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7. Conclusions

The development of this paper and management guidelines was prompted by the poor
status of sea cucumber fisheries management in numerous countries and the recognition
of an urgent need for technical guidance in the development of management strategies
and for good governance.

Like many other fisheries, the present management approaches and systems in
sea cucumber fisheries are struggling to achieve sustainability. One important step
towards improvement is to define clear objectives, reference points and indicators of
sustainability. Managers need to then conduct periodic assessments of how the stocks
and fishers have responded to the management measures and adapt management
measures in the light of poor performance.

Sea cucumber fisheries have widely different characteristics and unique management
issues. Their sustainable management requires practical regulatory measures and joint
effort from different sectors. In elaborating best practices management measures in this
document, efforts were made to distinguish the different settings under which some
measures are likely to be more applicable than others.

To build a management plan based on the regulatory measures and actions for
implementing management advised in this technical paper, managers need to adopt
measures that can work in the specific circumstances of the fishery. They must also
respond in a balanced way to the need to maximize the long-term benefits to fishers
and to conserve resource biodiversity. In this context, the following are some key
“take-home” messages for managers when developing management plans for sea
cucumber fisheries:

1. Generally, a suite of management regulations should be used to control fishing.

2. Establishing some form of user rights, or privileges, helps to avoid the “race for
fish” to promote better stewardship of sea cucumber stocks.

3.  Promoting local-level management institutions improves many aspects of
compliance, surveillance and accountability, but centralised fishery agencies
must continue to support these systems and may need to retain authority over
some management roles.

4. Management regulations should be strict enough so that stocks of high,
medium and low value species are maintained at productive levels and drastic
interventions can be avoided.

5.  If the fishery is depleted, managers must instigate a ban for several years and
weigh up the costs and benefits of various methods for rebuilding the stock.

6. Managers should oblige fishers, processors and exporters to provide data of
catches and exports in all fishery situations.

7. Size limits are strongly recommended in any active fishery and enforcement
through inspections of processors and exporters will be more efficient than
inspections of fishers.

8.  Marine protected areas that exclude fishing of sea cucumbers (i.e. no-take reserves)
should serve as a valuable safeguard, in most scenarios, for maintaining some
recruitment in the fishery, but should be accompanied by other regulations.

9. Industrialized fisheries often have greater resources for the development and
enforcement of management regulations. For this reason, they can have a greater
number of management regulations and actions for implementing management
than small-scale fisheries.



134

Managing sea cucumber fisheries with an ecosystem approach

10. Small-scale fisheries that involve poor and low-income fishers can suppress
stocks to extirpation because fishers can still maintain some profitability at low
stock densities. For this reason, instigating bans early and having no-take zones
to safeguard some breeding groups, is a stronger imperative than in industrialized
fisheries.

11. Almost all of the potential management tools can be applied in small-scale and
industrial (high-tech) sea cucumber fisheries. However, it is better to choose a
subset of companion tools (see Annex 10.2 for examples).

12. 'The overriding actions by sea cucumber fishery managers in any situation are to:
1) invest in education programmes to give fishers and exporters an understanding
of management principles; 2) ensure strong enforcement of the regulations; 3)
conduct some socio-economic surveys; 4) carry out underwater visual censuses
to monitor stocks; and 5) monitor the national catches and exports.

Some, perhaps most, of the regulatory measures discussed in this paper are unproven
as tools to ensure the sustainability of sea cucumber fisheries. One research priority,
therefore, is to critically evaluate the efficacy of management measures. Studies could
compare the sustainability of stocks between locations with different management
systems and/or regulations within a fishery or monitor densities of sea cucumbers
before and after new regulatory measures are imposed (see Section 6.1.2).

Lack of enforcement is a continual problem in many developing and low-income,
countries. There is little benefit of a well-developed management plan if fishers do
not comply with it. To tackle this problem, management agencies need to invest more
resources in compliance officers and have the backing of a vigilant system to enforce
penalties on fishers and processors for non-compliance. Alternatively, managers may
decide to devolve the management authority and accountability to fishing communities
and hope that access rights and local-level management will provide incentives
for responsible stewardship of sea cucumber resources. Government agencies will
probably still need to help local-level management systems, through some form
of co-management. Such cooperation allows support to implementing local-scale
management and a conduit for informing fishers and communities about the science
needed for sustaining stocks and the ecosystems in which they live.

Amidst the trend of stock depletion through excessive fishing, it is encouraging that
some countries have taken drastic action to prevent extirpation of breeding populations.
National sea cucumber fisheries have been recently closed in Costa Rica, Solomon
Islands, Vanuatu, Papua New Guinea, Panama, mainland Ecuador, Venezuela, India
and Tonga (recently re-opened). The application of moratoria shows that fisheries
management agencies are willing to take stringent actions for the long-term interest
of the fisheries. Unfortunately, some severely depleted stocks may take decades to
recover to productive levels (Battaglene and Bell, 2004). Managers should be acutely
mindful that a moratorium underscores inadequacy of past management strategies,
or enforcement, and a responsibility to develop radically different approaches to
circumvent repeated stock depletion after the moratoria are lifted.



135

8. References and further reading

Agudo, N. 2006. Sandfish hatchery techniques. The WorldFish Center, Secretariat of the
Pacific Community and Australian Centre for International Agricultural Research,
Noumea. 44 pp. (also available at www.spc.int/Coastfish/Reports/Worldfish/Sandfish_
hatch_tech.pdf).

Andrew, N.L., Béné, C., Hall, S.J., Allison, E.H., Heck, S. and B.D. Ratner. 2007.
Diagnosis and management of small-scale fisheries in developing countries. Fish and
Fisheries, 8: 227-240.

Asha, P.S. and P. Muthiah. 2005. Effects of temperature, salinity and pH on larval growth,
survival and development of the sea cucumber Holothuria spinifera Theel. Aquaculture,
250: 823-829.

Aumeeruddy, R. and C. Conand. 2008. Seychelles: a hotspot of sea cucumber fisheries
in Africa and Indian Ocean 207-221. In: Toral-Granda, V.; Lovatelli, A.; Vasconcellos,
M. (eds) Sea cucumbers. A global review on fishery and trade. FAO Fisheries Technical
Paper. No 516. Rome, FAO. 2008. pp. 207-221.

Aumeeruddy, R., Skewes, T., Dorizo, J., Carocci, E, Coeur de Lion, Harris, E, A.
Henriette, C. and M. Cedras. 2005. Resource assessment and management of the
Seychelles sea cucumber fishery. Report for FAO Project No. TCP/SEY/2902. Seychelles
Fishing Authority, Seychelles, 37 pp.

