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Foreword

Sea cucumbers are prime seafood resources, harvested throughout
the world for the preparation of a dried product 'beche-de-mer’,
besides other health products. However, in recent years, the wild
population of sea cucumbers is on the decline due to the increasing
market demand and the consequent over-harvest of resources. The
global scenario of stock decline was witnessed in Indian waters too
in the early 1980s, and as a regulatory measure, the Ministry of
Environment, Forests & Climate Change (MoEF & CC), Government
of India implemented a size regulation on the export of ‘'beche-
de-mer' in 1982. As this regulation was not very effective, the Government imposed a
blanket ban in the year 2001, and listed all species of holothurians under the Schedule |
of the Indian Wildlife (Protection) Act, 1972, thereby putting an end to the sea cucumber
fishery and trade from the country. In India, the fishery of sea cucumbers was restricted
mainly to the Gulf of Mannar and Palk Bay, along the south-east coast and the moratorium
imposed by the Government affected scores of coastal communities whose livelihood was
dependent on the collection, processing and trade of sea cucumbers.

This special publication is an outcome of several studies conducted on sea cucumbers by the
ICAR-Central Marine Fisheries Research Institute (CMFRI), during the last five decades. The
publication presents an overview of the species diversity, habitat, biological characteristics,
fishery and trade of sea cucumbers in the Indian context. The resource status of sea
cucumbers, based on the recent studies conducted by the ICAR-CMFRI under the FAO-
BOBLME Project is also highlighted in the present document.

The publication is focused on bringing out various management measures, based on
scientific principles, for conservation and sustainable management of sea cucumber
resources. The recommendations outlined in the document were the outcome of various
workshops and consultation meets held with all the concerned stakeholders, to ensure the
long-term sustainability of sea cucumber resources in Indian waters. | sincerely hope that
this special publication will be useful to scientists as well as natural resource managers,
and serve as a road map in their on-going efforts to manage and conserve the Indian sea
cucumber resources.

A. GOPALAKRISHNAN
Director, ICAR-CMFRI
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Executive summary

The ever-growing demand for sea cucumber in the export trade, consequent over-
exploitation and inadequate management measures have resulted in depletion of
stock in many parts of the world. An overarching goal in the management of sea
cucumber fisheries should be to safeguard the reproductive capacity of breeding
stocks so that the resources are available to future generations. This document is
an outcome of the extensive research work carried out by the ICAR-Central Marine
Fisheries Research Institute (ICAR-CMFRI) in the last five decades and the project on
sea cucumbers implemented by the ICAR-CMFRI with financial support from the Bay
of Bengal Large Marine Ecosystem (BOBLME) project in 2015.

In India, sea cucumbers are distributed mainly in the Gulf of Mannar, Palk Bay,
Lakshadweep Islands, Andaman and Nicobar Islands and the Gulf of Kachchh, besides
some places along the mainland coasts. However, the fishery and trade existed mainly
inthe Gulf of Mannar and the Palk Bay, providing livelihoods to scores of poor fishermen
inhabiting the region. Of the 39 species reported from the Gulf of Mannar and Palk
Bay, the fishing was mainly centred around two commercially valuable species viz.,
Holothuria scabra and H. spinifera, and occasionally on four to five additional species
based on their availability and market demand. The indiscriminate exploitation led to
decline in wild population and as a regulatory measure, the Ministry of Environment,
Forests and Climate Change, Government of India implemented a size regulation on
the export of ‘beche-de-mer in 1982, restricting the export of size below 75 mm
length. As the regulation was not effective, the Government imposed a blanket ban
in 2001 by listing all species of holothurians under Schedule | of the Indian Wildlife
(Protection) Act, 1972, which is under implementation since 2003.

The ICAR-CMFRI has conducted extensive studies on sea cucumbers since 1962 and
was also successful in captive breeding and seed production of two commercially
important species viz., H. scabra and H. spinifera. During the twelve years of fishing
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ban, sea cucumber stock status survey conducted by the Zoological Survey of India
(ZS1) and by ICAR-CMFRI indicated wide fluctuation in population status of nine
holothurian species in the Gulf of Mannar and Palk Bay, which warrants the need for
conducting periodic stock assessment studies.

Despite the national moratorium, illegal fishery and trade continues, making the
moratorium ineffective. Fishermen complain loss of livelihood and are vehement in
their voices to lift the ban. A controlled regulatory mechanism of collection and
trade of sea cucumbers involving all concerned stakeholders might be a preferred
policy solution, as this would help in conservation as well as sustainable use of these
resources. The potential management measures would encompass catch quota and
licensing, minimum legal size, seasonal closures, rotational fishing, no take zones,
gear limitation, species protection, habitat protection, trade management and
restocking through hatchery seed production and aquaculture. Implementation of
various regulatory measures is a challenge, but holds the key for sustaining the sea
cucumber fisheries as well as livelihood of the communities.

Participation of all stakeholders holds the key for success in any management plan.
Effective management of sea cucumber fishery could be achieved by following
an ecosystem approach, in which multiple regulatory measures and management
actions could be agreed upon and applied in a participatory manner in consideration
of the sea cucumber stocks, the ecosystems in which they live and the socio-economic
systems that drive exploitation. The role of communities is an important factor for
conservation and the communities should have access to the resources and at the
same time should take the responsibility to conserve and sustainably use it.

