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Baseline assessment of virgin biomass of sea cucumbers in Old Provi-
dence and Santa Catalina, Western Caribbean

Haruko Koike1,*, Paolo Usseglio1,2 and Francisco Ramos2

Abstract

In this paper we report the result of an independent baseline fishery survey conducted in the islands of 
Old Providence and Santa Catalina, Colombia, in 2014, with the objective of characterising spatially explicit 
abundance and distribution of the sea cucumber communities.

We included local artisanal fishers in the planning and data collection parts of this survey. Our results 
showed very limited diversity of sea cucumbers, with Holothuria mexicana being the most abundant. There 
were higher densities of H. mexicana in the sand and rubble habitat than in the seagrass and bioturbated 
areas. We found aggregation sites for sea cucumbers where density was an order of magnitude higher; this 
habitat was a narrow band between seagrass and sand and rubble. Total population size was considered 
too low to sustain a fishery, and mariculture experiments with sea cucumbers in the region should carefully 
consider the number of organisms taken when establishing breeding protocols.
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Introduction

Sea cucumber fisheries in Colombia started about a 
decade ago, but has been mostly illegal, and to date 
it is still unregulated and unreported (Toral-Granda 
2008; Rodriguez et al. 2013). While the main species 
exploited in the Colombian Caribbean include Isos-
tichopus badionotus, Stichopus herrmanni and Sticho-
pus variegatus (Rodriguez et al. 2013), reports for the 
wider Caribbean include up to six species (Toral-
Granda 2008). Initially, the fishery was done with 
middlemen hiring fishers to collect as many sea 
cucumbers as possible but, as densities dropped, 
this activity shifted towards an “on-demand” activ-
ity, with fishers making about 3 USD kg-1 (Rod-
riguez et al. 2013). The unregulated nature of this 
fishery, coupled with the lack of knowledge of the 
resource, has resulted in concerns about the state of 
the resource. Since market demand for sea cucum-
ber is still growing, some authors suggest mari-
culture of sea cucumbers instead of harvesting the 
wild population, as a way to establish alternative 
sources of income for fishers, reusing abandoned 
aquaculture facilities, and establishing conserva-
tion programmes (Rodriguez et al. 2013).

Inhabitants of the islands of Old Providence and 
Santa Catalina, located in the western Caribbean 
180 miles off Central America, are closely linked to 
sea. Most of them are fishers either full or part time. 
The recent decline in landings, due to overexploita-
tion of their marine resources, has made the local 
fishing community consider alternatives to fish-
ing. With perceived high prices of sea cucumbers 
in Asian markets, some are looking at sea cucumber 
farming as one of their options. Since sea cucum-
bers are susceptible to overfishing (Toral-Granda 
2008), the community showed an interest in mari-
culture. This study was conducted to assess the 
baseline wild stock of sea cucumbers available for 
mariculture around the islands of Old Providence 
and Santa Catalina, working in collaboration with 
local fishers.

Methods

Sampling area

The archipelago of San Andres, Old Providence 
and Santa Catalina is located in the western Carib-
bean between 13°17’N and 81°22’W, 190 km from 
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the Middle America continental shelf, and 720 km 
away from the Colombian mainland (Geister 1992). 
Old Providence and Santa Catalina (OPSC) are 
located 80 km north of San Andres; Old Providence 
is the second largest island in the archipelago with 
a land area of 17 km2, while Santa Catalina is a small 
satellite island located 150 m to the north of Old 
Providence. The two islands are joined by a floating 
footbridge. OPSC have 32 km of coral reef forma-
tions that run north to southeast. Within its barrier 
reef there are multiple patch reefs, sand flats and 
seagrass areas (Gómez-López et al. 2012) (Fig. 1).

CORALINA, we focused on surveying these habitats 
by means of a stratified random sampling design. 
The baseline stock assessment included a total of 
40 sampling sites that were distributed among the 
identified habitat strata using the Sampling Design 
Tool available for the ArcGIS software (Menza and 
Finnen 2007). In addition, we surveyed aggregation 
sites, since sea cucumbers are known to aggregate 
in favourable habitats (Shiell and Knot 2010; Young 
and Chia 1982). It is important to survey these aggre-
gation sites when estimating total population size, 
since a high proportion of the individuals could 
reside within them. However, these sites are usu-
ally a combination of multiple environmental factors 
and thus have a low probability of being included 
in randomly designed surveys. We therefore used 
fishers' local ecological knowledge (LEK) to identify 
three such high-density sampling sites, which will 
be referred to as LEK sites henceforth (Fig. 1).

