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Stock assessment of holothuroid populations in the Red Sea waters
of Saudi Arabia

Mohamed Hamza Hasan'

Abstract

The present work estimates the stocks of sea cucumbers at sites in the Red Sea — for which there is currently
a lack of reliable data. The survey was carried out at 18 sites located in three areas (Al-Wajh, Thowal and
Farasan Islands) along the Red Sea coast of Saudi Arabia. The major findings revealed that all sites surveyed
were subjected to heavy overfishing that led to high depletion of sea cucumber stocks.

Twelve species were recorded during this survey, with the highest diversity recorded at Farasan Islands
(eight species), followed by the Thowal area (four species) and the Al-Wajh area (three species). The spe-
cies included three high value species (Holothuria fuscogilva, H. nobilis and H. scabra), five medium value
species (Actinopyga echinites, A. mauritiana, Holothuria atra, H. fuscopunctata and Stichopus variegatus), three
low value species (Bohadschia vitiensis, Pearsonothuria graeffei and Holothuria edulis) and one non-commercial
species (Holothuria leucospilota). Population structure investigation showed high depletion in populations
of H. nobilis, while populations of both H. fuscogilva and H. scabra were completely destroyed. Only H. atra

showed a healthy population.

Introduction

The Red Sea has a unique environment with a wide
range of habitats and outstanding biodiversity,
which give it great scientific and ecological impor-
tance (Head 1987). Saudi Arabia’s Red Sea coast
extends for about 2,000 km (nearly all the eastern
seaboard of the Red Sea) and many islands exist off-
shore that have flourishing ecosystems and rich spe-
cies communities. Holothurians are one of the most
important members of the Red Sea ecosystem and
influence the structure and functioning of coral reef
ecosystems (Bakus 1973), contributing significantly
to the food chain and to the modification of the sub-
strate (Lawrence 1975). In addition, sea cucumbers
have a high economic value due to their high mar-
ket demand and high prices (Holland 1994).

The environmental parameters in the marine habi-
tats of Saudi Arabia’s Red Sea coast are suitable for
the existence of sea cucumbers (Price 1982, 1983).
The availability of food, suitable substrata (Roberts
1979; Mercier et al. 1999), a high variety of niches
(Clark and Rowe 1971; Guille and Ribes 1981),
suitable depths (Preston and Lokani 1990; Lokani
et al. 1996) and the small number of natural ene-
mies (Hasan 2003, 2005) favour the existence of sea
cucumbers. The trend of overfishing of sea cucum-
ber that started in 1999 resulted in overexploita-
tion of the resource, causing their stocks to deplete

(Hasan 2008). This situation not only caused the
decrease in species density, but also created the pos-
sibility of the disappearance of some species from
the marine habitat, especially those with high com-
mercial value.

Due to the overfishing of Saudi Arabia’s sea cucum-
bers and the apparent depletion of natural stocks,
the Ministry of Agriculture of Saudi Arabia banned
sea cucumber fishing. The Ministry of Agriculture
requested a full survey for all sea cucumber fauna
and the stock status prior to the reopening of the
fishery. In a previous paper (Hasan 2008), I reviewed
the status of fisheries and proposed a management
plan for Saudi Arabian sea cucumbers. The current
study describes a two-month survey that has been
made to evaluate the natural stocks of sea cucum-
bers in Saudi Arabia’s Red Sea.

Materials and methods

Study sites

The sea cucumber stocks were surveyed at 18 off-
shore sites along Saudi Arabia’s Red Sea coast from
April to May 2006. Three areas along the coast were
surveyed: the Al-Wajh area, the Thowal area and the
Farasan Islands. The three areas have been exten-
sively detailed in Hasan (2008). At each of these
areas a number of sites were considered. In Al-Wajh,
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five sites were explored: North Al-Ewandia (under-
water reef), Kotaa Al-Ewandia (shallow reef), Shaab
Al-Jaziera (shallow reef), Braim Island and Kaad Al-
Jazeira. In Thowal, three sites were surveyed: Bousti
(underwater island), Tallah reef and Abou Koussa
reef. The Farasan Islands are a group of islands 50 km
offshore opposite the Jazan area at the southern bor-
ders of Saudi Arabia. Ten sites were surveyed there:
Umm El-Hagar (submerged reef), Umm El-Raak
(submerged reef), Bagel (submerged reef), Al-Hayla,
Al-Shabeen, Umm Al-Madah, Gadeefa (underwater
island), Al-Hacece, Al-Sharaa and Abou Atteque.

