 =

0.0002). This result was due to a significant difference
between sites (𝐹

3
= 25.2; 𝑃 < 0.0001), but not between

replicates (𝐹
5
= 1.2; 𝑃 = 0.32). A post hoc 𝑡-test

comparing the sites revealed that the IUI and Lighthouse
sites differed significantly from the Coral Reef and Japanese
Garden (Figure 2, 𝑃 < 0.05).

The dominant species in theCoral Reef and JapaneseGar-
dens were Holothuria edulis Lesson and Bohadschia tenuis-
sima Semper, respectively. In both the IUI and Lighthouse
sites, Actinopyga bannwarthi Panning was the dominant
species (Figure 3).

Using linear discriminant analysis we determined whe-
ther habitat could predict community structure (Figure 3).
Of the 22 samples analyzed in this manner only one sample
(from IUI)wasmisclassified (as belonging to the Lighthouse).
All other samples were correctly identified by site. While
the IUI and Lighthouse sites, dominated by A. bannwarthi,
clumped together, there was a significant separation between
the Coral Beach and Japanese Gardens sites (Figure 4).

In addition to the species listed in Table 1, three other
species were observed in the same sites and depths, but
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Figure 2: Diversity (Shannon-Weaver H (± S.E.)) of the holothuroid
community in the 4 sites sampled. Different letters denote a
significant difference between sites (𝑃 < 0.05, ANOVA followed by
post hoc Student’s 𝑡-test).

on other occasions—these are Bohadschia steinitzi Cher-
bonnier, Actinopyga mauritiana (Quoy and Gaimard), and
Pearsonothuria graeffei (Semper). The former were seen in
both the Coral Beach and Interuniversity Institute sites, the
latter only in the Coral Beach site.

Although populations in deeper sites were not surveyed
systematically, both the Coral Beach and IUI sites were
surveyed by SCUBA on several occasions, at depths between
10–15 meters. Important to note that A. bannwarthi was
virtually absent at depths greater than 10 meters, and that
H. nobilis (Selenka) and H. fuscogilva Cherbonnier were
more common than in the shallows. Furthermore, several
Stichopodid specieswere also seen at these depths—Stichopus
horrens Selenka and S. chloronotus Brandt.

4. Discussion

In our survey of shallow habitats we found robust com-
munities composed of at least 11 sea cucumber species.
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Figure 3: Abundance of holothuroids in the 4 sites sampled. Data averaged (± S.E.) from 5-6 replicates per site. Different letters denote
significant differences in abundance between species within sites (𝑃 < 0.05, ANOVA followed by post hoc Student’s 𝑡-test).

The structure of these communities did not differ tempo-
rally but showed a significant habitat effect. This finding is
consistent with other studies conducted in Indian Ocean
and African coastal sites, yet it also has unique features. The
main habitat related difference we observed is evident when
comparing the pair of Coral Beach and Japanese Garden
sites to the IUI and Lighthouse. In the former, diversity
is significantly higher, and the dominant species are H.
edulis and B. tenuissima. In the latter, diversity is lower,
and A. bannwarthi is the dominant species. To what may
this difference be attributed? There is an obvious physical
difference between the paired sites. In the Coral Beach-
Japanese Gardens pair, surveys were done over the sandy
bottom, bordering the outer side of the fringing reef. The IUI
and Lighthouse habitats are characterized by coral rubble and
patches of living coral. This seems to be the main physical
difference between the sites.

Another intriguing difference is that found between the
communities in the Coral Beach and the Japanese Gardens.
Both these sites are spatially contiguous and have simi-
lar physical characteristics. There is however one striking
difference—human pressure. Access to the Japanese Gardens
is strictly forbidden from the shore, and only a few boatloads

of divers are allowed each day. These divers are mostly active
at greater depths than were surveyed. Thus it is possible that
the emergence of a Bohadschia dominated community in the
Japanese Gardens reflects their sensitivity to human activity,
prevalent in the Coral Beach site. Conversely, it may be that
H. edulis, which dominated in the Coral Beach transects, has
a specific adaptation that promotes their abundance in this
habitat.

