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Summary

Conch biology was reviewed with particular reference to stock assessment. It was
emphasized that conch possessed a number of unfortunate features that made it difficult
to assess. The species cannot be aged directly, and has a growth form that makes it
impossible to use standard size frequency methods correctly. Also, growth appears to
vary from area to area and probably also varies with density. Natural mortality estimates
vary with density, and only exist for juveniles.

Two stock assessment methods were presented and used with the available data. A
biomass dynamic model was used where countries possessed catch and effort data. The
model requires very little biological knowledge of the species, but depends on a time
series of total catches (removals), effort and catches made with that effort. The Turks and
Caicos Islands was used as an example to demonstrate the model.

The second model applied was a tuned cohort analysis based on meat weights and total
catches. The method made use of a new growth model, which more accurately described
observed growth rather than the standard von Bertalanffy model. The estimated fishing
mortality was tuned to a weight converted catch curve. Data collected from the Bahamas
were used to demonstrate the model.

Bahamas: Significant morphometric differences across the Bahamas suggest a number
of stocks exist among the islands. The biomass dynamic model did not fit the available
data, as there was an upward trend in CPUE. The weightbased cohort analysis indicated
a low fishing mortality and a potentially large stock subject to relatively low exploitation.
However this result is dependent on a relatively high estimate of natural mortality

obtained from the scientific literature. Therefore, while overall Bahamas conch is probably
not fully exploited, local over-exploitation of conch cannot be ruled out.

Belize: A major problem for the Belize assessment was the availability of size frequency
data for only one out of the six areas which comprise Belize fishing grounds. For this
area, while fishing mortality estimates are small, the assessment indicated an increase in
fishing mortality over three years with increasing fishing pressure on juveniles. Both these
trends are worrying. No conclusions could be drawn from the biomass dynamics model
as the catch-effort time series was too short.

Cuba: Cuba lacks necessary statistics for stock assessment at this time. The fishery is
largely limited to catching conch for bait, although there is some export to Europe and
Asia. Discussion of this fishery was limited to the data collection program, which has
recently been initiated.

Grenada: Inadequate data prevented the analyses obtaining any firm conclusions on
the conch stock. Total catches were lacking and meat weights only comprised of large
mature individuals. None of the available stock assessment methods could deal with this
situation. Problems in the data were identified and suggestions made to improve data
collection.

Jamaica: As well as catch, effort and weight frequency data, Jamaica possesses visual
census surveys, which can be used as fishery independent estimates of biomass. The
visual census results were used in the biomass dynamic models to obtain estimates of
700-1300 t MSY, covering the range of previous MSY estimates. The weight-based

cohort analysis indicated a relatively high fishing mortality. It is generally believed that the
fishery is currently exploiting a stock of old, mature individuals and it is therefore possible
that the estimate of long-term sustainable yield may be of the order of some of the
smaller MSY estimates. The recommendation is to continue quota reductions until the
decline is CPUE is halted or reversed.

Puerto Rico: It was apparent that Puerto Rico possesses one of the longest complete
time series of catch and effort data. Unfortunately not all data was available at the
workshop. The available data suggested the fishery had suffered from over-exploitation.
Given the full time series, it should be possible to provide a relatively good estimate of the
current stock status and reference points for this stock.

St. Kitts and Nevis: In common with many countries, the available catch-effort time

series does not have enough contrast to estimate all three parameters of the biomass
dynamic model. To address this problem, a new Bayesian method was used which
included information on parameters obtained from the Turks and Caicos assessment. The
method indicated a precautionary quota (taking into account risk) of around 68 tyear'l.
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This recommendation is consistent with subjective assessments that overfishing has
taken place in the past.

St.Lucia:  The short (2 years) catch effort time series could not provide estimates on
reference points or stock status. A sample of meat weights gave estimates of biomass
using the weightbased cohort analysis, but only large mature animals are in the catches.
Improvements in stock assessment are exp ected as more data become available, on
catch, effort and sizes of juveniles.

Turks and Caicos Islands:  The Turks and Caicos Islands has the longest catch-effort
time series available from 1974-1998. A biomass dynamic model was fitted to this time
series to obtain an estimate of 682 t MSY. A bootstrap technique was used to obtain a
probability distribution of MSY, which can be used to set precautionary quotas with MSY
as the limit reference point. Problems with the stock assessment model were also
identified. While they could not be solved at this workshop, the model tends to
underestimate the stock size and is therefore probably not a dangerous error. The results
suggest the current quota system is working well, but there is no justification to raise the
guota above its current level.

US VirginIslands:  The 1993-1998 catch-effort time series for St. Croix was analyzed
using a biomass dynamic model. The MSY was estimated to be 16 tyear'l. Conch
landings have exceeded this figure on two occasions since 1993 without a noticeable
decline in catch rates and it may be an underestimate. Further data is needed to obtain
better estimates. Some historical data may exist and should be located if possible to
improve the estimate.

The workshop made a number of recommendations specific to individual countries, and
general recommendations to improve conch assessment and management. Most of these
recommendations concerned obtaining historical data, which may have been mislaid or
archived, and improvements in current routine data collection. In addition, a number of
countries recommended specific research or monitoring activities, including tagging
experiments and visual surveys, to support stock assessment and management.
Concerning methods, it was recognized that further research is needed to provide more
accurate management advice. New models and estimates of growth and natural mortality
are lacking. A method making use of the extensive shell length and lip thickness data
currently collected by many countries is required. More work is required to incorporate
properly visual census data in biomass dynamic or recruitment index models. More
biological research is required on natural mortality and ageing of conch. Improved
methods will result in more accurate assessments and if the assessments are heeded,
greater sustainable economic returns from these resources.
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1 Introduction

This report covers the methods, progress, results and conclusions of an international
workshop on assessment of queen conch, (Strombus gigas). The workshop was held in
Belize City, Belize, 15-22 March 1999. It was sponsored by the Caribbean Fishery
Management Council (CFMC) and the CARICOM Fisheries Resource Assessment and
Management Program (CFRAMP) as part of the International Queen Conch Initiative.

