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Isostichopus fuscus is a sea cucumber native to the Galápagos archipelago. While sea 

cucumbers may not seem like particularly fascinating creatures, they are central to the economy and 

ecology of the islands. Regrettably, the number of I. fuscus within the Galápagos Marine Reserve 

(GMR) has fallen precipitously in recent years due to over-fishing and the pressures from 

international markets. Although I. fuscus possesses evolutionary adaptations against its natural 

predators, it cannot protect itself from the predation of humans.  With their population densities at 

dire levels, we must consider sustainable options to save the sea cucumbers. This paper will cover 

the background and characteristics of I. fuscus, the reasons for stock depletion, the history of I. fuscus 

in Galápagos, and two methods of conservation for sea cucumber fisheries within the GMR. Of the 

two conservation methods, I will first analyze the effectiveness of coastal zoning, which currently 

monitors and limits fishing within the GMR. Second, I will discuss how sea cucumber aquacultures 

might add to I. fuscus conservation. Ideally, 

a stable sea cucumber population can be 

established so that the marine diversity is 

preserved, and an economically viable 

commercial fishing industry can continue 

to meet market demands in a sustainable 

manner. 

 

I. Sea Cucumber, Isost i chopus fuscus  

A. Within the Marine Ecosystem 

I. fuscus is a crucial component of the marine ecosystem. Nicknamed the “earthworms of 

the sea,” sea cucumbers are scavengers at the littoral zone where they consume decaying organic 

material. The presence of I. fuscus is key to the survival of species at higher trophic levels (Okey 

Sabina Perkins, Cerro Dragon, 2009 



 Pih 3 

2003). I. fuscus may also be a factor in establishing sessile invertebrate populations, such as those of 

corals and sponges (de Roy 2009). These sedentary animals living in sub-tidal waters are 

conspicuous sausage-shaped creatures easily harvested by divers. The over-fishing of sea cucumbers 

raises international concern for Galápagos as a World Heritage site and marine reserve because it 

disrupts the natural order of the food chain. 

B. Reproductive characteristics 

 In sea cucumbers, reproduction is 

dependent upon their population densities 

because they are broadcast spawners. 

Successful reproduction requires high 

population densities because the egg and 

sperm, which are released in to the water, will have a greater probability of uniting.  Low population 

densities result in low population growth. When population densities are between 5-8 

individuals/m2, sea cucumbers have a 75% reproductive success (Toral-Granda, Martinez 2004). 

When the sea cucumbers lie meters apart, there is zero reproductive success. Recruitment of I. 

fuscus populations is sporadic, and recovery is difficult. Thus, a higher density of sea cucumbers will 

facilitate sustainable populations. 

C. Defense Mechanisms 

 During the mid-Cambrian period, the sea cucumber (class Holothuroidea) diverged from 

their fellow Echinoderm, the sea urchin (class Echinoidea), and developed unique defense 

mechanisms. Instead of retaining in a globoid shape like sea urchins, sea cucumbers evolved an 

elongated shape (Osborn, Gould 1980: 126). This occurred when ancestral echinoids transitioned 

from having epifaunal to infaunal tendencies. The ancestral sea cucumbers defended themselves 
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from predators by burrowing in sediment, so they adapted to have a shapeable, bilateral 

morphology that was conducive to burrowing (Osborn, Gould 1980: 128). 

Furthermore, I. fuscus and other Holothuroideans possess the adaptation of gutteral 

evisceration, in which they can expel a portion of their digestive system from their bodies. This 

form of stress-induced defense probably evolved during a time of food scarcity. With a reduced 

metabolism, sea cucumbers were then able to survive in stressful environments that may have had 

less oxygen or fewer nutrients (Toonen 2003).  

Although I. fuscus evolved a number of defense mechanisms throughout the course of its 

existence, it has no defenses against the predation of human beings. The defense mechanisms 

evolved to fit certain environmental conditions in the past. Now, with the introduction of human 

species on the archipelago, the environmental conditions have changed, leaving the sea cucumber 

extremely vulnerable to human predation. Based on all imports and exports of sea cucumber, East 

Asian countries contribute most heavily to the depletion of the Galápagos sea cucumber fisheries 

(Ferdouse 2004). 