Figure 1.  Location of Old Providence Island, and 
sampling points around the island. Inset map: World 
Vector Shoreline of the Gulf of Mexico and Caribbean 
Sea region. Source: National Imagery and Mapping 
Agency (formerly U.S. Defense Mapping Agency).
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Survey design and community involvement

This study was a community-led effort; fishers were 
included in all the stages and we adopted a collabo-
rative, rather than cooperative approach (Yochum 
et al. 2011).

Nine species of sea cucumbers have been recorded 
by Borrero-Pérez et al. (2012) in the region (Table 1). 
They are distributed mainly in biodisturbed sand, 
sand and rubble, and seagrass habitats. Using habitat 
maps obtained from the local environmental agency, 

Table 1. Sea cucumber species reported for the island 
of Old Providence (Borrero-Perez et al. 2012).

Species

Actinopyga agassizii

Holothuria (Cystipus) cubana

Holothuria (Halodeima) floridana

Holothuria (Halodeima) grisea

Holothuria (Halodeima) mexicana

Holothuria (Thymiosycia) thomasi

Isostichopus badionotus

Survey method

The diversity and abundance of sea cucumbers in 
OPSC were estimated by means of underwater vis-
ual transect surveys. At each sampling site, a pair of 
divers swam a twenty-minute two-metre wide belt 
transect in a random direction, while ensuring that 
they remained within the same habitat. The sam-
pling depth was limited to 20 metres for logistics 
and safety reasons. For each transect, the surveyors 
recorded the species of sea cucumber found, and 
measured the total length and diameter to the near-
est centimetre, using a fiberglass seamstress tape. 
Transect length was calculated from a towed Global 
Positioning System (GPS) unit, which was set to 
track mode and had the Wide Area Augmentation 
System (WASS) feature turned on to increase accu-
racy. Inter-observer variability was addressed by 
conducting training sessions where sampling meth-
odology and species identification were explained. 
Since surveyors included local fishers, extra care 
was taken to ensure that all observers understood 
the limits of the sampling area and did not count 
cucumbers outside of the transect.
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Size comparison

Significant differences in the mean length and 
width of sea cucumbers found in random and LEK 
sites were assessed by means of ANOVA, followed 
by Tukey’s HSD test.

Density calculation and population size estimate

We used the model selection method to estimate the 
density of sea cucumbers because it allowed us to 
account for the cucumbers' clumped distribution 
(Campagna and Hand 1999). We created a set of 
generalised linear models assuming four distribu-
tions: normal, Poisson, negative binomial, and zero-
inflated. Additionally, we tested for the influence of 
sampling habitat strata on density. This resulted in 
a total of eight models (Table 2).

Model selection was based on the Akaike informa-
tion criterion (AIC), which calculates the log likeli-
hood of the model, while penalising for the number 
of parameters (Akaike 1973). The best explaining 
model was chosen, based on the fewest parameters 
within two units of the lowest AIC score (Burnham 
and Anderson 2002). Additionally, we used the 
likelihood ratio test for the competing best-fit mod-
els to test for significant differences. We used this 
approach for the randomly located and LEK sites.

Total population size was calculated by multiplying 
the resulting estimated density for each habitat with 
the area size of said habitat. These were obtained 
from the benthic habitat maps for LEK sites. The 
total area was calculated by delineating the habitat 
area from a geo-referenced digitised aerial photo-
graph using ArcGIS 10.2.

All of the statistical analyses were done using 
the open source software R (R Development Core 
Team 2009); plotting was done with the package 
ggplot2 (Wickham 2009); data manipulation was 
done with the package reshape2 (Wickham 2007); 

the generalised linear model in the negative bino-
mial distribution was fitted, using package pscl 
(Jackman et al. 2012); and the likelihood ratio test 
was conducted using the package lmtest (Hothorn 
et al. 2010).