Queen conch is found throughout the Caribbean and forms an important food for many local
communities. It has been traditionally fished for many years, but has come under increasing
strain as an export market has developed. Demand for conch has increased in the USA, and,
with the decline of the Florida fishery and its closure, has largely been satisfied by imports.
This has led to concern expressed over the status of stocks in the region and to the listing of
queen conch under CITES Appendix Il. Among other things, this requires a fishery
management plan and competent scientific authority to provide advice on each fishery which
exports conch. Stock assessment has therefore become increasingly important to sustain the
conch fisheries of the region.

Conch fisheries possess a number of characteristics, which makes stock assessment difficult.
A significant proportion of fishing for conch may be subsistence, so recorded landings are
often incomplete. In addition, the biology of queen conch makes it hard to determine relevant
population parameters. It is not possible to age conch, and it is not possible to apply many
size based methods due to the growth pattern during the life history, which may even exhibit
some reduction in size with older age groups. There is probably a dramatic decrease in
natural mortality with age, which is difficult to estimate, and while the planktonic larval phase
is relatively short, stocks nevertheless are shared across the region.

The basis for management of queen conch resources should be the FAO Code of Conduct for
Responsible Fisheries. It sets out the principles and standards, which should be applied in the
conservation, management and development of all fisheries. The Code was unanimously
adopted by the FAO Conference in November 1995. Where resources are transboundary,
effective management requires that the stock is managed over the full range of its distribution
(Code of Conduct, 7.3.1). The implications of this, and other requirements for responsible
utilisation of transboundary resources, can be summarised as follows.

1. Fortransboundary fish stocks... the States involved should co-operate to ensure effective
conservation and management of the resources. This should be achieved ... through a ...
fisheries organisation or arrangement (Code of Conduct, 7.1.3).

2. States... should foster and promote international co-operation and co-ordination
...including information gathering and exchange, fisheries research, management and
development (Code of Conduct, 7.3.4).

3. States should compile fisheryrelated and other supporting scientific data relating to fish

stocks... in an internationally agreed format and provide them in a timely manner to the

organisation... should agree on a mechanism for co-operation to compile and exchange

such data (Code of Conduct, 7.4.6).
These principles require technical co-operation, which can most easily be achieved through
regular workshops. Workshops allow scientific authorities to share information and
assessment techniques, making better use of management resources and providing the basis
for regional co-operation. This workshop aims to foster continued regional co-operation
necessary for the responsible management of this species.

1.1 Participating Countries

Participants representing Bahamas, Belize, Cuba, Grenada, Jamaica, Puerto Rico, St. Lucia,
St. Kitts and Nevis, Turks and Caicos Islands and US Virgin Islands attended the workshop.
Information on the Mexican fishery was also made available (Appendix E).



1.2 Workshop Objectives

The overall objectives of the workshops were as follows:

1. Review available data and stock assessment needs.

2. Provide some training on two important techniques for the analysis of conch data.

3. Undertake stock assessments for each country, using the data and methods available.
4

For those countries where sufficient progress could be made in the underlying stock
assessments, make management recommendations based on the precautionary
approach.

The eport provides a review of queen conch biology with special reference to those aspects
which are directly relevant to stock assessment. There follows the country stock
assessments. Assessments are separated by country rather than stock because what
constitutes a stock is uncertain and the available data were almost exclusively based on
national data sets. In most cases, the analyses were exploratory, and attempted two
approaches using catch and effort data and meat weight frequencies. Detailed information on
the three main methods applied to the available data is given in the appendices. Where other
methods are used, they are documented in the text. Based on the results from the stock
assessments, data collection activities were reviewed and problems identified. Finally,
recommendations were made based on the results from the workshop, particularly on
improvements in data collection and analytical methods.



2 Queen Conch Biology

2.1 Introduction

Stock assessment for queen conch has proved difficult. Much of this results from unique
characteristics of conch biology. Conch are not finfish, and blind application of traditional
assessment methodologies will often result in spurious results or may not even be possible.
Unusual aspects of conch life history include deterministic growth in shell length, a reduction
in soft tissue weight in old individuals, great morphological and life-history plasticity that is
largely manifested spatially, often at small scales, and a reproductive biology characterized by
repeated copulation and spawning events. Here, the biology of queen conch is reviewed with
respect to stock assessment. Emphasis is given to what is known about the population
dynamics of conch stocks and the applicability of stock assessment methodologies.

2.2 Movement

Conch settle in areas of soft sand and remain buried during their first year. At this time they
are unavailable for assessment. At shell lengths ranging from 50 to 100 mm young juveniles
begin to emerge and take up an epibenthic existence. Emergence of a year class may be
protracted, with reburial often occurring, and one must be concerned about partial recruitment
effects when sampling. In shallow areas, Sandt and Stoner (1993) documented a habitat shift
at the time of emergence, from the area of settlement into nearby seagrass beds. General
movement rates are low and size related (Miller 1972; Hesse 1979; Appeldoorn and
Ballantine 1983; Appeldoorn 1987a).

Two migrations occur in conch. The first is an ontogenetic migration into deeper water. This
generally becomes more pronounced in large juveniles, who leave nursery areas to move into
deeper water. The second migration is related to spawning. Conch move inshore to spawn as
temperatures start to increase in March (Hesse 1979; Weil and Laughlin 1984) and return to
deeper water in October. This migration is manifest as a general shift in the distribution of
conch, with conch in deep water migrating, but still remaining deep relative to conch in
shallow water areas. For example, Coulston et al. (1987) reported seasonal migrations
ranging from 20 to 45 m in a deep-water population. Total movement will depend on the
extent of these two migrations, random movements, and the distribution of appropriate habitat

km in 6 months for conch on a broad sand-algal plain 17-30 m in depth.

