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ABSTRACT
The queen conch (Aliger gigas) is a culturally and economically important molluskan fishery 
resource in the Caribbean region showing increasing signs of over harvest. Shallow-water 
distribution and large size facilitate capture, and internal fertilization and density-dependent 
reproduction make managing for reproductive biology critical to stock rehabilitation. In fact, 
the natural lifetime fecundity of conch is very high but most fisheries in the region harvest 
conch before even a small fraction of that reproductive potential can be attained. The goal of 
this review is to provide an up-to-date synthesis of the vast research literature on queen conch 
biology (spanning >60 years) and to discuss how knowledge of reproduction in conch can help 
to guide field surveys, fishery management decisions, and stock recovery projects. The review 
covers the subjects of anatomy, maturation and fecundity as they relate to conch age and size, 
reproductive behavior including migrations, seasonality, mating, and egg-laying, and the 
influences of both environmental and demographic variables on reproductive potential. Successes 
and failures under different forms of management practice are discussed as they relate to 
reproductive biology and recommendations are made for future research and fishery management 
alternatives. Successful management will require multiple regulatory approaches.

Nature has danger in store

for conchs, who die by the score.

But some will survive

and make it alive

to copulate and create more.

Richard Appeldoorn (1987)

1.  Introduction

1.1.  The need for synthesis

The queen conch Aliger gigas1
1 (formerly Strombus 

gigas) is a large gastropod, one of the most valuable 

1The taxonomy of Atlantic conch species has been the subject of 
much discussion in recent years (Simone 2005; Latiolais et  al. 2006; 
Landau et  al. 2008; Maxwell et  al. 2020), and recent revisions led to 
the genus names Eustrombus, Lobatus, and Aliger for queen conch. 
While Strombus gigas was the accepted name for queen conch for 
many decades and in the vast literature on the species, the most 
recent recommendation is Aliger gigas.

fishery resource species in the Greater Caribbean 
region (Theile 2001, 2005; Aiken et  al. 2006; Prada 
et  al. 2017). Data from Pauly et  al. (2020) indicate 
that about 7800 mt of white meats are landed per 
year, primarily in The Bahamas, Honduras, Nicaragua, 
Belize, Turks and Caicos Islands, and Jamaica 
(Karnauskas et  al. US National Oceanic and 
Atmospheric Administration, unpubl. report). The 
queen conch is the quintessential symbol of the 
Caribbean and is so important in The Bahamas and 
the Turks and Caicos Islands that its shell sits atop 
the coat of arms for both of these nations. The Florida 
Keys, where collection of conch has been banned 
entirely since 1986, are fondly referred to as the 
“Conch Republic” because of the once important fish-
ery. Queen conch are (or once were) an important 
food and shell source in most of the 30 plus nations 
reaching from Venezuela through the Caribbean Sea 
and Mesoamerica to Florida and Bermuda.

Unfortunately, queen conch are highly vulnerable 
to overfishing because they occur primarily in shallow 
bank and coastal environments (<30 m depth) 
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accessible to diving fishers, they are large and 
slow-moving, and require relatively high densities for 
mating (Stoner and Ray-Culp 2000) (see Sec. 6.2). 
Harvested queen conch are usually left in large piles 
of empty shells (middens) on the shorelines of fishing 
areas (Figure 1). Surveys, stock assessments, and land-
ings data show that populations of queen conch have 
declined significantly in many of the Caribbean 
nations and adult densities are often below levels 
required for reproduction (Tewfik and Guzmán 2003; 
Acosta 2006; Aiken et  al. 2006; Appeldoorn and Baker 
2013; de Jesús-Navarrete and Valencia-Hernández 
2013; Marco et  al. 2021). Some of the most recent 
studies show that size- and age-related structures of 
the populations are shifting, even in areas protected 
from fishing (Stoner et  al. 2018; Tewfik et  al. 2019). 
In many locations, fishers are traveling farther from 
home and are transitioning from free-diving to scuba 
and surface-supply air to maintain a satisfactory 
income from conch fishing. Poaching in foreign waters 
has increased, and there is abundant evidence of 
increasing proportions of juveniles and other illegal 
classes of conch in the catches (Ruttenberg et  al. 2018; 
Stoner et  al. 2018; Higgs 2021).

Ever increasing evidence for overfishing since the 
1970s has led to various forms of restrictions on 
queen conch fishing including total closures in some 
places (Theile 2001; Appeldoorn and Baker 2013). 
The queen conch was listed in Appendix II of the 
Convention on International Trade in Endangered 

Species (CITES) in 1992 (Daves and Fields 2006; 
Ehrhardt and Valle-Esquivel 2008), meaning that the 
species was not in immediate danger of extinction 
at that time but was threatened by international trade 
if not carefully controlled. Signatory nations to CITES 
are required to verify that their fishery does not 
threaten local populations and that export quotas are 
established toward the goal of sustainability. The 
United States National Oceanic and Atmospheric 
Association (NOAA) declined to list queen conch 
under the United States Endangered Species Act in 
2014, but given evidence for continuing depletion of 
conch in some of the major conch-producing coun-
tries both CITES and NOAA are reconsidering earlier 
decisions regarding sanctions and protection of the 
queen conch resource. A decision on threatened spe-
cies status is expected from NOAA in 2021.

Various fishery management measures have been 
taken, and the most recent summary of regulations 
by individual nation are provided by Appeldoorn 
and Baker (2013) and Prada et  al. (2017). Briefly, 
among the 30 nations for which they provide infor-
mation, 14 have closed areas of some form ranging 
from small to large protected areas, and 15 have a 
season closed to conch fishing ranging 2 to 6 months 
in length. Complete moratoria on queen conch fish-
ing have been imposed for at least a few years in 
numerous nations including Aruba, Cuba, Belize, 
Honduras, Jamaica, Panama, and Venezuela. 
Minimum size limits have been instituted in 20 
nations ranging from 17.8 to 22.9 cm shell length 
(7–9 inches), and 12 nations require a minimum 
thickness for the flared shell lip (5–10 mm). Fishing 
queen conch with scuba equipment is prohibited in 
10 nations, some have legal depth limits for conch 
fishing, and various catch and export quotas have 
been imposed. Other regulations include required 
training and licensing for conch harvest. These con-
trol measures are discussed in Sec. 7 with respect 
to how queen conch reproductive biology can guide 
wise management strategies.

