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1. EXECUTIVE SUMMARY

Background

Sea cucumbers are fished worldwide but over-exploited in most countries (Lovatelli ez al. 2004).
Sea cucumber populations can be slow to recover from overfishing and must be managed
conservatively.

In Sri Lanka, the sea cucumber fishery has operated since late 80’s (Hornell, 1917). Now, it is
based primarily on about 20 species, exported as dried ‘béche-de-mer” to Asian markets. Based
on a need by the provinces to better understand and manage the sea cucumber resource of Sri
Lanka, the project was developed by the NARA with the financial and technical assistance from
Canadian International Development Agency (CIDA) and the International Fund for Agricultural
Development (IFAD) and Food and Agriculture Organization (FAQO). This report covers work
coordinated by the Marine Biological Resources Division of NARA during 2008 and 2009 for
the project from “Capacity Enhancement of NARA staff on Resource surveys and Stock
Assessment”. It describes results of Underwater Visual surveys carried out in the Northwestern
and East coast of Sri Lanka (sea cucumbers and chanks), catch and effort surveys during 2008
and 2009. Proposed management plan is also included at the end.

Methodology

A total of 500 survey sites from east coast and North Western coast were surveyed for sea
cucumbers and chanks. Underwater Visual Surveys were used to assessment purposes and
survey sites were geo-referenced using GPS technology. The surveys provide estimates of
densities of species and biomass estimates.

GIS software (Maplnfo) was used to calculate the surface area of sites. The total abundance of
each species per site and the area was calculated. The total biomass and MSY were also
calculated by using different methodologies. An attempt was made to calculate the TAC’s for
different species based on the survey results. The scientists and research assistants of NARA

were trained in field survey methods and identification of sea cucumber species.

In place of a large study on movement and growth, we conducted landing surveys and a study on
weight and length loss through different processing stages for selected species. Conversion ratios



were calculated for each step of processing of sea cucumbers in the weight and length loss study.
Weight and length losses in processing was coupled with the information of size at first sexual
maturity and based on this size limit was determined for selected sea cucumber species for the
landings as well as exporting. Fishing effort, Catch per Unit Effort (CPUE) and total sea
cucumber production was estimated and these were compared with results from population

surveys.

Results

Around 24 sea cucumbers are evident from Sri Lankan waters among which 20 are commercially
exploited. High value, medium value and low value species are harvested in the commercial
fishing activities and low value species are dominant both in the catches as well as in the wild
population. The abundance of sea cucumbers are varied markedly among sites: species were
abundant at some sites but not others. That is, distributions were quite patchy for most species.
The species richness did not differ greatly between the two areas Populations of a few
commercial species appear depleted, namely Actinopyga mauritiana, Holothuria fuscogilva,
Holothuria nobilis and Holothuria sp (pentard) . Several other species are perhaps not critically
low but are relatively sparse, namely A. echinites, A. miliaris and H. scabra. Most of the other
commercial species are relatively common and have breeding populations at some sites that
should allow for some further recruitment. Also, several species were rare in our field
observations. A comparison of size-frequencies of sea cucumbers in landing and those from field
surveys suggested that there was some selection by fishers for larger individuals. Populations of
some species were restricted to one or two size classes, perhaps indicating infrequent
recruitment. Most of the sea cucumber fishers are men aged 30-50 years. Scuba diving is the
frequent fishing gear and the skin diving is also practiced in some areas. Many fishers had years
of experience, but a lot of them have only recently started fishing sea cucumbers. Sea cucumbers
were the most important source of income for most of the coastal communities specially in east
and North West.. Many fishers only spend a couple of days fishing each week, and the Catch per
Unit Effort (CPUE) of fishers varied markedly among regions. Compared to perceived historical
CPUE, estimates of current CPUE from landing and interviews with fishers indicate that catch

rates have declined in some regions.



Conclusions

Some stocks of sea cucumbers in Sri Lanka can probably sustain further fishing impacts, at
modest levels. Stocks for some other species are low or depleted and management regulations
should be brought in to ensure their breeding populations do not decline further. Fishers in some
areas are still harvesting sea cucumbers intensely even though the average sizes of animals have
declined and even though they believe the abundances have declined. The capture of some small
animals and responses from fishers shows that more education of fishers is needed through
regular visits by fisheries officers. We propose 12 recommendations for actions to be taken by
the relevant authorities of Fisheries (Ministry of Fisheries, Department of Fisheries and NARA),
and fishery regulations to be imposed on fishers. A management plan needs to be rapidly
established in the east coast of Sri Lanka that will safeguard the reproductive potential of sea
cucumber populations and their biodiversity. We recommend an adaptive management approach,
whereby the management plan can be changed over time through new information from the

social ecological system.



2. INTRODUCTION

Sea cucumbers are members of the Class Holothuroidea of the Phylum Echinodermata (Conad,
1990). They are highly diverse, abundant and exclusively marine invertebrates that play crucial
roles in the recycling of nutrients and bioturbation processes in marine benthic communities
(Preston, 1993). However they are most common in the Indian Ocean and the South West Pacific
(Conad, 1990). According to James (1990), there are over 1000 species of sea cucumbers in the
various parts of the world.

While over 1000 species have been described, only about two dozen are commercially important
in the tropics and most of these occur in the Sri Lanka. They have been harvested for centuries in

Asia and have become an important source of income for fishing communities worldwide.