2.3 Growth

The most unusual aspect of queen conch biology is that growth in shell length ceases at the
time of sexual maturity. At this time the flared shell lip of the adults is formed. Further shell
growth occurs only in the thickening of the shell, especially of the lip (Fig. 1). In terms of shell
growth, the life-history is divided into two stages: juvenile and adult. This has a profound
impact on assessing age, growth and mortality using size-based techniques (length -frequency
for juveniles and lip-thickness frequency for adults).



The reason problems arise is illustrated in Figure 2. In the first sample, the frequency mode of
the large year-class is centred at 21 cm. In successive samples, this mode shifts to the right
as growth continues, and the stops, with abundance progressively decreasing as conch
mature and become adults. Note the correlated increase in the relative number of adults. The
transition of conch from juveniles to adults affects both the location and size (height and
width) of the mode on the length-frequency histogram. Changes in the shape and size of the
frequency mode, as well as the transition between length-frequency and lip-thickness

Figure 1. Cross-section of the shell of adult Strombus gigas showing growth in

shell and lip thickness. (A) Recently matured adult, lip thickness =5 mm; (B) old
adult, lip thickness =27 mm. Arrows represent position where lip thickness is

measured. From Appeldoorn (1988a).

frequency effect the estimation of growth and mortality.
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The estimation of mean linear growth (for juveniles) can be affected. In Figure 2, the
length-distribution of the largest year class never fully approaches that of adults. While
maturation is occurring within the year-class, the observed mean size will always be less
that the “real” size because larger conchs are being selectively removed (through
maturation to adults) from the sample. This process is essentially the reverse of partial
recruitment.

The variance of growth estimates, including Ly, will also be affected. As the shape of the
frequency mode of the maturing year-class changes, so will its variance.

The reverse of (1) and (2) occur when looking at adult growth using lip-thickness. This is
a case of partial recruitment of juveniles into the adult population, which will affect the
size and location of the first mode in lip-thickness frequency.

Although growth in shell length ceases at maturation, growth in weight does not. It cannot
be assumed that growth in length extrapolated to Ly can be used to estimate Wy using a
length-weight conversion. (see section below on weight growth).

Any process that affects the shape of the frequency modes will affect the estimate of
year-class abundance, and hence mortality. For example, as conch mature, the size of
the year-class length-frequency mode for juveniles decreases. Length-based techniques
cannot distinguish between this loss and mortality.
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Figure 2. Length-frequency hisotgrams for Strombus gigas sampled quarterly
off La Parguera, Puerto Rico. The open portions represent juveniles; the shaded
portions represent adults. N =sample size.

As a consequence of the above, reliable results using length-frequency analysis can only be
obtained if

the sample is taken at a time of the year prior to the beginning of maturation in the largest
juvenile year class (e.g., Figure 2, sample 1)

the largest juvenile year class is ignored, or
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the number of newly matured adults is added to the largest juvenile year class.

On average, female conch are slightly larger than males. For example, reported differences in
the mean size of adult females and males are 1.14 cm in St. John, USVI (Randall 1964), 1.9
cm in the Columbia offshore banks (Chiquillo et al. 1996), and 1.0 cm in Puerto Rico
(Appeldoorn 1994a). Because weight is a power function of length, these slight differences in
length may be magnified into larger relative differences when considering weight. It is
hypathesized that this sexual dimorphism arises from genetic effects resulting in greater rates
of production by females (Reed 1993).

Using mark-recapture data primarily from young adults (total age < 10 yr), Appeldoorn
(1988a) modeled shell growth in lip thickness (LT) with the von Bertalanffy model. His
resulting parameters were LTy = 549 mm and k = 0.706 yr"l, with time expressed in age
since the onset of maturation. However, lip-thickness cannot be used to age old conch, and
no conch were found that approach the value of LTy. This is because as growth rate declines
it is offset by the rate of shell erosion. The latter is dependent upon the type of substratum the
conch occupies, being least in soft sand and greatest on hard or rocky bottom. As a
consequence, it is impossible to precisely age conch greater that about 10 years using shell
measurements, about half or less of the maximum life span. At best, one can assign
individuals to different age-categories based on a combination of shell thickness, color and
degree of erosion (e.g. Table 1). These categories are useful for obtaining some idea of age
structure from abundance surveys.

Table 1. Definitions of adult queen conch age categories.

Maturing Flared lip starting to grow or very thin (lip generally < 5 mm

thick). Periostrocum tan and clean. Often the lip is thin enough
to allow the periostrocum to give color to the underside of the
lip.

Flared lip is fully formed, with minimal to moderate erosion.
Periostrocum tan, but may be sand covered or with some algal
growth. Lip underside generally white with pink interior.

Outer lip starting to erode (as viewed from bottom). Top of shell
still well formed, but periostrocum is lost and spines have
rounded, with moderate erosion and fouling on the outside
shell. Lip underside may have platinum color, with darker pink
interior.

Lip is very thick and flared portion may be completely eroded
away. Outer shell is highly fouled and eroded, often resulting in
a short total length. Viewed from the underside, the lip is
squared off, the white portion is often completely eroded and
the interior is a dark pink.

Young Adult

Old Adult

Very Old Adult

A critical factor in analyzing growth in weight and determining production is defining precisely
what the weight represents. While this is clear in terms of live weight and whole tissue weight,
meat weight can range greatly depending on the level of processing. Table 2 shows the
relative number of conch per kg for different levels of processing in the Jamaica fishery.
These values have changed over time, reflecting both changes in the age structure of the
exploited population and the increasing skill in processing among workers as the fishery
developed.

Table 3 gives the relationships between weight and shell size for juvenile and adult conch
from La Parguera Puerto Rico. It is clear that shell length is a excellent predictor of weight
for juveniles, but this is not the case for adults. The best predictor for adults uses a
combination of length and lip information. The reason for this is illustrated in Figure 3. After
maturation, growth in weight continues, but growth in length does not. Thus, the length-weight
relationship for adults is shifted up and from that for juveniles. Adult weight is determined both
by the size (length) at maturation and the adult age of the individual.

