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A Bright Future for 
Sandfish Aquaculture 

Georgina Robinson1

Sea Cucumbers as a Global Trade Commodity
Sea cucumbers, once dried and processed into bêche-de-

mer, are a globally important trade commodity. Exploitation 
was initiated over 1000 years ago in Southeast Asia by Chinese 
traders, who encouraged coastal communities to collect the large, 
thick body-walled species of sea cucumbers and taught how to 
process them into bêche-de-mer (Conand 1990). Sea cucumbers 
are an ideal fishery resource and trade commodity: collection and 
processing methods are straightforward, requiring no specialized 
skill or equipment and, once processed, bêche-de-mer has a shelf 
life of many years. Historically sea cucumbers were exploited 
opportunistically as part of a multi-species fishery because, once 
processed, they could be stockpiled until traders passed through 
the region.

Sea cucumbers are a traditional delicacy prized by Chinese 
and other Asian consumers for their dietary and curative 
properties (Conand 1990, Purcell 2010). In the international 
seafood trade, sea cucumbers are regarded as a specialty product 
that falls within the same niche market as other high-value luxury 

seafood products, including shark fin, fish maw and abalone 
(Fig. 1). Considered a delicacy and seen as a sign of prosperity, 
sea cucumbers are not a staple of the Chinese diet; rather, they 
are consumed at festivals, special occasions and banquets. Given 
recent increases in disposable income, demand by middle and 
lower income groups has increased, although additional factors are 
concomitantly reducing demand, such as decreasing family size 
and rising prices (Ferdhouse 2004).

Global Sea Cucumber Fisheries
Sea cucumbers are now exploited in 70 countries around the 

world in industrial, semi-industrial and small-scale fisheries that 
stretch from polar to temperate and tropical zones (Purcell et al. 
2012). The expansion of trade and the rise in demand for bêche-
de-mer in the latter part of the twentieth century led to widespread 
over-exploitation of sea cucumber stocks and the collapse of some 
fisheries. In tropical small-scale fisheries, overexploitation has 
been accompanied by a number of warning signs, such as use 
of illegal fishing techniques and collection of juveniles. In the 

FIGURE 1. Bêche-de-mer at the dried seafood market in Hong Kong. Photo: G. Clayden.
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majority of cases, management has been lacking and compliance 
insufficient to reverse the trends. The only countries that have 
a history of operating sea cucumber fisheries in a sustainable 
manner are essentially the main consumers - China, Japan, Korea 
and Taiwan. The key to their success lies in aquaculture. While 
these countries have always managed wild stocks prudently, 
ensuring that fishing grounds are re-stocked through the release of 
hatchery-reared seed, aquaculture has progressed at such a pace in 
China that annual aquaculture production of the temperate species 
Apostichopus japonicus currently exceeds 90,000 t, surpassing 
production from capture fisheries. 

The Sandfish Holothuria scabra
This article explores efforts to culture the commercially 

valuable tropical sea cucumber, Holothuria scabra. This species, 
commonly known as sandfish, is one of the highest-value sea 
cucumbers exploited in the tropical Indo-Pacific fishery, with 
current prices ranging from US$110-200/kg (InfoFish SA 2010). 
Of all tropical species, sandfish are considered the best candidate 
for aquaculture, primarily due to the ease of access to its habitat, 
shallow nearshore seagrass beds. Other attributes include its 
relatively sedentary nature, meaning that sandfish can be ranched 
or reared in sea pens, the fact that they feed at a low trophic level, 
consuming organic matter and detritus, requiring no additional 
feed, and their relatively rapid growth, with hatchery-reared 
juveniles reaching market size within 12 months (Battaglene et al. 
1999, James 1999).

Development of Sandfish Aquaculture
Research into sandfish aquaculture was initiated by Dr. D.B. 