Efforts toward rehabilitating overfished and heavily 
depleted conch populations will need to be based 
upon managing for the high reproductive potential 
of natural stocks.2

2 The literature on queen conch 
reproduction is spread over more than 60 years, 

2There is a long history of efforts to rear conch juveniles in hatcheries 
(Davis 2000a; Davis and Cassar 2020) and stock enhancement is 
technically feasible, but to date there have been no successful 
demonstrations of restoration via release of cultured juveniles and 
the economic viability for contributing to a sustainable fishery is 
doubtful at the present time (see Stoner 2019) (Sec. 7.3.7).

Figure 1. A typical midden of queen conch shells in the 
Bahamas. Most of the shells in the photo have a flared shell 
lip and were legal for harvest although many, if not most, 
were too young to be sexually mature. the majority of shells 
in this midden are weathered, have lost most of their color, 
and represent catches made at least 10 years before the pho-
tograph was taken. (courtesy of community conch).
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beginning with observations by Robertson (1959) and 
Randall (1964) in the U.S. Virgin Islands and D’Asaro 
(1965) in the Florida Keys. The research has advanced 
to detailed studies of fecundity (Davis et  al. 1984; 
Appeldoorn 2020), maturation schedules (Egan 1985; 
Stoner et  al. 2012c; Boman et  al. 2018), and both 
observations (Stoner and Ray-Culp 2000; Stoner et  al. 
2012a) and experiments on density dependence 
(Appeldoorn 1993, 2020; Gascoigne and Lipcius 2004). 
The purpose of this review is to assemble the litera-
ture on reproductive biology under one cover and 
provide synthesis to help inform monitoring and 
population-modeling efforts, and to guide the appli-
cation of various fisheries management tools aimed 
at conserving natural stocks and rebuilding depleted 
populations. Also, this synthesis should be useful to 
those interested in theoretical questions related to 
mating biology, reproductive potential, and population 
dynamics because the queen conch is a convenient 
model species for such endeavors.

1.2.  General life history and ecology of queen 
conch

The general life history of queen conch has been well 
covered by others (Randall, 1964; Brownell and Stevely 
1981; Berg and Olsen 1989; Davis 2005; Appeldoorn 
and Baker 2013), so a brief synopsis is provided here. 
The queen conch is one of the largest mollusks in 
the Caribbean region, with adults attaining a maxi-
mum shell length near 30 cm in some locations. Shell 
dimensions and form, however, vary widely with both 
geography and habitat. For example, in some fishing 
grounds in Puerto Rico and The Bahamas average 
size can be <20 cm (Appeldoorn et  al., 2017; Stoner 
et  al. 2018). Alcolado (1976) found that faster growing 
conch not only reach larger lengths, but they reach 
the stage of lip formation earlier than slow growing 
conch. Subsequent transplant experiments showed that 
shell form, size, and spination patterns are all directly 
dependent upon growth rate (Martín-Mora et  al. 
1995). In at least some locations, female queen conch 
may grow slightly faster and larger than males (Randall 
1964; Alcolado 1976; Appeldoorn 1994; Tewfik 
et  al. 2019).

Queen conch are gonochoristic, maturity typically 
occurs in 4–5 years, and sex ratio is generally 1:1 
(Randall 1964; Weil and Laughlin 1984). The species 
has internal fertilization, so mate-finding is an espe-
cially critical aspect of conch reproductive biology 
(Stoner and Ray-Culp 2000; Appeldoorn 2020). 
Females normally lay several to many benthic egg 
masses (Figure 2) in the warmest months of the year 

with as many as 750,000 eggs per mass (Davis et  al. 
1984; Appeldoorn 2020). The result is high fecundity, 
particularly if individuals attain a maximum length 
of life which might reach 26 (Coulston et  al. 1987) 
or even 40 years (Berg et  al. 1992b).

Larval development and behavior are relatively well 
known for queen conch because of the long history 
of laboratory and hatchery culture (Davis 2000a; Davis 
and Cassar 2020). The eggs of queen conch hatch 
from the benthic egg masses after 3–4 days, producing 
pelagic larvae (veligers) with an initial shell diameter 
of ∼0.2 mm. The larvae remain near the surface of 
the water column for 2–4 weeks, and become compe-
tent to settle and metamorphose to demersal life at 
∼1.2 mm shell diameter (Davis et  al. 1993; Barile et  al. 
1994). The late-stage larvae have the ability to select 
settlement habitats, most likely related to the avail-
ability of appropriate food items (Davis and Stoner 
1994). Insights into the geographic connectivity of 
queen conch populations via pelagic larvae (beyond 
the scope of this review) have been gained through 
recent biophysical models (Paris et  al. 2008; Kough 
et  al. 2019) and studies of molecular genetics 
(Machkour-M’Rabet et  al. 2017; Truelove et  al. 2017; 
Kitson-Walters et  al. 2018; Blythe-Mallett et  al. 2021; 
Douglas et  al. 2021).

The benthic stages of queen conch are herbivorous 
and found primarily in shallow water where microal-
gae in the sediment and on biotic surfaces are abun-
dant for early post-settlement juveniles; macroalgae, 
epiphytes, and seagrass detritus are the primary diets 
of larger juveniles and adults (Randall 1964; Stoner 
and Waite 1991; Glazer and Kidney 2004; Boman 

Figure 2. Female queen conch laying an egg mass. the photo 
shows the typical coarse-sand habitat where mating and 
egg-laying behavior occur. A fully formed egg mass takes 
24–36 hours to be laid. (Photo courtesy of community conch).
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et  al. 2019). Juvenile conch can be abundant in nurs-
ery grounds of the Caribbean region, and experimen-
tal and descriptive studies have shown that queen 
conch can serve important ecological roles in shallow 
benthic systems both as consumers (Stoner et  al. 1995; 
Tewfik 2014), and as prey to myriad predators 
(Randall 1964; Jory and Iversen 1983; Ray-Culp et  al. 
1997). It is clear, therefore, that fishery extractions of 
conch can undermine food web dynamics and patterns 
of biodiversity.