Results

Although nine species of sea cucumbers have been 
described for OPSC (Borrero-Pérez et al. 2012; 
Table 1), we found only two in our baseline survey. 
Holothuria mexicana was the most common species, 
followed by occasional sighting of Holothuria thom-
asi. Overall density was low, as we counted a total 
of 82 sea cucumbers. For randomly placed tran-
sects (n = 40), we counted 43 sea cucumbers (41 H. 
mexicana and 2 H. thomasi), and 39 H. mexicana in 
LEK transects (n = 3). Due to the low abundance 
of H. thomasi, we focused all further analyses on 
H. mexicana.

Size distribution

The length of H. mexicana in OPSC ranged between 
15.0 and 46.5 cm, with a mean of 29.66 cm ±0.75 SE, 
while the width ranged between 2 and 15 cm, with 
a mean of 8.25 cm ±0.23 SE. There were significant 
differences in the length of sea cucumbers between 
habitats (P < 0.01), where sand and rubble habi-
tat and bioturbated sand habitat had significantly 
larger individuals than LEK and seagrass habitat 
(P < 0.05 under Tukey HSD test) (Fig. 2).

Baseline stock assessment

Model selection showed model 7 (negative bino-
mial distribution accounting for habitat) to be the 
most parsimonious model, with the lowest AIC 
score (Table 2). The density for each habitat strata, 
estimated using model 7, is as listed: sand and rub-
ble had the highest density with 6.38 ind. hr-1 ±3.01 
SE, followed by seagrass with 1.56 ind. hr-1 ±0.66 
SE, and bioturbated sand with 1.47 ind. hr-1 ±0.63 

Table 2. Model types testing for habitat effects and distributions. 
df = degree of freedom; AIC = Akaike information criterion.

Model Habitat Effect Distribution df AIC score

1 No Normal 2 245.94

2 No Poisson 1 274.86

3 No Negative Binomial 2 151.55

4 No Zero-Inflated Normal 2 210.52

5 Yes Normal 5 210.91

6 Yes Poisson 4 153.86

7 Yes Negative Binomial 5 136.96

8 Yes Zero-Inflated Normal 8 137.54
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SE (Table 3). The sand and rubble habitat showed 
higher density (but not significant) compared to the 
other two habitats (Table 3).

Aggregation site assessment

Aggregation sites — so-called “good sites” by fish-
ers — were consistently found between seagrass 
and sand and rubble, close to the shore on the 
eastern side of Old Providence Island (Fig. 1). The 
width of this specific habitat was narrow, ranging 
from three to six metres, and consisted of only 0.3% 
of the area of OPSC (Table 3).

Best-fit model showed that data from LEK sites 
were in negative binomial distribution. The esti-
mated density was significantly higher by an order 
of magnitude than in the randomly selected sites, 
with a mean density of 32.99 ind. ha-1 ±10.22 SE 
(Fig. 3).

Total population size in OPSC

The total estimated density for each habitat was cal-
culated as the estimated density per habitat strata 
multiplied by the area. The population size for each 
habitat is as follows: 7,550 ±3,558 SE individuals for 

Table 3. Information of each habitat type surveyed. Information includes: number of transects, estimated density 
with 95% confidence interval (CI), area size of each habitat strata, and estimated population size. 
Information on aggregation site (marked as LEK) is also included.

Habitat n Density (ind. ha-1) 95% CI Area (ha) Population size

LEK 3 32.99 17.97–60.56 29.59 976

Sand and rubble 8 6.38 2.53–16.07 1,183.14 7,550

Seagrass 16 1.56 0.68–3.59 1,563.78 2,444

Bioturbated sand 16 1.47 0.63–3.43 5,405.30 7,928
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Figure 2.  Length and width (in cm) of Holothuria mexicana for each habitat strata. Box outline marks the boundary 
of 95% confidence interval. Sample sizes for each habitat strata are noted at the bottom.
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the sand and rubble habitat; 2,444 ±1,037 SE indi-
viduals for seagrass habitat; 7,928 ±3,431 SE indi-
viduals for the bioturbated sand habitat; and 976 
±302 SE for the LEK (aggregation) sites (Table 3). 
Therefore, total estimated number of sea cucumbers 
for OPSC was 18,898, with a 95% confidence inter-
val of 7,994–44,959. The confidence interval was cal-
culated by accounting for the standard error of each 
habitat strata.

