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Abstract
Despite active conservation measures, slow recovery of Queen conch (Strombus gigas) is a growing concern in
the Caribbean. Conventional expectations presume that S. gigas populations are largely connected, but we
present results of veliger larval drift and survival from the Yucatan peninsula that suggest otherwise. Spatial
patterns of observed and simulated larval stages during the reproductive season revealed segregation of the
Mexican populations, with high levels of larval retention on Campeche Bank contrasted to variable larval
transport along the Mexican Caribbean coast into the Yucatan Current, and eventually into the Loop Current.
Consequently, the probability that S. gigas larvae originating from the Mexican Caribbean settle to Alacranes
Reef is null. In addition, the Alacranes S. gigas population is not source to Florida, while a small fraction of
larvae produced north of the Mexican Caribbean coast periodically reaches the Florida Keys (ca. 1-12%) and
Cuba (0.1-4%), while very few individuals reach the NW Bahamas (0-0.5%). Although this long-distance
dispersal may not be sufficient to replenish the downstream populations, gene flow could prevent differentiation
of the Florida Keys and Mexican Caribbean Queen conch populations. This study constitutes a first step in
understanding Queen conch metapopulation structure and calls for more local actions for the recovery of
Mexican populations.
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Introduction
The Queen conch, Strombus gigas (Mollusca,
Gastropoda: Strombidae), has been a significant
marine resource for the Caribbean since preColumbian times. Since the 80’s, commercial catch
has increased in response to the international market.
Consequently, several stocks have been reduced to
levels where the population can no longer recover.
Queen conch was included in 1992 in the Convention
on International Trade in Endangered Species
(CITES) of Wild Fauna and Flora, and in 1994 and
was added to the International Union for the
Conservation of the Nature’s (IUCN) Red List.
Following the pattern of other Caribbean countries, a
decline in abundance in the 80’s led to the closure of
the Yucatan fishery (Pérez-Pérez and Aldana-Aranda
2000). Presently, there is a temporal ban during peak
spawning season, from March to October, a harvest
quota for Chinchorro Bank and Cozumel, and a
minimum capture size. In spite of these measures, for
the most part the distribution of Queen conch in the
area remains confined to marine protected areas.
Given similar conservation measures for the area, one
might expect a uniform response from the population,
but this does not appear to be case, as evidenced by
discrepancies between Alacranes Reef on Campeche
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Bank, and Chinchorro Bank situated on the Caribbean
coast (Aldana-Aranda et al. 2003). The population of
S. gigas in Alacranes Reef was almost depleted after
1988 and recent studies still report relatively low
abundances there (Pérez- Pérez and Aldana-Aranda
2000). In contrast, despite lack of enforcement, the
population situated at Chinchorro Bank has remained
relatively stable. These observations suggest that
Alacranes Reef may be disconnected from other
populations along the Caribbean coast. Effective
management of these populations could be greatly
enhanced by better enforcement but also by
understanding of larval movements. According to a
theory developed by Stoner (1997), currents carrying
larvae from the Yucatan Peninsula to the Bahamas
and Florida could also provide larval drift between the
Mexican Caribbean coast and the North Yucatan
Peninsula. Studies of the abundance of larvae have
been carried out in Florida and the Bahamas (De
Jesús-Navarrete and Aldana-Aranda 2000) with the
intention to protect the larval sources of S. gigas.
This study examines Queen conch larval transport
with the goal of testing Stoner’s null hypothesis that
geographically separated S. gigas populations are
linked. Our major objectives are to describe patterns
of S. gigas larvae around the Yucatan Peninsula and

their potential transport to Florida, the Bahamas, and
Cuba, and identify likely larval sources in the
Yucatan Peninsula. We use both field studies and
biophysical modeling coupling currents with S. gigas’
life history traits. We use field observations to
corroborate the numerical model predictions, and then
probabilistic simulations to estimate larval linkages.
Study Area
The study region was limited to test the null
hypothesis that Queen conchs in Mexico form a single
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Figure 1. Sampling sites (red stars) in the Yucatan Peninsula during
2001. Green, cyan, and blue lines represent isobaths 20, 60, 100 m,
respectively. The Alacranes lagoonal reef is located at the edge of
the 60 m isobath on the west of the Campeche Bank, sole home of
the Queen Conch on the Bank.

population. The Yucatan Peninsula has two distinct
marine regions: (1) the Mexican Caribbean (MC)
coast with a narrow shelf, bordered by back reef
lagoons, shallow bays and banks; (2) the Campeche
Bank with a wide shelf and a single small bank, the
Alcranes Reef (AR, Fig. 1). The Caribbean Current
veers northwestward as it impinges the margin of the
Yucatan peninsula and becomes the Yucatan Current,
which enters the Gulf of Mexico as the Loop Current
and exits through the Florida Straits as the Florida
Current. In addition, a large cyclone-anticyclone pair
south of Cuba feeds occasionally into the Yucatan
Current. Transport in the Yucatan channel is
characterized by the main surface inflow into the Gulf
of Mexico and deep reverse outflows along the Cuban
and Mexican sides (Cherubin et al. 2005). On the