Sea cucumber population assessment methods

Estimation of sea cucumber populations at the sur-
veyed sites was carried out using underwater visual
transects. Direct visual assessment is the method
conventionally used and is effective for the direct
enumeration of specimens of epifauna (Lokani et
al. 1996). At each site, transects were made covering
the different depths, zones and habitats. The length
of each transect was about 150 m. Between five
and nine replicates were made at each zone and/
or depth. Along each transect 10 quadrats of 10 m x
10 m (100 m?) were made. The shallow areas were
surveyed by snorkelling and the deep areas were
surveyed by scuba diving.

Population estimates and distribution

The population density of different sea cucum-
ber species inside each quadrat was counted and
expressed as number of individuals per 100 m?. At
each quadrat the different biotopes of the reef and
type of substrate were described in terms of per-
centage of sand, rubble, pavement, seagrass, algae,
rocks, and dead and live corals.

The total population was estimated for each species
for all the surveyed sites. The following formula
was used to estimate the species population:

T=X*N
where:

T = total population

X = mean number per transect

N = number of transects that fit into the
total area (N = total area/transect area).

The total area of each site was calculated based on
distances measured by using a boat with a fixed
speed and the formula:

D=S*T

where D is the distance, S is the boat speed and T
is the time.

Estimation of standing stocks

Biomass was calculated by collecting the different
sea cucumber species from representative quadrates
and weighing them, after which they were returned
them to the same site. Weight was measured after
gently drying the animals with a cloth and leaving
them out of the water for five minutes. The standing
stocks were calculated by the formula:

SS=M.wt. * TA / QA

Where SS is the standing stocks, M.wt. is mean
weight at the representative quadrats, TA is the
total area and QA is the quadrat area.

Results

Sea cucumber faunal composition

A total of 12 species were recorded in the three
surveyed areas. The species composition included
three high value species: Holothuria fuscogilva, H.
nobilis and H. scabra; five medium value species:
Actinopyga echinites, A. mauritiana, Holothuria atra,
H. fuscopunctata and Stichopus variegatus; three low
value species: Bohadschia vitiensis, Pearsonothuria
graeffei and Holothuria edulis; and one non-com-
mercial species (Holothuria leucospilota) (Table 1).
Of the 18 sites surveyed, 5 sites had no records of
sea cucumber (North El-Ewandia, Al-Hayla, Al-
Shabeen, Umm-El-Madah and Al-Sharaa). Holothu-
ria atra was the most common species (recorded at
nine sites), followed by Holothuria nobilis (recorded
at three sites), while the rest of the species recorded
were recorded at only one or two sites.

The surveyed sites differ in the diversity and den-
sity of species recorded. It was evident that all sites
have low diversity of sea cucumber species. The
study revealed that of the surveyed sites, 27.78
per cent did not have any sea cucumber species,
27.78 per cent recorded only one species, 38.89 per
cent recorded two species and only 5.56 per cent
recorded six species.

Species density and habitat distribution

In the Al-Wajh area, sea cucumbers were recorded
at four of the five surveyed sites at low densities
and diversities. Only one high value species was
recorded in the area (Holothuria nobilis; recorded
at Shaab Al-Jaziera), and was found at low den-
sities that ranged between 0.1 and 0.2 individuals
100 m? (Table 2A). The medium value species Hol-
othuria atra was recorded at three of the five sur-
veyed sites (Shaab Al-Jaziera, Braim Island and
Kaad El-Zawrak Island). The highest densities
were recorded in sandy habitats (ranging between
4.3 individuals 100 m2at Shaab Al-Jaziera and 8.4
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Table 1. Sea cucumber species composition at the surveyed sites (present/absent)