 

II. East Asian Impact on I .  fuscus 

 I. fuscus fisheries in Galápagos 

are exploited to meet the demands of 

the voracious East Asian sea cucumber 

market. The world’s main sea 

cucumber importing countries are 

Hong Kong, China, Singapore, 

Malaysia, Taiwan, Thailand, Korea, and 

Japan (Ferdouse 2004). Demand in 
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these Asian countries remains high because of the organism’s significance within the culture, as it is 

used for culinary, aphrodisiac, and medicinal purposes.  As arguably one of the most repulsive-

looking organisms, sea cucumbers are, surprisingly enough, considered a culinary delicacy. They are 

eaten for special occasions and for their nutritional benefit since they contain high levels of protein, 

low levels of fat, and plenty of vitamin C (Dharmananda 2003). In addition, the sea cucumber pill 

supplement is marketed as a natural Viagra drug because it stimulates blood flow, relaxes muscles, 

sustains sperm count and activates sex hormones 

(Dharmananda 2003). Lastly, the sea cucumber also 

holds traditional medicinal powers that can lessen 

intestinal dryness, kidney pains and the aches of old-

age (Dharmananda 2003). 

 

IV. History of Sea Cucumber Fisheries in 

Galápagos 

 Since the sea cucumber bears both ecological and economic significance in Galápagos, the 

various stakeholders assume they have authority over the fate of the fisheries. As such, its history is 

fraught with tension, particularly between the fishermen and conservationists. Around 1989, Asian 

entrepreneurs began fishing for sea cucumbers off the coast of mainland Ecuador (Martinez 2001). 

Once these stocks depleted, the fishery moved to Galápagos. The harvesting of sea cucumbers, 

which locals call pepinos, became a lucrative job for the Galápagueño sea cucumber fishermen, or 

pepineros. As if overnight, there was a fishing frenzy, a “gold rush” to harvest the pepinos. The 

fisheries had a huge socioeconomic and political impact in Galápagos because of the massive influx 

of people to the islands and the blatant disregard toward the regulations stipulated by the 

Galápagos National Park (GNP) (Martinez 2001). Friction between the pepineros and the GNP 
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became internationally known when the pepineros stormed the headquarters, took giant tortoises 

hostage, and threatened to slit their throats (Stewart 2006: 149). It was clear that the local 

community did not respect the authority of the GNP. This confrontation opened the eyes of 

conservationists, who realized that appropriate management of the oceans around the archipelago 

was much needed. In 1998, the Special Law was passed that both established the GMR under the 

authority of the GNP (Martinez 2001). While conservation efforts to save the sea cucumbers 

continue today through the provisional zonation scheme, the sea cucumber is essentially 

commercially extinct (Stewart 2006: 149). 

 

 IV. Analysis of Current GMR Management Plan  

The first management plan considered in this paper addresses the existing management 

strategy, otherwise known as the provisional zonation scheme. I hypothesize that the provisional 

zonation scheme has NOT proven itself effective in achieving sustainable population densities 

since its inception in 2001. 

A. Monitoring and Measuring Population Density 

 In order to assess the effectiveness of the current zoning scheme, population densities must 

be compared across consecutive years before and after the zoning was initiated. Monitoring of 

population densities began in 1999, two years before the management plan was installed. The 

population densities are measured at permanent monitoring sites on six islands: San Cristobal, Santa 

Cruz, Isabela, Floreana, Fernandina, and Española. Scientists, naturalist guides, and fishermen work 

in teams of two to survey over 900 m2 at each of the sites using a circular sweep transect on the 

ocean floor. The transect consists of a rope, 5.64 m in length with a weighted end that serves as a 

point of rotation. While one diver holds the non-weighted end and revolves around the fixed point, 
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the other diver counts and collects all the sea cucumbers within the 100 m2 circle. The sea 

cucumbers are then measured and returned to the sea floor (Toral-Granada, Martinez 2004). 

B. Provisional Zonation 

Scheme 

Approved in 2000, the 

Provisional Zonation Scheme 

divided up the GMR into port, 

coastal, and open water areas. 

The zones were set up to limit 

the areas of extraction and to 

monitor the population 

densities within four subzones 

of protection. Subzone 2.1 (Comparison and Protection) is a no-take zone because the area is 

preserved for scientific research. Zone 2.2 (Conservation and Non-Extractive Uses) is a non-

extractive zone because this area is designated for the tourism industry. Zone 2.3 (Conservation, 

Extractive and Non-Extractive Uses) has regulated extraction, and this is the area of most activity 

and scrutiny because it is allotted for the fishing industry (Toral-Granada, Martinez 2004). The last 

zone, Zone 2.4, is special zoning that surrounds major ports. The purpose of the coastal zoning 

was to lessen the conflicts between stakeholders in fishing, tourism, and science.  

C. Data Assessing Current I .  

fuscus Management 

Data on population 

density and the size of the sea 

cucumbers in the GMR can be 

Toral-Granda, Martinez 2004 
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used to evaluate the current zonation scheme. At each of the six sites, population densities 

monitored before and after the fishing seasons show a decline after zoning was initiated in 2001. 