James at the Tuitcorin Research Institute of the CMFRI in India 
in 1988 (James 1999). A decade later, the research thread was 
picked up by the WorldFish Center, which ran successive research 
programs in the Solomon Islands (1997-2000), New Caledonia 
(2001-2008) and Vietnam (2003-present; Battaglene 1999, Pitt 

and Duy 2004, Agudo 2006). This research led to the successful 
development and dissemination of hatchery, nursery and grow-out 
technology, which is currently being implemented by a number of 
other agencies and research groups around the world. In this article, 
an overview of hatchery and nursery technology is presented, 
together with recent simplifications that have been developed to 
customize the technology to low-investment systems in developing 
countries (Duy 2010, Gamboa et al. 2012, Mills et al. 2012).

Hatchery Production
Sandfish are broadcast spawners with separate sexes. Adults 

reach sexual maturity at a minimum size of 180 g (Agudo 2006). 
Mature individuals can be collected from the wild and induced to 
spawn during the peak reproductive season, which generally occurs 
during a change in season when increasing water temperatures are 
accompanied by a boost in primary production. It is also possible 
to maintain broodstock year round and condition them in tanks for 
one month prior to spawning (Duy 2010). 

Spawning induction. The most common technique to induce 
spawning is thermal shock, where broodstock are transferred 
to tanks where the water temperature is 3-5 °C greater than 
ambient temperature. Heat-shock treatment can be combined with 
a Spirulina bath, where 15 g/L of Spirulina is added, the tank 
drained after 1 hour, rinsed with filtered seawater, and re-filled 
with ambient, filtered, and UV-sterilized seawater (Gamboa et al. 
2012). Males normally spawn first, rising up in a cobra-like stance, 
releasing sperm from a pore on their head (Fig. 2). Males can 
spawn for extended periods. To avoid polyspermy, after 10-15 min, 
males should be removed from the spawning tank. Females, on 
the other hand, are very sensitive and must not be disturbed during 
spawning; they generally display characteristic rolling and twisting 
movements before rising up and releasing jets of orange eggs in a 
series of 4-5 squirts (Fig. 3).

( C O N T I N U E D  O N  P A G E  2 0 )

FIGURE 2. Male sandfish spawning. Photo: G. Robinson. FIGURE 3. Female sandfish spawning. Photo: C. Hair.
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Larval rearing. Optimal survival rates are achieved when 
fertilized eggs are stocked in larval-rearing tanks at low densities 
of 0.3-0.5 larvae/mL. Newly hatched gastrula will develop into 
auricularia larvae and start feeding on the second day after 
hatching. It is general practise to culture a range of microalgal 
species to feed to developing larvae, although in Vietnam, 
requirements for live-feed production have been successfully 
reduced to the culture of a single species, Chaetoceros muelleri 
(Duy 2010, Mills et al. 2012). As larvae increase in size and 
complexity during the 10-d pelagic phase, the feeding ration is 
increased gradually from 20,000 cells/mL on day 2 to 40,000 cells/
mL on day 10.

Settlement. Around ten days after hatching, larvae undergo 
complete metamorphosis, shrinking to half their size as they 
transform to doliolaria larvae (Fig. 4) that are ready to settle onto 
benthic substrates. Doliolaria larvae require both a hard substrate 
and a food source as a cue for settlement. Traditionally, doliolaria 
larvae are transferred to settlement tanks containing corrugated 
polycarbonate plates that have been conditioned or inoculated 
with benthic diatoms. An alternative technique was developed in 
Vietnam that is now widely used. Settlement plates are “painted” 
with Spirulina paste and introduced directly into larval rearing 
tanks (Duy 2010, Mills et al. 2012). After a few days, the doliolaria 
larvae transform into pentacula larvae when they start to develop 
characteristic tube feet and resemble adult sandfish. Newly settled 
juveniles are supplied with benthic diatoms or Chaetoceros 
muelleri.