Babcock, R., Mundy, C., Keesing, J. and J. Oliver. 1992. Predictable and unpredictable
spawning events: in situ behavioural data from free-spawning coral reef invertebrates.
Invertebrate Reproduction and Development, 22: 213-228.

Bartley, D.M. and ].D. Bell. 2008 Restocking, stock enhancement and sea ranching: arenas
of progress. Reviews in Fisheries Science, 16: 357-365.

Battaglene, S.C. 1999. Culture of tropical sea cucumbers for stock restoration and
enhancement. Naga, The ICLARM Quarterly, 22: 4-11.

Battaglene, S.C. and ].D. Bell. 2004. The restocking of sea cucumbers in the Pacific
Islands. 7n: Bartley, D.M. and K.L. Leber (eds) Case Studies in Marine Ranching. FAO
Fisheries Technical Paper. No. 429: 109-132.

Bell, J.D., Purcell, S.W. and W.J. Nash. 2008. Restoring small-scale fisheries for tropical sea
cucumbers. Ocean and Coastal Management, 51: 589-593.

Bell, J.D., Leber, K.M., Blankenship, H.L., Loneragan, N.R. and R. Masuda. 2008. A
new era for restocking, stock enhancement and sea ranching of coastal fisheries resources.
Reviews in Fisheries Science, 16: 1-9.

Berkes, E, Mahon, R., McConney, P., Pollnac, R. and R. Pomeroy. 2001. Managing Small-
scale Fisheries. Alternative Directions and Methods. IDRC, 320 pp.

Browman, H.L. and K.I. Stergiou. 2004. Marine Protected Areas as a central element of
ecosystem-based management: defining their location, size and number. /7: Browman,
H.I. and K.I. Stergiou (eds) Perspectives on ecosystem-based approaches to the
management of marine resources. Marine Ecology Progress Series, 274: 271-272.

Bruckner, A.W. (ed.) 2006a. Proceedings of the CITES workshop on the conservation
of sea cucumbers in the families Holothuriidae and Stichopodidae. NOAA Technical
Memorandum NMFS-OPR-34, USA. 244 pp.

Bruckner, A.W. 2006b. Management and conservation strategies and practices for sea
cucumbers. [n: A.W. Bruckner (ed.) Proceedings of the CITES workshop on the
conservation of sea cucumbers in the families Holothuriidae and Stichopodidae. NOAA
Technical Memorandum NMFS-OPR-34, USA. pp. 74-103.



136

Managing sea cucumber fisheries with an ecosystem approach

Bruckner, A.W. 2006¢. Sea cucumber population status, fisheries and trade in the United
States. In: A.W. Bruckner (ed.) Proceedings of the CITES workshop on the conservation
of sea cucumbers in the families Holothuriidae and Stichopodidae. NOAA Technical
Memorandum NMFS-OPR-34, USA. pp. 192-202.

Butcher, J. 2004. The closing of the frontier: a history of the marine fisheries of Southeast
Asia ¢.1850-2000. Institute of Southeast Asian Studies, Singapore. 442 pp.

Caddy, J.F. and D.]J. Agnew. 2005. An overview of recent global experience with recovery
plans for depleted marine resources and suggested guidelines for recovery planning.
Reviews in Fish Biology and Fisheries, 15: 165-165.

Chen, J. 2004. Present status and prospects of sea cucumber industry in China. /7: Lovatelli
A., Conand C., Purcell S., Uthicke S., Hamel J.-F. and M. Mercier (eds). Advances in sea
cucumber aquaculture and management; 2004. FAO Fisheries Technical Paper. No. 463.
FAO, Rome. pp. 25-38.

Choo, P.S. 2008a. Population status, fisheries and trade of sea cucumbers in Asia. In:
Toral-Granda V., Lovatelli A., Vasconcellos M. (eds). Sea cucumbers: a global review
on fisheries and trade. FAO Fisheries and Aquaculture Technical Paper. No. 516. Rome,
FAO. pp. 88-118.

Choo, P.S. 2008b. Philippines: a hot spot of sea cucumber fisheries in Asia. In: Toral-
Granda V., Lovatelli A., Vasconcellos M. (eds). Sea cucumbers: a global review on
fisheries and trade. FAO Fisheries and Aquaculture Technical Paper. No. 516. Rome,
FAO. pp. 119-142.

Clarke, S. 2004. Understanding pressures on fishery resources through trade statistics: a
pilot study on four products in the Chinese dried seafood market. Fish and Fisheries, 5:
53-74.

Comley, J., Walker, R., Wilson, J., Ramsay, A., Smith, I. and P. Raines. 2004. Malaysia
coral reef conservation project: Pulan Redang. Report to the Department of Marine Parks,
Malaysia, March- September 2004. Prepared by Coral Cay Conservation, December
2004.

Conand, C. 1989. Les holothuries Aspidochirotes du lagon de Nouvelle-Calédonie:
biologie, écologie et exploitation. Etudes et theéses. Editions de PORSTOM Paris,
393 pp.

Conand, C. 1990. The fishery resources of Pacific island countries. Part 2: Holothurians.
FAO Fisheries Technical Paper. No. 272.2, Rome. 143 pp.

Conand, C. 1993. Reproductive biology of the holothurians from the major communities
of the New Caledonian lagoon. Marine Biology, 116: 439—450.

Conand, C. 2004. Present status of world sea cucumber resources and utilisation: an
international review. In: Lovatelli A., Conand C., Purcell S., Uthicke S., Hamel J.-F. and
A. Mercier (eds). Advances in sea cucumber aquaculture and management. FAO Fisheries
Technical Paper. No. 463. FAO, Rome. pp. 13-23

Conand, C. 2006a. Sea cucumber biology, taxonomy, distribution and conservation
status. In: A.W. Bruckner (ed.) Proceedings of the CITES workshop on the conservation
of sea cucumbers in the families Holothuriidae and Stichopodidae. NOAA Technical
Memorandum NMFS-OPR-34, USA. pp. 33-50.

Conand, C. 2006b. Harvest and trade: utilization of sea cucumbers; sea cucumber
fisheries; current international trade; illegal, unreported and unregulated trade; bycatch;
socio-economic characteristics of the trade in sea cucumbers. /n: A. W. Bruckner (ed.).
Proceedings of the CITES workshop on the conservation of sea cucumbers in the families
Holothuriidae and Stichopodidae. NOAA Technical Memorandum NMFS-OPR-34,
USA. pp 51-73.

Conand, C. 2008. Population status, fisheries and trade of sea cucumbers in the Indian
Ocean. In: Toral-Granda V., Lovatelli A., Vasconcellos, M. (eds). Sea cucumbers: a global
review on fisheries and trade. FAO Fisheries and Aquaculture Technical Paper. No. 516.
Rome, FAO. pp. 153-205.