The most curious finding is the local dominance of A.
bannwarthi, an otherwise rare and rather obscure species
[38–40], in the IUI and Lighthouse sites. In a previous study
the local abundance of this species in sea grass habitats near
the seaport of Eilat was attributed to its ability to deal with
high levels of phosphate pollution [41]. Our study shows that
it is locally abundant in the relatively more disturbed habitats
we surveyed. These are not contiguous with the seaport area,
suggesting that other factors, beyond phosphate pollution
radiating out from the port, determine the abundance of this
species. South of Eilat, this species is rare [35, 41]. Thus, the
reasons for the overall limited distribution of this species
and very patchy local abundance around Eilat are as yet
unexplained.



Journal of Marine Biology 5

Hf
Ha

Sh

Hn
HI

Bc

He

Bt

Sm
Ab

IU
I

LH

IG

CB4

2

0

−2

−4

Ca
no

ni
ca

l2

Canonical 1
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Our observed densities ofH. atra Jaeger were, depending
on the site, between 70 and 12 individuals per hectare. In
Saudi Arabia the density of H. atra was generally low (20–
40 individuals per hectare), except for one site (Gadeefa),
where populations in a sandy habitat reached 460 per hectare
[32]. In one area of the Great Barrier Reef [42] and in Guam
[15], H. atra was more abundant by an order of magnitude
than that of the population we surveyed. In yet other areas
of the Great Barrier Reef densities were similar to those we
observed [6]. Similarly, in the western Indian Ocean island
of Mayotte, H. atra was found at a density of close to 50
individuals per hectare [20]. Around Reunion both H. atra
and H. leucospilota Brandt were superabundant at some sites
(6000 and 1000 individuals per hectare, resp.), but quite
patchy overall [19]. These unusual densities were attributed
to high local levels of eutrophication.

Holothuria edulis was highly abundant in our 2 fringing
reef sites (151–118 individuals per hectare), yet it was not
overabundant in the other Red Sea habitats surveyed (10–
20 individuals per hectare, [32]). Dissanayake and Stefansson
[23] studied the habitat preferences of H. atra and H.
edulis around Sri Lanka, concluding that depth and substrate
significantly affect their distribution. Both were common in
shallow depths (<10m), although H. edulis reappeared at
depths greater than 25m. However in the sandy area close to
the reef, H. edulis, as in our study, was clearly the dominant
species. They suggest that niche separation is fuelled by
their disparate preference for sediments that differ in organic
content. This may reflect morphological and behavioral dif-
ferences in feeding and physiological differences in digestion
and processing of nutrients.

In general the local abundance of species in our sur-
veys was similar to that reported for other localities and
significantly different from others. These local differences

in abundance probably reflect differences in community
structure, human disturbances, and available nutrients, as
well as sampling methods and effort. This suggests that the
carrying capacities for each species in Coral Reef habitats are
quite unique and their determinants need to be understood
in a local context.

Bohadschia tenuissima and B. cousteaui Cherbonnier
were very common in the Coral Beach and Japanese Gar-
dens sites. Their identification is based primarily on the
detailed descriptions of live and preserved animals provided
by Cherbonnier [12, 27] and examining specimens in the
collections of the Hebrew University and Tel Aviv University.
Identifying these animals withoutmolecular andmicroscopic
confirmation is problematic as many species may look alike
and different populations of the same species may have
different phenotypes [43]. The individuals of B. tenuissima
were relatively easy to identify, as they presented with a
yellowish trivium and brown bivium exactly as described
by Cherbonnier [12]. However individuals of B. steinitzi, an
endemic species collected 60 years ago in the same area
where weworked [27], were not identified by snorkeling.This
animal is very similar in dorsal coloration toB. cousteaui [27],
and both may have inadvertently been grouped together. In
SCUBA surveys we have definitely seen this species, which
can be identified by its anal papillae, overall dark coloration,
and propensity to eject pinkish Cuvier tubules at the slightest
provocation.

In terms of diversity, the numbers of species we found
are comparable to other shallow sites in the Red Sea and
Indian Ocean.Thus, for example, in 18 sites sampled offshore
of Saudi Arabia, a total of twelve species were recorded [32].
Overall, while species of low commercial value seem to be
hanging on (e.g.,H. atra), those of high value were decimated
by overfishing (ibid).