11



Table 2. Number (N) of individuals per kilogram (and pound) of queen conch from

Pedro Bank by degree of processing.

Processing N/kg N/b

Unprocessed 30
50% Cleaned 35
65% Cleaned 45
85% Cleaned 121 55
100% Cleaned 14.3 6.5

Table 3. For juvenile (J) and adult (A) Strombus gigas, regression equations for

meat weight (MW), wet-tissue weight(TW) and shell weight (SW) as a function of

shell length (L) and/or shell-lip thickness (LP).?

Group Regression Equation r N mean mean
y =a+b@ X y’

Meat Weight

J  Log (MW)= -2535+3.486 Log (L) 0926 94 1.838  1.254

A Log (MwW)= -1510+2.804 Log (L) 0.494 130  2.393  1.392

A Log (MwW)= 2.212+0.163 Log (LP) 0.274 131  2.394  1.117

A Log (MwW)= -1.357+2.571 Log (L) +0.135 Log (LP) 0.684 130

A Log (MW+100)= 1.797+0.232 Log (LP) 0.354 130 2101  1.117

Tissue Weight

J  Llog(TW)= -2.286+3.459 Log (L) 0.925 94 2.053 1.254

A Log(TW)= -1.444+2.928 Log (L) 0.524 130  2.632  1.392

A Log(TW)= 2.469+0.147 Log (LP) 0.214 131 2633  1.117

A Log (TW) = -1.294+2.726 Log (L) + 0.118 Log (LP) 0.659 130

A Log (TW +100) = 1.764+0.403 Log (LP) 0321 130 2121  1.117

Shell Weight

J  Log(SW)= -1.786+3517 Log (L) 0.878 94 2.626  1.254

A Log(Sw)= -0.286+2.530 Log (L) 0.347 130 3.237 1.392

A Log(SW)= 2.952+0.256 Log (LP) 0579 131  3.237 1117

A Log(Sw)= 0.013+2.129 Log (L) +0.273 Log (LP) 0.822 130

A Log (SW+1000) = 2.793+0.293 Log (LP) 0.633 130 3.720 1.117

aAll weights are in g; length is in cm and lip thickness is in mm. Nis sample size. Logs are base 10.

bFor simple regressions, mean x and y values are given to permit conversion to functional form (y = u +
vX) where v = bir and u = (mean y) -V (mean x).

12
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Figure 3. Length-weight relationships for juvenile (open circles)and adult
(closed circles) Strombus gigas from La Parguera, Puerto Rico. Regression
equations are given in Table 3. From Appeldoorn (1994a).

Appeldoorn (1988a) modeled final weight (FW) as a function of juvenile weight (= size at
maturation) and adult weight (= growth after maturation):

FW=alen +c Lipd

The estimates of a and b come from the length-weight relationship for juveniles (Table 3: note
that parameter a here is the antilog of parameter a as expressed in the table). The
parameters ¢ and d come from the following expression:

Log:FW -a Lenb) =Logi(c) + d Logy(Lip)

In practice, for young adults, the parenthetic expression on the left side of the above equation
is often less than zero, for which logarithms are undefined. To avoid this problem, a constant
can be added to all values of observed final weight prior to running any regression (e.g. 100 g
for meat or tissue weight). To obtain proper predicted weights using these equations, the
appropriate constant (e.g. 100g) should be subtracted from the antilog of the predicted value.

Once ¢ and d are known, an equation for in adult weight as a function of lip-thickness can be
developed (Table 3). Using the growth function of lip-thickness over time, adult growth in
weight can then be estimated. Because weight is a function of both size at maturation and
subsequent adult growth, these results can only be depicted graphically for a single
representative size at maturation, which in this case was the mean length of adults (24.5 cm).
Figure 4 shows the expected weight growth of 24.5-cm adults compared to observed values
for adults between 24 cm and 25 cm in length.
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Figure 4. Predicted wet meat weight (top) and wet tissue weight (bottom) of adult
Strombus gigas, averaging 245 mm in length, as a function of shell-lip thickness.
Origin of the x-axis is at the start of lip formation. Individual points represent
observed values of weight and shell-lip thickness for adult conch between 240
and 249 mm in length. From Appeldoorn (1988a).

Appeldoorn (1992a) combined growth in weight for juveniles and adults for an average size
individual (24.5 cm). Estimates of weight at age were then fitted to a Gompertz model, with
the resulting equations for meat weight (MW) and whole tissue weight (TW):
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These are depicted in Figure 5. The resulting curves, and the use of the Gompertz model in
the first place, indicate that the growth rate in weight declines much more rapidly that
expected if growth followed a more typical von Bertalanffy model. This emphasizes another
unique aspect of conch biology. As the shell thickens in older adults, there is increasingly less
space inside the shell to accommodate the animal. In fact, body size decreases significantly
in very old individuals. Theoretically, one would thus expect a disproportionally large amount
of energy to be diverted from growth to reproduction in conch.
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Figure 5. Growth in meat weight (top) and tissue weight (bottom) for Strombus
gigas of average length (24 cm) from La Paguera, Puerto Rico. Points represent
data used to determine parameters of the Gompertz function. Solid line
represents the fit of the resulting model. From Appeldoorn (1992a).

2.4 Patchiness

Conch morphology is largely controlled by habitat characteristics, operating directy or
mediated through control of growth rate. Factors such as depth, substrate type, food quality
and quantity, and density are known to affect growth and morphology. For example, Alcolado
(1976) found that with increasing depth conch were characterized by longer but fewer spines,
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slower growth in length but a wider shell (i.e., tighter coiling of the shell), and a thicker shell.
The result of this plasticity is great spatial variability in terms of growth rate, length-weight
relationships, mortality, and maturation. As an example, Figure 6 shows the relationship
between growth rate and size and age at maturation. Populations characterized by rapid
growth tend both to reach a larger size before maturation and to mature at an earlier age.
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Figure 6. Relationships between the final average shell length (L) and the mean
growth rate (T) (long dashed line) and the age at maturation () (short dashed
line) for Strombus gigas from 9 locations in Cuba. The line crossing vertically in
6 gives the probable range of T and t; for that location. In the equation, T¥ = 9.7,
K =0.208 and L, = 14.39. From Alcolado (1976).