Nursery Production
Once juveniles reach 10 mm they become endobenthic, 

meaning they are capable of burying into sediments. Consequently 
juveniles adopt the classic diurnal burial cycle, remaining buried 
in sediments for most of the day and emerging at night to feed. 
Formerly, juveniles were transferred to a first nursery of bare 
tanks, followed by a second nursery phase using sand as a 
substrate (Battaglene 1999, Agudo 2006). Currently practised 
techniques are more straightforward. In Madagascar, juveniles are 
transferred directly to outdoor nursery ponds containing sediment 
from seagrass areas. In Vietnam and the Philippines, juveniles are 
transferred to hapa nets constructed from 1-mm mosquito mesh 
installed in ponds, raceways or in protected inshore areas (Figs. 
5 and 6). Hapa nets provide a low-cost option to the traditional 
second nursery in sand because juveniles require no additional 
feed, but more importantly, they overcome the main bottleneck 
to hatchery production, which is commonly a lack of space (Pitt 
and Duy, 2004). Furthermore, extension of the nursery phase into 
the pond or marine environment enables juveniles to acclimate 
to conditions in the wild, which may ultimately produce hardier 
juveniles at release (Gamboa et al. 2012, Robinson and Pascal 
2012).

Grow-out Technology
The principal aim of the WorldFish Center program was 

to develop technology to produce sandfish juveniles for release 
into the wild, initially to enhance natural populations, and then, 
as recruitment failed to keep pace with exploitation, to restock 
overfished wild populations. Naturally research directions and 

practical applications of sandfish aquaculture have since diverged 
to cover a broader range of issues, including the development 
of sandfish aquaculture as an alternative livelihood for coastal 
communities, the bioremediation potential of sandfish in 
Integrated Multi-Trophic Aquaculture (IMTA) systems, and 
commercial aquaculture. 

Extensive to intensive techniques for sandfish grow-out 
technologies are currently practised. A range of alternative 
livelihood options are possible, as illustrated by case studies 
from around the world including sea ranching in Fiji and the 
Philippines, sea pen farming in Madagascar and pond culture 
in Vietnam. The choice and implementation of a particular 
development model are influenced by a wide range of social 
and economic factors that are characteristic of each geographic 
region. 

Sea Ranching in Fiji and the Philippines 
Sea ranching stems from the original objective of stock 

enhancement or restocking of overexploited wild populations 
through release of hatchery-reared sandfish into No-Take Zones 
(NTZs). The main approach involves the formation of a protected 
breeding population which, via larval export, supplies adjacent 
wild populations with new recruits. Based on modelling of 
individual movements, to protect 10,000 juveniles released into a 
1-ha area as a nucleus breeding population for 10 years, the NTZ 
would need to be between 19 and 40 hectares (Purcell and Kirby 
2006). For fishing communities, this represents a considerable 
area of fishing grounds to set aside as a NTZ, with little guarantee 
of tangible benefits in the future. Community sea ranching 
projects have a similar approach to NTZs but allow communities 
access to the ‘spillover’ area surrounding the core release area to 
undertake controlled harvesting. 

Sea ranching has been developed in regions where 
communities already have some involvement in marine resource 
management and a degree of ownership over nearshore areas. In 
Fiji, traditional marine tenure and control in the form of qoliqoli 
(traditional fishing-rights areas) provides a robust framework 
for community sea cucumber ranching projects (Hair 2012). In 
the Philippines, ranching projects center on co-management of 

FIGURE 4. Sandfish auricularia larvae metamorphosing into doliolaria larvae. 
Photo: G. Robinson.
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( C O N T I N U E D  O N  P A G E  2 2 )

marine resources by communities and local governments (Junio-
Menez et al. 2012). Three sandfish ranching sites have been 
developed in northwest Luzon where the rights-holders are 12-15 
families endorsed by the local government (Junio-Menez et al. 
2012). Sandfish are released into a strict NTZ (1 ha), surrounded 
by a 4-ha reserve where traditional fishing activities (except 
harvesting of sea cucumbers) are permitted by the rights-holders 
(Junio-Menez et al. 2012).

Sea ranching is currently one of the most extensive forms of 
sea cucumber aquaculture, typified by the designation of a large 
area of seagrass beds (~ 5 ha), low survival (2-39 percent) and low 
yields (58.4-220 kg/ha) (Junio-Menez et al. 2012). To facilitate 
monitoring of the stock after release, juveniles (5-7 g) are often 
stocked into a sea pen. Growth rates generally range from 1.0-1.8 
g/d but can be highly variable, depending on the quality of the site 
and micro-scale changes in habitat (Purcell and Simetoga 2008, 
Junio-Menez et al. 2012). 