While queen conch tend to be most abundant in 
depths <25–30 m (Brownell and Stevely 1981; 
Buckland 1989; Stoner and Schwarte 1994, Mateo 
et  al. 1998) they have been observed in depths as 
great as 40 m in Cuba (Alcolado 1976) and the US 
Virgin Islands (Coulston et  al. 1987), and where mac-
roalgae are present in specific mesophotic locations 
to 60 m depth in Puerto Rico (García-Sais et  al. 2012; 
Appeldoorn, pers. observ.). Stoner (2003) reviewed 
the mechanisms of nursery ground distribution in The 
Bahamas, notably in meadows of seagrass (Figure 3).  
Increased breadth of habitat association occurs by 
the third year of demersal life and large conch are 
found in a wide range of seagrass, hard-bottom and 
back-reef environments so long as foods are available 
and wave action is not too great. With increasing 
age and size at least part of the population moves to 
deeper water (Randall 1964; Stoner 2003; Tewfik et  al. 
2019). Adults and larger juveniles are capable of mov-
ing 10’s of meters per day, with movement probably 
dependent upon the quality and quantity of foods 
(Clifton et  al. 1970; Glazer and Kidney 2004; Doerr 
and Hill 2013; Dujon et  al. 2019).

2.  Anatomy, sexual maturity, and gonad 
development

2.1.  Anatomy

The anatomy of queen conch is well known, with 
good drawings of the major structures provided by 
Little (1965). For the most detailed descriptions, the 
reader should refer to Reed (1995a, 1995b) for excel-
lent diagrams of reproductive structures, histological 
analyses, and discussion of the processes through 
which sperm transfer, sperm storage, ovulation, fer-
tilization and egg laying occur.

Male queen conch are easily identified by the presence 
of a penis (verge) which extends several centimeters from 
the right side of the foot in a mature individual (Figure 
4). The internal anatomy includes a single testis at the 
terminal end of the soft tissue, deep in the innermost 
whorls of the shell and lying next to the digestive gland 
(Reed 1995a). The testis is white in juveniles, progressing 
through a cream color in maturing individuals to bright 
orange when the testis is producing sperm. Seminiferous 
tubules in the testis converge to form a single duct that 
extends through the prostate gland. Sperm move through 
the sperm groove on the right side of the foot to the 
verge. The verge is spade shaped on the end and can 
extend several times the relaxed length for copulation, 
which can last several hours and up to 24 hours (Reed 
1995a, 1995b).

Two kinds of sperm cells are produced by male 
queen conch, as is the case for most mesogastropods 
(D’Asaro 1965; Egan 1985). The consensus is that 
eupyrene sperm carry the male genetic material while 
the apyrene forms probably assist in transport of 
eupyrene sperm in the genital ducts and break down 
to release polysaccharides that nourish the eupyrene 
sperm. The nutritional role of the apyrene sperm may 
be especially important given that the female queen 
conch can continue to spawn for several weeks after 
copulation (D’Asaro 1965; Weil and Laughlin 1984).

The ovary of a female queen conch is found next 
to the digestive gland at the extreme end of the soft 
body tissue (Figure 5). The ovary is white when 
immature, enlarges greatly with maturity, and becomes 
cream colored with reproductive readiness. During 
copulation, sperm are received at the bursa copulatrix 
where the male verge can be held securely (Reed 
1995b). Sperm are then transported to the receptac-
ulum seminus where up to 5 ml of semen can be 
stored. Eggs move from the ovaries via the oviduct 
to the uterus, and sperm are added to the eggs at the 
uterine terminus. The fertilized eggs then enter the 
egg groove (Figure 4) where a clear egg tube sur-
rounds the eggs to form the typical egg strand. The 

Figure 3. Juvenile queen conch in a typical seagrass (thalassia 
testudinum) habitat in the Bahamas. the individuals in the 
photograph are 2 and 3 years old, measuring 10–14 cm in shell 
length. (Photo courtesy of community conch).
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egg groove runs across the right side of the foot to 
the anterior end of the foot where the egg strand is 
extruded. Physical separation of the bursa copulatrix 
and the uterus allow spawning and copulation to 
occur at the same time, and which is common in 
queen conch (Randall 1964; Reed 1995b; Stoner and 
Appeldoorn, pers. observ.) (Figures 6 and 7).

Queen conch are known to demonstrate a relatively 
uncommon “imposex” condition whereby both an egg 
groove and small verge can occur in the same indi-
vidual. Reed (1994) determined that these represent 
masculinized females whereby the individual has all 
of the typical female anatomy but no male reproduc-
tive structures other than the verge. Consequently, 
these are not truly intersexual individuals, and behav-
iorally the masculinized individuals perform as fully 
functional females, mating and laying eggs. 
Masculinized female queen conch were reported 
recently from Port Everglades, Florida, and the con-
dition was attributed to exposure to pollutants (Voss 
et  al. 2020) (see Sec. 3.1).

Figure 4. Reproductive structures and stage of maturity in queen conch. upper left: immature male. the verge (arrow) is just 
starting to develop. in younger males, and in immature females, no such structure would be visible. lower left: maturing male. 
the verge has grown but is still narrow relative to a that in a fully mature male. Also, the verge at this stage is lighter in color 
(sometimes with green) than in a mature male. upper right: mature adult male. the verge has thickened and has black color. 
lower right: mature adult female. the egg groove (arrows) extends the full length of the foot and is broad. the egg grove is 
absent in immature females, and in maturing females, the egg groove is thin and does not extend the full length of the foot. 
(Adapted from Appeldoorn et  al. 2017).