Al-Wajh area

Thowal area

Farasan Islands

Kotaa Al-
Ewandia
Shaab Al-
Jaziera
Baim Island
Kaad El-Za-
wrak Island
Bousti

Species

Tallah

Abou Koussa
Umm El-Hagar
Umm EI-Raak
Bagel
Al-Hacece
Abou Atteque

Actinopyga echinites

+ | Gadeefa

+

A.mauritiana

+

Bohadschia vitiensis

+
—+

P. graeffei +

Holothuria atra + + +

H. edulis

H.scabra

H.fuscogilva

H. nobilis +

H. fuscopunctata

H. leucospilota

Stichopus variegatus

individuals 100 m? at Braim Island), while the
lowest densities of H. atra were recorded in dead
coral habitats. The species were not recorded in
areas with live coral habitats.

In the Thowal area four sea cucumber species were
recorded at the three sites. Two high value spe-
cies — Holothuria fuscogilva (only at Bousti), and
Holothuria nobilis (at Bousti and Tallah) — were
recorded in rocky and dead coral habitats at low
densities (Table 2B). The medium value species
H. atra was recorded at high densities at Tallah in
both sandy (12.3 individuals 100 m?) and rocky
areas (2.4 individuals 100 m?). Low densities were
present at Abou Koussa (0.2 individuals 100 m?),in
both sandy and rocky habitats. Actinopyga mauri-
tiana, another medium value species, was recorded
at very low densities (0.01 individuals 100 m?) on
corals at only one site (Abou Koussa).

In the Farasan Islands, the high value species Hol-
othuria scabra was recorded only on sandy sub-
strates but at low densities at Bagel (0.1 individu-
als 100 m?) and Gadeefa (0.3 individuals 100 m™).
The medium value species were also present at low
densities. Of them, H. atra was found at the highest
densities. H. edulis, another medium value species,
was found only in dead coral (0.1 individuals 100
m™) and coral habitats (0.2 individuals 100 m) at
Gadeefa. Two other medium value species were
found in the Farsan Islands: Actinopyga echinites,
recorded only at Umm El-Raak (0.1 individuals

100 m?in both rocky and dead coral habitats), and
Stichopus variegatus, recorded only in sandy habitat
at Gadeefa. The non-commercial species Holothuria
leucospilota was recorded at high densities at the
Abou Atteque site in sandy habitats (7.8 individu-
als 100 m®) and rocky habitats (3.9 individuals
100 m?) (Table 2C).

Stock assessment

The population size recorded for Holothuria scabra
was 35 individuals at Gadeefa and only 8 at Bagel.
Holothuria fuscogilva is another high value spe-
cies that is important in the catch composition of
Saudi Arabia’s sea cucumber fishery. There were
only 10 individuals at Bousti. Holothuria nobilis was
recorded at three sites: 14 individuals at Shaab Al-
Jaziera, 7 individuals at Bousti and 18 individuals
at Tallah reef. The only species that showed higher
number was the medium value Holothuria atra, of
which a population of 1567 was recorded at Tallah
reef with signs of population recovery after three
years of closure. It was also found at Shaab Al-Jazi-
era (87 individuals), Braim Island (189 individuals),
Kaad El-Zaurak Island (112 individuals), Bagel (65
individuals) and Gadeefa (92 individuals).

The total biomass (in wet weight) was little more
than half a tonne (Table 3). The majority of the bio-
mass consisted of Holothuria atra, of which a total of
450.5 kg was recorded. The high value species were
recorded at negligible levels at all surveyed sites. A
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Table 2A. Species density of sea cucumber (individuals 100 m?) at different habitats
at the surveyed sites in the Al-Wajh area (data expressed as means).

Bousti Tallah Abou Koussa
KU A
© i) © ]
o e o} a @
v bt S v > o S
Species o [a} i w0 o e v wn 3
Holothuria atra 0 0 0 123 | 24 1.2 0.2 0.2 0
Holothuria nobilis 0.1 0.1 0 0 0.2 0.1 0 0 0
Holothuria fuscogilva 0 0.2 0.01 0 0 0 0 0 0
Actinopyga mauritiana 0 0 0 0 0 0 0 0 0.01

Table 2B. Species density of sea cucumber (individuals 100 m?) in different habitats at

the surveyed sites in the Thowal area.