Associated costs are currently funded by donor agencies 
because the project is in the early stages and the overarching 
objective remains restocking wild populations. Constraints and 
threats to sea ranching projects are related to natural disasters 
(e.g., typhoons) that have the potential to destroy sea pens, modify 
habitat and damage hatchery infrastructure, and poaching that 
threatens economic viability (Hair 2012, Junio-Menez et al. 
2012). Encouragingly a mass spawning event was observed by 
researchers in February 2010 at sea cucumber ranches in northern 
Luzon, indicating that released hatchery-reared juveniles had 
indeed formed a viable spawning population (Junio-Menez et al. 
2012).

Sea-Pen Farming in Madagascar
In coastal regions in southwest Madagascar, semi-nomadic 

fishers known as the Vezo, have little or no direct control over 
adjacent nearshore resources. Under these circumstances, the 
concept of sea-pen farming is attractive because the construction 
of a pen, in an area designated by the broader community as 
suitable for aquaculture, can to a certain extent, define user rights 
and confer ownership. The model of ownership that evolved in 
Madagascar was at the level of the nuclear or extended family. 

Initially pen materials were supplied and a private company 
(Madagascar Holothurie S.A.) supplied farmers with hatchery-
reared juveniles at US$ 0.20/individual. Capital inputs were 
initially subsidized or funded by donor agencies until farmers 
became established and successful, after which the model shifted 
to devolve responsibility to the farmers. 

Farmers constructed pens of 225 to 600 m2 in nearshore 
seagrass beds using locally available material such as nylon fishing 
nets and wood (Fig. 7). Hatchery-reared juveniles (10-15 g) were 
stocked at 0.5/m2. Survival rates from the initial trials ranged 
from 35 to 80 percent. However, in areas prone to predation from 
crabs, survival was increased by releasing juveniles into protected 
nursery enclosures situated within pens until they reached ~50 g 
and were better able to withstand predation (Fig. 8, Robinson and 
Pascal 2012). Growth rates ranged from 1.0 to 1.8 g/d and were 
linked to seasonality and the carrying capacity of the site. At some 
sites, market-size sea cucumbers of 300 g were produced after only 
5 to 8 months (Fig. 8). Assessment of site carrying capacity using 
test plots is recommended because some sites are not viable while 
others are capable of supporting densities of 700 g/m2 (Robinson 
and Pascal 2012).

Sea pens can be considered to be a semi-intensive form 
of small-scale aquaculture because they offer greater control 
over initial site selection, controlling predation, monitoring and 
harvesting of stock, although at present no additional feed or 
fertilizers are used. In the first few years of development, the main 
challenge that faced sea-pen farming in southwest Madagascar was 
poaching related to an inherent weakness in the business model. It 
was more profitable for famers to sell sea cucumbers to traders in 
nearby villages than honor their agreement and sell market-size sea 
cucumbers back to the company that provided juveniles (Robinson 
and Pascal 2012). Other constraints to developing sea pens are 
the capital outlay needed to buy materials and the availability of 
trained extension workers to accompany farmers through the first 
few farming cycles. 

Pond Culture in Vietnam
Substantive research on sandfish aquaculture has been 

FIGURE 5. Hapa nets used for ocean nursery of sandfish juveniles in Philippines. 
Photo: G. Robinson.

FIGURE 6. Hapa nets used for nursery culture in Vietnam. 
Photo: D. Mills
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conducted at the Vietnamese Institute for Aquaculture No. 3 
(RIA 3), which lies at the heart of an extensive network of coastal 
prawn ponds in Khanh Hoa province (Duy 2010, Duy 2012). 
Regrettably prawn farmers in this region have fallen victim to the 
devastating effects of disease outbreaks that have swept through 
Asia, robbing farmers of their livelihoods and leaving them 
with abandoned ponds. Naturally researchers looked to other 
species that could be farmed in ponds and sandfish represented a 
promising candidate. Initial trials in Vietnam demonstrated that 
sandfish grew well in prawn ponds at low densities, with growth 
rates of 2.2-3.2 g/d, exceeding growth in the natural environment 
(Pitt and Duy 2004, Agudo 2006).