CMFRI Marine Fisheries Policy Series No. 7



Chapter-1
Fishery of sea cucumbers

Background

Sea cucumbers are commercially important echinoderms, forming significant sources
of global seafood catches and integral parts of coastal livelihoods and employment
for more than three million fishers globally (Purcell et a/., 2013). They are harvested
throughout the world predominantly for the raw body wall, viscera, or to produce
a dried product known as 'beche-de-mer’ or "trepang ‘, and other health products
which are exported to eastern Asian markets (Conand, 1990; Akamine, 2004;
Ferdouse, 2004). The Indo-Pacific region is engaged in sea cucumber trade for over
one thousand years, primarily for Chinese consumers (Conand and Byrne, 1993).

Throughout the world, 66 species of sea cucumbers are commonly exploited
(Purcell, 2010) with the highest number (47) from Philippines (Labe, 2009). At 9
least 70 countries are engaged in sea cucumber fishing and trade (Toral-Granda
et al., 2008). Majority (66%) of sea cucumber fisheries involves small-scale fishing
operations which are common in shallow habitats of tropical waters (Berkes et al.,
2001). The participation of export fisheries, in terms of number of fishers/km?2 of reef,
was highest in Philippines (37.4) followed by Papua New Guinea (18.1; presently
under moratorium) and Indonesia (15.9). In the Indian Ocean and African fisheries,
it averaged 1.7 fishers/km?2 (Purcell et al., 2013).

Soaring market demand, lack of alternative income streams for fishers, ineffective
management measures and inherent ecological and biological vulnerability of sea
cucumbers has led to over-exploitation of the resource. Studies indicated an alarmingly
high incidence of over-exploitation and depletion of sea cucumber stocks, particularly
in the Indo-Pacific areas. Overall, 20 per cent of fisheries has been depleted, 38 per
cent over-exploited, 14 per cent fully exploited and 27 per cent underexploited or
moderately exploited. About 27% are operating illegally, despite national moratoria.
These illegal fisheries (official moratorium but clandestine fishing) occur in Central and
South America and the Western Indian Ocean (Purcell et al., 2013). Isostichopus fuscus
(brown sea cucumber), is the only sea cucumber species from Ecuador, currently listed
in CITES (Appendix Ill) (Toral-Granda et al., 2008). Of the 377 sea cucumber species
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examined, the International Union for Conservation of Nature (IUCN) Red List has
classified seven species as Endangered or at high risk of extinction and nine species as
Vulnerable or at risk of extinction (www.iucnredlist.org).

Globally, sea cucumber fisheries have often lacked comprehensive management plans
and enforcement capacity to deal with intense exploitation rates (Evans et al.,, 2011;
Purcell et al., 2013) which is more evident across the Indo-Pacific region. In the Indian
Ocean, national sea cucumber fisheries have been in existence in different countries
for many decades (Conand, 1990) but the institutional capacity for management is
weak (FAO, 2012; Eriksson et al., 2015). An overarching goal in the management of
sea cucumber fisheries should be to safeguard the reproductive capacity of breeding
stocks so that the resources are available to future generations (FAO, 1995; Friedman
et al, 2008; Purcell, 2010). Enforcement (and compliance) capacity varied greatly
among fisheries and tended to be weak in tropical fisheries in low-income countries.
It is found that the depleted and over-exploited fisheries tended to have far fewer
regulatory measures (mean: 2.6) than better-performing fisheries (mean: 4.7) (Purcell
et al, 2013) and it is emphasised to have multiple management measures which
are easily understood and enforced (FAO, 2010; Purcell, 2010). However, the global
sea cucumber production has not fallen because there are still available supplies,
aquaculture production, limited public conservation awareness and insufficient
regulatory environment (Eriksson and Clark, 2015). It is postulated that resilience in sea
cucumber fisheries will be possible if fishers are part of the management system and
can adapt quickly to changes in the resource (Lebel et a/., 2006; Andrew et al., 2007).

In India, sea cucumbers are distributed mainly in the Gulf of Mannar, Palk Bay,
Lakshadweep Islands, Andaman and Nicobar Islands, and the Gulf of Katchchh and
as well as along some other parts of the mainland coast of India in small numbers.
However, the fishery and the ' beche-de-mer’ production existed in the Gulf of Mannar
and Palk Bay. The fishery was around a millennium years old and was introduced by
the Chinese, which provided livelihood to thousands of poor fisher folks in this region
(Hornell, 1917). The sea cucumber fishery was artisanal in nature and consisted of
fishermen, who were divers, the processors who act as middlemen and the exporters.

Of the 39 sea cucumber species reported from the Gulf of Mannar and Palk Bay
(Sastry, 1998), the 'beche-de-mer' production was mainly centred around two
species viz., Holothuria scabra and H. spinifera and occasionally on 4 to 5 additional
species based on their availability. The fishery showed a boom and bust in the 1970s
and 1980s. Among the commercial sea cucumbers, certain species viz., Actinopyga
echinites, A. miliaris and Stichopus chloronotus totally disappeared from the fishery
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A catch of Holothuria scabra

over the years. Like in many other Indo-Pacific countries, indiscriminate exploitation
and insufficient management measures have caused over exploitation of sea
cucumber resources in the Indian waters, as evidenced from the decrease in export,
decreased size of the specimen fished and absence of certain species from the fishery.