References and further reading

137

Conand, C. and M. Byrne. 1994. Recent evolution of the world fisheries for sea cucumbers.
Mar. Fish. Rev., 55(4): 1-13.

Conand, C. and N. Muthiga (eds). 2007. Commercial Sea Cucumbers: A Review for the
Western Indian Ocean. WIOMSA Book Series. No. 5, 66 pp.

Dance, S.K., Lane, I. and J.D. Bell. 2003. Variation in short-term survival of cultured
sandfish (Holothuria scabra) released in mangrove-seagrass and coral reef flat habitats in
Solomon Islands. Aguaculture 220, 495-505.

Defeo, O. and J.C. Castilla. 2005. More than one bag for the world fishery crisis and keys
for co-management successes in selected artisanal Latin American shellfisheries. Reviews
in Fish Biology and Fisheries, 15: 265-283.

DFO. 2002. Giant red sea cucumber. DFO Can. Sci. Advis. Sec. Stock Status Rep. C6-10,
5 pp.

De la Torre-Castro, M., Ochiewo, J., Kithakeni, M. and M. Pinault. 2007. A framework
for addressing socioeconomic and management aspects of sea cucumber resources in the
western Indian Ocean. SPC Beche-de-mer Information Bulletin, 25: 22-28.

Eeckhaut, I., Lavitra, T., Rasoforinina R., Rabenevanana, M.W., Gildas, P. and M.
Jangoux. 2008. Madagascar Holothurie SA: The first trade company based on sea
cucumber aquaculture in Madagascar. SPC Beche-de-mer Information Bulletin, 28:
22-23.

Eriksson, H. 2006. Sea cucumber abundance, diversity and fishery in Samoa. An assessment of
lagoon occurring sea cucumbers. Minor Field Study. Uppsala University, Sweden. 73 pp.

Ess, C. 2007. North Pacific Sea Cucumber, stable, high-quality product, demand bode well
for sea cucumber divers. Market reports. (also available at www.nationalfisherman.com/
month-content.asp ?ItemID=1662&pcid=343&cid=347&archive=yes).

Fairbairn, T.L.J. 1992. Marine Property Rights in Relation to Giant Clam Mariculture in the
Kingdom of Tonga. In: C. Tisdell (ed), Giant Clams in the Sustainable Development of
the South Pacific. Canberra: Australian Centre for International Agricultural Research;
ACIAR Monograph No. 18. 119-133.

FAO. 1995. Code of conduct for responsible fisheries. FAO, Rome. 41p. http://www.fao.
org/docrep/005/v9878e/v9878e00.htm.

FAO. 1996. Precautionary approach to capture fisheries and species introductions. FAO
Technical Guidelines for Responsible Fisheries. No. 2. FAO, Rome. 54 pp. (also available
at www.fao.org/docrep/003/W3592E/w3592¢00.htm).

FAO. 1999. Indicators for sustainable development of marine capture fisheries. FAO
Technical Guidelines for Responsible Fisheries. No. 8. Rome, FAO. 68 pp. (also available
at www.fao.org/DOCREP/004/X3307E/X3307E00.htm).

FAO. 2003. Fisheries management. 2. The ecosystem approach to fisheries. FAO Technical
Guidelines for Responsible Fisheries. No. 4. Suppl. 2. FAO, Rome. 112p http://www.fao.
org/docrep/005/y4470e/y4470e00.htm.

FAO. 2004. Report of the Expert Consultation on Implementation Issues Associated with
Listing Commercially-exploited Aquatic Species on CITES Appendices. Rome, 25-
28 May 2004. FAO Fisheries Report. No. 741. Rome, FAO. 2004. 24 pp. (also available at
www.fao.org/docrep/007/y5751e/y5751e00.htm).

Ferdhouse, F 2004. World markets and trade flows of sea cucumber/beche-de-mer. I7:
Lovatelli A., Conand C., Purcell S., Uthicke S., Hamel J.-F. and A. Mercier (eds).
Advances in sea cucumber aquaculture and management; 2004. FAO Fisheries Technical
Paper. No. 463. FAO, Rome. pp. 101-117.

Francour, P. 1997. Predation on holothurians: a literature review. Invertebrate Biology,
116: 52-60.

Franklin, S.E. 1980. The reproductive biology and some aspects of the population ecology
of the holothurians Holothuria lencospilota (Brandt) and Stichopus chloronotus (Brandt).
Ph.D. thesis. University of Sydney, Sydney.



138

Managing sea cucumber fisheries with an ecosystem approach

Friedman, K., Ropeti, E. and A. Tafileichig. 2008. Development of a management plan for
Yap’s sea cucumber fishery. SPC Beche de Mer Information Bulletin, 28: 7-13.

Friedman, K., Purcell, S., Bell, J. and C. Hair. 2008a. Sea cucumber fisheries: a manager’s
toolbox. ACIAR Monograph No. 135, 32 pp.

Friedman, K., Kronen, K. Pinca, S., Magron, E, Boblin, P, Pakoa, K., Awiva, R. and L.
Chapman. 2008b. Papua New Guinea country report: profiles and results from survey
work at Andra, Tsoilaunung, Sideia, and Panapompom. Appendix 1. Secretariat of the
Pacific Community, Noumea, 435 pp.

Giraspy, D.A.B. and G. Ivy. 2005. Australia’s first commercial sea cucumber culture and sea
ranching project in Hervey Bay, Queensland, Australia. SPC Beche-de-mer Information
Bulletin, 21: 29-31.

Grafton, R.Q., Kompas, T. and R.W. Hilborn. 2007. The Economics of Overexploitation
Revisited. Science, 318: 1601

Grafton, R.Q., Kompas, T., McLoughlin, R. and N. Rayns. 2007. Benchmarking for
Fisheries Governance. Marine Policy, 31: 470-479.

Hamel, J.-E and A. Mercier. 1996. Early development, settlement, growth and spatial
distribution of the sea cucumber Cucumaria frondosa (Echinodermata: Holothuroidea).
Canadian Journal of Fisheries and Aquatic Sciences, 53: 253-271.

Hamel, J.E and A. Mercier. 2008a. Population status, fisheries and trade of sea cucumbers
in temperate areas of the Northern Hemisphere. In: Toral-Granda V., Lovatelli A,
Vasconcellos M. (eds) Sea cucumbers: a global review on fisheries and trade. FAO
Fisheries and Aquaculture Technical Paper. No. 516. Rome, FAO. pp. 257-292.

Hamel, J.F. and A. Mercier. 2008b. Precautionary management of Cucumaria frondosa in
Newfoundland and Labrador, Canada. /n: Toral-Granda V., Lovatelli A., Vasconcellos
M. (eds) Sea cucumbers: a global review on fisheries and trade. FAO Fisheries and
Agquaculture Technical Paper. No. 516. Rome, FAO. pp. 293-306.