Béche-de-mer is the processed body wall of sea cucumbers. The history of béche-de-mer
fisheries goes back for thousands of years. Béche-de-mer is in demand principally in China and
South-east Asia, where it is considered a delicacy. The main markets are Hong Kong and
Singapore, with smaller markets in Korea, Taiwan and Malaysia. The current high demand for
béche-de-mer now is likely to continue, and may strengthen, due in part to the high economic
growth in China.

The commercial value of a species is generally determined by its size and the thickness of the
body wall. Species of high commercial value such as black teatfish (Holothuria nobilis), white
teatfish (Holothuria fuscogilva) and sandfish (Holothuria scabra) tend to be fished
preferentially. Medium value species include blackfish (4Actinopyga miliaris), deep water redfish
(Actinopyga echinites), and yellow surffish (Actinopyga mauritiana). Other shallow water
tropical species generally fall into the low- or no-value category (Conand, 1990).

The beche-de-mer industry in Sri Lanka is very ancient having been introduced by the Chinese.
Hornell (1917) stated that beche-de-mer appear to be one of the commodities taken to China
during the last one thousand years when trade existed between South India, Sri Lanka and China.



In Sri Lanka, sea cucumber fishery is presently confined to the northern cap from Kalpitiya on
the Northwestern coast through the Puttlam Islands around Gulf of Mannar, Trincomalee,
Pothuwil and Kalmunei in the Northeast and Eastern coastal waters of Sri Lanka (Figure 01).
These are the major sea cucumber fishing areas since it has been introduced to Sri Lanka.

There are no records on local consumption of sea cucumbers in Sri Lanka. Beach—de—mer is the
major commodity that is produced in Sri Lanka and the entire annual production is currently
exported to Singapore, Hong Kong and China. As there is import and re export mechanisms as
well as a shortage of continuous information regarding the annual exports and lack of statistical
data based catch and effort monitoring, it is not easy to estimate the annual production of sea

cucumbers.

The fishery is open access and no any regulation or precautionary approach was adapted so far
except issuing license for divers and transportation of the product. So this is totally an
unregulated fishery. With increasing demand for beach—-de—mer in international market, fishers
have increased their fishing effort continuously. Now fishery is showing some signs of
population depletion, including lower volumes of high value species and fishers having to travel
further, and concerns were raised regarding the sustainability of the fishery. Since there was no
baseline data on the fishery, there was limited precautionary measures have been implemented so
far.

Very little targeted research on sea cucumbers has taken place in Sri Lanka previously. The first
available record of sea cucumber from Sri Lanka was dated back 1808 (Joseph and Moiyadeen,
1988). The first detailed studies of the holothurians fauna of Sri Lanka was made when Professor
Herdman made his visit to Sri Lanka in 1902. The 30 species of holothuroids collected by him
were studied in detail and reported by Joseph Pearson in 1903. This is by far the largest
collection of Holothuroids ever collected from the waters of Sri Lanka (Joseph and Moiyadeen,
1988).



Studies on sea cucumber fishery in northwestern coastal waters (specially in Kalpitiya) of Sri
Lanka has been carried out in late 80’s and eight commercially important sea cucumber species
has been listed out (Moiyadeen, 1993). According to Joseph and Moiyadeen, (1988), more than
seventy species of holothuroids have been recorded from Sri Lanka in time to time and thirteen

of these are consumed in various parts of the world.
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Figure 01: Major fishing areas of sea cucumber

The fishery for sea cucumber in Sri Lanka is influenced greatly by the monsoon winds during the
south west and north east monsoons, which bring about much wave action and currents in the sea
increasing the turbidity of water making it difficult to spot the animals. Moreover, the inter-

monsoon rain also pours in water from river mouths into sea making it more turbid.

Hence off the North western coast, from Puttlam to Mannar, harvesting occurs intensively during
the North east monsoon (from October to April) i.e. when the south west monsoon (May to

September) has subsided, the inter-monsoonal rains have ceased and the water has become clear.



In the east coast (Trincomalee, Kalmunaei and Pothuwil) fishing is undertaken during the south
west monsoon period. However the industry is not completely folded up during the “off season”.

No special gear or net is devised exclusively to catch sea-cucumbers and it is mainly harvested
by hand picking either through scuba diving or skin diving. Scuba diving is carried out all the
major landing sites except in Mannar. Sea cucumbers are defenseless animals and no resistance
is offered at the time of capture. Further they do not try to escape and so it is easy to catch.
Fiberglass Reinforced (FRP) boats powered by 15 or 25HP engines are the main vessels used for
fishing.

Two to three divers and the boat operator go for a fishing trip in Kalpitiya, Trincomalee,

Kalmunaei and Pothuwil area while 8 to 10 divers use one boat in Mannar area.

The fishing crafts leave around 7.30 a.m. — 8.00 a.m. and return around 2.30 p.m. — 3.30 p.m.
when it is carried out sea cucumber fishing at day time. Night fishing is also carried out in both
areas. When night fishing is done they leave around 6.00 p.m. and come back in the early

morning around 2.00 a.m. — 3.00 a.m.

There are about 4500 to 5000 dependant families through the sea cucumber fishing activity.
Around 1500 to 2000 families engage in the beach de-mer- fishery in Kalpitiya Peninsula and
they have permanently settled in various parts of Puttalam lagoon. The rest of the families have
been settled in Mannar, Batticoaloa and Trincomalee areas while some migrate between the areas
during the season to dive for fresh sea cucumbers. They either join local divers on a contract
basis or work for a dealer or processor.