As a regulatory measure, the Ministry of Environment, Forests and Climate Change,
Government of India implemented a size regulation on export of ‘beche-de-mer’
in 1982 (ban on 'beche-de-mer’ below 75 mm length). The legislation was not
successful as the fishery was scattered and not organized and hence there was
difficulty in monitoring and enforcement. The fishery continued until the Ministry
imposed a blanket ban in 2001 on the fishery and trade from Indian waters by listing
all holothurians under schedule | of the Indian Wildlife (Protection) Act, 1972 which
was implemented strictly since 2003. Despite the national moratorium, illegal fishery
and clandestine trade were going on, making the moratorium ineffective. The affected
fishermen and traders made repeated representations to the government to lift the
ban, citing negative impact of the ban on their livelihood. The ministry entrusted the
Zoological Survey of India, to evaluate the impact of the ban and recovery status of
sea cucumber stock in the Gulf of Mannar and Palk Bay during 2006 and 2011. The
study indicated poor recovery and less improvement of the sea cucumber stock, after
implementation of the ban (Venkitaraman, 2006; Venkataraman et al., 2012).

Conservation and sustainable use of sea cucumber resources in India




The Indian Council of Agricultural Research (ICAR)-Central Marine Fisheries Research
Institute (CMFRI) has made immense contribution on various aspects of conservation
of Indian sea cucumbers through different projects since 1962. The institute has
carried out research on systematics, zoogeography, parasites, animal association,
bio-toxicity, biology, ecology and captive breeding and farming of sea cucumbers
(James, 1967, 1968, 1978, 1982, 1988b, 1995a, 1995b, 1996; James et al., 1988,
1994, 1996, 1999 and Rao et al,, 1991). The institute pioneered the production of
seedling of Holothuria scabra, one of the high valued speciesin 1988 as a primary effort
towards conservation of the fragile resource (James et a/.,1988; 1994) and convened
the first national workshop on ‘beche-de-mer’' in 1989 and a training programme
in 1992 for the fishermen on the improved method of handling and processing of
sea cucumber for export. The institute trained a scientist from Marine Science and
Resource Research Centre, Aden on resources, processing, hatchery and culture of
sea cucumbers in 1992. CMFRI also supported four doctoral research projects on
various aspects of sea cucumbers (Baskar, 1993; Kandan, 1994; Ram Mohan, 2001;
Asha,2005). In 2001, the institute gained success in the seed production of another,
commercially important and over-exploited sea cucumber species, H. spinifera for the
first time (Asha and Muthiah, 2002, 2005). The institute has published more than
250 research papers, 4 special publications and several brochures on sea cucumbers.

During the ban period, the institute has taken several steps for solving the issues
raised due to the ban on the livelihood of fishermen, and has suggested formulation
of effective and renewed management measures for conservation of sea cucumbers.

Stakeholders workshops held at Mandapam and Tuticorin CMFRI (Source: BOBLME, 2015)
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The workshop convened by the ICAR-CMFRI on conservation of sea cucumbers
at ICAR-Central Institute of Brackishwater Aquaculture (CIBA), Chennai in August
2008 stressed the supportive measures to be taken for the revival of sea cucumber
populations to their pre-depleted level. In view of the issues related to over-
exploitation of resources, livelihood and ineffective management measures, a series
of stakeholder meetings were conducted with the active participation of fishermen,
traders, village leaders, officials of fisheries and forest departments, scientists and
academicians. A significant consultation meet was held at Mandapam Regional
Centre of ICAR-CMFRI in 2014 to debate on the issues associated with conservation
and sustainable management of sea cucumbers in the Gulf of Mannar.

Through the BOBLME/FAO supported project, “An evaluation of the current
conservation measures on sea cucumber stocks in Palk Bay and Gulf of Mannar of
India” the institute conducted studies on the status of sea cucumber population
and also interviewed fishermen and stake holders to obtain their insights into
conservation and to understand the impact of moratorium on their socioeconomic
and livelihood status. The resource surveys and interview surveys indicated that the
status of sea cucumber population in the Gulf of Mannar and Palk Bay could be
improved by obtaining the consent of the fishermen to follow regulatory measures
with participatory co-management (BOBLME, 2015). The present document is an
outcome of all the initiatives taken by the ICAR-CMFRI and is aimed to propose
guidelines and principles for effective conservation measures ensuring long-term
sustainability of sea cucumber resources in this region.

Interviewing the fishermen (Source: BOBLME, 2015)
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Objectives

e Evaluate the status of sea cucumber fishery, trade and the socioeconomic
condition of fisher folk in the Gulf of Mannar and Palk Bay.

e Appraise the effectiveness of current management measures.

* Recognize the knowledge gaps in generating effective management measures.

e Propose guidelines for conservation and sustainable use of holothurians.

Challenges for recommending regulatory measures

e Absence of pre-ban stock assessment data for comparisons to assess the current
stock status.