Hamel, J.-E, Conand, C., Pawson, D.L. and A. Mercier. 2001. The sea cucumber
Holothuria scabra (Holothuroidea: Echinodermata): its biology and exploitation as
beche-de-mer. Advances in Marine Biology, 41: 129-233.

Hardin, G. 1968. The Tragedy of the Commons. Science, 162: 1243-1248.

Hasan, M.H. 2005. Destruction of a Holothuria scabra population by overfishing at Abu
Rhamada Island in the Red Sea. Marine Environmental Research 60: 489-511.

Hearn A., Martinez P., Toral-Granda M.V., Murillo, J.C. and J. Polovina. 2005.
Population dynamics of the exploited sea cucumber Isostichopus fuscus in the western
Galépagos Islands, Ecuador. Fisheries Oceanography, 14: 377-385.

Hilborn, R. 2004. Ecosystem-based fisheries management: the carrot or the stick? /n:
Browman, H.IL, Stergiou K.I. (eds). Perspectives on ecosystem-based approaches to the
management of marine resources. Marine Ecology Progress Series, 274: 275-275.

Hilborn, R. 2006. Defining success in fisheries and conflicts in objectives. Marine Policy,
31: 153-158.

Hilborn, R. and C.J. Walters. 1992. Quantitative fisheries stock assessment: choice,
dynamics and uncertainties. Chapman and Hall. 570 pp.

Hilborn, R., Orensanz, ].M. and A. Parma. 2005. Institutions, incentives and the future of
fisheries. Philosophical Transactions of the Royal Society B., 360: 47-57.

Hilborn, R., Parrish, J.K. and K. Litle. 2005. Fishing rights or fishing wrongs? Reviews in
Fish Biology and Fisheries, 15: 191-199.

Hilborn, R., Stokes, K., Maguire, J.J., Smith, T., Botsford, L.W., Mangel, M., Orensanz,
J., Parma, A, Rice, J., Bell, J., Cochrane, K.L., Garcia, S., Hall, S.J., Kirkwood, G.P,
Sainsbury, K., Stefansson, G. and C. Walters. 2004. When can marine reserves improve
fisheries management? Ocean & Coastal Management, 47: 197-205.

Hill, H.B. 1978. The Use of Nearshore Marine Life as a Food Resource by American
Samoans. Honolulu: Pacific Islands Program, University of Hawaii; Miscellaneous Work
Papers.



References and further reading

139

Hindson, J., Hoggarth, D.D., Krishna, M., Mees, C.C. and C. O’Neill. 2005. How to
manage a fishery: a simple guide to writing a fishery management plan. Marine Resources
Assessment Group, London. 81 pp. (also available at www.fmsp.org.uk/Documents/
r8468/R8468_Guide2.pdf).

Humble, S.R., Hand, C.M. and W.K. de la Mare. 2007. Review of data collected during
the annual sea cucumber (Parastichopus californicus) fishery in British Columbia and
recommendations for a rotational harvest strategy based on simulation modeling.
Canadian Science Advisory Secretariat, Research Document 2007/054: 47 pp.

Hunter, C., Skewes, T., Burridge, C. and D. Dennis. 2002. Research for management of
the Coral Sea collector sector (beche-de-mer). CSIRO Division of Marine Research,
Cleveland, Queensland.

Jennings, S. 2004. The ecosystem approach to fishery management: a significant step towards
sustainable use of the marine environment? Marine Ecology Progress Series. 274: 279-282.

Johannes, R.E. 1981. Words of the lagoon: fishing and marine lore in the Palau district of
Micronesia. University of California Press, Berkeley and Los Angeles. 245 pp.

Kaly, U., Preston, G., Opnai, J. and J. Aini. 2007. Sea cucumber survey: New Ireland
Province. Coastal Fisheries Management and Development Project (CFMDP) and the
National Fisheries Authority, Papua New Guinea. 37 pp.

Kelleher, G. 1999. Guidelines for Marine Protected Areas. ITUCN, Gland, Switzerland and
Cambridge, UK. xxiv +107pp.

Kinch, J., James, M., Thomas, E., Lauhi, P. and R. Gabiobu. 2007. Socio-economic
Assessment of the Beche-de-Mer Fisheries in the Western, Central and Manus Provinces,
Papua New Guinea. National Fisheries Authority. 132 pp.

Kinch, J., Purcell, S., Uthicke, S. and K. Friedman. 2008a. Population status, fisheries
and trade of sea cucumbers in the Western Pacific. /n: Toral-Granda V., Lovatelli A.,
Vasconcellos M. (eds). Sea cucumbers: a global review on fisheries and trade. FAO
Fisheries and Aquaculture Technical Paper. No. 516. Rome, FAO. pp. 7-55.

Kinch, J., Purcell, S., Uthicke, S. and K. Friedman. 2008b. Papua New Guinea: a hot
spot of sea cucumber fisheries in the Western Pacific. In: Toral-Granda V., Lovatelli
A., Vasconcellos M. (eds). Sea cucumbers: a global review on fisheries and trade. FAO
Fisheries and Aquaculture Technical Paper. No. 516. Rome, FAO. pp. 57-77.

King, M. 2007. Fisheries biology, assessment and management. 2nd Ed. Wiley-Blackwell
Publishing, Oxford, 382 pp.

Kohler, S., Gaudron, S. and C. Conand. 2009. Reproductive biology of Actinopyga
echinites and other sea cucumbers from Reunion Island (Western Indian Ocean): a
contribution for a regional management of the fishery. WIOJMS 8 (1) in press.

Kronen, M., Stacey, N., Holland, P., Magron, F. and M. Power. 2007. Socioeconomic
Fisheries Surveys in Pacific Islands: a manual for the collection of a minimum dataset.
Reef Fisheries Observatory, PROCfish/C and Cofish Programme. Secretariat of the
Pacific Community.

Lavitra, T., Rasolofonirina, R., Jangoux, M. and I. Eeckhaut. 2009. Problems related to the farming
of Holothuria scabra (Jaeger, 1833). SPC Beche-de-mer Information Bulletin, 29: 20-30.

Leeworthy, G. and T. Skewes. 2007. The hip-chain transect method for underwater visual
census (UVC). SPC Beche-de-mer Information Bulletin, 26: 5-6.

Liu, X., Zhu, G., Zhao, Q., Wang, L. and B. Gu. 2004. Studies on hatchery techniques
of the sea cucumber, Apostichopus japonicus. In: Lovatelli A., Conand C., Purcell S.,
Uthicke S., Hamel J.-F. and A. Mercier (eds). Advances in sea cucumber aquaculture and
management. FAO Fisheries Technical Paper. No. 463. FAO, Rome. pp. 287-295.