Figure 5. inner-most soft tissue of a mature female queen 
conch. the yellow tissue at the outer curve of the body is 
ovarian and shows the granular texture of the oocyctes lying 
within. the ovary is wrapped over the top of the digestive 
gland, which has a black color. Mature testicular tissue (not 
shown) is arranged similarly over the digestive gland but has  
a smooth texture and white to orange color. (courtesy of 
community conch).
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Figure 7. A copulating pair of queen conch. the female (on 
the left) has been turned ventral side up to reveal the verge 
of the male extending under the shell and held securely by 
the bursa copulatrix of the female. the male grips the posterior 
flare of the female’s shell with his foot. (Photo courtesy of 
David Ballantine).

A fully developed verge in males and an egg groove 
in females has been used as a proxy to determine if 
an individual is sexually mature (Appeldoorn 1988a; 
Tewfik et  al. 2019), and good photos of these struc-
tures are provided by Appeldoorn (1988a) and 
Appeldoorn et  al. (2017). This approach, however, has 
not yet been verified through histological comparison 
to gonadal development, so it is possible that full 
gonadal maturation may occur still later than the first 
full development of the verge and egg groove. The 
gender of a live mature conch can be determined by 
the presence of a verge or egg groove observed when 
the animal reaches out to right itself after the shell 
is laid on its side underwater (Davis et  al. 1984). The 

process is painstaking and is impractical for routine 
field surveys but can be accomplished for experimen-
tal studies (e.g., Gascoigne and Lipcius 2004; 
Appeldoorn 2020; Issac-Norton 2020).

One particularly important aspect of queen conch 
biology is that when an individual reaches ∼3.5 years 
age, growth in shell length ends (with maximum length 
dependent upon growth rate), and the outer growing 
edge of the shell flares outward to form a broad lip 
(Alcolado 1976; Berg 1976; Appeldoorn 1988a, 1994; 
Stoner et  al. 2012c) (Figure 8). After the lip flare 
forms, the shell thickens by laying nacre on the interior 
of the lip (Figure 9) and on the shell interior to a 
lesser extent. The result of growth in shell thickness 
is two-fold: (a) shell lip thickness provides a relative 
index of conch age, and (b) the shell becomes heavier 
with age, eventually reducing the space for internal 
organs including gonads (see Sec. 4). With no other 
simple way for determining queen conch age, shell lip 
thickness (LT) has become a widely used proxy for 
estimating the age of an individual (Figure 10). 
Relationships between LT and maturity have been 
explored (e.g., Boman et  al. 2018; see below); however, 
rates of LT development vary with location, and exact 
relationships with age are poorly understood.

2.2.  Maturation and gonad development

The first detailed histological exploration of sexual 
maturation in queen conch was reported in a master’s 
thesis over 30 years ago for a population in Belize 
(Egan 1985). This was followed shortly thereafter by 
Buckland’s histological analysis (Buckland 1989) for 
queen conch from St Christopher and Nevis with the 
goal of establishing relationships between age and 
maturity considering both shell and external repro-
ductive structures. For details on queen conch sperm, 
spermatogenesis, oocytes, and oogenesis the reader 
should refer to Egan’s descriptions and photographs 
as well as other histological descriptions (Aldana-Aranda 
et  al. 2003a, 2003b; Aldana-Aranda and Frenkiel 2007; 
Bissada 2011). During the last decade the histological 
scoring system shown in Table 1 has been used in a 
wide range of studies to evaluate relationships between 
queen conch maturity and a variety of variables such 
as conch size, shell lip thickness, gender, and season 
(Delgado et  al. 2004; Bissada 2011; Stoner et  al. 2012c; 
Foley and Takahashi 2017; Tewfik et  al. 2019), and 
for comparing reproductive schedules in widespread 
locations (Boman et  al. 2018). Histological results can 
be interpreted in a variety of ways. First, a fixed sam-
ple can be inspected to assess the reproductive phase 
of the gonad, with each animal given one of the 

Figure 6. A pair of queen conch engaged in copulation behav-
ior on the coarse sand habitat where mating and egg-laying 
behaviors typically occur. As commonly observed, the male 
(on the right) has located the female already laying eggs, and 
both processes can occur at the same time. A partially formed 
egg mass is visible just beyond the siphonal (anterior) end of 
the female conch. (Photo courtesy of Megan Davis).
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classifications listed in Table 1. In most studies, 
“spawning capable” and “regressing/spent” classifica-
tions are treated as reproductively mature individuals. 
Second, the proportion of mature gametogenic tissue 
present in a sample can be scored (i.e., the percentage 
of ripe ovarian or testicular germ tissue), usually at 
levels <25%, 25–50%, 50–75%, and >75%.

Some studies of queen conch maturation have 
incorporated a gonosomatic index (GSI) (e.g., Stoner 

et  al. 2012c; Foley and Takahashi 2017). GSI is cal-
culated as the proportion of soft body weight that is 
comprised of either ovarian or testicular tissue. This 
method eliminates the need for histological prepara-
tions but is labor intensive given that branches of the 
gonad are wrapped over the digestive gland in both 
male and female queen conch (see Figure 5).

Since the earliest studies of gonad development in 
queen conch research emphasis has been placed on 
2 different topics relevant to fisheries management: 
(a) how gonad development is related to conch age, 
size or other easily obtained metrics, and (b) how 
development is related to seasonal patterns of mating 
and egg-laying observed in different locations. The 
first topic is discussed in this section because obser-
vations of the reproductive structures have been the 
primary tool to investigate age-related reproduction, 
supplemented to a lesser extent with behavioral obser-
vations. Seasonality in reproduction will be discussed 
under the heading of Behavior in Sec. 5.3).