* Inadequate biological data to evaluate vulnerability and resilience of major sea-
cucumber species.

* Knowledge gaps on sea cucumber habitat status and associated fauna.

e Recommending conservation measures exclusively for sea cucumber species in
the multi species fishery.

| * Recommending regulatory measures for species in different status of exploitation.

4 e Lack of information on clandestine and trans-boundary trade.
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Significance of sea cucumbers

Nutritional Importance

Holothurians are economically important for their nutritional and medicinal
properties. Many species are also harvested in small quantities for aquarium display.
They are exploited for their dried end product or raw body wall or viscera, but mostly
for the processed product called 'beche-de-mer,” in French, ‘iriko’ in Japanese,
‘haisom” in Chinese and 'trepang’ in Indonesian. The Chinese are the traditional
consumers and the Japanese, Koreans, Melanesians, Micronesians, Polynesians and
Africans also consume 'beche-de-mer’ in significant ways and quantities (Morgan
and Archer, 1999). The Chinese consume sea cucumbers more as a tonic than as sea
food. Commercially, the product ' beche-de-mer' can be graded into low, medium or
high economic value depending upon the species, appearance, abundance, colour,

'Beche-de-mer of Holothuria scabra
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odour, thickness of body wall, and market trends and demands. Different species
also have different tastes and textures, and certain species are used for preparation
of specific dishes. The sea cucumber is consumed in a variety of ways. In Japan
and Korea, the gutted body wall of sea cucumber is consumed raw or pickled, and
specialized range of products are consumed from the gonad, respiratory trees and
viscera (Mottet, 1976; Conand and Sloan, 1989). ‘Konowata’, the fermented or
pickled guts or intestine and ‘Kuchiko’, the prepared and dried sea cucumber gonad
are considered delicacies. In the USA, the body wall is consumed in tablet form
(Mottet, 1976).

From nutritional point of view, the sea cucumber is an ideal tonic, higher in protein
and lower in fat content and has impressive profile of high-value nutrients such
as Vitamin A, Vitamin B1 (thiamine), Vitamin B2 (riboflavin), Vitamin B3 (niacin),
essential amino acids, trace metals and minerals, especially calcium, magnesium, iron
and zinc (Bordbar et al., 2011). The protein content in sea cucumber is comparable
to that of a hen’s egg and the very low fat content makes it ideal for people with
high blood pressure.

Medicinal importance

In addition to nutritional values, the sea cucumbers have long been recognized in
the folk medicine system of Asian countries. In traditional Chinese medicines, the
sea cucumber is used for treating body weakness, impotency, debility of the aged,
constipation due to intestinal dryness and frequent urination. Recent research
has indicated the presence of several bioactive compounds with anti-angiogenic,
anticancer, anticoagulant, anti-hypertension, anti-inflammatory, antimicrobial,
antioxidant, antithrombotic, antitumor, and wound healing properties. Sea
cucumbers also contain copious amounts of mucopolysaccharides, like chondroitin
sulfate, which is known for reducing the arthritis pain and inhibit viruses such
as herpes and is well known for HIV therapy. Thus sea cucumbers are gaining
recognition in biomedical research (Roginsky et al., 2004; Nagase et al., 1995). In
view of the medicinal potential, modern food and pharmaceutical industries are keen
to develop functional foods and nutraceutical products from different body parts of
sea cucumbers. Recently an increasing number of commercial products like juice,
balm, liniment oil, cream, toothpaste, gel face wash, body lotion, and soap made
from sea cucumber or its extracts are available in the market (Chen, 2007; Bordbar
et al., 2011) which include branded products such as ArthiSea, SeaCuMax (arthritis
medicine), and Sea Jerky.
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Ecological importance

Being suspension feeders and detritivores, the sea cucumbers play an important role
in ecosystem functioning by recycling nutrients and carbonates as well as in the bio-
turbation of the environment. As suspension feeders, they regulate water quality by
affecting the carbonate content and pH of water (Massin, 1982). Sea cucumbers
contribute calcium carbonate to the coral reef’s “chemical budget” and act like a
natural antacid to neutralize other acidic environmental sources and also help in the
recycling of suspended matter (Haemel and Mercier, 1998a). Sea cucumbers help to
break down organic materials and redistribute the nutrients to the water column thus
preventing hypoxia and other toxic substances going down in the sediment. When
they ingest sand, the natural digestive processes in sea cucumber’s gut increase the
pH of water on the reef where they defecate, countering the negative effects of
ocean acidification. The ammonia waste produced when sea cucumbers digest sand
also serves to fertilise the surrounding area, providing nutrients for coral growth and
enhance productivity and turnover of benthic diatom communities (Wolkenhauer et
al., 2010). Hence its over-exploitation could lead to indirect deleterious effects on the
reef and soft bottom ecosystems (Uthicke, 2001; Purcell, 2004b).