Ponds are generally between 0.5-1 ha with a water depth 
of 0.8-1.5 m. To be suitable for sandfish culture, ponds should 
meet the biophysical requirements of being situated in the 
intertidal zone with good water exchange (full salinity) and 
sandy-muddy substrate. Prior to stocking, ponds should be 
prepared by removing predators, drying, tilling and liming the 
sediment to raise the pH and ensure that sandfish can burrow 
(Duy 2012). Juvenile sandfish (2 g) reared in nursery-phase hapa 
nets are stocked into ponds at 1/m2. Survival rates are high (80-
87 percent) and growth rates range from 1.0-1.8 g/d, with sandfish 
reaching a harvest size of 300-350 g within 6-14 mo (Duy 2012). 
Pond carrying capacities are linked to quality of the substrate, 
natural productivity, and rate of water exchange with reported 
yields generally between 2.6-2.8 t/ha. 

Sandfish monoculture is proving to be viable economic 
alternative for former prawn farmers in coastal provinces in 
Vietnam. Capital outlay for famers is minimal (mainly related 
to purchasing juveniles; US$ 0.14/individual) because ponds 
are already leased or owned outright. Economic returns are 
high, ranging from US$ 1700 to 2200/ha per crop, with profit 
margins of 33-45 percent (Duy 2012). Farmers sell market-size 
sandfish to processors for US$ 2.00-2.20/kg (Fig. 9). Now that 
earlier problems associated with managing ponds and gaining 
acceptable prices for harvested stock have been overcome, the 
remaining constraints to sandfish pond farming relate to density 
limitation and reducing the duration of the culture period (Duy 
2012).

Integrated Multi-Trophic Aquaculture 
Sandfish are detritivores, capable of processing large 

quantities of sediment and extracting energy from organic 
matter, including detritus, waste feed and feces. Given their 
mode of nutrition, sandfish are excellent candidates for integrated 
multi-trophic aquaculture (IMTA) — the practice of culturing 
several species together, with one species consuming waste of 
another species. IMTA systems have the potential to significantly 
reduce environmental impacts of aquaculture by reducing waste 
output and increase production through farming of several 
complimentary and valuable species simultaneously within a 
production unit.

Given the excellent growth rates obtained in ponds and their 
potential for sediment bioremediation, early research focused 
on the potential of sandfish co-cultured with prawns. While 
results from tank-based experiments showed promise, large-
scale trials with tiger shrimp Penaeus monodon and Pacific blue 
shrimp Litopenaeus stylirostris were largely unsuccessful due 
to mortality of sandfish from predation by shrimp (Mills et al. 
2012). Rotational culture, where production cycles of shrimp and 
sandfish culture are alternated, is practised by farmers in Vietnam 
(Mills et al. 2012). Co-culture of sandfish with some finfish 
species is also showing promise in Vietnam and the Philippines 
(Mills et al. 2012). Recently IMTA of the commercially valuable 
red seaweed Kappaphycus striatum, farmed extensively in 
the tropics for carageenan production, and sandfish has been 
demonstrated in Zanzibar, Tanzania (Fig.10). Growth rates 
of seaweed and sandfish in co-culture were comparable with 
monoculture systems and no negative effects were observed on 
the performance of either co-cultured species (Gutierrez 2012).

Intensive Aquaculture in South Africa
In South Africa, research is currently underway to 

develop technologies for intensive, land-based sandfish culture 
in recirculating systems. Density limitation, thought to be 
linked to food availability, is a common problem in sandfish 
aquaculture (Robinson and Pascal 2012). Estimates for current 
grow-out techniques range from 250 g/m2 for sea ranching 
(Purcell and Simetoga 2008) to 300-400 g/m2 for pond culture 

FIGURE 7. Sea pen farming of sandfish in southwest Madagascar. 
Photo: G. Robinson.