Kotaa Al- Kaad EI-
. Shaab Al-Jaziera Braim Island Zawrak
Ewandia
Island
= f T
c o a o
S " g o _; 5 9
© 4 © ()}
2 5 3 o 5 ] o 5 3
Species ja wn o [a) v w [a) [V o=
Holothuria atra 0 43 1.1 0.9 8.4 4.2 0.3 5.6 1.2
Holothuria nobilis 0 0.01 0.2 0 0 0 0 0
Pearsonothuria graeffei 0.01 0 0 0 0 0 0 0 0

Table 2C. Average regional variation in species density of sea cucumber (individuals100 m?) in different habitats at
some representative sites in the Farasan Islands area.

Umm EI- Umm EI- Abou
Hagar Raak Bagel Gadeefa Al-Hacece Atteque
KU %
© © ) )
IS o e [
(v} v [e} o
e 2 Re o el 2 e o v e v e L2
c U c © c U c © v c v c U
© o) © v S e] S v 2 © 2 © o)
Species wn o [V (@) (%) oc wn o ] [V | (V) oc
Actinopyga echinites 0 0 0.1 0.1 0 0 0 0 0 0 0 0 0
Bohadschia vitiensis 0 0 0 0 0 0 0.2 0 0 0.2 0.1 0 0
Holothuria atra 04 0.2 0.2 0.1 0. 0.2 46 2 0 0 0 0 0
H.edulis 0 0 0 0 0 0 0 0.1 0.2 0 0 0 0
H. fuscopunctata 0 0 0 0 0 0 0 0 0 0.1 0.1 0 0
H.scabra 0 0 0 0 0.1 0 0.3 0 0 0 0 0 0
H.leucospilota 0 0 0 0 0 0 0 0 0 0 0 7.8 3.9
Stichopus variegatus 0 0 0 0 0 0 0.3 0 0 0 0 0 0
total biomass of 32.5 kg was recorded for Holothuria ~ Discussion

scabra, with 26.85 kg recorded at Gadeefa and 5.65
kg at Bagel. The situation was not better for Holothu-
ria nobilis, of which a total biomass of 24.95 kg was
recorded. Holothuria fuscogilva was recorded only at
Bousti, with a biomass of 6.5 kg (Table 4).

The status of sea cucumber stocks is given in Table
4. Tallah recorded the highest biomass (347.45kg
wet weight), but most of the sea cucumbers are of
poor value. Sea cucumbers at Bousti are high value
species, but the biomass is very low.

The major finding of this study is that there has
been heavy overfishing in all the surveyed sites. It
is evident that illegal fishing is continuing, espe-
cially in the southern and northern sections of the
coastline. In spite of satisfactory environmental
conditions that would enable sea cucumber species
to grow, the species diversity is low and the density
of the high value species is even lower. It is prob-
able that the natural parameters are not enough for
maintaining the Saudi stocks of sea cucumbers.
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Table 3.  Standing stocks (biomass expressed in kg) of different sea cucumber species at the surveyed sites.

wv % wv
= 4 N =
& 2 5 S
£ . £ 2 S s g g
s | § = | £ s s 3 £ S
Ry E S I s 3 IS 2 Y S 3
sS4 828 gl sy 8t
g g | < § S 3 3 S g 3 S S
Site < < ] & T T T T T T T 3
Kotaa Al-Ewandia - - - 0.5 - - - - - - - -
Shaab Al-Jaziera - - - - 18.50 - - - 9.25 - -
Braim Island - - - - 36.75 - - - - - - -
Kaad El-Zaurak Island - - - - 21.10 - - - - - - -
Bousti - - - - - - - 6.5 2.75 - - -
Tallah reef - - - - 334.50 - - - 12.95 - - -
Abou Koussa reef Umm El-Hagar - 0.65 - - 0.85 - - - - - - -
Umm El-Raak - - - - 2.10 - - - - - - -
Bagel 23 - - - 1.45 - - - - - - -
Gadeefa - - - - 13.65 - - - - - 5.65 -
Al-Hacece 2.7 - 4.1 - 21.60 1.25 - - - - 26.85 | 21.35
Abou Atteque - - 4.8 - - - - - - 1.35 - -
- - - - - - 189.75 - - - - -