Discussion

Distribution of H. mexicana in OPSC was very 
patchy, with clear aggregation sites located on the 
northern side of the island of Old Providence on a 
very narrow fringe habitat between seagrass, and 
sand and rubble. The density of H. mexicana was 
low, even when accounting for its negative binomial 
distribution, compared to other sites in the Carib-
bean (Table 4). From the density and size difference 

between habitat strata (Figs 2 and 3), we can infer 
that younger H. mexicana likely occur in seagrass 
areas (hence the significantly smaller sized indi-
viduals in LEK and seagrass strata), but no actual 
juveniles were found during the survey.

The total estimated abundance of sea cucumbers in 
OPSC (both in species richness and stock size) indi-
cates that commercial wild fishery activities are not 
feasible. In fisheries, as a rule of thumb, 20% virgin 
biomass is often used as a reference point to ensure 
sustainable exploitation (Restrepo et al. 1998). Fur-
thermore, for sea cucumbers there is evidence that 
exploitation values as low as 5% virgin biomass 
have resulted in over-exploitation (Uthicke 2004). If 
we apply this to our estimated current population 
size, only 944 sea cucumbers should be harvested 
each year for a fishery to be sustainable. This low 
number would not ensure the economic sustain-
ability of a wild fishery.

Table 4. Density estimates of Holothuria mexicana for several locations in the Caribbean.

Country Year Abundance (ind. ha-1) Reference

Panama, Bocas del Toro 2000 161.8 Guzman and Guevara (2002)

Venezuela, Isla de Cubagua 2008 7.7 Trigliafico et al. (2011)

Jamaica 1981 70 Hammond (1981)

Venezuela 1998 110–210 Rodríguez-Milliet and Pauls (1998)

Venezuela 1999 13,500 Bitter (1999)

Venezuela, Isla de Cubagua 1987 7,000–9,400 Sambrano (1987)

Venezuela 1988 1,400–19,700 Bitter (1988)

Venezuela 1997 9,400 Conde (1997)

Cuba 2006 0–17,000 Alfonso-Hernandez (2006)

Figure 3.  Estimated density of Holothuria mexicana for each survey strata 
in the islands of Old Providencia and Santa Catalina.
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This low population could, however, sustain cap-
ture of individuals to be used as parent stock in 
mariculture. In this activity, adult wild sea cucum-
bers are harvested and conditioned in tanks to col-
lect viable eggs, which is determinant (Morgan 
2000). However, the survival rate of a sea cucum-
ber’s planktonic larvae is very low, with estimates 
of as little of one individual from its cohort surviv-
ing to the juvenile stage (Purcell et al. 2012). This 
results in a negative relationship between larvae 
stocking density and survival to settlement (Batt-
aglene and Bell 2004). Furthermore, this low larval 
survivorship is followed by a high predation rate 
among juveniles by carnivorous fish, birds, turtles, 
sea stars, crabs, gastropods and other invertebrates 
(Dance et al. 2003; Francour 1997). This is a problem 
when a pen is built in open water, where it is dif-
ficult to avoid these predators (Purcell et al. 2012). 
Consequently, obtaining a large enough brood 
stock to ensure adequate supply of larvae for mari-
culture could result in a reduction of larvae for the 
wild population. Therefore, decisions on the num-
ber of adult individuals taken from the field should 
be made with great care. Additionally, aggrega-
tion sites with much larger densities (Fig. 3) have a 
higher risk of being targeted, once market demand 
is present, due to ease of catch compared to search-
ing time. Nonetheless, depleting these high density 
sites can have detrimental effects on the overall sea 
cucumber population of OPSC, possibly causing an 
Allee effect (Uthicke 2004), and this should be taken 
into special consideration when opening a fishery.

With an ever-increasing market demand for beche-
de-mer, it is inevitable for a sea cucumber fishery to be 
considered an alternative source of income. However, 
it is important to understand the local stock status 
when considering this option. Based on our results, 
we propose the recommendations listed below.

• A wild fishery of H. mexicana in the islands of 
OPSC should not be considered.

• Mariculture activities that capture H. mexicana 
from the field should limit their annual harvest 
to no more than 944 individuals.

• Should mariculture be considered, mechanisms 
are needed to prevent poaching of wild stock 
and selling them as farmed.

• Aggregation areas could be a source of brood-
stock, but they should not be depleted. Instead, 
collection could be done in low-density areas, 
while protecting these aggregation sites in order 
to ensure adequate larval supply.
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