Mexican side, deep outflow occurs at the level of the
cape of the continental margin (22oN, 86.5oW, nearby
the group of stations 38-41 in Fig. 1), forming a
convergence zone near the surface. On average, the
Yucatan Current flow is weaker from November to
February and becomes stronger from May to August.
Spawning of S. gigas occurs from March to October,
with 1-6 spawning events per female producing
benthic egg masses (Pérez-Pérez y Aldana-Aranda
2000). Veliger larvae become competent on average
at 20 days after hatch (dah), but metamorphosis can
occur anywhere between 12-60 dah. Similarly plastic,
the average pelagic larval duration is 30 d. Veliger are
usually found in the upper 5 m of the water column,
but are capable of vertical migration.
Material and Methods
Observations
Plankton was sampled at 83 stations during
oceanographic surveys of the Marine Secretary from
the north of Chuburná Puerto and Cabo Catoche
during March, July, and October of 2001. Sea surface
temperature and salinity were recorded. Near surface
(1m) plankton tows were made with a Bongo net of
0.61 m diameter and 302µm mesh size. Tow
durations were 15 min at 1 m.s-1 and volume filtered
was measured using a calibrated flow-meter. Samples
were preserved at sea in a 5% neutral formaldehydeseawater solution. In the laboratory, samples were
sorted using a dissecting microscope (20x). S. gigas
were identified following Davis et al. (1993). Shell
length (SL) was measured with a calibrated ocular
micrometer and veligers were divided in two size
classes and aged based on laboratory growth rates
(Brito-Manzano and Aldana-Aranda 2004): precompetent larvae < 700 µm SL, ≤ 20 days; competent
larvae > 700 µm LS, ≥ 21 days.
Biophysical Model and Simulations
Larval transport was simulated using daily archived
velocity fields of the North Atlantic HYbrid
Coordinate Ocean Model (HYCOM; 10 m coastal
boundary;
1/12o
horizontal
resolution;
http://hycom.rsmas.miami.edu) coupled to a particle
tracking algorithm. The code described in (Paris et al.
2007) integrates adult spawning strategies, conch
larval traits, and recruitment habitat. Pre-competent
particles (or virtual larvae) were passive, but at
competency they could sink if their path crossed
suitable nursery habitat. However, if the particle
reached maximum competency without finding
habitat, it was removed from the system. There were
to many assumptions related to introducing larval
mortality in the model due to lack of data on larval
survivorship while egg mass survival tend to change
throughout the spawning season (Aldana-Aranda et
al. 2003). Thus mortality was not accounted for,
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which, on the other hand, tends to overestimate long
distance dispersal (Cowen et al. 2000), specifically
when pelagic duration is variable (Paris et al. 2007).
The habitat data was developed using reef locations
provided by the Millennium Coral Reef Mapping
Project (http://imars.usf.edu/corals) buffered at 5 km

Figure 2. A) Simulated dispersal of S. gigas larvae released during
the first day of March, July, and October from 2 spawning
locations. Color gradients indicate dispersal time from Alacranes
Reefs (yellow » red = post-hatch » competent larvae) and along
the Mexican Caribbean (blue » cyan). B) Modeled (grey dots) and
observed (black circles) distribution patterns of pre-competent (120 days old, size < 700 μm) S. gigas larvae. C) Modeled and
observed patterns of competent larvae (21-40 days old, size > 700
μm). The virtual larvae have a pre-competent, passive period of 20
d and a maximum pelagic duration of 40 d.

and split using a tolerance level of 10 km. A total of
60, 5, 50, and 355 reef polygons shaped the MC, AR,
FLK, and Bahamas respectively. In a first scenario
(Model 1) virtual released during March, July and
October from the 83 stations sampled in 2001 were
done to validate the biophysical dispersal model by
comparison of observed and modeled larval
distributions. Particle release at each station was
scaled by observed densities, while particle ‘age’ at
release corresponded to the mean developmental stage
of the sample. In a second probabilistic scenario
(Model 2), a series of 1000 particle releases were
initiated in the 0-20 m layer with a monthly frequency
from February to October at all 65 locations (60 MC,
5 AR) within the Yucatan Peninsula region (Fig, 2A).
The source and receiving location for individual
particles was recorded to build connectivity matrices
and estimate the probability of larval exchange
between and among regions.