Study Objectives

In recent years, there has been some evidence of at least local depletion in Sri Lankan sea
cucumber fishery and recognized urgent need for research on this fishery to formulate

sustainable management measures

Unfortunately, there was very little information available to assess the status of the Sri Lankan
sea cucumber fishery populations. In the absence of reliable long term fishery dependant data, a
stock survey was the only viable method for determining the size and status of fished
populations. Stock size and indications of stock status are two useful parameters on which to
base robust management strategies. A survey would collect distribution and abundance data on
all available sea cucumbers even those not yet fished. So it was decided to carry out underwater
visual survey for the sea cucumber and chank fisheries by having following objectives. This
would basically provide the data for a first estimate of stock status, and be the baseline for future,

efficient monitoring of stock size.

1. Carry out both fishery dependant and fishery independent surveys in the major sea
cucumber fishing areas to study the stock status of sea cucumbers.

2. Based on the survey results, suitable management plans will be implemented to ensure
the sustainable utilization of sea cucumber resources through active participation of
community who are directly involve in fishing activities.

3. Provide sufficient training to NARA research staff to enable them to carry out /supervise

sea cucumber surveys in other parts of Sri Lanka



SECTION 3.1

METHODOLOGY FOR
UNDERWATER VISUAL SURVEY ON

SEA CUCUMBERS



3.1. PROJECT ACTIVITIES AND METHODOLOGY

3.1.1. Personnel and training

Training was given to the project Research Officers, Research Assistants and divers in the field
survey methods and species identification. Detail training was given to the survey staff in the
identification of sea cucumber species, measurements of live animals, and the various
methodologies for censusing sea cucumbers and chanks (Figure 1). The sea cucumber
Identification sheets were prepared to use in the field.

Taking length measurements Taking weight measurements

Figure 1: On the job training given to the project staff



Scientists as well as commercial divers actively participated for the survey activities. The
commercial divers were trained on survey methodologies and they were also given on the job

training (Figure 2). Commercial divers were trained by the NARA research staff.

Divers training - Underwater Divers training - Underwater

Figure 2: Training of commercial divers

Further the onboard research staff were trained for data recording and navigate to sampling
sites by using hand held GPS (Figure 3).



Navigate to sampling sites by using GPS Onboard data recording

Figure 3: Training onboard research staff

3.1.2. Survey area and site selection

Following information were used to identify the survey area.

a.

b.

Information collected through interviewing the fishermen in the area

Fishermen were interviewed to collect the information about the fishing ground and
habitat types. The maps were given to the fishing folk to demarcate the sea cucumber
fishing grounds as well as non fishing grounds (Figure 4)

Available maps in the area

The geographical information, depth and habitat information were gathered through the
available maps in the excising fishing areas of the east coast and Northwestern coast of
Sri Lanka.

Fishermen logbook or their personal diary
Normally divers record the fishing position and number of individual caught in each day
in their personal diary. This information was also collected to demarcate the survey area.



Interviewing the fishermen Fishermen help to demarcate the fishing

grounds

Figure 4: Collect information to demarcate the survey area

3.1.3. Survey type

As the fishing activities are basically carried out through diving (skin and scuba), it was decided
to carry out Underwater Visual Survey (UVS) with the help of scuba divers both from
commercial as well as scientists. According to the literature, underwater visual survey is the most

suitable technique to assess the population who are having sedentary behavior.

3.1.4. Survey area

As sea cucumber and chank fishery is presently confined to East and North western coastal
waters, it was decided to do the surveys in those areas. The east coast survey area was
demarcated from Wakarai to Sangamankanda which covers both Batticoalloa and Kalmunaeli
fisheries district and the along shore distance of the study area extended 190.047 km. The North
west coast study area extends from Mampuri to Arippu where there are 111.57 km shore distance
and the study area also bounded by Puttlam and Mannar fisheries district (Figure 05).
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Figure 5: Survey area for the sea cucumber and chank resources

The sea cucumber fishery in Sri Lanka occurs mainly in the shallow (<40m deep) parts of the
North West and Eastern coastal waters. Since it was not possible to sample deeper than 30m for
safety reasons the study area was confined to water depths up to 30m which covered an area of
1305.92 km? in the East coast and 2054.19 km? in the North west coast. The depth wise

breakdown of the survey area is summarized in Table 1.



Table 1: The estimated survey area in east coast and the North western coast

Strata East coast area North west coast area
(sq km) (sq km)
Batticoaloa Ampara Puttlam Mannar
0-10 163.98 76.04 289.29 398.13
10-20 287.19 151.06 208.91 488.51
20-30 288.59 339.05 328.77 64.90
Reef 6.61 1.77 91.90 41.58
Total 746.37 573.92 623.05 1195.18

3.1.5. Survey time

By considering time of the year where we have minimum disturbance in the sea and maximum

visibility, decision was made to carry out the surveys in the following time period (Table2).