Because of these differences, growth and mortality functions developed for one specific area
are not likely to be representative of conch over a broad area. Table 4 and Figure 7 show the
reported values of von Bertalanffy growth parameters for shell length. The variability among
parameter estimates is great and is a result of variable application of different methodologies
as well as the effects of spatial variability in growth and morphology. This spatial variability
makes typical dynamic-pool models, such as yield-per-recruit, difficult to apply even if an
appropriate growth function could be developed. However, such models are useful in a
heuristic sense, to explore the possible effects of potential management measures. In the
particular case of juvenile growth, variability in growth parameters may not be critical as long
as the function can predict juvenile size at age (Figure 8). Different growth parameters may fit
data equally well because of the negative correlation among k and Ly, and the fact that Ly, is
an extrapolation well beyond the length at maturation.
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Table 4. Estimates of von Bertalanffy parameters for queen conch for growth in

shell length.

Location Ly k t-zero  Phi’ Source

San Andres & Providencia 329.4 0.720 1.536 Garcia 1991

Providencia & Santa Catalina 375.0 0.250 1.114 Marquez 1993

San Bernardo, Columbia 365.0 0.290 1.171 in Gallo et al. 1996

San Andres & Providencia 350.0 0.270 1.127 Gallo et al. 1996

Boca Chica, Belize 268.0 0.223 -0.050 0.967 Strasdine 1988

Tres Cocos, Belize 332.0 0.207 -0.330 0.997 Strasdine 1988

Water Caye, Belize 269.0 0.209 0.940 Strasdine 1988

Quintana Roo, Mexico 341.7 0.580 Valle-Esquivel 1998

Pedro Bank, Jamaica 221.0 0.580 0.155 Tewfik 1996

Cabo Cruz, Zone A, Cuba 383.4 0.330 -0.050 1.241 Alcolado 1976

Cabo Cruz, Zone B, Cuba 380.6 0.287 -0.120 1.178 Alcolado 1976

Diego Perez, Zone A, Cuba 232.7 0.429 -0.090 1.210 Alcolado 1976

Diego Perez, Zone B, Cuba 207.6 0.442 -0.090 1.190 Alcolado 1976

Cayo Anclitas, Cuba 259.8 0.571 0.090 1.366 Alcolado 1976

Rada Inst. Oceanol., Cuba 334.0 0.360 0.130 1.239 Alcolado 1976

Berry Islands, Bahamas 300.0 0.200 -0.650 0.952 Iversenetal.1987

Six Hill Cay, Turks & Caicos 256.0 0.563 -0.160 1.356 in Appeldoorn etal.
1987

La Parguera, Puerto Rico, tagging 460.0 0.250 0.244 1.173 Appeldoorn 1990

La Parguera, Puerto Rico. LFA 340.0 0.437 0.462 1.328 Appeldoorn 1990

St. John, USVI 260.4 0.516 1.323 Berg 1976

St. Croix, USVI 241.7 0.420 1.212 Berg 1976

St. Kitts 331.9 0.347 1.221 Buckland 1989

Martinique, tagging 338.6 0.388 Rathier & Battaglya
1994

Martinique, LFA 339.0 0.392 Rathier & Battaglya

1994
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Figure 7. Log-log plot of the von Bertalanffy parameters for juvenile shell growth
of Strombus gigas. Values and literature sources are given in Table 4.
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Figure 8. Length at age and von Bertalanffy growth curves for juvenileStrombus
gigas from Puerto Rico. A: growth curve derived from growth-increment data, B:
growth curve derived from age-length data. From Appeldoorn (1990).
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Figure 9. Length distributions of adult Strombus gigas from different areas of
Puerto Rico. Numbers at bottom = sample size, Circles = mean, Lines =range,
dashes =+ 1 standard deviation. From Appeldoorn (1994a).

Figure 9 illustrates the potential variability in length among adult conch from different sites.
The range of sizes in the areas characterized by small conch shows little overlap with those
from areas characterized by large conch. Appeldoorn (1994a) showed that the length-weight
relationships for different populations could vary significantly. Nevertheless, he was able to
show that a general function could be used to predict meat weight among populations
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differing significantly in mean length, by using both length and lip information. This implies
that the combination of length and lip measurements could be used as a metric for assessing
population structure and stock status from samples taken over a broad area containing
populations differing in morphology and siz at maturation.

2.5 Natural Mortality

Conch have a maximum longevity of 20 to 30 years (Berg and Glazer, pers. comm., in
Appeldoorn 1994a). Mortality is thought to be very low in conch once they have matured and
thickened the shell. However, no direct estimates of natural mortality have been made for old
conch. In fact, no estimate has been made for conch greater than 4.25 yr (M=0.52),
representing only the first 20-25% of the potential life span (Appeldoorn 1988a).

Estimates of mortality on juveniles have shown that mortality decreases significantly with
increasing size (Appeldoorn 1988b, Ray et al. 1994). Appeldoorn (1988b) derived a
relationship between natural mortality (M) and age (Fig. 10). This was further modified by (1)
omitting the data point representing the youngest juveniles (representing a stage prior to
becoming epibenthic and potentially available to the fishery), (2) adding the one estimate for
adult mortality, and (3) fitting the relationship with the inverse model of Caddy. The latter was
chosen because the extrapolated survival rates for old individuals were more consistent with
the known life span of conch. The final form of the equation is

M =-0.242 + 4.330/t

where t is age. Calculation of the mean value of M between any two ages can then be
determined by the following equation:

Mren=  4.3301n (bft;) - 0.242
(-ty)

However, this model yields negative values of M at older ages. It is therefore recommended
mortality be restricted to a minimum of M = 0.1, i.e. the Caddy model is used until M declines
to 0.1, then M remains constant as age increases.