Lawrence et al. [33] observed a total of 15 species in the
gulf of Aqaba and 22 in the southern areas of the Red Sea.
Interestingly, several species they mention from the gulf of
Aqaba did not show up in our survey—Actinopyga crassa
Panning, B. vitiensis (Semper), H. hilla Lesson, H. pardalis
Selenka, H. scabra Jaeger, and H. impatiens (Forsskal). Fur-
thermore, a number of species (albeit at lowdensities) showed
up in our surveys that were absent in this 2004 report:
P. graeffi, H. fuscogilva, and H. nobilis. In a further study
Lawrence et al. [35] observed 11 species in the gulf of Aqaba.
Curiously,A. bannwarthi,B. tenuissima, andB. cousteauiwere
not recorded from this area, although the latter 2 species were
frequently seen in the southern part of the Red Sea (ibid).

Around the island of Reunion Conand and Mangion [19]
recorded 17 species. Some (e.g., H. atra and H. leucospilota)
were very abundant at some sites, but highly patchy overall.
In addition, as in other studies, the reef zone had an effect on
species distributions. In a survey of nearbyMauritius, Lampe
[21] found 16 species, of which an unidentified synaptid
accounted for 41% of all sea cucumbers observed, while H.
atra and H. leucospilota combined for another 40% of all
observations.

Eriksson et al. [20] used blanket Manta tows to survey
the Aspidochirotida of Mayotte. Among the habitats they
surveyed was the fringing reef. Of a total of 22 species
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observed, the six most common were B. atra, H. atra, H. fus-
copunctata Jaeger, H. nobilis, and Thelenota ananas (Jaeger).
These species and their local densities were associated with
different substrate types. For example, H. atra density in the
fringing reef habitat was close to 50 individuals/hectare, and
B. atraMassin Rasolofonirina Conand & Samyn, around 80,
yet both were relatively rare in other habitats.

Farther afield, in Guam, Kerr et al. [15] recorded 19
species in 1993. They concluded that exposure to oceanic
waves is amajor determinant of abundance and diversity.This
conclusion was based on the finding that the reef slopes had
only 10 species, while most species were found in the middle
reef flats. In their surveyH. atrawas by far themost abundant
species, comprising 92% of all individuals. A reassessment of
the same fauna, conducted 20 years later with high intensity
sampling during day and night, with snorkeling and SCUBA,
across a variety of habitats, and intensified by repeated efforts
resulted in the identification of 65 species from 7 families [16].

It is well documented that overfishing causes severe
declines in abundance, leading to slow recovery and even
local extinctions [9, 10, 17, 44]. Overfishing in both Egypt and
Saudi Arabia has led to significant declines of commercially
valuable species. For example, H. scabra Jaeger was once
superabundant (∼80 individuals 100m2) in sandy habitats off
AbuRamada Island (southern Egypt), yet declined drastically
in 1999–2003 (<1 individual 100m2) as a result of overfishing
[34]. Overfishing also resulted in a decline in weight and
eventually cessation of spawning. Overfishing has led to the
implementation of strict regulations in both Egypt and Saudi
Arabia, the effect of which will take several years to become
evident [31–34]. Nevertheless, there is some evidence that
protected areas can help recover populations damaged by
overfishing. Cariglia et al. [18] surveyed several sites around
Seychelles and found that protected areas had significantly
higher densities of holothuroids. We hypothesized that the
relatively protected areas in the northern gulf of Aqaba may
serve as ecological refugia for species overfished further
to the south. Indeed, recent evidence suggests that due to
the unique properties of the Red Sea, some coral species
do indeed enjoy a refuge in its northern reaches [45].
Although we found relatively high densities of some species
of limited commercial importance (e.g., H. edulis), the low
densities of the highly valuable species (e.g., H. nobilis and
H. fuscogilva) provide little support for this hypothesis. More
studies, at greater depth and in diverse habitats, in addition
to understanding spawning behavior and larval ecology, are
needed in this context.
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