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ABSTRACT: A rapid survey of the density and size distribution of recently exploited populations of Holothuria scabra in
Mahout Bay (Ghubbat Hashish Bay) was carried out at six fishing sites. The results showed that population densities varied
between 1170 and 4000 individuals ha-' and biomass ranged between 393 and 2903 kg ha-'. The mean size of sea cucumbers
and population densities were much lower in populations closer to human settlements, suggestive of overfishing. The sex
ratio was estimated to be 1:1 and the size distributions of males and females did not differ significantly. The length-weight
relationship for both sexes was calculated as W (g) = 0.033 Length (mm) >'™.
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Introduction of béche-de-mer production still originates from

Sea cucumbers (Holothuroidea) inhabit sheltered
shallow-water sediments in all tropical and temperate
oceans, but their greatest abundance and diversity
occur in the tropical Indo-Pacific region (Conand,
2004). They have been exploited for at least 1000
years, particularly around India, Indonesia and the
Philippines, mainly for béche-de-mer (or trepang),
the processed dried body-wall which commands high
prices on Asian markets (Conand and Byrne, 1993;
Conand, 2004; Ferdouse, 2004). Although the bulk

the western Pacific (>14000 tons/yr) a considerable
amount (>1000 tons/yr) comes from the western
Indian Ocean (FAO Area 51) (FAO, 2003). The
fisheries for sea cucumbers in the western Indian
Ocean extend from South Africa in the south to the
Arabian Peninsula in the north (Conand and Byrne,
1993), and overviews are available for Madagascar
(Rasolofinirina and Jangoux, 2004), Tanzania
(Kithakeni and Ndaro, 2002; Mmbaga and Mgaya,
2004), Seychelles (Aumeerruddy and Rondolph
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Figure 1. Map of Mahout Bay (Ghubbat Hashish). The six fishing grounds are represented by hatched areas

with a thick border.

Payat, 2004) and the Red Sea coast of Egypt (Lawrence
et al., 2004). Very few countries (and none along the
rim of the western Indian Ocean) have consistent
fisheries management plans for sea cucumbers, and
hence there is a constant threat of overexploitation
wherever they are fished (Conand, 2001).

A fishery for Holothuria scabra, commonly
known as sandfish, and one of the most valuable
species in the trade, (Conand and Byrne, 1993) has
recently begun in Mahout Bay, along the Arabian
Sea coast of the Sultanate of Oman (Al-Rashdi et
al., 2007). Artisanal fishers collect H. scabra by
wading in shallow areas at low tides. The body walls
of the animals are locally processed and exported

in dry form, mainly to the United Arab Emirates.
The fishery saw a significant and rapid increase
in 2004 and 2005 (Al-Rashdi et al., 2007),
like that experienced in most other countries where
H. scabra is fished (Uthicke and Conand, 2005).
Anecdotal evidence suggests a reduction in the size

much

of sea cucumbers captured by fishers in Mahout Bay.
Very little
fishery, biology and ecology of H. scabra and other

information is available on the
holothuroids along the Arabian Sea coast of the
Sultanate of Oman (Al-Rashdi et al., 2007). A field
survey was therefore undertaken to investigate the
densities and size distribution of sea cucumbers at six
sites in Mahout Bay, in relation to fishing intensity.
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Materials and Methods

The study area covered Mahout Bay (Ghubbat
Hashish Bay; 20°27' N 58°10' E), where the only
known fishery for H. scabra in the Sultanate of Oman
takes place (Fig. 1). The semi-sheltered bay forms
the innermost part of the Gulf of Masirah and covers
approximately 320 km? (Fig. 1). The maximum depth
in the south of the Bay is around 10 m. However,
most of its surface area is less than 5 m in depth. It is
micro-tidal and relatively protected from the severe
wave climate generated by the monsoon winds during
the summer.

Three sites were examined in each of the six
fishing grounds: Al Eigah, Wadsumah, Al Nagel, Al
Shaghiah, Al Hofnat and Ra’s Knasah (Fig. 1). Three
of these fishing grounds (Al Eigah, Wadsumah and
Al Nagel) are located on shallow sand banks in the
northern part of Mahout Bay near the small island
of Mahout. During spring low tides, almost 80% of
these sand banks are exposed to form large barrier
flats which are located within 15 min by boat from
the nearest village, Al Ghudhun, and thus easily
accessible. In contrast, the fishing grounds located in
the southeastern area of Mahout Bay (Al Shaghiah, Al
Hofnat and Ra’s Knasah) are coastal shallows located
about a 1 hour drive (dirt track) from Al Ghudhun and
thus more difficult to access.