Deposit feeding sea cucumbers change the size of ingested particles and turn around
the sediment via bioturbation, thereby altering the stratification and stability of
muddy and sandy bottoms (Massin, 1982). They are often called the earthworms
of the sea, and are responsible for extensive shifting and mixing of substrate and
recycling of detrital matter into animal tissue and nitrogenous waste, which can
be taken up by algae and sea grass (Uthicke, 2001; Wolkenhauer et al.,, 2010). In
laboratory experiments, the removal of holothurians resulted in development of
algal mats, which indicates the negative effect on sediment in fauna as a result of
potential anoxia (Uthicke, 1999). Removal of sea cucumbers in some system may
therefore reduce primary production for the whole food chain. Holothurians also
form an important prey in coral reef and temperate food webs (Birkeland et al.,
1982; Birkeland, 1989; Francour, 1997) both in shallow and deep water (Jones and
Endean, 1973; Massin, 1982), where they are consumed particularly by fishes, sea
stars and crustaceans (Francour, 1997) and their larvae are part of the plankton-
based food chains.
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Distribution, species diversity, habitat
and biological characteristics

Zoogeography and Distribution

Holothurians are found in all the oceans, at all latitudes and from the shore down
to abyssal plains. Among the coastal commercial holothurians, the Aspidochirotid
holothurians are predominant in the tropics while the Dendrochirotid are more
common in temperate regions. Most of the commercially important holothurians are

Holothuria fuscogliva Thelenota ananas

found in the intertidal region to a depth of 20 meters. In India, the holothurians are
mostly distributed in Andaman and Nicobar Islands, Lakshadweep Islands, Gulf of
Mannar, Palk Bay and Gulf of Katchchh and in Malvan (Maharashtra), Ennore (Tamil
Nadu), Kakinada Bay (Andhra Pradesh) and also along several parts of the mainland
coast of India.

Most of the holothurian species have a wide range of distribution in the Indo-
Pacific region. While about 650 species of sea-cucumbers are known from various
parts of the world, about 200 species have been recorded in the Indian seas.
Andaman and Nicobar Islands have the richest diversity of sea cucumbers in
India, followed by Lakshwadweep Islands, Gulf of Mannar, Palk Bay and Gulf
of Kutchchh. Of the 200 species, 75 are restricted to shallow waters within 20
metre depth. The distribution pattern of shallow water echinoderms of the Indian
seas indicates that owing to their relatively sedentary life, the larval life has a
narrow bathymetrical range (James, 1986c¢). Of the shallow water species, only
12 species are of commercial value and are harvested for preparing 'beche-de-
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mer'. The southeast coast of India, particularly the Palk Bay and Gulf of Mannar,
are known for 'beche-de-mer’ resources.

Holothuria nobilis the most valuable species for ‘beche-de-mer’ preparation, is found
in large numbers in some of the islands of the Lakshadweep and in Andaman and
Nicobar Islands (James, 1986b). H. scabra, another commercially important species,
is well distributed in the Andamans, Gulf of Mannar and Palk Bay. It is also recorded
along the Malvan coast in the west coast by Parulekar (1981) but totally absent in
the Lakshadweep Islands. Another commercially important species H. spinifera has
a restricted and localized distribution and is known only from the Gulf of Mannar
and Palk Bay. Other commercially important genera like Actinopyga, Bohadschia and
Stichopus have wider distribution range and are found in Andaman and Nicobar
Islands, Lakshadweep Islands, Gulf of Mannar and Palk Bay. H. atrais the most common
sea cucumber with a wider distribution range, whereas the massive commercially
important genus Thelenota is restricted to the lagoons of the Lakshadweep.

Systematic and species diversity

There are six taxonomic orders of holothurians but most of the commercially
important species belong to the Order Aspidochirotida and a few to the Order
Dendrochirotida (Conand, 2006a). The species diversity of holothurians of the Gulf of
Mannar and Palk Bay has been listed as 23 by James (1986b) and later as 39 species
by Sastry (1998). Daniel and Haldar (1974) reported 32 species of holothurians from
Andaman and Nicobar Islands based on earlier reports and Sastry (1998) reported 88
species from the Andaman and Nicobar Islands. Daniel and Haldar (1974) recorded
23 species from Lakshadweep, whereas James (1989a) reported 25 species. Asha
(2015) reported 18 species from different habitats and depths of Tuticorin waters.

Habitat

The habitats of the holothurians are diverse and vary from coral reefs, sea grass
meadows, rocky, sandy, muddy shores, salt marshes and mangrove beds. Most of
the adult stages are benthic, and a few larval stages are pelagic. In general, their
distribution is patchy and several species are known to display specific habitat
preferences. Generally they live on hard substrates, rocks, coral reefs, soft bottoms,
on the sediment surface or buried in the sediment, or as epizoites on plants or
invertebrates.
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Sea cucumber in seagrass beds

Seagrass meadows

High abundance of sea cucumbers in seagrass has been recorded by several authors
highlighting the importance of these habitats in the early life stages for settlement
(Conand, 2008; Friedman et al., 2011). Seagrass beds are also important habitats for
H. scabra and several other species since the larvae and juveniles of sea cucumbers rely
heavily on seagrasses for settling cues and early life stages (Mercier et al., 2000). In
addition, seagrasses contribute to secondary production mainly by the detrital food web
comprising sea cucumbers (Vizzini, 2009). The nutrients produced by decomposition
of sea grass are utilized by the primary producers, which then become an important
part of the detrital food chain and facilitate the cycling of nutrients (Nelson, 1981).