Results
Spatio-temporal abundance and size of veligers
Observations on the North Yucatan Shelf: during
March, 50% of the 31 stations sampled (1-37, Fig. 1)
yielded 68 larvae, with a maximum density of 1.8 •
10-1 m-3 at station 4, about 100 km south of Alacranes
Reefs (Fig. 2C). Mean density was 0.28•10-1 m-3 and
size ranged from 520-990 µm (mean 774 µm), with a
tendency towards competent larvae. In July, 17% of
the 12 sites yielded few pre-competent larvae (i.e. 4
larvae, maximum density 0.07•10-1 m-3, mean size
512 µm). In October, 30% of the 17 stations sampled
yielded 18 larvae with a maximum density of 0.1• 10-1
m-3 at station 27 north of Cabo Catoche. Most larvae

Figure 3. Average temporal trends of pre-competent and
competent conch larvae around the Yucatan Peninsula from A)
point observations at stations (black squares) and B) modeled
distributions (filled grey bars) during one year. Mean and
standard deviation are calculated from the stations sampled and
the binned distribution (black circles and filled grey filled,
respectively, in Fig 2). Note similar trends betwen modeled and
real abundances with higher variance in observations (i.e. more
spatial patchiness).

were competent with a size range of 670-970 µm
(mean 873 µm).
Observations along the MC Coast: during March
2001, 57% of the 30 stations sampled (stations 38-83,
Fig. 1) yielded 82 larvae with a maximum density of
0.9•10-1 m-3 at station 66 (Fig. 2C). Size ranged from
350-990 µm with a tendency towards early stage
larvae (mean 645 µm). Mean density was 0.17•10-1
m-3. In July 17% of the 18 stations sampled yielded
only 6 larvae. Similarly to the North Yucatan
Peninsula, mean density was very low (0.01• 10-1 m-3)
but larvae were competent (mean size 825 µm, range
680-970 µm; Fig. 2C). In October, 60% of the 16
stations sampled yielded the largest number of larvae
(n = 1642) with a maximum density of 43.2•10-1 m-3
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in a single patch of 1402 larvae at station 40,
northeast of Holbox Island at the cape where (Fig.
2B). Catches were composed of all stages as sizes
ranged from 520-990 µm (mean size 783 µm, mean
density 1.93•10-1 m-3).
Log10 (Probability Arrival)

Figure 4. Connectivity matrices between S. gigas populations from
the Yucatan Peninsula, Florida Keys, Bahamas, and NW Cuba
estimated from A) probabilistic scenario (Model 2): homogeneous
monthly (Feb-Oct) spawning events from 65 reef locations of the
Yucatan and B) predictive scenario (Model 1): scaled production,
initializing larval transport from observed distributions of larvae.
Each matrix elements is the probability of larvae from source i (Yaxis) moving to destination j (X-axis) over the reproductive season.
Color-code indicates levels of connectivity, grey is no larval
exchange. The source and receiving locations are: Alacranes
(ALA); Mexican Caribbean S (MCS, Ascension Bay to Chinchorro
Bank); Mexican Caribbean N (MCN, Ascension to Contoy);
Campeche Bank East & West (CAM, CBE, CBW); Florida Keys
(FLK); CaySal Bank (CSB); Bahamas (BAH); NW Cuba (CUNW).

Comparison of observed and modeled distributions
Observations and predictions agree well early in the
reproductive season (i.e. March), when early stages
are found in both locations with an noticeable
separation between the MC the western part of
Campeche Bank, near Alacranes Reef (Fig. 2B). More
advanced larvae are predominant in the North
Yucatan (Fig 2C). This is an indication that both areas
are sources. Monthly patterns are also well predicted
by the model, with lower densities during July (Fig.
3), when currents along the MC are swifter (Tang et
al. 2005). In addition to higher dispersal, atmospheric
conditions may have been unfavorable for the larvae.
Indeed, veliger are presumably more abundant near
the surface during calm seas (Barile et al. 1994) but