Despite the general relationship between size/age and mortality, actual mortality can vary
widely due to season, habitat, and other factors (Stoner and Glazer, 1998). Thus, the
estimation of natural mortality remains problematic and is the most limiting factor in
attempting to model population dynamics.

An approximation of natural mortality can be obtained from the empirical equation of (Hoenig
1983), which predicts total mortality (Z) from the maximum age in the population (tyg). For
mollusks, his equation is as follows:

Ln(Z) = 1.23- 0.832 LN(ta) *-0.78

In the absence of fishing, Z equals M, and the maximum age in the population should
approach the maximum longevity for the species. Thus, for a longevity of 20 to 30 years, the
estimates of Z = M are 0.28 and 0.20, respectively. This equation assumes that mortality is
constant over the life span, which is not the case for conch. Because the adult stage covers
the vast majority of the maximum life span, the resulting estimation of M more closely
corresponds to the expected mortality for adult conch, and specifically would not be
applicable for juveniles.
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Figure 10. Log-og (A) and back-transformed (B) regression of instantaneous
mortality (M) against age in Strombus gigas. From Appeldoorn (1988b).

2.6 Reproduction and Recruitment

2.6.1 Maturation

Conch begin to mature when the flared lip starts to form. The mean age and size at which this
occurs among areas is a function of growth rate (Figure 6). Table 5 shows estimates of size at
maturation for various areas within the region.

Table 5. Reported age when growth in length of queen conch ceases and the
flaredip begins to form.

Location Age (yr) Source

St. John USVI 3 Berg 1976

St. Kitts/Nevis 23-28 Wilkinset al. 1987

St. Kitts 4 Buckland 1989

Bermuda 4  Wefer & Killingley 1980

Puerto Rico 36 Appeldoorn 1988a

Cuba 34 Alcolado 1976

Belize 354 Calculated from Strasdine 1984
Turks & Caicos Islands 28 Hesse 1976

The proportion mature (both sexes) was modeled against shell lip-thickness (LT) for conch in
Puerto Rico:

Proportion Mature = 1-¢ " 19

This relationship is shown in Figure 11. The figure shows that no conch were mature until the
lip reached a thickness of 4 mm, that 50% maturation was reached at a lip thickness of 7 mm,
and that 100% maturation did not occur until on year after lip formation. This agrees with
Egan (1985) who found no ripe gonads in conch with lips less that 5 mm. Chiquillo et al.
(1996) reported that 18.5% of adults with lip-thickness greater than 5 mm were still immature,
while Buckland (1989) reported that gonads of significantly greater cross-section occurred in
conch with lips that were “thick, eroded, bulged”.

The above relationship can be converted to an age function using the relationship between lip
thickness and adult age (T) from Appeldoorn (1988a):

LT(mm) =54.9 (1 —e "7

where adult age is the time since the formation of the flared shell lip. In Puerto Rico, this age
must be added to 3.2 yr to obtain total age.
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Figure 11. Percent full maturation as a function of lip-thickness for Strombus
gigas off La Parguera, Puerto Rico. All individuals had a fully flared shell lip.

2.6.2 Spawning Season

The spawning season for queen conch is broad (Table 6) and can be variable depending on
temperature, turbulence (winter storms) and perhaps density. Egan (1985) reported that
gametogenesis occurred year round in Belize, but he did not document actual spawning
activity, which may have been more limited. Despite the long duration of the season,
production peaks over a narrower time period of approximately three-months, typically from

July to September (Figure 12).

Table 6. Observations of spawning season for the queen conch, Strombus gigas.

Location Spawning Season Source

Jamaica Pre-July - late Nov Sally 1986

Florida late May — Sept D’Asaro 1965

Bahamas April — Oct Stoner et al. 1992

Turks & Caicos mid-March - mid-Nov Davis & Hesse 1983
Puerto Rico mid-May - mid-Nov in Appeldoorn et al. 1987
St. John, USVI Feb-March - Nov-Dec Randall 1964

St. Kitts/Nevis late-April -late Sept Buckland 1989
Venezuela early July - mid-Nov. Brownell 1977
Venezuela late April - late-Nov. Weil & Laughlin 1984
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Figure 12. Mean monthly variations in density of Strombus gigas egg masses
and water temperature in Los Roques, Venezuela. From Weil and Laughlin (1984).

2.6.3 Egg Deposition and Fecundity

Queen conch females produce demersal eggs, generally in areas of clean sand with low
organic content. Females take 24-36 hours to lay a complete egg mass (Randall 1964,
D’'Asaro 1965). Females will repeatedly deposit egg masses over the course of the spawning
season. The number of eggs/egg mass is variable and ranges for 300000 to 1.5 million.
Factors affecting this include temperature and other weather conditions, food availability and
condition of the individual, genotype make-up, the frequency of egg mass deposition, and any
other factor that may disrupt egg deposition (Appeldoorn, 1993).

The effect of food availability and genotype were demonstrated by Appeldoorn (1993), who
followed individual reproductive activity over an entire spawning season in conch kept in
enclosures at densities of 1/5 m® and 1/70 m°. There was noticeable food limitation at the
higher density despite supplemental feeding. Females in the high-density treatment spawned
an average of 6.7 egg masses containing 500000 eggs for a total fecundity of 3.36 million
eggs. The average rate of egg mass formation and size of egg mass are comparable to those
reported from conch enclosed in an egg farm at similar densities in the Turks and Caicos
Islands (Davis and Hesse 1983; Davis et al. 1984). Females in the low-density treatment
spawned an average of 13.6 egg masses containing 750000 eggs for a total fecundity 10.2
million eggs. Maximum rates observed were 25 egg masses, a single egg mass of 1.5 million
eggs, and a total fecundity of 22 million. Much individual variability occurred. For example, all

the above maxima were recorded for a single female, which was also the first and last to
spawn over the season.