2.3.  Relationships between maturity, shell metrics 
and other structures

2.3.1.  Evaluating queen conch maturity
Wise fisheries management generally includes the goal 
of conserving a viable population of reproductively 

Figure 8. size series for queen conch representing juveniles (bottom row) ranging from 3.8 to 19 cm shell length (sl) and larger 
individuals with flared shell lips (top row). the largest individual (center) is ∼23 cm sl (measured from the shell apex to the 
siphonal opening). Growth in length ends between 3.5 and 4 years and shell growth continues in thickness only (see text). the 
largest conch in the lower row is ∼3.5 years old and the shell lip has begun to flare outward. the conch at the upper left is 
∼4 years old, has a newly-formed and fully-flared shell lip with thickness (lt) of ∼3 mm. the middle individual has lt near 8 mm, 
when sexual maturity is likely to begin in many locations. the oldest individual (upper right) has a lip thickness >25 mm despite 
losing much of its external shell sculpture due to bioerosion. it is at least 12 years old. (Photo courtesy of Megan Davis).

Figure 9. cross sections of flared shell lip of large queen 
conch. the lip thickness measures for are ∼4 mm and 25 mm 
for the upper and lower shell sections shown. the thick shell 
represents a sexually mature individual. (R. Appeldoorn photo).
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Figure 10. Measuring shell lip thickness (lt) of queen conch. 
the upper image shows a conch with lt = 9 mm; this is near 
the lt value where sexual maturity can be expected. the lower 
image shows a very old conch with lt near 40 mm. this indi-
vidual might be >20 years old, and demonstrates the typical 
narrowing of the shell aperture. Addition of nacre on the inside 
of the shell with age results in decreasing shell volume and 
gonad size. (Photos courtesy of community conch).

mature individuals. With queen conch, however, sex-
ual maturity cannot be determined directly from shell 
structures and depends upon examining the soft tis-
sues. Also, as described above, maturity occurs at 
some time following the termination of growth in 
shell length (SL), final shell length is highly variable 
with location and environmental conditions, and it is 
well established that SL is a poor predictor of maturity 
in queen conch (Appeldoorn 1988a; Buckland 1989; 
Stoner et  al. 2012c; Appeldoorn et  al. 2017; Foley and 
Takahashi 2017; Tewfik et  al. 2019). Consequently, 
biologists have devoted considerable energy to iden-
tifying other morphological proxies for maturity that 
can be easily measured by fishers, fishery monitors 

or those conducting field surveys. The variables exam-
ined include shell characteristics and other metrics 
that can be determined for live conch as well as vari-
ables that can be measured after conch are landed or 
marketed without the shells (see below).

2.3.2.  Maturity, shell lip thickness, and age-related 
behavior
Thickness of the shell lip flare (LT), as described by 
Appeldoorn (1988a), has received the most attention 
as a proxy for queen conch maturity (Figure 10). LT 
increases gradually after growth in length ends at 
about 3.5 years post settlement and sometime before 
sexual maturation occurs, as discussed earlier. Two 
general metrics have been used in the last 2 decades 
to describe relationships between queen conch age and 
sexual maturation: (a) The simplest is the minimum 
shell lip thickness at which the gonads appear to be 
ready for reproduction (LTmin). This metric is intui-
tively useful but sensitive to the number of samples 
evaluated because the index is always based upon the 
single youngest individual found to be mature. (b) The 
lip thickness at which there is a 50% probability of 
the gonads being mature (LT50) is more generally reli-
able than LTmin because it is derived from the entire 
collection of conch sampled. LT50 can be determined 
graphically whereby the cumulative proportion of 

Table 1. Reproductive phases widely used to classify queen 
conch gonadal tissues.
Phase score Definition

early developing 1 Female: only primary growth and 
cortical alveolar oocytes present 
Male: only spermatozoa and 
spermatocyctes present

Developing 2 Female: early vitellogenic oocytes 
present 
Male: all stages of 
spermatogenesis present; no vas 
deferens present

spawning 
capable

3 Female: late-stage vitellogenic 
oocytes predominant 
Male: vas deferens present; 
spermatozoa in vas deferens

Regressing/ 
spent

4 Female: resorption of vitellogenic 
oocytes; atresia common 
Male: only residual spermatozoa; 
lobules degenerating; atresia 
present

immature 5 Female: only primary oocytes 
present 
Male: only spermatogonia 
present

no germ tissue 6 no evidence of germ tissue in 
gonad; “holes” in the tissue

undifferentiated 7 undifferentiated gonial cells; cannot 
determine whether 
spermatogonia or oogonia

Adapted from Delgado et  al. (2004), stoner et  al. (2012a), Aldana-Aranda 
et  al. (2014), and Foley and takahashi (2017).
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individuals with ripe gonads is plotted versus the LT 
measure, or through logistic regression. With either 
approach the curves generally have sigmoid form if a 
wide range of LT is represented in the sample. Boman 
et  al. (2018) calculated LT50 values by both methods 
for several locations and discussed the pros and cons 
of each metric. Logistic regression produces the more 
robust and useful metric because it responds to the 
total shape of the distribution, accommodates uneven 
distribution of samples over the LT range explored, 
and provides for a confidence interval.

The earliest histological study of queen conch mat-
uration (Egan 1985) showed that the minimum lip 
thickness for ripe males and females was 4 mm and 
6 mm LT, respectively, in Belize. An accumulation 
curve showed that maturity increased slowly with LT; 
20% of the population was mature at 9 mm LT and 
50% maturity occurred at 12–13 mm LT. Observations 
on external anatomy (e.g., full development of a verge 
in males and an egg groove in females) for queen 
conch in Puerto Rico showed similar first maturity 
near an LT value of 5 mm (Appeldoorn 1988a). 
Subsequently, histological samples from 210 queen 
conch with flared lips showed that the minimum lip 
thickness was 4 mm for mature females and 9 mm for 
males (Appeldoorn 1993, 2020). Logistic regression 
for males and females combined yielded an LT50 of 
8.1 mm, probably somewhat earlier than Egan’s (1985) 
value of 12–13 mm derived from the accumulation 
curve for his Belizean population.