Between 1999 and 2003, the abundance of I. fuscus has fluctuated greatly between pre- and post-

fishing seasons. A recruitment pulse occurred in 2001 but the population densities dropped 

precipitously in the years following, as shown in the “after” fishing season densities. After zoning 

was initiated in 2001, the average density of I. fuscus decreased by 83% in the fishing zone (Toral-

Granda 2008).  Moreover, the observed length of sea cucumbers between 1999 and 2003 bears a 

similar trend to that of the population density. The largest decrease in abundance of individuals 

>20 cm occurred in the 2002 post-fishing season (Toral-Granda, Martinez 2004). Thus, not only 

did population sizes fall, but the size of individual sea cucumbers also fell after zoning was 

implemented. 

Nevertheless, we cannot shrug 

off the current management scheme as 

ineffective without looking at more 

recent data. The decreasing trend for 

population density continues until the 

2005 post-fishing season. In 2006, a ban on sea cucumber fishing was implemented, and numbers 

seem to be rising, albeit ever so slowly. 

D. Another Recruitment 

 It is unclear as to what causes a natural recruitment. However, initial studies show that it is 

probably climate-induced. The strongest recruitment pulse since the start of density monitoring 

occurred between 2000 and 2002. This massive recruitment may be linked to the 1997-1998 El 

Niño and the subsequent La Niña (Bustamante 2002). Nevertheless, there are still no substantiated 

growth rate estimates for the Galápagos sea cucumber because scientists do not know enough 
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about their population biology (Bensted-Smith 2002). 

E. Conclusion for Current Management Scheme 

The current provisional zonation scheme has yet to prove itself effective in improving 

population densities and achieving sustainable sea cucumber fisheries. While scientists cannot know 

for sure whether another recruitment will occur, data shows that populations indeed fell after the 

coastal zoning was initiated. Thus, the zoning scheme cannot really be labeled as beneficial because 

I. fuscus remains virtually commercially extinct. 

 

V. Analysis of Aquaculture for Commercially Sustainable Fisheries 

 Because the current management plan hasn’t reached the level of success that would ensure 

sustainable fisheries, I will propose a second management plan explaining how sea cucumber 

aquacultures might add to the conservation of I. fuscus. My second hypothesis is that aquacultures 

are a feasible alternative to sea cucumber fisheries because they can be used to restock natural 

populations or supplement the sea cucumber trade. 

A. Preliminary Results on I .  fuscus  Aquaculture 

 The sea cucumber aquaculture protocol involves four different stages of the life cycle: 

spawning and fertilization, larval development, juvenile growth, and the adult grow-out. Preliminary 

studies on each of these phases were conducted by Mercier, Hidalgo, and Hamel in 2004 to 

investigate the possibilities of I. fuscus aquaculture. 

Spawning and fertilization 

 Adult sea cucumber spawning follows a lunar periodicity, so male and female gametes can 

be collected on a monthly basis. Upon imminent spawning, the male and female sea cucumbers are 

placed in separate tanks. Once the females release oocytes, they are removed from the tank, and a 

dry sperm solution is added. A concentration of 500 spermatozoa/ml proves to be most efficacious 
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to fertilization. After fertilization, the developing larvae are transferred into hatchery tanks where 

their growth is closely monitored. Each larval culture had a 30-50% survival rate into the juvenile 

stage. 

Larval development  

The larvae of I. fuscus are oligotrophic and transparent. Before they become juveniles, they 

go through a succession of transformations. Their development into juveniles is somewhat 

asynchronous because their rates of transformation varies. 

Juvenile Growth 

 Juveniles are observed as early as day 22. These sea cucumbers settle at the bottom of the 

tanks, and they continue to grow 0.5-1.0 mm per day. Once they are 5mm, the juveniles build up 

reddish-brown pigments, and their body walls become more opaque. After about 72 days, the 

juveniles are around 3.5 cm in length and 1 

cm by width. At this point, they can be 

released into grow-out ponds. 

Grow-out experiments 

 The sea cucumber grow-out fared 

well in abandoned shrimp ponds that were 

formerly used for shrimp aquaculture. The 

sea cucumbers thrived, growing about 

17g/week. The grow-out survival rate is 

98%, and future growth if I. fuscus within shrimp ponds is a promising option. 

B. Issues regarding Aquaculture in Galápagos 

 The preliminary studies show that aquaculture in Galápagos could serve two purposes: first, 

to restock existing populations, or second, to develop sea ranching (SPC 2009).  

Sabina Perkins, Cerro Dragon, 2009 
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In restocking existing populations, juvenile sea cucumbers are released in to wild 

populations where they can increase the biomass and drive population densities back to a self-

sustaining level. The Bolivar Channel and Elizabeth Bay are the two locations with the highest 

population densities of I. fuscus in the GMR; therefore, restocking would be most successful in these 

areas.  