FIGURE 8. Market-size sandfish. 
Photo: G. Robinson.
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with no feed input (Mills et al. 2012). Addition of formulated 
feeds to support growth at higher stocking densities is a pre-
requisite for intensification of sandfish aquaculture. Recirculating 
systems offer greater control over environmental and production 
parameters, limiting natural variation and providing a stable 
environment for controlled experiments. Research is evaluating 
the optimum tank design, type of in-tank substrate and feed for 
high-density culture of sandfish. 

The Future of Sandfish Aquaculture
The last decade has seen development agencies and funding 

bodies focusing on the development of coastal aquaculture as 
a means of alleviating poverty and improving food security in 
low-income food-deficient (LIFD) countries. More recently, the 
funding paradigm has shifted towards building resilience and 
adaptability in coastal communities to cope with the effects of 
climate change. While it is recognized that sea cucumbers are 
not a food to feed the world or save the planet, sea cucumber 
aquaculture is a proven technology that is currently supplementing 
the income of impoverished households. In the current global 
economic climate, with the price of food staples rising above the 
rate of inflation, any increase in disposable income that allows 
families to purchase food to feed their families should not be 
underrated.

The information base for sandfish aquaculture, in the 
form of manuals and handbooks, is available to support wider 
replication and dissemination in Indo-Pacific countries. While 
the existence of central hatcheries to provide juveniles for grow-
out programs is a prerequisite, this does not have to necessitate 
large-scale investment. Provided that key technical resources 
are available, the operation of small-scale, low-cost hatcheries 
in remote environments is possible (Gamboa 2012, Hair 2012). 
In general, the precautionary approach should be advocated by 
any new enterprise and due consideration given to the risks and 
constraints of sandfish aquaculture (Erickson et al. 2011). To 
ensure the genetic integrity of wild stocks is not compromised, 
hatchery operators must be responsible in their selection of 
broodstock and release sites for hatchery-reared juveniles. 

Communities should be particularly wary of investors with 

‘big promises.’ There are too many sad stories from Pacific Island 
nations where proposals to establish sea cucumber aquaculture 
have simply been cover stories to provide access to, and a legal 
export route for, wild sea cucumber stocks (Erickson et al. 2011, 
Pakoa et al. 2012). Given the current price trends for sandfish on 
international markets, this is a legitimate and potentially high 
risk. 

While sandfish prices have historically increased in 
response to greater demand and dwindling supply, the increased 
momentum of the international movement to ban the trade in 
shark fins is another factor that has recently come into play. In 
July 2012, the Chinese government banned the serving of shark 
fin soup at official banquets and, in the USA, a number of states 
have passed laws banning the trade. The subsequent downturn in 
demand for shark fin has led to knock-on price effects for other 
high-value luxury seafood products. Since the ban, the price of 
sandfish in the main market in Hong Kong SAR has increased by 
a third (G. Clayden, personal communication). In the run up to 
Chinese New Year, prices of luxury items such as fish maw and 
abalone are 20-60 percent higher than last year (Yeong 2013). 

With the exception of abalone, sea cucumbers are the only 
other high-value dried seafood product that can be produced 
sustainably in aquaculture. As environmentalists increase 
pressure to halt unsustainable resource extraction that underpins 
the trade in luxury commodities such as shark fin and birds nest, 
there is an increasing opportunity for product replacement with 
sustainably farmed, high-value products such as sea cucumbers. 
Globally the farming of tropical sea cucumbers appears ‘on the 
cusp’ of success (Mills et al. 2012) and the future for sandfish 
aquaculture looks promising. To date, many key technical 
constraints to commercial production have been overcome 
through many years of dedicated research and trials, reviewed 
above. Challenges remain in discerning real opportunities for sea 
cucumber aquaculture, taking care to avoid excessive claims of 
economic benefit and environmental benevolence. Realistic levels 
of investment and socially practical production systems in tropical 
nations will allow fulfilment of this promise.

FIGURE 9. Farmers gutting sandfish reared in pond culture in Vietnam. 
Photo: D. Mills.

FIGURE 10. Co-culture of sandfish and seaweed in Zanzibar, Tanzania. 
Photo: M. Gutierrez. 
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