Table4. Total abundance, total wet weight and proportion of total high commercial value species (Holothuria scabra,

H. fuscogilva and H. nobilis) by site.

Total abundance Weight (kg) % high value % high value
Site species (no.) species (wt.)
Kotaa Al-Ewandia 3 0.500 0.00 0.00
Shaab Al-Jaziera 101 27.750 16.09 33.33
Braim Island 189 36.750 0.00 0.00
Kaad El-Zaurak Island 112 21.100 0.00 0.00
Bousti 17 9.250 100.00 100.00
Tallah reef 1585 347.450 1.15 3.73
Abou Koussa reef 8 1.500 0.00 0.00
Umm El-Hagar 19 2.100 0.00 0.00
Umm El-Raak 13 3.750 0.00 0.00
Bagel 73 19.300 12.31 29.27
Gadeefa 186 77.850 18.82 34.49
Al-Hacece 22 6.150 0.00 0.00
Abou Atteque 451 189.750 0.00 0.00

The population density of sea cucumber spe-
cies differed widely by habitat (Hasan and Hasan
2004), species behaviour (Hammond 1982; Young
and Chia 1982) and level of exploitation (Conand
1990, 1998, 2004). The population densities of the
high value species Holothuria scabra, H. nobilis and
H. fuscogilva were very low in the surveyed sites.
The same species showed much higher densities in
Papua New Guinea in 1981 (0.29 to 0.37 individu-
als m?) (Shelly 1981). In 1979, Lawrence recorded
very high abundance of A. mauritiana in Guam (12
individuals m?). The density of H. scabra recorded
in Saudi Arabia’s Red Sea is similar to the reduced
densities measured in other places: e.g. in Indonesia
H. scabra density ranged from 0.0025 to 0.39 indi-
viduals m? (Darsono et al. 1998) and in Papua New
Guinea it was 0.01 to 0.02 individuals m? (Lokani
et al. 1996).

The biomass of all the commercial species of sea
cucumbers at all the surveyed sites was low and
was probably not sufficient to maintain a popu-
lation or sustain a reliable fishery. Moreover, the
quantity of high value species (Holothuria fuscogilva,
H. nobilis and H. scabra) was very low, indicating
heavy depletion. The quantity of medium and low
value species on all reefs at the studied sites was
also low. The currently targeted species, H. atra,
was severely depleted at all sites except for Tallah
reef and Braim Island, which showed population
recovery and relatively high densities. The biomass
of H. atra at Tallah reef was low due to the high per-
centage of small animals.

Harvesting of sea cucumbers in Saudi Arabia
started in 1999 and was banned in 2004. The recov-
ery of overfished sea cucumber stocks is a long
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process, taking several years (Purcell et al. 2002).
Reduction of population density by overfishing
may render remaining individuals incapable of
successful reproduction. It is now apparent that
depleted stocks of high value sea cucumber species
at the surveyed sites may take decades to recover.
The absence of effective control, surveillance and
enforcement of regulations has resulted in wide-
spread illegal fishing of sea cucumber leading to
depletion of the resource. There is little awareness
of the benefits that may be gained from an effec-
tive sea cucumber fishery managed by stakehold-
ers in this sector and this is a critical cause of the
overexploitation and depletion of sea cucumber.
More effective training opportunities for managers
of fisheries, scientists, shore protection personnel,
environmental protection officers, cooperative staff
and fishers are required.

The authorities must make appropriate rules and
regulations to maintain sea cucumber resources.
These rules and regulations should spell out the
proper procedures for harvesting. Also, the record-
ing of reliable and accurate data on the sea cucum-
ber fauna of Saudi Arabia’s Red Sea is required.
These requirements should be implemented within
a management plan.
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