In the same study, a significant relationship was found between age (from lip-thickness) and
total fecundity for conch in the low-density treatment:

Log;o(Fecundity) = 4.157 + 2.012 Log;o (Age) = 0.672; N=10

A similar relationship was found for the high-density treatment, although with a lower
intercept, but the result was not statistically significant, primarily due to a smaller sample size
and narrower range of ages. The results indicate that fecundity increases with the square of
age. However, this relationship cannot be extended into older ages where lip (and weight)
growth ceases. In partial support of the above, Buckland (1989) found no relationship

22



between number of eggs/egg mass and shell length, but found a weak linear relationship with
total shell weight (SW) in grams:

Number of eggs/ egg mass = 0.83 + 2.31 (SW) ¥ =0.26

Given evidence of a relationship between fecundity and age, Appeldoorn (1993) developed
another approach to develop an age-fecundity relationship. For this, it was assumed that
fecundity was proportional to wet tissue weight. Under this assumption, it was possible to use
as a guide the Gompertz function predicting weight from age for the average adult in the La
Parguera population. The upper portion of this function approximates a decreasing
exponential, such that, in terms of fecundity, the following equation was developed:

E¢= EITBX(]- _ e-K(t-3.2) )'

where E is fecundity at age t, B« is the average maximum fecundity for an individual, K is
the instantaneous growth constant, and 3.2 is the age (years) at the onset of maturation.
From the tissue growth equation it was determined that 95% of the adult growth occurs by
age 6, or 2.8 years after the onset of maturation. The parameter K was thus estimated from
tes = 3/K, or K = 1.07. Estimation of is more problematic as in the experiment this was clearly
affected by the density treatments, and older females were not well represented. Estimation
of Emax, however, is not necessary for assessments based on spawning potential ratio (SPR);
because SPR is a ratio, maximum fecundity, as a constant, can be set equal to 1. This model
is still limited to those ages for which tissue weight increases. The relationship between
fecundity and age cannot yet be determined for very old conch in which meat weight is known
to decrease.

2.6.4 Copulation, Stock Density and Reproductive Output

Males transfer sperm to females through copulation, whereby the verge is extended under the
shell of the female and into the genital region. Males and females copulate many times during
the spawning season and copulate with multiple partners. Females can store eggs for several
weeks prior to spawning (D’Asaro 1965). Since many males can copulate with one female,
sperm from several males can fertilize a single egg mass (Steiner and Siddall, pers. comm).
Because physical contact with females is necessary for copulation and hence egg production,
and because conch are slow moving, the maintenance of populations at high density is
necessary for successful reproduction. At low densities, reproductive opportunities are lost to
the time searching for mates.

The importance of maintaining stock density was further argued by Appeldoorn (1995a), who
hypothesized that the cycle of repeated egg-laying and copulation stimulated reproductive
productivity such that a positive feedback relationship forms. Support for parts of this
hypothesis were observed in other species (Appeldoorn 1995a) and from reproductive
experiments (Appeldoorn, unpublished data). Under this hypothesis, maintaining stock
density is important in maintaining the positive feedback relationship that enhances
reproductive output. If density falls (as abundance falls) this relationship breaks down and
overall reproductive output will decline at an increasing rate.

The potential result of these two relationships to stock density is illustrated in the alternative
stock-recruitment relationships shown in Figure 13. Curve A represents a typical expected
stock-recruitment relationship. Curve B shows what might be expected if reproductive output
is dependent upon stock density, and not just stock abundance. Here, there is a threshold
abundance below which recruitment declines rapidly, such that recruitment failure can occur
at stock sizes significantly above zero. In support of this, Stoner (199) found in the Exuma
Cays Land and Sea Park, that reproductive activity (% conch egg laying) decline noticeably
when density fell below 50 conch ha™ While measured density is a function of both area
surveyed relative to appropriate habitat and stock abundance, it is clear that many areas
within the region have low stock densities (Table 7).
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on acurve down to the replacement line represents surplus recruitment. Sa and
Sg are the respective points of maximum surplus recruitment for the two curves.
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Table 7. Average densities of Strombus gigas determined by resource surveys.

Location (No./ha) Source
Belize
Sublegal (< 15 cm) 14.3 Appeldoorn & Rolke 1996
Legal ¢ 15cm) 149 Appeldoorn & Rolke 1996
Mexico
Cozumel (1989) 89.0 Martinez Vasquez 1995
Cozumel (1995, after 830.0 Martinez Vasquez 1995
closure)
Pedro Bank (1995)
Artisanal Zone (0-10 m) 89.09 Appeldoorn 1995b
Industrial Zone (10-20 m) 14446 Appeldoorn 1995b
20-30m 276.97 Appeldoorn 1995b
U.S. Virgin Islands
St. Croix (1981) 7.60 Wood & Olsen 1983
St. Thomas/St. John (1981) 9.70 Friedlander et al. 1994
St. Thomas/St. John (1990) 12.25 Friedlander et al. 1994
Puerto Rico
Southwest (1985/86) 8.11 Torres Rosado 1987
West (1995) 4.19 Mateo et al. 1998
East (1996) 7.20 Mateo et al. 1998
Little Bahama Bank
1983/83 28.50 Smith & Neirop 1984
Great Bahama Bank
Unprotected Bank 20.79 Smith & Neirop 1984
(1983/83)
Proeected Bank (1991/94) 53.6 Stoner & Ray 1996
Protected Shelf (1991/94) 96.0 Stoner & Ray 1996
FloridaKeys
1987-88 24 Berg & Glazer 1995
1990 1.54 Berg & Glazer 1995
Bermuda
1988 0.52 Berg et al. 1992a
1989 2.94 Berg etal 1992b

2.7 Larval Dispersal and Recruitment

The demersal eggs of queen conch hatch in approximately 5 days, releasing planktonic
veliger larvae. The exact length of larval life is not well known, although larvae can be aged
using daily rings deposited in statoliths (Grana-Raffucci and Appeldoorn 1997). From
mariculture an expected larval life is 2 — 3 weeks, while Davis et al. (1996) recorded a larval
period of 14 days for larvae reared in field enclosures with natural assemblages of
phytoplanktonic food. The maximum age of &rvae sustained in culture is 60 days (D'Asaro
1965). Observations by Posada and Appeldoorn (1994) and by Stoner and Davis (1997)
indicate that the average extent of larval dispersal is in the range of 10's to 100's km.
However, conch larvae have been found in the middle of the Eastern Caribbean (Posada and
Appeldoorn 1994) and in the North Atlantic Drift (extension of the Gulf Stream) (Sheltema,
pers. comm.), indicating that some long-distance dispersal is possible. Despite this potential,
it is likely that dispersal is limited within sub-regions, and therefore populations within different
countries should be managed as separate stocks.