The six fishing grounds were ranked in accessibility
according to their distance-time from Al Ghudhun as a
proxy for fishing effort. The approximate size of each
of the fishing grounds was obtained by plotting their
limits on a map from the coordinates provided by local
fishermen.

At each fishing ground, three rectangular
transects (2 m x 50 m) were laid on the sediment with
measuring tapes during low tide. Two investigators
collected all sea cucumbers found within the 100 m?
of each transect, recording simultaneously the type
of substrate, vegetation and other macrofauna. Three
sediment samples per transect were collected and
analyzed for granulometry (dry sieving) and organic
matter (wet oxidation).

Length and weight data were collected for each
sea cucumber after allowing the sea cucumber to relax
in water for 5 min. Total length from mouth to anus
was measured to the nearest 0.5 cm with a flexible
ruler. Wet weight was measured to the nearest 5 g
immediately after removing the animal from the

water to avoid evisceration. For a sub-sample of
151 specimens chosen randomly from all six fishing
grounds, expulsion of the gonads was triggered by
squeezing the body and sex identification performed
based on the general appearance (color and texture) of
the gonads.

Results

Habitat

All six sites consisted of mostly sands (mean = 80.9%;
Fig. 2) with a highly variable contribution of medium
and coarse/fine sand fractions (>250pm — <250um)
within sites and between sites. Concentration in
organic material averaged 0.62 mg g' with little
variation between the sampling sites.

The six sites showed various abundances of sea
grasses (Syringodium isoetifolium, Halophila ovalis,
Halodule uninervis and Thalassodedron ciliatum)
although in none of the sites were these species
dominant. Various mollusks (Pinna sp., Plagiocardium
pseudolima, Murex scolopax) and non-holothuroid
echinoderms (A4stropecten sp., sand dollars) were
also found in abundance while surveying for sea
cucumbers. In the shallow water, small stingrays
(Taeniura lymma) and guitar sharks (Rhinobatos spp.)
were encountered but not quantified.

Population size structure

Four species of holothuroids were recorded during
the survey (H. scabra, H. atra, H. edulis and H.
leucospilota) although H. scabra represented the
great majority of the observed specimens. H. scabra
had several intergrading color morphs with the lower
surface of the animal varying from nearly black to
nearly white and the upper surface mottled grey with
transverse white markings (Fig. 3).

Population densities ranged from 1770 individuals
ha' or (393 kg ha') in Al Eigah to 4000 individuals
ha! or 2903 kg ha! in Ra’s Knasah (Table 1). When
multiplied by the estimated surface area of the fishing
grounds, these values translates into a live biomass of
9.75 tons in Al Nagel to 272.85 tons in Ras-Knasah
(Table 1).

The smallest observed H. scabra was 85 mm (Al
Eigah) and the largest was 395 mm (Ra’s Knasah).
Length distributions varied considerably between
fishing grounds (Fig. 4). The smallest individuals were
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Figure 2. Triangular diagram of relative contribution of medium and coarse sand (>250pm), fine sand (64-

250um) and silt-clay (<64pm) to the sediment found in each of three replicates from each of the 6 sampling

sites near Mahout Island.

found in Al Eigah and Wadsumahh where most of the
measured specimens were <160 mm. On the other
hand, individuals in Ra’s Knasah were much larger,
with 78% of the sea cucumbers larger than 200 mm.
A Chi-square analysis indicated that these differences
in length distributions between fishing grounds were
significant (chi-square = 388, DF = 25, p<0.001).
There was also an inverse relationship between fishing
ground accessibility and mean sea cucumber length
(Table 1, Spearman r = 0.81, p<0.05).

The sex ratio pooled from all sites revealed 77
males and 74 females. A Chi-square analysis with
Yates’ correction indicated that this ratio was not
significantly different from 1:1 (Chi-square=0.06,
DF=1, p=0.80). Furthermore, the distribution of sizes
(Fig. 5) was also similar between males and females
(Chi-square=1.28, DF=5, p=0.93).