Since those first histological analyses numerous 
biologists have explored relationships between LT and 
reproductive maturity in queen conch (Table 2), and 
it is clear that there is substantial geographic variation 
in the metrics. Latest development of first maturity 
occurred in The Bahamas and in Belize where LTmin 
values for females were 11–12 mm. Geographic dif-
ferences among male values for LTmin were somewhat 
smaller, and the values were generally but not uni-
formly lower. Exploring the more robust LT50 metric 
for sexual maturity with the 8 locations where very 
similar histological methods were employed (Table 2), 
it is evident that there is some degree of sexual 
dimorphism, with an average value of 11 mm LT50 for 
females and 8.1 mm for males. While the pattern was 
not entirely uniform across locations, Boman et  al. 
(2018) reported that the gender-related variation was 
significant. A significant male-female difference in 
onset of maturity was also reported for conch in 
Belize (Foley and Takahashi 2017).

Geographic variation in patterns of age-related 
maturity schedules is apparent (Table 2). LT50 values 
ranged 7–15.5 mm for females and 4–12.3 mm for 

males. Although there is a clear positive relationship 
between conch LT and onset of maturity, there were 
no significant relationships with environmental vari-
ables at the sites including latitude, mean annual 
ocean temperature and variation in annual ocean 
temperature (Boman et  al. 2018). Consequently, the 
explanation for differences in maturation schedules 
among the study sites remain essentially unknown, 
but are most likely associated with differences in the 
nutritional environments and overall growth rates, 
which are affected by a wide range of variables.

Another way to quantify maturation is with a 
Gonadal Maturity Index (GMI). Stoner et  al. (2012c) 
calculated GMI based upon proportions of the tissues 
found in the 8 different phases of development from 
“early developing” to “undifferentiated” (see Table 1). 
Briefly, a score of 0 represents gonadal tissues where 
only somatic cells are observed, and a GMI of 1 
occurs where all cells are either spermatozoa in males 
or late vitellogenic phase in females. As with LT50, 
there was an obvious sigmoid pattern of increase in 

Table 2. Relationships between shell lip thickness (lt) and 
sexual maturity observed for female and male queen conch 
at 8 locations in the caribbean region, ordered approximately 
from north to south.
Females

location n ltmin lt50

Data 
source

Abaco, Bahamas 30 11 13 3
exuma, Bahamas 51 12 14 3
st Barthélemy 32 8 9.5 5
st eustatius 45 9 11 5
saba Bank 45 8 7 5
Port honduras, Belize 101 12 15.5 4
Barbados 25 2 10 2
san Andrés, colombia 98 3 8 1
 Mean ± sD 8.1 ± 3.8 11.0 ± 3.0
Males
Abaco, Bahamas 27 8 8 3
exuma, Bahamas 51 9 11 3
st Barthélemy 31 9 11.5 5
st eustatius 38 6 4 5
saba Bank 38 9 9 5
Port honduras, Belize 94 3 12.3 4
Barbados 40 5 5 2
san Andrés, colombia 124 3 4 1
 Mean ± sD 6.5 ± 2.6 8.1 ± 3.4
Combined genders
Glover’s Atoll, Belize 507 n/d 9.5 6
la Parguera, Puerto 

Rico
210 5 8.1 7

Overall Mean ± sD 7.1 ± 2.6 9.4 ± 2.5

All of the results shown are based upon studies of gonad histology (or 
reproductive structures (reference no. 6) in mid-reproductive season. n 
is the number of individuals sampled. ltmin represents the minimum lt 
where sexual maturity was observed for the location. lt50 is the lt at 
which 50% of the population is mature based upon logistic regression. 
this table is modified from Boman et  al. (2018) with some additions. 
the original sources of data are shown with the following codes: (1) 
Avila-Poveda and Baqueiro-cárdenas (2009); (2) Bissada (2011); (3) stoner 
et  al. (2012a); (4) Foley and takahashi (2017); (5) Boman et  al. (2018); 
(6) tewfik et  al. (2019); (7) Appeldoorn (2020).
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GMI with shell lip thickness for both males and 
females. The first non-zero GMI value for a female 
occurred at 11 mm LT, and for the first male at 7 mm 
LT, values close to those reported in Table 2. Female 
tissues reached asymptotes in GMI at about 20 mm 
LT, and males a little earlier at 15 mm LT. The oldest 
conch, with LT values near 40 mm, showed no decline 
in GMI, although the oldest individuals had smaller 
gonads (see Sec. 4). As with other relationships 
between gonad characteristics and LT, there was wide 
variation in GMI values except in conch with thinnest 
shell lips where there was little or no maturation.

Estimates for the actual age of queen conch at first 
reproductive maturity have been made for a few dif-
ferent locations. For example, Egan (1985) concluded 
that reproduction did not occur in Belize until at least 
6 months after the first formation of the shell flare. 
Buckland (1989) estimated a 10-month lag between 
the first shell lip flare and first reproduction in St. 
Kitts/Nevis, and in southern Puerto Rico Appeldoorn 
(1993) concluded that 100% of conch were not fully 
mature until over a year after complete lip formation. 
Longer times to maturity may occur in The Bahamas 
where, based upon observations of growth in lip 
thickness (4.2–5.3 mm/yr; Stoner and Sandt 1992), 
first maturity may not occur until ∼2 years after the 
first lip flare is formed (Stoner et  al. 2012c).