Table 2: Time frame for the surveys

Area

Survey time

East coast (Survey 1)

June to August 2008 (Real survey was carried out from
11" July to 3" August)

East coast (Survey 2)

June to July 2009 (Real survey was carried out from 19"
June to 3 July 2009)

North West coast (Survey 1)

September to November 2008 (18" October to 6"
November)

North West coast (Survey 2)

Schedule to do in October




3.1.6. Sampling design

A Geographic Information System (GIS) geodatabase was assembled from existing bathymetric
and habitat data extracted by heads-up digitizing of scanned and geo referenced nautical charts.
The coastline, reefs and shoals were digitized from Landsat & ETM+ satellite data.

As there are very little historical data as well as sea cucumbers preferable habitats we decided to
do random sampling for the pilot survey and decision were made to do stratification based on the
pilot survey results if possible.

3.1.7. Pilot Study

A pilot study was carried out in the east coast to trial the field sampling techniques and obtain
estimates of mean abundance and variance of sea cucumbers so that an analysis could be done to
determine the (a) basis on which to stratify; and (b) number of samples to take. The original plan
was to sample 25 m, 50 m and 100m belt transects at 90 sites randomly allocated (Figure 6)
throughout the 0 — 30m depth zone. Fifteen sites were sampled using the methods described by
Long et al. (1996) for sampling sea cucumbers in Torres Strait. After sampling 15 sites and not
collecting any sea cucumbers the pilot was abandoned and modifications were made to base the
survey design on the field data collected during the pilot such as the time to sample a site and
time to travel between sites. Additional information from local commercial sea cucumber

fishermen was also used for the final design.

00000

4o

o

Figure 6: Sampling sites for pilot survey in the East coast of Sri Lanka



The outcome of the pilot study was to increase the transect length from 50 to 100 m

Sampling sites were randomly allocated throughout the study area using Hawth’s tools
(www.hathstools.com). Sites were constrained to be at least 1 km apart. This essentially divided

the study area up into 1 km x 1 km primary sampling units with one 100 x 2 m transect
subsample randomly taken inside 500 randomly chosen primary sampling units.

The 1 km minimum distance was used to more evenly distribute sampling effort throughout the
study area and prevent clumping and gaps that could occur if random sampling was based on the
100 x 2m transect as the primary sampling unit.

3.1.8. Field Sampling

The survey employed rapid marine assessment techniques that have been employed in sea
cucumber surveys in Torres Strait (Long et al., 1996), Moreton Bay (Skewes et al., 2002), the
Timor MOU Box (Skewes et al., 1999) and Milne Bay Province, PNG (Skewes et al., 2002) and
Seychelles. Field work was undertaken by a team of divers operating from a dinghy and locating
sample sites using portable Global Positioning System (GPS). At each site either a diver or
divers swam along a 50 m transect and recorded resource and habitat information 2 m either side
of the transect line. At each site, the substrate was described in terms of the percentage cover of
sand, rubble, limestone platform, coral or terrestrial rock and mud. Other benthic taxa such as
black coral and whip coral and the percentage cover of other conspicuous biota such as seagrass
and algae were also recorded. Sea cucumbers and other benthic fauna of commercial® or
ecological interest within the belt transect were collected and returned to the dinghy and
measured and weighed back at the NARA base station (Figure 6)




Divers are ready to go down Covering a transect by a commercial diver

Collecting sea cucumbers within a transect Collected sea cucumbers

Figure 6: Steps of survey activities



3.1.9. Species identification

Species identifications were made through the use of published books, scientific journal articles,
museum journal articles, and correspondence with internationally-renowned taxonomists. The
sea cucumber identification sheets were prepared and these were also used in the field for the
species identification (Figure 7)

—
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Sea cucumber Ildentification sheet 1 Sea cucumber Ildentification sheet 2

Figure 7: Field identification sheets for sea cucumbers

3.1.10. Size and weight measurements

Length and weight measurements of collected sea cucumbers were taken at the base station.

The body length was measured to nearest 1 cm and weighed to nearest 1 g using an electronic
balance. The animals were allowed approximately 1 minute to drain before being weighed. Both
the whole weight and gutted weight were taken. Apart from these measurements, gut contents as

well as reproductive organs were collected for further biological analysis (Figure 8)



Measuring length of collected sea cucumbers Measuring weight of collected sea cucumbers

Gutting of animals Gut contents and reproductive organs

Figure 8: Length weight measurements and biological sampling

3.1.11. Data Management

A database was created in MS-Excel to store and maintain the integrity of the field data. All of
the data were stored in this way. An important step in this operation was to attribute a unique
identifying number for each sampling site. These unique identifiers provided a link between the
transect survey observations, animal measurements and geographic coordinates. The unique
identifiers equally correspond in the GIS interface to the geographic object (i.e. transect). The

survey datasheet is annexed in Appendix 1.



Pre defined sampling sites were located using the handheld GPS and were transferred on
navigation software and associated to the data in MS-Excel tables. Data manipulations, e.g., to
calculate average abundances, densities and error estimates, were made in MS-Excel and MS
access with the help of SPSS software. The summary data were then imported into a GIS
application, Maplnfo, in order to illustrate results geographically. Tables were automatically
created on Mapinfo by opening Excel results tables. Associated coordinates allowed us to
position field data information on their object transect.

3.1.12. Data analysis

Calculation of the average densities of each species within transect is simple: it is just a
computation using the transect data, standardized to individuals per hectare. Abundance

estimates take into account the actual survey area in which the animals occur.