Coral reefs

Species of the genus Actinopyga are essentially coral dwelling forms. They live in the
intertidal region on the coral reef. Clark (1976) mentioned some of the coral dwelling
echinoderms. A. mauritiana is a surf loving species being found very near the low-
water mark. H. pyxis occurs on the reef flats in Andaman Islands and is found always to
live under the stones. The dorsal body wall of A. echinitesis wrinkled with sand settling
in the depressions and it is often found attached at the base of big rocks by curving its
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Sea cucumbers in coral rubbles

body. Bohadschia spp. also live on the coral flats. B. vitiensis lives on the reef flats and
lies exposed during low tide with a thin coating of fine mud on the body.

Mudflats

Mudflats are by far the best habitats suitable for sea cucumbers as they are detritus
feeders and feed on the organic matter present in the mud. H. scabrais characteristic
of muddy flats. During low tide, a number of them can be seen in half-buried
condition with their posterior end of the body always kept outside. Small forms (50
to 90 mm in length) are also seen to be lying freely on the muddy grounds during
low tides. At some places 2 to10 specimens are distributed in an area of 5 sq.m. The
species living in muddy flats are also found on sandy habitat.
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Lagoon

The lagoons in the Lakshadweep waters are calm with very little disturbance and
offer excellent habitats for the holothurians. H. nobilis, the most priced holothurian
for 'beche-de-mer' is characteristic of the lagoons. There are two colour forms of this
species; the white variety is usually found in deeper waters between 3 to 20 m. It is
most abundant on clean sand in reef passages and near turtle-grass. The black variety
is typically found in shallow waters at about 3m depth on clean sand bottoms where
there is living coral and free movement of water. Bohadschia argus and Stichopus
chloronotus are other common species found in the lagoons of Lakshadweep.

Biological characteristics

Reproductive biology

Commercial sea cucumbers are predominantly gonochoric; that is, they exist as
1 males or females separately. However, a few species are known to be hermaphroditic
2 (combining both sexes in the same individual). In most gonochoric species, it is
T not possible to distinguish males from females by their outer appearance, but
sea cucumber populations are generally present in 1:1 sex ratio. The majority of
sea cucumbers are broadcast spawners, releasing sperms and oocytes (unfertilized
eggs) directly into the water column. Females can release thousands to millions of
oocytes in a single spawning event. The motile sperm cells (spermatozoa) have to
swim to find and fertilise the oocytes. Fertilisation success is, therefore, maximized
where males and females are relatively close to each other. The release of gametes,
i.e. oocytes and sperm by adults is generally triggered by environmental (for example,
certain tidal conditions, lunar phases, temperature fluctuations etc.) and chemical
cues from other individuals of the same species. The oocytes of most commercial
species of sea cucumbers are generally under 200um in diameter, and more or
less neutrally buoyant when released in the water column. However, commercial
species from temperate regions may possess large yolk buoyant oocytes that can
measure up to Tmm in diameter. Reproductive cycles are variable among species,
but most tropical species have biannual spawning activity and fewer species have
annual spawning activity. In addition to sexual reproduction, about 10 species
reproduce asexually by transverse fission by dividing at the middle of the body;
both halves re-grow necessary organs and form clones of the original individual
(Conand,1981; Hyman,1955).
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ICAR-Central Marine Fisheries Research Institute (CMFRI) has documented the biology
of H. scabra, (Baskar, 1993); H. nobilis and Actinopyga mauritiana (Kandan, 1994);
H. atra (Ram Mohan, 2001) and H. spinifera (Asha, 2005).

Growth and longevity

Growth in sea cucumbers is difficult to assess (Conand, 1990) because they are not
amenable to conventional tagging methods (Purcell et al, 2006). However, studies
on growth rates in the wild are available using modal progression analysis, genetic
fingerprinting, and release and monitoring of juveniles. Some species, like H. scabra are
relatively fast growing when young, reaching the size at first maturity (<180 g) in a year
or so but take another couple of years to reach an acceptable market size (Purcell and
Simutoga, 2008). Shelley (1985) estimated growth to be 14g per month for H. scabra
and 19 to 27g per month for Actinopyga echinites. Uthicke (1994) found modest
weight gain of 70-80g per year by Stichopus chloronotus of 70-80 g per year. Longevity
has been estimated as 10 to 15 years for A. mauritiana, A. echinites and Thelenota
ananas but only as about 5 years for S. chloronotus (Conand and Sloan, 1989).

Food and feeding

Most of the commercial sea cucumbers are deposit feeders that consume detritus,
bacteria and diatoms mixed with sediments on the seabed (Conand, 2006a). Those
species on hard reef surfaces “mop up” the particulate organic matter that coats rocks
and benthic vegetation. A few commercial species are suspension feeders, which sweep
minute organisms and detritus adhering to the tentacles through mucous secretion
(Hamel and Mercier, 1998). Holothurians are therefore a low-food chain group.