It is well established from direct field observations 
of behavior that only queen conch with thickened 
shell lips mate and lay eggs, and that reproduction 
is highly seasonal in most locations (see Sec. 5.3); 
however, relatively few observations have been made 
explicitly to quantify relationships between reproduc-
tive behavior and LT. Stoner and Sandt (1992) 
reported that there was no evidence for reproductive 
senescence in queen conch in The Bahamas; even 
the oldest females (30–40 mm LT) were observed lay-
ing eggs. Later, in an enclosure experiment in Puerto 
Rico, Appeldoorn (2020) found that the number of 
eggs spawned by individual females (LT ≤17 mm) 
during the reproductive season was strongly related 
to LT. This result was attributed to females with lower 
LT values not being fully mature at the start of the 
reproductive season. Also, in field observations made 
over 11 years in the Florida Keys Delgado and Glazer 
(2020) reported that “young adults” (>10–15 mm LT) 
were observed copulating and laying eggs significantly 
less than individuals classified as either “adults” (>15–
25 mm LT) or “very old adults” (>25 mm LT). Very 
low proportions of “young adults” engaged in copu-
lation (0.4%) and egg-laying (0.7%) indicate that the 
LT50 for Florida Keys populations might be at least 
as high or higher than the averages for other 

locations shown in Table 2. New field observations 
on reproductive behavior should include measures of 
LT to supplement the limited earlier data.

2.3.3.  Maturity and measures not associated with 
the shell
The shells of queen conch are often discarded in the 
field so that small vessels are not overburdened with 
shell weight and volume. Consequently, from a fish-
eries management standpoint, there is a need to 
understand relationships between the legal standards 
for catch (i.e., shell length, shell lip thickness, and/or 
sexual maturity) and variables associated with the soft 
tissues. If the criterion for legal capture is shell length, 
several soft tissue variables such as uncleaned weight, 
meat clean weight, gonad weight, and operculum 
length are all positively correlated with shell length 
(Appeldoorn 1994; Stoner et  al. 2012c; Mueller and 
Stoner 2013; Appeldoorn et  al. 2017; Foley and 
Takahashi 2017; Tewfik et  al. 2019); however, as dis-
cussed earlier, shell length is not a good predictor of 
conch age or maturity because of indeterminate 
growth in length.

Mueller and Stoner (2013) made a pilot investi-
gation of operculum dimensions in parallel with 
histological analyses to determine whether the oper-
culum could provide useful information on queen 
conch maturity. A sickle-shaped, chitinous opercu-
lum is attached to the distal end of the muscular 
foot of the queen conch. It serves to close off the 
aperture of the shell and provides purchase on the 
seabed as the foot is extended to push a conch 
forward in the typical hopping locomotion (i.e., 
conch do not glide like many other gastropods). 
Significant positive correlations were found between 
several operculum dimensions and total shell length. 
Most importantly, there was a significant negative 
correlation between shell lip thickness (LT) and the 
ratio of operculum length to operculum width 
explained by age-related wear on the operculum tip. 
Larger follow-up studies with queen conch opercula, 
however, conducted in both Puerto Rico (Appeldoorn 
et  al. 2017) and Belize (Foley and Takahashi 2017) 
found that predictability of maturity based upon 
operculum dimensions was not dependable beyond 
a local  pattern,  most  l ikely because of 
habitat-dependent patterns of wear.

Some positive relationships have been found between 
soft-tissue weights and maturity evaluated with both 
histology and gonosomatic indices (GSI). Examining 
195 conch during peak reproductive season in southern 
Belize, Foley and Takahashi (2017) observed that both 
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uncleaned weight and clean meat weight were posi-
tively correlated with GSI, but only with a high degree 
of variation and significant gender difference. They 
concluded that these weight measures could be useful 
but only if the levels were set high enough to ensure 
only mature individuals were harvested, and that shell 
lip thickness was a much better predictor. Appeldoorn 
et  al. (2017) explored some of the same soft-tissue 
metrics, with emphasis on variables that would predict 
compliance with harvest regulations related to both 
shell length and shell lip thickness (see Sec. 7.3.2). He 
concluded that the best way to meet maturity-based 
criteria for legal catch, without either the shell or 
gonads, is to land meats with the skins intact so that 
the presence of fully developed reproductive structures 
can be confirmed (i.e., fully formed verge or egg 
grove). Tewfik et  al. (2019) adopted the strategy of 
using external reproductive structures to identify matu-
rity in a recent study of Belizean queen conch 
populations.

3.  Effects of stressors on reproductive 
biology

Discussion of both anthropogenic stressors and disease 
vectors for queen conch was discussed by Appeldoorn 
and Baker (2013) and Karnauskas et  al. (ibid.). Some 
of the stressors that influence reproductive biology 
are summarized briefly here.

3.1.  Pollutants

Metal pollutants such as copper, zinc, lead, and tribu-
tyltin (TBT) accumulate in the environment and in 
the tissues of queen conch where heavy boat-related 
activities occur (e.g., Glazer et  al. 2008; Díaz-Rizo 
et  al. 2010; Titley-O’Neal et  al. 2011; Whitall et  al. 
2016). While experimental research on the effects of 
metal pollution on queen conch are rare, Sanders 
(1984) found that copper exposure had a direct neg-
ative effect on feeding and digestion rates, and it is 
likely that these impacts would compromise subse-
quent maturation and reproduction. Also, TBT is a 
known inducer of masculinized females (“imposex” 
condition) in prosobranch gastropods (see Sec. 2.1), 
and Titley-O’Neal et  al. (2011) reported a positive 
relationship between environmental concentrations of 
TBT and proportions of “imposex” queen conch in 
populations from 3 different locations in the British 
Virgin Islands. Similarly, Voss et  al. (2020) found mas-
culinized females in a spawning population adjacent 
to the shipping channel of Port Everglades, Florida, 

speculating that this condition was caused by exposure 
to organotin compounds. In fact, 4 out of 9 females 
collected for histological examination were observed 
to exhibit the “imposex” condition; all of these had 
ovaries in spawning-ready condition and were engaged 
in reproductive behavior. It is unknown whether this 
condition has a negative effect on fecundity, viability 
of eggs and larvae, or other factors relevant to 
reproduction.