To calculate abundance, we firstly multiplied the density of each species by the survey area. This
provided mean estimates, with associated standard error, of the number of individuals of each

species within survey area. The equation to calculate abundances of each species is given below.

The following two approaches have been used to estimate the Maximum Sustainable Yields
(MSY) of sea cucumber fisheries in Alaska, Moreton Bay, Torres Strait (Skewes, 2006) and rock
lobsters in Torres Strait (pitcher, 1992)

The first method has been used for new and developing invertebrate fisheries where there is little
data to formulate a stock-recruitment relationship, and is a version of the surplus production
model that requires only the biomass estimate (usually assumed to represent virgin biomass) and
natural mortality (M) (Gulland, 1983) such that
MSY =% MBy

The model is based on the logistic function that assumes that maximum population growth is
highest at intermediate population sizes. In practice the proportion of the breeding population
required for MSY may be larger than this, and various authors have suggested that the scaling



factor should be reduced to 0.2 (Perry, 1999). This approach has been used to produce MSY
estimates for beche-de-mer fisheries in this study.

The second approach to determining optimal catch rates is to use an estimate of the optimal
fishery mortality rate (Fop) based on natural mortality, such that Fo = 0.6 M (Perry, 1999),
which has been suggested as a robust method for TAC calculation for a broad range of species.
The exploitation rate u, being the proportion of the population fished for a given F can then be
calculated using the formula

u=F/Z (1-exp-Z)

Where Z is the total mortality rate (M+F). The MSY can then be calculated using the estimate of
biomass B, such that
MSY =u*B

The natural mortality (M) is the other parameter that needs to calculate MSY using both models.
The estimates of natural mortality have been produced for some Holothurian species and it
probably varies by species, by age, and even spatially and temporally. According to (Conand,
1990), mortality estimates are in the range of M = 0.6 to 1.0 (55 to 37 percent survival annually).
The published estimates of natural mortality for the tropical holothurians species were used in
this analysis.

These estimates of MSY should only be used as an indicator of the potential annual yields that
could be gained from this fishery given stable recruitment. The models have several
assumptions, the most important being that there is no spatial stock structure. Also, when
populations are substantially below virgin biomass, recruitment may become depressed and the
assumptions underlying the model are further breached. Depleted sea cucumber populations risk
dilution effects hampering recruitment at low stock levels. This effect is likely to occur for
broadcast spawners at low abundances such that the fertilization success in the water column is

much reduced due to the dilution of the gametes in the water column.

These factors mean it is likely that the optimal catch rate is substantially less than the lowest

calculated MSYs for exploited populations. We therefore recommend TACs for exploited



species that are half the lowest calculated MSY. Additionally, TACs are limited to no more than
10% of the model biomass. We feel that TACs < 10 t would be impractical to enforce, prone to
being exceeded and a risk of overexploitation. The above are contained in a set of rules for
calculating suggested TACs for each species based on stock status and MSY estimates (Table 3).
Using these rules, we calculated recommended TACs for each species.

Table 3: Rules of calculating TACs for each species

Rule TAC
Stock status: unexploited MSY
Stock status: exploited 0.5 x MSY
Stock status: overexploited 0t
MSY estimate < 10t Ot
TAC > 10% BO TAC = 10% BO
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3.2.1. Survey area

500 sampling sites were allocated to east coast (Figure 9) and only day diving were carried out in
the first survey. It was not possible to carry out night diving activities due to the security
situation of the area during the survey period.
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Figure 9: East coast sampling sites
3.2.2. Species observed

We recorded 24 species (or varieties at least) of large sea cucumbers during all the surveys and
these species are summarized in Table 3 including Scientific name, English name and the local
names coupled with their commercial importance. The taxonomy of commercial sea cucumber
species is not stable. Several prospective species observed during the survey require
identification or confirmation of tentative identification. All the sea cucumber species come
across during the surveys are in Figure 10.

Out of these, only 12 species were recorded in the first phase of the East coast survey and results
are summarized in Table 4.



Table 4: Identified sea cucumber species during underwater visual surveys

No | Scientific name English name Local name Commercial value
1 Actinopyga echinites* Deep water redfish Goma attaya Medium value
2 Actinopyga miliaris** Blackfish Kalu attaya Medium value
3 Actinopyga mauritiana** Surf redfish Gal attaya Medium value
4 Bohadschia argus** Leopard fish Koti attaya Low value

5 Bohadschia atra™** Tigerfish Nari nool attaya Low value

6 Bohadschia marmorata** Chalkyfish Duburu Nool attaya Low value

7 Bohadschia similis** Brownspotted sandfish Line nool attaya Low value

8 Bohadschia unidentified sp. 1** Sudu nool attaya Low value

9 Bohadschia unidentified sp. 2** Kiri nool attaya Low value

10 | Bohadschia unidentified sp. 3** Kiri nool attaya Low value

11 | Holothuria atra Lolly fish Narri attaya Low value

12 | Holothuria edulis Pinkfish Rathu attaya Low value

13 | Holothuria fuscogilva* White teatfish Preema attaya High value

14 | Holothuria hilla No value

15 | Holothuria leucospilota No value

16 | Holothuria nobilis* Black teatfish Polanga attaya High value

17 | Holothuria scabra* Sand fish Jaffna attaya High value

18 | Holoturia spinifera Brown sand fish Disco attaya Low value

19 | Holothuria sp(pentard)* Preema bathik attaya | High value

20 | Stichopus chloronotus** Greenfish Dabalaya Low value

21 | Stichopus herrmanni* Curryfish Sani attaya Low value

22 | Thelenota ananas Prickly redfish Annasi attaya Low value

23 | Thelenota anax* Amberfish Poona attaya Low value

24 | Acaudina molpadioides** Uru attaya Low value

*The scientific names of these species were confirmed by

** The scientific names of these species need to be confirmed

Prof. C. Conad and Dr. Sven Uthicke
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Figure 10: Sea cucumber species found in underwater visual surveys

Twelve sea cucumber species were recorded from the initial stage of east coast survey and

results are summarized in Table 5.