Predators

Sea cucumbers are prey to a vast array of invertebrate predators like sea stars, crabs
and some gastropods (Francour, 1997). A short-term study on released sandfish H.
scabra shows that juveniles are prone to being eaten readily by a range of fishes
(Dance et al., 2003). Some birds, turtles and marine mammals are also believed to
eat sea cucumbers occasionally. However, some species of sea cucumbers develop
passive or active mechanisms of defence (e.g. H. atra, H. leucospilota etc.) that have
proved to be efficient predator deterrents.

Conservation and sustainable use of sea cucumber resources in India
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Fishery and resource status

Fishery

Sea cucumbers that are targeted for 'beche-de-mer' production range in size from
about 5 cm to over 1 min length (Conand, 1993). Harvesting in the tropics is typically
done by small bottom trawls (roller pulling nets, beam trawl nets, scallop-drag gear
etc.) used mainly in soft bottom habitats away from reef structures; direct collection
by hand (reef flat gleaning at low tide or wading) or collection with spears, hooks and
scoop nets in shallow-water mangrove lagoons, reef flats and grass beds; collection
by hand using snorkel and diving gear (SCUBA and hookah) and lift bags for deeper
reef and lagoon environments; and collection at night with SCUBA, snorkeling or
wading using underwater lights or torches (Conand, 2006b).

Tropical and subtropical sea cucumber fisheries in the western Pacific are generally
multi-species as compared to tropical fisheries in the Indian Ocean (H. scabra),
eastern Pacific (/sostichopus fuscus) and Caribbean (/. badionotus, H. mexicana and
4 Astichopus multifidus). In the western Pacific, the sea cucumber fisheries primarily
target shallow water (up to 50 m depth) deposit-feeding holothurians belonging

Sea cucumber collection by Attai madi’
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to two families and eight genera: Actinopyga, Bohadschia, Microthele and
Holothuria (Holothuridae) and /sostichopus, Parastichopus, Stichopus and Thelenota
(Stichopodidae). In temperate waters, the sea cucumber fisheries are based on one
or two species that are found in the western Pacific around China, Japan, Korea
and Russia (Stichopus japonicus), southern hemisphere off New Zealand (S. mollis),
eastern Pacific coast of North America (Parastichopus californicus and P. parvimensis)
and western Atlantic coast of North America (Cucumaria frondosa) (Conand, 2006a).

In India, the 'beche-de-mer' production was mainly dependent on H. scabra along
with H. spinifera, Bohadschia marmorata and H. atra in small quantities initially.
However, the processing of B. marmorata and H. atra were stopped because of their
poor market value (James,1996). The sudden boom and burst of Actinopyga spp.
into the export happened during 1991-1995. In 1986, the processing of deep water
red fish, A. echinites was started along the Gulf of Mannar and Palk Bay coasts
(James and Badrudeen, 1995). Processing of another massive form A. miliaris was
started in 1992 (James, 1992) but the catch declined in subsequent years. Asha
and Diwakar (2006) reported huge landings and processing of Stichopus hermanni
collected from a depth of 20m from Tuticorin waters.

Skin divers collecting sea cucumbers
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In India, no special gear or net has been devised exclusively to catch sea-cucumbers.
They were usually collected by skin diving, either picked up by hand or by small scoop
nets, or caught in ‘Attai madi’, a type of prawn trawl net, modified with added
sinkers or bobbins in the foot ropes. They are also caught in 'Thallu madi/Thallu
valai’, bottom trawl nets and bottom-set gillnets as accidental by catch (James,
1989a; BOBLME, 2015).

Holothurians are collected by skin diving to a depth of 1.5 to 6.0 m in Palk Bay
and Gulf of Mannar. Non-mechanised country crafts are used for collection by skin
diving. Four to six divers go in country boats with sails at sun rise and return in the
afternoon. Even small boys are engaged in diving operations. The divers take net
bags in which live sea cucumbers are brought to the shore. The introduction of face
masks and use of aluminium plates for the feet as improvised flippers helped efficient
locating and collecting of sea cucumbers (James, 1973; 1994a).

Sea cucumbers are caught by trawl nets accidentally as by catch. Since the
introduction of trawling in the 1960s in the Gulf of Mannar and Palk Bay, more
sea cucumbers are exploited. In certain centres of Gulf of Mannar where large
number of trawlers are operated, the entire source for processing comes from
the trawlers. The overall length of trawlers used for sea cucumber fishing was 11
to 20m, with 70 to 120 horse power engines. The length of trawl net was 13 m
with cod end mesh size of 25 mm. Sea cucumbers are also caught by ‘ Thal/lu madi
during its operations. The overall length of country craft used for sea cucumber
fishing with ‘Thallu madi’was 4 t0o10 m. The length of ' Thal/lu madi’was 8m, with
cod end mesh size of 15 to 25 mm. During low tide, vast areas of mud-flats get
exposed and women and children were engaged in the collection of half buried sea
cucumbers (James, 1994a).