they sink in turbulent conditions. This would have
affected regional-scale sampling. During October, S.
gigas densities increased in both model and
predictions, but observations were more patchy with
1402 larvae caught a single station. This rare catch
was composed of a mixture of larvae from 10-30 dah
(520-890 μm), indicating that they have been
accumulating in that area for more than 10 days.
Larval vertical behavior in convergence zones could
create large patches of larvae. The model did not
predict accumulation of larvae in a small area such as
through eddies. Yet, virtual larvae from 20 to 30d old
were accumulated along a strong frontal convergence
(Fig. 2B). According to the model, this large larval
patch could have contributed to recruitment during
November in the Dry Tortugas, but not as an unusual
larger recruitment peak. When the model is run in a
probabilistic mode with a series of temporal releases
from all possible source locations (Model 1) rather
than predictive (Model 2), the spatial pattern of larval
densities is re-established. Thus we are confident that
the biophysical model is consistent with the
observations and can be used to estimate larval
exchanges between regions.
Modeled Dispersal around the Yucatan Peninsula
Larval dispersal from the MC coast is variable and
extends south to the northern atolls of the Belize
Barrier Reef, and north to the lower FLK (Fig. 2A).
On the other hand, dispersal from the North Yucatan
is limited and less variable with high retention around
AC. In July, higher northward transport of the
Yucatan Current in the simulations produced lower
larval densities along the eastern edge of the
Peninsula (Fig. 2C).
Larval exchange between sub-regions
There is high connectivity within sub-regions and
clear isolation of AR (Fig. 4). The MC export a small
fraction of total recruits to FLK (12%), 4% to NW
Cuba, and <1% to 16 polygons of the 355 polygons
representing the Bahamas, none to AR. Most (82%)
settlement was local, the southern part of the MCS
being a large source to the north (MCN, Fig. 4).
Discussion
The planktonic nature of the Queen conch larvae
suggests that ocean currents would quickly cause
panmixis over large spatial scales and prevent
isolation of populations. However, slow recovery of
the Queen conch in the Caribbean, especially in AR
and FLK, contradicts this panmixis hypothesis. While
genetic studies do not show population structure in
the Caribbean (Sobel et al. 1988), this study shows far
greater isolation than hypothesized by Stoner (1997).
As a consequence, S. gigas populations could develop
genetic differences that can only be resolved by using
fast evolving genes (e.g. Baums et al. 2005). This
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study suggests that AR is not a source for the
Floridian S. gigas populations. The Lower FLK may
occasionally receive a small fraction of recruits from
the MC (i.e., 1-12%, Fig. 3). The strength of the
Yucatan Current as well as the northward intrusion of
the Loop Current seems to control the level of
exchanges. However, this long distance dispersal may
not sustain the FLK populations. In fact, the FLK
populations of S. gigas have been under a total catch
ban since 1985 but have not shown signs of recovery
indicating that subsidies are not sufficient to sustain
the population. The southern MC appears to be an
important source of S. gigas larvae and a corridor for
populations located on either side. De Jesús-Navarrete
and Aldana-Aranda (2000) found a high percentage
(89%) of early stages larvae in Chinchorro Bank, and
hypothesized that this site is a potentially important
source of veliger S. gigas to other sites of the
Quintana Roo coast, and possibly to Florida. We do
not find evidence that Chinchorro Bank contributes
recruits to FLK, but it is most probably a source for
the MC coast. Indeed, the model indicates that
potential source locations of S. gigas for the MC are
located from Chacala and Tulum to Xcalak, including
Chinchorro Bank, and from Puerto Madero and
Majahual to Xcalak. However, locations between
Puerto Madero and Majahual to Xcalak seed only the
northern portion of Quintana Roo. De Jesús-Navarrete
and Aldana-Aranda (2000) also indicates that
competent larvae were found in Cayo Lobo, south of
Chinchorro Bank and assumed that they might have
come from distant sources in Belize. Yet, throughout
the S. gigas reproductive season, alongshore currents
can reverse, allowing larval drift from Quintana Roo
coast towards the south, including part of the Belize
Barrier Reef (Fig. 2A). Detailed larval linkages are
worth investigating further to map networks of S.
gigas populations within the Mesoamerican region.
Risk of species extinction from an unpredictable
physical environment and/or strong interactions
between species is minimized by metapopulation
structure (Harrison and Taylor 1997). This may be the
case for the lower Florida Keys population, which is
weakly connected with the MC. Indeed, if retention
is a common phenomenon for this species, then the
exchange rate of veligers would be low enough to fit
the metapopulation assumptions (Harrison and Taylor
1997). The latter explains the fact that the Queen
conch has a wide distribution of fragmented
populations in the Caribbean and yet may maintain
genetic continuity. Thus, conservation measures
should take into account local networks of subpopulations. Isolated populations, which have a
higher risk of extinction, should be protected and
managed separately. In summary (1) the populations
from the North Yucatan Peninsula and the Mexican

Caribbean are segregated, with major isolation of the
Alacranes Reef, while spawning entities along the
Mexican Caribbean are highly inter-connected; (2)
This study does not support Stoner’s hypothesis of
long distance larval linkages between Queen conch
populations in the Caribbean. Simulations reveal a
weak connectivity of the Mexican Caribbean with the
Lower Florida Keys. Yet, there are no significant
exchanges with the Bahamas (i.e., 2-3 order of
magnitude lower recruitment levels in < 4% of the
Bahamian habitat) and clear isolation of the North
Yucatan Peninsula; (3) although the biophysical
model reproduces trends in larval densities, there is
mismatch in snapshots of spatial distributions.
Biological factors such as aggregation in fronts,
sinking in turbulence and mortality (Paris et al. 2007)
must play a role in determining absolute levels of
settlement.
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