Table 5: Identified sea cucumber species in East coast survey (Phase 1)

No | Scientific name English name Local name Commercial value
1 Actinopyga echinites Deep water redfish Goma attaya Medium value
2 Actinopyga miliaris Blackfish Kalu attaya Medium value
3 Bohadschia argus Leopard fish Koti attaya Low value

4 Bohadschia atra Tigerfish Nari nool attaya Low value

5 Bohadschia marmorata Chalkyfish Duburu Nool attaya Low value

6 Bohadschia unidentified sp. 1 Sudu nool attaya Low value

7 Holothuria atra Lolly fish Narri attaya Low value

8 Holothuria edulis Pinkfish Rathu attaya Low value

9 Holothuria fuscogilva White teatfish Preema attaya High value

10 | Holothuria nobilis Black teatfish Polanga attaya High value

11 | Holothuria sp(pentard) Preema bathik attaya High value

12 | Stichopus chloronotus Greenfish Dabalaya Low value

3.2.3. Abundance Estimate

The mean abundance per hectare is summarized in Table 6 and it indicates that the highest

abundance is from Holothuria edulus followed by Holothuria atra. It is obvious that the mean

abundance of high value species are negligible compared with the low value species.

3.2.4. Biomass Estimate

The biomass estimates for different sea cucumber species are summarized in Table 7 and the

reported the highest biomass was from Holothuria atra while Stichopus chloronotus

reported the lowest.




Table 6: Mean abundance of each sea cucumber species found in East coast

Species Name Mean per ha Sd CIL CIU
Holothuria atra 24.12 53.63 19.34 28.90
Holothuria edulus 39.86 87.44 32.06 47.65
Holothuria fuscogilva 0.62 5.54 0.13 1.12
Holothuria nobilis 0.31 3.93 0.00 0.66
Other Holothurians 2.17 14.77 0.86 3.49
All Holothuria species 67.08 109.09 57.35 76.81
Bohadschia marmorata 5.69 27.02 3.28 8.10
Bohadschia sp. 1 6.52 29.76 3.87 9.18
All Bohadschia species 12.73 44,14 8.80 16.67
Stichopus chloronotus 5.18 25.65 2.89 7.46
All Stichopus species 5.18 25.65 2.89 7.46
Actinopyga echinites 2.17 13.30 0.99 3.36
Actinopyga miliaris 3.11 16.44 1.64 4.57
All Actinopyga species 5.28 22.04 3.31 7.24
All Sea cucumber species 90.27 129.83 78.69 101.85
High value sea cucumbers 1.04 7.13 0.40 1.67
Medium value sea cucumbers 5.28 22.04 3.31 7.24
Low value sea cucumbers 83.95 124.35 72.86 95.04




Table 7: Total Biomass (tons) of each sea cucumber species found in the East coast

Species Name Total Biomass (tons)
Holothuria atra 766.8
Holothuria edulus 412.8
Holothuria fuscogilva 132.8
Holothuria nobilis 73.1
Bohadschia marmorata 593.1
Bohadschia sp. 1 606.8
Stichopus chloronotus 68.0
Actinopyga echinites 198.1
Actinopyga miliaris 253.1

3.2.5. MSY and Total Allowable Catch (TACs) Estimates

MSY estimates were carried out according to the two major procedures described under the
methodology. The estimated MSY according to the first approach is indicated in MSY1 column
and the second approach was in MSY2 column in Table 8.

Recommended TACs were then formulated using the lowest MSY estimates and stock status
using the rules defined under methodology. Six species had zero TACs due to being over-
exploited or having a low MSY estimate (< 10 t). The bulk of this TAC is be made up of low
value species (1161 t or 68.0 %) such as H. atra and Bohadschia sp. Most of the high value and

medium value species seem to be overexploited or close to be overexploited.

3.2.6. Distribution of sea cucumbers in study area

There is wide variation in the spatial distribution and abundance of sea cucumbers in the study
area (Figure 11).