Lincoln-Smith, M., Pitt, K., Bell, J. and P. Ramohia. 2000. Testing the Use of Marine
Protected Areas to Restore and Manage Tropical Multi-species Invertebrate Fisheries at
the Arnavon Islands, Solomon Islands. Research Publication, No: 69. Report prepared for
the Great Barrier Reef Marine Park Authority, Townsville, Queensland; and the Australian
Centre for International Agricultural Research, Sydney, New South Wales, Australia.



140

Managing sea cucumber fisheries with an ecosystem approach

Lincoln-Smith, M.P., Pitt, K.A., Bell, ].D. and B.D. Mapstone. 2006. Using impact
assessment methods to determine the effects of a marine reserve on abundances and sizes
of valuable tropical invertebrates. Canadian Journal of Fisheries and Aquatic Sciences,
63: 1251-1266.

Lovatelli, A., Conand, C., Purcell, S., Uthicke, S., Hamel, J.-E and A. Mercier. 2004.
Advances in sea cucumber aquaculture and management. FAO Fisheries Technical Paper.
No. 463. FAO, Rome, 425 pp. (also available at www.fao.org/docrep/007/y5501e/
y5501e00.htm).

Lubchenco, J., Palumbi, S.R., Gaines, S.D. and S. Andelman. 2003. Plugging a hole in the
ocean: the emerging science of marine reserves. Ecological Applications, 13: S3-S7.

Malm, T. 2001. The tragedy of the commoners: the decline of the customary marine tenure
system of Tonga. Secretariat of the Pacific Community Traditional Marine Resource
Management and Knowledge Information Bulletin 13, pp. 2-13.

Massin, C., Uthicke, S., Purcell, S., Rowe, EW.E. and Y. Samyn. 2009. Taxonomy of
the heavily exploited Indo-Pacific sandfish complex (Echinodermata: Holothuriidae).
Zoological Journal of the Linnean Society, 155: 40-59.

Mercier, A., Ycaza, R.H. and J.-FE. Hamel. 2007. Long-term study of gamete release in a
broadcast-spawning holothurian: predictable lunar and diel periodicities. Marine Ecology
Progress Series, 329: 179-189.

Mercier, A., Hidalgo, R.Y. and J.-E Hamel. 2004. Aquaculture of the Galdpagos sea
cucumber, Isostichopus fuscus. pp. 347-58. In: Lovatelli, A., Conand, C., Purcell, S.,
Uthicke, S., Hamel, J.-FE. and A. Mercier (eds). Advances in sea cucumber aquaculture
and management; 2004. FAO Fisheries Technical Paper. No. 463. FAO, Rome.

Mitchell, M. 1972. The clam gardens of Manus. Harvest, 4(3): 160-163.

Muthiga, N., Ochiewo, J. and J. Kawaka. 2007. Sea cucumbers in Kenya. pp. 9-21. In:
Conand, C. and N. Muthiga (eds). Commercial sea cucumbers: a review for the Western
Indian Ocean. WIOMSA book series No. 5, WIOMSA, Zanzibar.

Nash, W. and C. Ramofafia. 2006. Recent Developments with the Sea cucumber Fishery
in Solomon Islands. SPC Beche-de-mer Information Bulletin, 23: 3—4.

Orensanz, J.M., Parma, A.M., Jerez, G., Barahona, N., Montecinos, M. and 1. Elias.
2005. What are the key elements for the sustainability of “S-fisheries”? Insights from
South America. Bulletin of Marine Science, 76(2): 527-556.

Ostrom, E. 1990. Governing the commons: the evolution of institutions for collective
action. Cambridge University Press, Cambridge, UK.

Parma, A.M., Hilborn, R. and J.M. Orensanz. 2006. The good, the bad and the ugly:
learning from experience to achieve sustainable fisheries. Bulletin of Marine Science, 78:
411-428.

Pauly, D. 2008. Global fisheries: a brief review. J. Biol. Res. Thessaloniki, 9: 3-9.

Pickering, T. and C. Hair. 2008. Hatchery production and restocking of sandfish in
community-managed fishing rights areas (qoliqoli), Fiji Islands. SPC Fisheries Newsletter
125: 22-23.

Pomeroy, R.S., Katonb, B.M. and I. Harkes. 2001. Conditions affecting the success of
fisheries co-management: lessons from Asia. Marine Policy, 25: 197-208.

Purcell, S.W. 2004a. Rapid growth and bioturbation activity of the sea cucumber Holothuria
scabra in earthen ponds. Proceedings of Australasian Aquaculture 2004, p. 244.

Purcell, S.W. 2004b. Criteria for release strategies and evaluating the restocking of sea
cucumbers. In: Lovatelli A., Conand C., Purcell S., Uthicke S., Hamel J.-F. and A.
Mercier (eds). Advances in sea cucumber aquaculture and management. FAO Fisheries
Technical Paper. No. 463. FAO, Rome. pp. 181-191.

Purcell, S.W. and B.F. Blockmans. 2009. Effective fluorochrome marking of juvenile sea
cucumbers for sea ranching and restocking. Aguaculture, 296: 263-270.

Purcell, S.W. and D.S. Kirby. 2006. Restocking the sea cuacumber Holothuria scabra: sizing no-take
zones through individual-based movement modelling. Fisheries Research, 80: 53-61.



References and further reading

141

Purcell, S.W. and M. Simutoga. 2008. Spatio-temporal and size-dependent variation in the
success of releasing cultured sea cucumbers in the wild. Reviews in Fisheries Science, 16:
204-214.

Purcell, S.W., Blockmans, B.F. and W.J. Nash. 2006. Efficacy of chemical markers and
physical tags for large-scale release of an exploited holothurian. Journal of Experimental
Marine Biology and Ecology, 334: 283-293.

Purcell, S.W., Gossuin, H. and N.S. Agudo. 2009a. Status and management of the sea
cucumber fishery of La Grande Terre, New Caledonia. WorldFish Center Studies and
Reviews N° 1901. The WorldFish Center, Penang, Malaysia. 136 pp. (also available at
www.worldfishcenter.org/resource_centre/WF_2033.pdf).

Purcell, S.W., Gossuin, H. and N.S. Agudo. 2009b. Conversion of weight and length of sea
cucumbers to beche-de-mer: filling gaps for some exploited tropical species. SPC Beche-
de-mer Information Bulletin, 29: 3-6.

Ramofafia, C., Nash, W., Sibiti, S. and A. Schwarz. 2007. Household Socio-economics
and Beche-de-mer Resource Use in Kia Community, Isabel Province, Solomon Islands
(June 2005). Report prepared for the Australian Centre for International Agriculture
Research, Sydney, New South Wales, Australia.