In a mixed catch of sea cucumbers, the common size ranges between 60 and 150
mm; of this 100 to 150 mm size constitutes 15 to 20%, 70 to 100 mm about
30% and 50 to 70 mm about 50%. Specimens measuring 150 to 210 mm live size
are reduced to 60 to 75 mm after processing (James, 1994a & b). In short, after
processing the whole catch will fall under the commercial category below 3",

Sea cucumbers are collected in all the seasons. In the Palk Bay, fishing is conducted
from March to October, the peak season being April and May. In the Gulf of Mannar
fishing is conducted from October to March with peak season being December and
January. March and October are transition months to switch over fishing from Palk
Bay to Gulf of Mannar and vice versa. The Palk Bay and Gulf of Mannar become rough

CMFRI Marine Fisheries Policy Series No. 7



during October to March and from March to October respectively (James,1989a).
When the sea becomes rough due to high velocity winds, the water gets mixed
up and becomes turbid and fishing is suspended during the rough season (James,
1986b; James, 1994a).

Resource status

Reliable long-term estimates are not available on the exploited as well as potential
stocks of holothurians in the Indian waters and hence it is difficult to evaluate the
stock status. The only publication providing some information on the fishery and
landings of holothurians from different centres of Gulf of Mannar and Palk Bay is
by James and Baskar (1994a). During the last 12 years of moratorium, the survey
conducted twice by Zoological Survey of India during 2006 (Venkitaraman, 2006)
and 2011-12 (Venkataraman, et al., 2012) and by the ICAR-CMFRI in 2015 (BOBLME,
2015) indicated wide fluctuation in the population of nine holothurian species in the
Guf of Mannar and Palk Bay (Table 1). A definite conclusion on the stock trend could
not be arrived at from these surveys and therefore there is a need for continuous
monitoring of sea cucumber from this region. While a few specimen of A. miliaris
were reported during 2006 from Gulf of Mannar (Venkitaraman, 2006), it was
not reported in 2011 and 2012 (Venkataraman et a/., 2012). Similarly none of the
surveys indicated the occurrence of historically processed species namely A. echinites
and Stichopus chloronotus from Gulf of Mannar and Palk Bay, indicating the high
vulnerability of these species to fishing and the inability of the depleted stock to
repopulate to its original level because of their low reproduction or recruitment rate.

Sri Lanka, the country sharing part of Palk Bay and Gulf of Mannar with India, is also
having the century old practice of sea cucumber processing introduced by China
(Hornell, 1977). It is interesting that survey on sea cucumbers in the Sri Lankan
waters indicated more number of sea cucumber species than the Indian side of Gulf

Holothuria sp. (type 'Pentard’) Pseudocolochirus violaceus
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of Mannar. A total of 25 species belonging to 7 genera, out of which, 20 are of
commercial importance have been reported from the Sri Lankan waters (Dissanayake
and Stefansson, 2010). Except issuing license for diving and transportation, no other
regulatory measures are practiced for sea cucumber fishery in Sri Lanka. In spite of
this, the main reason for the higher diversity of sea cucumber species in Sri Lanka
is probably due to the absence of destructive fishing practice like trawling and may
be due to the practice of selective fishing like hand picking through skin or SCUBA
diving which ensures the maintenance of conducive pristine habitat for sea cucumber
growth (Dissanayake and Wijayarathne, 2007).

Table 1. Reported density (nos.ha-!; mean =SE) of sea cucumbers

: Gulf of Mannar Palk Bay
Species
20062 2011b 2012b 2015¢ 2011b 2012b 2015¢

Holothuria 174117  1.2+17  70.6%23.6 178.9+16.2  39.98+59.03 18.09+28 2352.6+

scabra' 546.7

H. spinifera? = 1.9+6.7 69.14+33.02 - 0.26+0.82 75.5%57.7

H. atra3 1268419 3220512 560.4+ 767.7x1776 - 0.14%0.74 190.3=101.9

1255.9

H. leucospilota’ - 1.6=15 56%355 987.4+362.5 0.06+0.03  0.02=0.11 5.21+2.31

— Bohadschia 302184 - 33143 1929+896 - 0.02+0.12 10.9+1.2
8 marmorata’
Stichopusspp.2 162+112  1.2+13 - 1599.8+619.2 0.52+1.95 - 6.8+3.4

a: Venkitaraman, 2006; b: Venkataraman et al, 2012; ¢: BOBLME, 2015
1: high-valued, exploited; 2: medium-valued, exploited; 3: low-valued, not-exploited
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Chapter-2

Vulnerability, trade and
socio-economic relevance

Vulnerability and over exploitation of
sea cucumbers in the global context

Increase in demand in the international market coupled with the ease of harvesting
and low cost of processing has augmented holothurian fishing and trading in the Indo-
Pacific areas (Conand, 2004; Choo, 2008). Inadequate fishery management measures
and anthropogenic disturbances are also factors in creating drastic population-size
fluctuations and over-fishing of commercial sea cucumbers (Uthicke et a/., 2009).

Sea cucumber populations are particularly vulnerable to over-fishing for many reasons.
Primarily, harvesters can easily and effectively capture the shallow water holothurians
(Uthicke and Benzie, 2000). Most tropical sea cucumber species tend to occur in
shallow waters within the limit of breath hold diving (Kinch et a/., 2008). Because of
their sluggish nature (Conand 1991; Shiell and Knott, 2008), they are incapable to
get away quickly from patches of high density once detected and hence are easily
caught by fishers.

Second, late age at maturity, slow growth, high longevity, low rates of recruitment
make some species vulnerable to over fishing and slow population replenishment
(Bruckner, 2005;