Table 8: MSY and TAC’s Estimates for commercial sea cucumbers

Species Name Total Biomass (T) MSY1(T) MSY2 (T) TAC (T)
Holothuria atra 766.8 153.4 229.5 15.3
Holothuria edulus 412.8 82.6 123.6 <10
Holothuria fuscogilva 132.8 26.6 31.5 <10
Holothuria nobilis 73.1 14.6 17.3 <10
Bohadschia marmorata 593.1 118.6 161.8 11.9
Bohadschia sp. 1 606.8 121.4 165.5 12.1
Stichopus chloronotus 68.0 13.6 20.4 <10
Actinopyga echinites 198.1 39.6 54.0 <10
Actinopyga miliaris 253.1 50.6 69.0 <10




Figure 11: Abundance and spatial distribution of sea cucumber in East coast
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3.3.1. Survey area

The same sampling sites which were designed in the first phase were repeated for the day diving
activities while 210 sampling sites were newly allocated for the night diving activities (Figure
12).
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Figure 12: Survey sites — East coast

3.3.2. Species observed

Thirteen species of sea cucumbers were recorded this survey having two species which were not
recorded previously and results are summarized in Table 9. Compared to last year three new
species (Holoturia spinifera, Thelenota anax and Bohadschia similis) which were not recorded in
the last time were identified from this area during this survey and all these species are frequent at
night. According to the fishers this is the first time that they observed H. spinifera and
Bohadschia similis there was no any documented information about the abundance of this
species in East coast of Sri Lanka. However most of the high valuable species were not recorded.
Two new species which were not recorded previously were also identified (Figure 13)



Table 9: Identified sea cucumber species in East coast survey (Phase 2)

No | Scientific name English name Local name Commercial value
1 Actinopyga echinites Deep water redfish Goma attaya Medium value
2 Actinopyga miliaris Blackfish Kalu attaya Medium value
3 Bohadschia marmorata Chalkyfish Duburu Nool attaya Low value

4 Bohadschia similis Brownspotted sandfish Line nool attaya Low value

5 Bohadschia unidentified sp. 1 Sudu nool attaya Low value

6 Holothuria atra Lolly fish Narri attaya Low value

7 Holothuria edulis Pinkfish Rathu attaya Low value

8 Holothuria leucospilota No value

9 Holoturia spinifera Brown sand fish Disco attaya Low value

10 | Stichopus chloronotus Greenfish Dabalaya Low value

11 | Thelenota anax Amberfish Poona attaya Low value

12 | Unidentified sp

13 | Unidentified sp

e oy

Unidentified Species

Unidentified species

Figure 13: Two new records from the east coast survey




3.3.3. Abundance Estimate

The mean abundance per hectare is summarized in Table 10 and it indicates that the highest
abundance is from Holothuria edulus followed by Holothuria atra. It is obvious that the mean
abundance of high value species are further declined compared with the previous survey.

Table 10: Mean abundance of each sea cucumber species found in East coast

Species Name Mean per ha Sd CIL CIU
Holothuria atra 17.2 42.51 14.95 19.45
Holothuria edulus 36.7 53.50 33.3 38.01
Holothuria fuscogilva 0.12 2.2 0.0 0.20
Holothuria nobilis 0.10 1.5 0.00 0.33
Holothuria spinifera 13.4 35.57 11.85 14.90
Other Holothurians 2.5 10.45 1.25 3.70
All Holothuria species 70.02 145.73 61.35 76.59
Bohadschia marmorata 5.15 12.50 3.12 7.98
Bohadschia sp. 1 6.50 17.45 3.89 9.25
Bohadschia similis 3.55 9.42 2.18 5.77
All Bohadschia species 15.2 39.37 9.19 23.00
Stichopus chloronotus 2.25 11.35 1.66 3.24
All Stichopus species 2.25 11.35 1.66 3.24
Actinopyga echinites 1.97 10.45 0.90 3.15
Actinopyga miliaris 3.15 14.75 1.73 4.95
All Actinopyga species 5.12 25.2 2.63 8.1
Telenata anax 12.2 24.78 8.65 15.93
All Telenata species 12.2 24.78 8.65 15.93
High value sea cucumbers 0.22 3.7 0 0.53
Medium value sea cucumbers 5.12 25.2 2.63 8.1
Low value sea cucumbers 99.45 217.53 80.85 118.23




3.3.4. Biomass Estimate

The biomass estimates for different sea cucumber species are summarized in Table 11 and the
reported the highest biomass was from Telenata anax while Holothuria nobilis reported the
lowest. This clearly indicates that night species, Telenata anax is dominant in the wild and it is
not possible to make any comparison with the previous survey as we did not cover the night
activities last time. Further this reveals that there are considerable amount of H. spinifera
resource in the east coast of Sri Lanka.

Table 11: Total Biomass (tons) of each sea cucumber species found in the East coast

Species Name Total Biomass (tons)
Holothuria atra 652
Holothuria edulus 381
Holothuria fuscogilva 30
Holothuria nobilis 17
Holothuria spinifera 281
Bohadschia marmorata 505
Bohadschia sp. 1 527
Bohadschia similis 151
Stichopus chloronotus 31
Actinopyga echinites 138
Actinopyga miliaris 195
Telenata anax 752

3.3.5. MSY and Total Allowable Catch (TACs) Estimates

MSY estimates were carried out according to the two major procedures described under the
methodology. The estimated MSY according to the first approach is indicated in MSY1 column
and the second approach was in MSY2 column in Table 12.



Recommended TACs were then formulated using the lowest MSY estimates and stock status

using the rules defined under methodology. Six species had zero TACs due to being over-

exploited or having a low MSY estimate (< 10 t). The bulk of this TAC is be made up of low

value species such as H. atra and Bohadschia species and_Telenata anax. Most of the high value

and medium value species seem to be overexploited or close to be overexploited.