Rasolofonirina, R. 2007 Sea cucumbers in Madagascar. /n: Conand C. and Muthiga
N. (eds) 2007 Commercial Sea Cucumbers: A Review for the Western Indian Ocean.
WIOMSA Book Series. No. 5, 66 pp.

Reichenbach,N.1999.Ecologyandfisherybiology of Holothuriafuscogilva(Echinodermata:
Holothuroidea) in the Maldives, Indian ocean. Bulletin of Marine Science, 64: 103—113.
Robinson, G. and B. Pascal. 2009. From hatchery to community — Madagascar’s first
village-based holothurian mariculture programme. SPC Beche-de-mer Information

Bulletin, 29: 38—43.

Sale, P.E, Cowen, R.K, Danilowicz, B.S., Jones, G.P., Kritzer, J.P., Lindeman, K.C,,
Planes, S., Polunin, N.V.C., Russ, G.R., Sadovy, Y.J. and R.S. Steneck. 2005. Critical
science gaps impede use of no-take fishery reserves. Trends in Ecology and Evolution,
20: 74-80.

Sant, G. 2006. CITES and sea cucumbers. In: A.W. Bruckner (ed.) Proceedings of the
CITES workshop on the conservation of sea cucumbers in the families Holothuriidae and
Stichopodidae. NOAA Technical Memorandum NMFS-OPR-34, USA. pp. 104-121.

Schroeter, S.C., Reed, D.C, Kushner, D.]., Estes, J.A. and D.S. Ono. 2001. The use of
marine reserves in evaluating the dive fishery for the warty sea cucumber (Parastichopus
parvimensis) in California, U.S.A. Canadian Journal of Fisheries and Aquatic Sciences,
58:1773-1781.

Shelley, C.C. 1985. Growth of Actinopyga echinites and Holothuria scabra (Holothurioidea:
Echinodermata) in Papua New Guinea. In: C. Gabri’e et al. (eds). Proceedings of the 5*
international coral reef congress. Antenne Museum, Ecole Pratique des Hautes Etudes,
Moorea, French Polynesia. pp. 297-330.

Shepherd, S.A., Martinez, P., Toral-Granda, M.V. and G.]J. Edgar. 2004. The Galdpagos sea
cucumber fishery: management improves as stocks decline. Environmental Conservation,
31: 102-110.

Skewes, T.D., Dennis, D.M., Wassenberg, T., Austin, M., Moeseneder, C. and A.
Koutsoukos. 2002. Surveying the distribution and abundance of Holothuria scabra
(sandfish) in Moreton Bay. CSIRO Division of Marine Research Final Report. 20 pp.

Skewes, T., Smith, L., Dennis, D., Rawlinson, N., Donovan, A. and N. Ellis. 2004.
Conversion ratios for commercial beche-de-mer species in Torres Strait. Australian
Fisheries Management Authority Torres Strait Research Program Final Report. 32 pp.

Skewes, T., Taylor, S., Dennis, D., Haywood, M. and A. Donovan. 2006. Sustainability
assessment of the Torres Strait sea cucumber fishery. CSIRO Marine and Atmospheric
Research and CRC Torres Strait, Cleveland, Australia. 44 pp.



142

Managing sea cucumber fisheries with an ecosystem approach

Smith, A.D.M., Sainsbury, K.J. and R.A. Stevens. 1999. Implementing effective fisheries
management systems — management strategy evaluation and the Australian partnership
approach. ICES Journal of Marine Science, 56(6): 967-979.

SPC PROCEFish Project. 2002-2009. Secretariat of the Pacific Community Cross-Pacific
study quantifying status of inshore fisheries across the Pacific in 17 countries and
territories. (also available at www.spc.int/donors/procfish/proc_coastal.html).

Stefansson, G. and A.A. Rosenberg. 2005. Combining control measures for managing
fisheries under uncertainty: quotas, effort limitation and protected areas. Philosophical
Transactions of the Royal Society B, 360: 133-146.

Toral-Granda, V. 2008a. Population status, fisheries and trade of sea cucumbers in
Central and South America. In: Toral-Granda V., Lovatelli A., Vasconcellos M. (eds)
Sea cucumbers: a global review on fisheries and trade. FAO Fisheries and Aquaculture
Technical Paper. No. 516. Rome, FAO. pp. 213-229.

Toral-Granda, V. 2008b. Galdpagos Islands: a hotspot of sea cucumber fisheries in Latin
America and the Carribbean. In: Toral-Granda V., Lovatelli A., Vasconcellos M. (eds)
Sea cucumbers: a global review on fisheries and trade. FAO Fisheries and Aquaculture
Technical Paper. No. 516. Rome, FAO. pp. 231-253.

Toral-Granda V., Lovatelli, A. and M. Vasconcellos. (eds). 2008. Sea cucumbers: a global
review on fisheries and trade. FAO Fisheries and Aquaculture Technical Paper. No. 516.
Rome, FAO. 317 pp.

Uthicke, S. 1994. Distribution patterns and growth of two reef holothurians, Holothuria
atra and Stichopus chloronotus. In: David D., Guille A., Feral J.P., Roux M. (eds).
Echinoderms through time. Proceedings of the Eighth International Echinoderm
Conference. A.A. Balkema, Rotterdam, pp. 569-576.

Uthicke, S. 1997. Seasonality of asexual reproduction in Holothuria (Halodeima) atra, H.
(H.) edulis and Stichopus chloronotus (Holothuroidea: Aspidochirotida) on the Great
Barrier Reef. Marine Biology, 129: 435-441.

Uthicke, S. 2004. Overfishing of holothurians: lessons from the Great Barrier Reef.
Advances in sea cucumber aquaculture and management. FAO Fisheries Technical Paper.
No. 463: 163-171.

Uthicke, S. and J.A.H. Benzie. 2000. Allozyme electrophoresis indicates high gene flow
between populations of Holothuria nobilis (Holothuroidea: Aspidochirotida) on the
Great Barrier Reef. Marine Biology, 137: 819-825.

Uthicke, S. and J.A.H. Benzie. 2001. Restricted gene flow between Holothuria scabra
(Echinodermata: Holothuroidea) populations along the north-east coast of Australia and
the Solomon Islands. Marine Ecology Progress Series, 216: 109-117.

Uthicke, S. and J.A.H. Benzie. 2002. A genetic fingerprint recapture technique for
measuring growth in “unmarkable” invertebrates: negative growth in commercially
fished holothurians (Holothuria nobilis). Marine Ecology Progress Series, 241: 221-226.