Recruitment of conch into shallow-water nursery areas has been found to be directly
proportional to the density of late-stage larvae sampled over nursery areas the year before
(Stoner et al. 1996). However, the relationship differs among areas (Figure 14). Nevertheless,
these results clearly point to the necessity of maintaining egg and larval production if
recruitment is also to be maintained.

25



y=2433x+ 155 ;! y = B.45x + 0.34 v
15 r=0.759 ’ r=0.881 ;

No. Juvanila Conch {x 1000)

a 01 02 03 04 05 06 0 01 02 03 04 05 06

Compstant Veligers (0. f 100 l'|'l,}

Figure 14. Relationship between the mean density of late-stage queen conch
larvae at a nursery ground and the size of the benthic juvenile population in the
subsequent year. The relationships are shown for nurseries in the Exuma Cays,
Bahamas and Florida Keys. Circles represent the larval collections for 1992 and
juvenile surveys in 1993. Triangles represent larvae in 1993 and Juveniles in
1994. Linear regressions and 95% confidence intervals are shown. From Stoner
et al. (1996).

2.8 Discussion

The primary stumbling block in developing quantitative stock assessments of queen conch is
the absence of a reliable method for ageing individuals. Size-based methods are useful
during approximately the first seven years of life, although their gplication is difficult due to
the split pattern of growth, and limited in extent due to significant patchiness in shell growth
and morphology. The degree of general shell erosion is a further indicator of age, but it lacks
accuracy and precision. As such, assessments can only be reliable for younger conch, whose
rates of shell and meat growth are rapid enough to indicate approximate age.

The most important process in understanding the potential productivity of queen conch, as
with most other species, is a firm understanding and quantification of natural mortality. With
one exception, all estimates of natural mortality are for juvenile stages, yet it is known that
conch have an extended longevity. Thus, most of the life history has not been studied with
respect to natural mortality, although the potential longevity of conch argues that natural
mortality must be very low in older conch. To date, there have been two studies that have
summarized mortality information. Appeldoorn (1988b) used data from juveniles to show that
M declines significantly during the first few years. More recently Stoner and Glazer (1998)
used similar data to show that short-term variability in M can be high. However, neither study
was specifically designed to determine the mean level of M, even among juveniles. Both
studies dealt with variations in M, for which systematic errors in estimation would be less
problematic. What is needed are more studies, involving both juveniles and adults. These
studies need to be of sufficiently long duration to factor out short-term variability.

The general biology of older conch remains enigmatic, yet because of assumed low mortality
this period may be potentially important. The decline in meat and tissue weight in older, thick-
shelled conch has not been quantified. There are several ramifications to this decline. Where
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meat weights are the metric available for assessment and old conch are abundant (e.g. Pedro
Bank, Jamaica), very old conch may be indistinguishable from young conch; also, a
significant decline in meat weight would result in an overestimation of potential yield.
Furthermore, the reproductive potential of these older conch is unknown. Is fecundity related
to biomass (typically the case in fishes) or is there an increase in spawning frequency and
total fecundity as tissue weight ceases to grow or even decline? If the latter is true, then older
conch would represent a disproportionally important component of the spawning stock.

Although the potential for long-distance dispersal of conch larvae is evident, it is more
probable that populations are self-recruiting on a sub-egional basis. However, the scale of
this is unknown, and the determination of stock structure may be critical for some important
fisheries. Two examples are Pedro Bank (Jamaica) and Belize. Pedro Bank sits in the central
axis of the Caribbean Current and appears to have limited upstream sources for recruitment
(see Roberts 1997). The fishery behind the Belizean barrier reef is based on the harvest of
juveniles, with too few adults to support observed recruitment (Appeldoorn and Rolke 1996).
Thus determining the location of, and conserving the spawning stock for this fishery is critical.

The current difficulties in quantifying stock status in queen conch preclude the use of many
otherwise standard approaches (e.g. yieldper-recruit) in anything other than a heuristic
sense. Nevertheless, where applicable, such exercises offer valuable insight on the potential
response of conch populations to exploitation. Alternatively, there are a number of
management measures that may be undertaken to conserve stocks and maintain production
in the absence of target production reference points. These would include seasonal closures
during periods of peak spawning (when conch are most vulnerable to fishing), prohibiting the
capture of juveniles or thinlipped (> 5 mm) adults, and protecting juvenile nursery areas from
environmental degradation. Most importantly, the biology of conch suggests that a critical
fishery management tool is the establishment of networks of marine reserves. While marine
reserves offer a variety of specific benefits to both fisheries management and production
extending beyond single species (Ballantine 1997, Bohnsack 1998), their specific use for the
management of conch is further warranted by the following considerations: (1) the uncertainty
in, but likely local stock structure, (2) the importance of maintaining the continuity of
abundance in nursery areas, (3) the importance of maintaining spawning stocks at high
density, (4) the potential reproductive importance of older conch, and (5) the small-scale
spatial patchiness of conch morphology and growth, which renders stock-wide assessments
and some management measures (e.g. minimum length) problematic. While stock
assessments can result in more effective and flexible manag