Table 12: MSY and TAC’s Estimates for commercial sea cucumbers

Species Name Total Biomass (T) MSY1(T) MSY2 (T) TAC (T)
Holothuria atra 652 130 195 13
Holothuria edulus 381 76 114 <10

<10
Holothuria fuscogilva 30 S) 8

<10
Holothuria nobilis 17 2 4
Holothuria spinifera 281 45 77 <10
Bohadschia marmorata 505 101 138 10.1
Bohadschia sp. 1 527 105 144 10.5

<10
Bohadschia similis 151 24 35

<10
Stichopus chloronotus 31 6 9

<10
Actinopyga echinites 138 22 38

<10
Actinopyga miliaris 195 31 53
Telenata anax 752 120 178 12

3.3.6. Distribution of sea cucumbers in study area

There is wide variation in the spatial distribution and abundance of sea cucumbers in the study

area (Figure 13).

Figure 13: Map of the study area showing the density of all sea cucumbers at each study site
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3.4.1. Survey area

Five hundred sampling sites were allocated among which 400 sites were for day diving and the

remaining were for night diving activities (Figure 14).
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Figure 14: Survey sites — North west coast

3.4.2. Species observed

Twenty species of sea cucumbers were recorded this survey (Table 13). Five species
(Bohadschia similis, Bohadschia unidentified sp. 2, Bohadschia unidentified sp. 3, Holoturia
spinifera and Thelenota anax) were reported only at night diving activities. Other species except
Holothuria fuscogilva, Holothuria hilla, Holothuria nobilis and Holothuria sp (pentard) were
reported only day diving and the rest of the species could be found both day and night diving

activities. However, high value and medium value species were reported very rarely.



Table 13: Identified sea cucumber species in North West coast survey

No | Scientific name English name Local name Commercial value
1 Actinopyga echinites Deep water redfish Goma attaya Medium value
2 Actinopyga miliaris Blackfish Kalu attaya Medium value
3 Bohadschia atra Tigerfish Nari nool attaya Low value

4 Bohadschia marmorata Chalkyfish Duburu Nool attaya Low value

5 Bohadschia similis Brownspotted sandfish Line nool attaya Low value

6 Bohadschia unidentified sp. 1 Sudu nool attaya Low value

7 Bohadschia unidentified sp. 2 Kiri nool attaya Low value

8 Bohadschia unidentified sp. 3 Kiri nool attaya Low value

9 Holothuria atra Lolly fish Narri attaya Low value

10 | Holothuria edulis Pinkfish Rathu attaya Low value

11 | Holothuria fuscogilva White teatfish Preema attaya High value

12 | Holothuria hilla No value

13 | Holothuria leucospilota No value

14 | Holothuria nobilis Black teatfish Polanga attaya High value

15 | Holothuria scabra Sand fish Jaffna attaya High value

16 | Holoturia spinifera Brown sand fish Disco attaya Low value

17 | Holothuria sp(pentard) Preema bathik attaya | High value

18 | Stichopus chloronotus Greenfish Dabalaya Low value

19 | Stichopus herrmanni Curryfish Sani attaya Low value

20 | Thelenota anax Amberfish Poona attaya Low value

3.4.3. Abundance Estimate

The mean abundance per hectare is summarized in Table 14 and it indicates that the highest
abundance is from Holothuria edulus followed by Holothuria atra. The results indicate that the
mean abundance of high value species are negligible compared with the low value species and

this is common phenomena both in east and northwestern coast.




3.4.4. Biomass Estimate

The biomass estimates for different sea cucumber species are summarized in Table 15 and the

reported the highest biomass was from Holothuria edulus while Holothuria (pentrad) sp reported

the lowest.
Table 14: Mean abundance of each sea cucumber species found in North west coast
Species Name Mean per ha Sd CIL CIU
Holothuria atra 89.92 252.15 67.38 112.45
Holothuria edulus 138.15 345.95 107.23 169.07
Holothuria spinifera 14.55 74.35 7.91 21.20
Holothuria fuscogilva 0.31 5.09 0.00 0.77
Holothuria nobilis 0.10 2.28 0.00 0.31
Holothuria scabra 1.35 15.59 0.00 2.74
Holothuria (pentrad) sp 0.21 0.50 0.11 0.45
Holothuria lecospolata 1.10 0.13 0.08 0.13
Other Holothurians 1.46 13.62 0.24 2.67
All Holothuria species 246.15 709.65 182.95 309.79
Bohadschia marmorata 3.85 25.43 1.57 6.12
Bohadschia similis 5.09 38.46 1.66 8.53
Bohadschia sp.1 4.05 26.20 1.71 6.40
Bohadschia unidentified sp. 2 0.10 0.26 0.09 0.13
Bohadschia unidentified sp. 3 1.04 0.00 0.00 0.00
All Bohadschia species 13.10 90.35 5.03 21.17
Stichopus chloronotus 5.72 31.02 2.95 8.49
Stichopus varigatus 0.21 0.30 0.18 0.23
All Stichopus species 5.93 31.31 3.13 8.72
Telenata anax 5.30 46.97 1.10 9.50
All Telenata species 5.30 46.97 1.10 9.50
Actinopyga echinites 1.56 14.53 0.26 2.86
Actinopyga miliaris 3.33 24.99 1.09 5.56
All Actinopyga species 4.89 35.24 1.74 8.04
All Sea cucumber species 275.36 913.53 193.95 357.22
High value sea cucumbers 1.98 23.46 0.11 4.27
Medium value sea cucumbers 4.89 39.52 1.35 8.42
Low value sea cucumbers 269.54 854.83 192.10 344.91