A power curve was fitted to the length-weight data
(W (2)=0.033 Length(mm)>'7®), and the relationship
observed was highly correlated (R?=0.80, p<0.0001;
Fig. 6).
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Discussion

The habitat in which H. scabra was found was typical
for this species which prefers low energy habitats
within embayments (Conand, 1989) with sparse
seagrasses (Jupp et al, 1996). Although probably
biased by a sampling protocol focusing on existing
fishing grounds, the observed population densities
(1770 - 4000 ind ha') were at the high end of the
range reported for this species (Table 2). The biomass
recorded in our survey was also high in comparison to
that observed in the Great Lagoon in New Caledonia
(240 kg ha!; Conand, 1989) but somewhat lower than
thatrecorded in pre-exploitation populationsinthe Red
Sea (3400 - 4670 kg ha''; Hasan, 2005). The negative
correlation found between accessibility (presumed as
a proxy for fishing effort) and mean length suggests
that H. scabra populations in Mahout Bay area are
already under significant fishing pressure, only
three years after the commencement of the fishery.
Similar trends of reduced population density and size
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Figure 3. Various color morphs of Holothuria scabra near Mahout. A. Dorsal view. B. Ventral view.

distribution were found in populations sampled on
“protected” and “exploited” reefs in the Great Barrier
Reef (Uthicke and Benzie, 2000). The particularly
low values observed in Al Eigah in terms of density,
mean length and biomass, suggest that fishing
activities have already started to alter the population

structure in this easily accessible area. Furthermore,
assuming a length at first maturity around 200 mm,
as in other population of the same species around the
world (Harriot, 1980; Shelly, 1981; Kithakeni and
Ndaro, 2002; Hasan, 2005), most animals found in Al
Eigah would be immature, placing this population at

Table 1. Site characteristics and Holothuria scabra population estimates for the six surveyed sites. Surface
areas were estimated from the limits of the fishing grounds indicated by the fishermen. Accessibility was
calculated and ranked by a measure of distance/time from Al-Ghudhun (1 is closest and 6 furthest from the
town) and can be considered as a proxy for fishing effort. Processed biomass is the potential total yield of the
site in processed béche-de-mer assuming a processing loss of 95% of the wet weight (Conand, 1979). When
available, Standard Deviation is presented in parenthesis.

Al Al Al Ra’s-

Eigah Wadsumah Nagel  Shaghiah Al Hofiat Knasah
Site characteristics
Accessibility (rank) 1 3 4 5 6
Medium and coarse sand (%) 7.56 52.06 27.56 61.367 38.333 14.03
Mean grain size (Phi) 1.96 1.44 1.75 1.34 1.60 1.95
Surface area (ha) 120 9 95 70 95
Sea cucumber population estimates
Average Length (mm) 166 (37) 190(33) 192(36) 177 (23) 205 (26) 268 (31)
Pop. Density Ind/ha 1770 2970 2966 2200 2530 4000
Pop. Biomass kg/ha 393 1074 1074 438 829 2903
Total biomass (tons) 47.16 85.92 9.661 41.16 57.820 275.78
Processed biomass (tons) 2.35 4.38 0.49 0.66 2.99 13.64
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Figure 4. Holothuria scabra length frequency distribution for all six sampling sites. The total number of
individuals collected in the 3x100m? quadrats at each site is indicated as n. Note that the frequency scale is not

identical on all graphs.

high risk of recruitment overfishing. Overfishing is
easily achieved in wild populations of sea cucumbers
and unmanaged exploitation most often results in
the demise of the fishery (Conand and Byrne, 1993;
Hasan, 2005; Uthicke and Conand, 2005).

The relative number of males and females in
the overall Mahout population of H. scabra were
statistically identical and thus consistent with a sex
ratio of 1:1 as found in most species of Holothuroids
(Conand, 1989; Uthicke, 1997; Hamel et al., 2001;
Hasan, 2005).

The observed length-weight power relationship is
consistent with most studies on sea cucumber growth.
The allometric coefficient (2.18) calculated for the
Omani population was however lower on average than
the few published values for this species in Vietnam
(2.84; Pitt and Duy, 2004) or in New Caledonia (2.28;

Conand, 1990). This suggests that for a given length,
the individuals collected in Oman were leaner than
those collected either in Vietnam or new Caledonia.
These differences could correspond to actual biological
differences in relation to the strong seasonality of
the environmental conditions related to the summer
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Figure 5. Pooled size distributions of males and females collected from all six fishing grounds.
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Figure 6. Length—wet-weight relationship for both sexes of Holothuria scabra in Mahout Bay.
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Table 2. Population densities of Holothuria scabra.

Population
Location density Source
(Ind ha)
Mahout Bay 1770-4000  This Study
New Caledonia 10-6000 (Conand, 1989)
Solomon Islands  20-220 (Mercier et al.,
2000)
India 40-200 (James, 1994)
Egypt 0-158 (Lawrence et

al., 2004)

monsoon (June-Sept) or might simply be due to slight
differences in procedures to estimate either the total
weight or the total length of the sea cucumbers.

Recommendations

At present, sea cucumber fishing in Oman is not
regulated. To establish proper management and
regulation of the fishery, studies of the biology
and ecology, particularly reproductive biology and
population dynamics in relation to the environment,
are needed.
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