In sea ranching, land-based hatcheries are used to raise stocks of I. uscus. If sea ranching 

were implemented, the Bolivar Channel and Elizabeth by would not be ideal because of their 

remote location on the eastern side of Isabela Island. Sea ranching sites need to be in close 

proximity to ports so that the sea cucumbers can be transported and delivered to markets off the 

islands. Possible locations for this could include the western sides of Floreana, Española, or San 

Cristobal. Factors to consider on these islands 

would be their limited size since adding land-

based hatcheries may disrupt the unique, native 

flora and fauna. Alternatively, sea ranching 

could be established for I. fuscus on the 

mainland, where the grow-out stage can be 

conducted in ponds formerly used for shrimp 

hatcheries (Mercier et al. 2004). 

C. Limits to Aquaculture Technology 

 In addition to the issues surrounding the location of the I. fuscus aquaculture, several factors 

limit the current technology. Sea cucumber aquaculture is a burgeoning industry in China because 

of the high demand for these sea creatures in East Asian countries (Ferdouse 2004). The scale of 

sea cucumber ranching is increasing for Apostichopus japonicus, the most prevalent sea cucumber off 

the coasts of China and Japan. However, the technology that has been perfected for the A. japonicus 
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is not easily transferable to other species of sea cucumber. Technology for tropical Pacific sea 

cucumbers is currently limited to one species, Holothuria scabra, or the sandfish. Unfortunately, the 

transfer of technology to I. fuscus would be of inordinate financial strain on the already economically 

unstable islands. As described in the previous section, some preliminary studies on I. fuscus 

aquaculture are underway, but more research is necessary in order to 

ensure the repeated success of I. fuscus aquaculture. Thus, while 

hatchery-based operations have potential in Galápagos, a lot of time 

would be required to completely refine current aquaculture 

technology for I. fuscus in particular.   

 The final limit to aquaculture technology is the introduction 

of parasites, a major concern for almost any type of aquaculture. In 

the preliminary experiments, intestinal parasites appeared in early larvae once the sea cucumbers 

started feeding. Sea cucumbers almost always died from the intestinal parasites in their digestive 

system.  The fatalities could be prevented if the parasites were detected at an early stage. In spite of 

this, the parasites turn up in every culture, even when using artificial seawater to raise the larvae 

(Mercier et al. 2004). 

D. Conclusions for Commercially Sustainable Fisheries through Aquaculture 

Although I hypothesized that aquacultures were a feasible alternative to fisheries, it no 

longer seems to be a practical venture.  Preliminary experimentation showed that I. fuscus can be 

raised in captivity under specific conditions, and early detection of the parasite reduces the impact 

of disease (Mercier et al. 2004). Nevertheless, a number of issues arose regarding the location for 

aquaculture sites on the islands. Also, without secure capital or commitment, I. fuscus aquaculture 

technology cannot be further researched and developed into a refined, systematic procedure. 

Through more research on aquaculture protocol for this particular species, hatchery farms could be 

Mercier et al. 2004 
Image of larval I. fuscus 

 



 Pih 13 

utilized to supplement the sea cucumber trade or restock existing fisheries on Galápagos. Currently 

though, budget and space constraints inhibit immediate progress.  

 

VI. Conclusions on Sea Cucumbers and Sustainable Fisheries 

 Research on I. fuscus should continue because I. fuscus plays a key role as filter-feeder within 

the marine ecosystem. The depletion of I. fuscus populations over the past two decades is caused by 

the demand from East Asian markets. With sea cucumber population densities at precarious levels, 

conservation is more important than ever. The GMR is presently managed by the provisional 

zonation scheme, which has yet to achieve sustainable fisheries. Because sea cucumbers are crucial 

nutrient recyclers and filter-feeders, more 

should be done to achieve sustainable 

fisheries. Through additional funding and 

research on sea cucumber population biology, 

aquacultures have the potential of serving as 

land-based alternatives to the fisheries. In the 

future, these hatcheries may save sea 

cucumbers by sustaining the market and 

restocking the reserve. With no certainty that aquaculture technology can be applied and repeated 

successfully for I. fuscus, nothing immediate can be done with regards to sea ranching production. 

For now, the current zoning scheme should remain in place since it still holds the potential of 

making fisheries more sustainable. Ultimately, it may not even be a management plan that restores 

sea cucumber populations. It may very well be a natural recruitment pulse that instigates a surge in 

I. fuscus population densities. This is something to hope for as we week sustainable solutions to save 

sea cucumbers stocks in Galápagos. 
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