Uthicke, S. and S. Purcell. 2004. Preservation of genetic diversity in restocking of the
sea cucumber Holothuria scabra planned through allozyme electrophoresis. Canadian
Journal of Fisheries and Aquatic Sciences, 61: 519-528.

Uthicke, S., Welch, D. and J.A.H. Benzie. 2004. Slow growth and lack of recovery in
overfished holothurians on the Great Barrier Reef: evidence from DNA fingerprints and
repeated large-scale surveys. Conservation Biology, 18: 1395-1404.

Vannuccini, S. 2004. Sea cucumbers: a compendium of fishery statistics. In: Lovatelli A.,
Conand C., Purcell S., Uthicke S., Hamel J.-F. and A. Mercier (eds). Advances in sea
cucumber aquaculture and management; 2004. FAO Fisheries Technical Paper. No. 463.
FAO, Rome. pp. 399-412.

Wang, R. and Y. Cheng. 2004. Breeding and culture of the sea cucumber, Apostichopus
japonicus, Liao. In: Lovatelli A., Conand C., Purcell S., Uthicke S., Hamel J.-F. and A.
Mercier (eds). Advances in sea cucumber aquaculture and management. FAO Fisheries
Technical Paper. No. 463. FAO, Rome. pp. 277-286.



References and further reading

143

Wiedemeyer, W.L. 1992. Feeding behaviour of two tropical holothurians Holothuria
(Metriatyla) scabra (Jager 1833) and H. (Halodeima) atra (Jager 1833), from Okinawa,
Japan. Proceedings of the seventh International Coral Reef Symposinm, 2: 853-860.

Wolkenhauer, S.-M., Uthicke, S., Burridge, C., Skewes, T. and R. Pitcher. 2009. The
ecological role of Holothuria scabra (Echinodermata: Holothuroidea) within subtropical
seagrass beds. Journal of the Marine Biological Association of the United Kingdom (in
press).

Woodby, D., Smiley, S. and R. Larson. 2000. Depth and habitat distribution of Parastichopus
californicus near Sitka, Alaska. Alaska Fishery Research Bulletin, 7: 22-32.

WorldFish Center. 2006. Improving sustainability and profitability of village sea cucumber
fisheries in Solomon Islands. Project Report 2006. Report prepared for the Australian
Centre for International Agriculture Research, Sydney, New South Wales, Australia.






145

9. Glossary

Beche-de-mer

Benthic

Capacity

Capacity

Decision control rules

Depleted stock

Effort

Exploitation

Fishery

Fishing

Gonad

Hookah

Indicator

meaning “spade of the sea”, this term refers to dried sea
cucumbers after earlier stages of gutting and boiling, and
in some cases after salting and smoking.

in relation to, or living in close association with, the sea
bottom.

(capacity in fisheries) — the ability, or potential, to take
the maximum amount of animals out of the sea over a
period of time by all the fishers.

(capacity in management institution) — the level of
competence, skills and resources to develop and
implement the management plan.

Rules agreed at the onset of developing a management
plan about what management actions will be taken in
light of the level of performance relative to reference
limits.

Populations of sea cucumbers within a fishery that
have decline to levels whereby the rate of natural
reproduction and population replenishment is poor, or
unable to keep pace with mortality losses, due to low
densities of breeding adults.

the total amount of fishing activity over a period of
time.

use of the resource for personal gain, whether for
subsistence or commercial purposes.

the sum of all fishing activities on a given resource (e.g. a
sea cucumber fishery), or the activities of a certain style
of fishing on a particular resource (e.g. a dive fishery).

this term is used interchangeably with “collecting”
and “harvesting” to describe the act of removing sea
cucumbers from the wild for commercial or subsistence
purposes.

male or female reproductive organ that produces sperm
or oocytes.

equipment to allow divers to breath underwater using
hoses delivering compressed air from compressors
onboard a boat above them.

a variable that can give a measure of the state of the
system at any one time, instead of measuring a response
directly. For example, declining exports is an indicator
that stocks have decreased, even though the stock itself
is not measured.
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Management measure

Management tool

Manager

Managing institution

Marine protected area

Maximum sustainable yield

Mortality

No-take zone

Objective

Oocytes

Owerfishing

In the context of reviewing the effectiveness of a
management strategy, an indicator is a variable that
shows the present state of a component of the fishery,
e.g. abundance of valuable sea cucumbers in fishing
grounds.

specific control or action applied to the fishery towards
the objectives, including technical measures, input
controls, output controls and user rights.

another term for management measure, because these
are “instruments” used by managers to achieve the
fishery objectives.

here, refers to the person charged with, or responsible
for, the stewardship of the fishery, including the
formation of management regulations, monitoring and
enforcement. They generally would be the leader of the
Managing institution.

the group of people in charge of developing management
plans for the fishery and responsible for monitoring,
and adapting to, changes in the status of resources. It
could be the fishery service of the country or province,
in the case of centralized management, or a group of
community leaders in the case of community-based
management.

a portion of the marine benthos and water, with its
associated biota, reserved to protect part or all of the
designated environment. The protection may allow for
regulated levels of extraction (fishing) of plants and
animals.

the highest theoretical limit at which sea cucumbers
can be harvested without significantly affecting the
reproductive process or the natural replenishment of the
population.

death of sea cucumbers in the population due to fishing
or natural events.

used in the same sense as “marine reserve” to denote an
area of subtidal or intertidal habitat, and its occupants,
fully protected by law from the removal or harm of
animals, plants and habitat.

statements that defines and quantifies the fishery
management goals. It is a broad statement about what
the management strategy is trying to achieve.

female sexual cells or unfertilized eggs released from
females.

a state where fished populations are not able to easily
recover to the pre-harvest number of animals or to levels
where the populations can increase in numbers, i.e. a
state of negative per-capita population growth.
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Recruitment

Reference point

Spatial
Sperm
Stakebolder

Status of stocks/resource

Stock

Trepang

the addition of young sea cucumbers to the population,
here considered as the addition of juveniles to a
population after post-settlement mortality.

a benchmark against which to assess the performance
of management in achieving the objectives. A [imit
reference point is a level of a certain parameter to avoid
going beyond.

referring to things, or processes, in geographic space.
male sexual cells.

any person with a legitimate interest in the use and future
of the resource. It includes but is not limited to fishers,
processors, buyers, resource stewards, conservationists
and conservation agencies, tourism agents, scientists and
resource managers.

the abundance and sizes of individual sea cucumbers in
wild populations within the fishery relative to healthy
levelsatwhich the animals would be breeding successfully
and at which populations could withstand some losses
from fishing without undermining population recovery.
Stock status can be defined relative to fishing impacts,
i.e. underexploited, fully exploited or depleted.

a group of individual sea cucumbers occupying a well-
defined spatial range independent of other populations
of the same species. A stock would normally be regarded
as an entity for management or assessment purposes —
thus, populations in different areas (e.g. individual reefs)
that are normally connected through dispersal would be
considered a single stock.

a term used in Indian Ocean countries for dried sea
cucumbers; a synonym of beche-de-mer.
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10. Annexes

10.1 Main species of sea cucumbers commercially exploited and traded
around the world

Species Family Commercial Common name
value
1 Actinopyga agassizi Holothuriidae Medium
2 Actinopyga echinites Holothuriidae Medium Deep water redfish
3 Actinopyga lecanora Holothuriidae Medium Stonefish
4 Actinopyga maunritiana Holothuriidae Medium Surf redfish
5  Actinopyga miliaris Holothuriidae Medium Blackfish
6  Actinopyga palanensis Holothuriidae Medium Panning’s blackfish
7 Actinopyga spinea Holothuriidae Medium Burying blackfish
8  Bobadschia argus Holothuriidae Low Leopard fish, Tiger
9 Bohadschia atra Holothuriidae Medium
10 Bohadschia bivittata Holothuriidae Low
11 Bohadschia marmorata Holothuriidae Low
12 Bohadschia similis * Holothuriidae Low Brownspotted sandfish
13 Bohadschia subrubra Holothuriidae Medium
14 Bohbadschia tenuissima * Holothuriidae Low
15 Bohadschia vitiensis * Holothuriidae Low Brown sandfish
16  Pearsonothuria graeffei Holothuriidae Low Flowerfish
17 Holothuria arenicola Holothuriidae Low
18  Holothuria atra Holothuriidae Low Lollyfish
19 Holothuria cinerascens Holothuriidae Low
20  Holothuria coluber Holothuriidae Low Snakefish
21 Holothuria edulis Holothuriidae Low Pinkfish
22 Holothuria flavomaculata Holothuriidae Low
23 Holothuria fuscocinerea Holothuriidae Low
24 Holothuria fuscogilva Holothuriidae High White teatfish
25  Holothuria fuscopunctata Holothuriidae Low Elephant trunkfish
26  Holothuria hilla Holothuriidae Low
27  Holothuria impatiens Holothuriidae Low
28  Holothuria kefersteini Holothuriidae Low
29  Holothuria leucospilota Holothuriidae Low White threadsfish
30  Holothuria mexicana Holothuriidae Low Donkey dung
31  Holothuria nobilis Holothuriidae High Black teatfish
32 Holothuria sp. Holothuriidae High Pentard
33 Holothuria notabilis Holothuriidae Low
34  Holothuria pardalis Holothuriidae Low
35  Holothuria pervicax Holothuriidae Low
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Annex 10.1 (continued)

Species Family Commercial Common name
value

36  Holothuria rigida Holothuriidae Low
37 Holothuria scabra Holothuriidae High Sandfish
38 Holothuria lessoni + Holothuriidae High Golden sandfish
39  Holothuria spinifera Holothuriidae Medium Sandfish
40  Holothuria theeli Holothuriidae Medium
41 Holothuria whitmaei Holothuriidae High Black teatfish
42 Astichopus multifidus Stichopodidae Low
43 Isostichopus badionotus Stichopodidae Medium
44 Isostichopus fuscus Stichopodidae Medium Brown
45 Parastichopus californicus Stichopodidae Medium Giant red
46  Parastichopus parvimensis Stichopodidae Low Warty
47 Stichopus chloronotus Stichopodidae Medium Greenfish
48  Stichopus horrens Stichopodidae Medium Dragonfish or Warty
49  Stichopus herrmanni Stichopodidae Medium Curryfish
50  Stichopus monotuberculatus  Stichopodidae Low
51  Australostichopus mollis Stichopodidae Low
52 Stichopus naso Stichopodidae Low
53 Stichopus ocellatus Stichopodidae Low
54  Stichopus pseudohorrens Stichopodidae Low
55  Stichopus vastus Stichopodidae Low Brown curryfish
56  Stichopus (Apostichopus) Stichopodidae High

japonicus
57 Thelenota ananas Stichopodidae Medium Prickly redfish
58  Thelenota anax Stichopodidae High Amberfish
59  Thelenota rubralineata Stichopodidae Low
60  Athyonidium chilensis Cucumariidae Pepino de mar
61  Cucumaria frondosa Cucumariidae Low Pumpkins, Orange footed
62 Cucumaria japonica Cucumariidae Low
63 Pattalus mollis Cucumariidae Pepino de mar
64  Pentacta quadrangulis Cucumariidae
65 Pseudocolochirus axiologus ~ Cucumariidae Aquaria Sea apple
66  Pseudocolochirus violaceus Cucumariidae Aquaria Sea apple

* species with taxonomy to be revised.
+ previously described as Holothuria scabra var. versicolor.
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Annexes
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Managing sea cucumber fisheries with an ecosystem approach

Appendix 2

Data sheet for recording landings of fishers (Purcell, Gossuin and Agudo, 2009a).
Data are recorded by researchers or fishery officers for fishery-dependent assessments

Date:

Fisher name:

Recorder:

Collection sites or area:

No. Fishers:

Total catch (kg):

Hours spent fishing:
Hours diving/day:
Hours spent travelling to site:

Form of product:

Fresh: [ Salted: [

Dried: [ Gutted: [J

Species

Est: kg
of catch

Len
Wid
Wit

Len

Wid
Wit
Len
Wid
Wit
Len

Wid

Wt
Len
Wwid
Wit
Len
Wid
Wit
Len
Wwid
Wt

Ind 1

Ind 2

Ind 3

Ind 4

Ind 5

Ind 6

Ind 7

Ind 8

Ind 9

Ind 10

Ind 11

Ind 12

Ind 13

Ind 14

Ind 15

Ind 16

Ind 17

Ind 18

Ind 19

Ind 20

Ind 21

Ind 22

Ind 23

Ind 24

Ind 25

Len= length (cm+0.5cm)

Wid=width (cm £0.5cm) Wt.=weight (grams)

Comments:
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Sea cucumbers are important resources for coastal livelihocods in more than 40 countries,
Sadly, widespread overexploitation of wild stocks risks biodiversity loss and the long-term
viability of fisheries. Spawned from an FAQ international workshop of experts, this
document presents a "roadmap” to guide fishery managers in choosing appropriate
regulatory measures and management actions for sea cucumber fisheries. It elaborates an
their use, limitations and modes of implementation, with Examples and lessons learned
from various fisheries. Achieving sustainable management of sea cucumber fisheries
requires an ecosystem approach to fisheries (EAF), precautionary regulations, improved
enforcement and stronger commitment of fishery managers and policy makers,
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