Substantial attention has been paid to possible 
impacts of pollutants on queen conch reproduction 
in the Florida Keys. This stems from the fact that 
neither mating nor egg-laying have been observed 
in nearshore areas for decades, while adults on the 
offshore reef tract mate and spawn reliably (Glazer 
and Quintero 1998; Glazer et  al. 2008). Reciprocal 
translocations of adult conch between the inshore 
and offshore habitats (McCarthy et  al. 2002; Delgado 
et  al. 2004; Delgado and Glazer 2007) showed that 
when non-breeding inshore conch were moved to 
more pristine offshore sites they become reproduc-
tively active within 6 months. The opposite occurred 
in offshore conch that were moved to inshore envi-
ronment; they spawned less frequently inshore and 
stopped reproductive activity altogether after 
6 months.

The general hypothesis for low queen conch 
reproduction in the nearshore Florida Keys environ-
ment has been that the elevated concentrations of 
copper and zinc observed in the nearshore have 
negative effects on reproductive physiology. 
Histological analyses have shown that nearshore 
females and males had reduced gonad volumes and 
delayed development, and males collected from the 
nearshore had underdeveloped verges (Glazer et  al. 
2008). Hormone synthesis related to egg-laying was 
impaired in nearshore queen conch (Glazer et  al. 
2008; Spade et  al. 2010), and males demonstrated a 
reduced ability to sustain sperm production beyond 
the beginning of the normal mating season (Spade 
et  al. 2010). The most recent studies (Delgado et  al. 
2019) show a significant hypertrophy of cells in the 
cerebral ganglion and lower density of ganglion cells 
in nearshore conch. These neurological deficiencies, 
which affect hormone production, very likely cause 
delays in gonad development and observations of 
low shell weight in inshore conch. While all of these 
observations of reproductive deficiencies in near-
shore conch could be attributed to pollutants, the 
exact causes for inhibited reproduction in the 
inshore environment of the Florida Keys have not 
been established. Delgado et  al. (2019) acknowledge 
that extreme high temperatures and low levels of 
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dissolved oxygen that occur there may cause tem-
poral shifts in reproduction, low egg and sperm 
counts, and impaired neuroendocrine function and 
gonad development as obser ved in other 
invertebrates.

3.2.  Eutrophication and sedimentation

Queen conch reproduction is dependent upon high 
water quality and availability of clean, low-organic sed-
iment with a relatively coarse grain size (see Sec. 5.1). 
Consequently, numerous human activities (e.g., land-use 
practices leading to erosion, dredging practices in nav-
igation channels and harbors) and natural events such 
as storm events and hurricanes that cause disturbance 
of the benthic environment or excess suspension and 
settlement of fine sediments have negative impacts on 
conch reproductive grounds. Also, excess nutrient load-
ing from terrestrial run-off, point-source discharges, 
and sediment re-suspension can result in the 
over-development of benthic macroalgae or 
sediment-smothering microalgae that inhibit the move-
ments, mating, and egg-laying behavior of queen conch 
(Stoner and Appeldoorn, pers. observ.). Furthermore, 
low oxygen levels, often associated with nutrient load-
ing, can impact queen conch feeding, growth, and 
reproductive physiology and behavior.

3.3.  Parasites

Parasitic infestations may have a negative impact on 
queen conch reproduction. A coccidian parasite 
(Apicomplexa sp.) has been found in the digestive gland 
of queen conch, and Aldana-Aranda et  al. (2007, 2011) 
reported that every conch sampled had at least some 
level of infestation by the coccidian. The infestation 
increased from west to east across the Caribbean Sea. 
Although the mechanisms of reproductive impact are 
not understood, infestations of Apicomplexa were asso-
ciated with a general lack of gonadal activity in San 
Andres (Colombia) (Baqueiro Cardenas et  al. 2007; 
Castro-González et  al. 2007) and low levels of game-
togenesis in Mexico (Aldana-Aranda et  al. 2009a), but 
not in Florida (Aldana-Aranda et  al. 2009b). Further 
understanding of the relationship between Apicomplexa 
will depend upon new research.

3.4.  Effects of climate change

It is likely that shifts in ocean environment associated 
with global climate change (e.g., temperature patterns, 

ocean acidification, and oxygen concentrations) are 
having significant impacts on distribution, growth, 
survival, and reproduction of queen conch (Appeldoorn 
et  al. 2011a). This topic is little studied for queen 
conch but discussed further in Sec. 7.2.

4.  Egg masses and fecundity

Robertson (1959) described the internal structure of 
the egg strands and the benthic egg masses for several 
strombid gastropods from The Bahamas. In brief, a 
female queen conch extrudes a sticky egg tube about 
1.5 mm in diameter filled with a spiral arrangement 
of eggs (Randall 1964; D’Asaro 1965). This egg tube 
is folded back and forth on itself, while being coated 
in coarse sand grains, ultimately to form a heavy 
crescent-roll shaped egg mass 8–12 cm in length over 
a period of 24–36 hours (Figure 11). The sand is 
believed to deter egg predators and may prevent egg 
masses from being moved by waves or current. If 
adequate amounts of food are available to the female, 
many egg masses are laid yielding millions of eggs 
and larvae in each spawning season. D’Asaro (1965) 
provided the first descriptions of larval development 
and organogenesis for queen conch, and Davis et  al. 
(1993) followed with detailed descriptions and illus-
trations for post-hatching stages of queen conch and 
other strombid veligers. Since the early descriptions 
of conch egg masses and fecundity, others have 
expanded observations on total fecundity and other 
related factors.

The lifetime fecundity of a female queen conch can 
be very high, with annual production as high as 22 

Figure 11. Fully formed queen conch egg mass ∼10 cm in 
length. the photo shows the folded structure of the egg mass 
and the coarse-sand covering of the egg strands. An egg mass 
of this size holds several hundred thousand eggs. (Photo cour-
tesy of community conch).
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million eggs per year (Appeldoorn 2020) and a natural 
reproductive life that can reach 20 years or more. 
Several factors affect the overall fecundity for a year 
including the number of eggs in an egg mass, the 
number of egg masses laid in the season, and the 
length of the reproductive season. The first 2 factors 
are related to age of the conch, as discussed below, 
but relationships with conch size are complex. This 
section is focused on patterns intrinsic to conch anat-
omy, while the external influences of spawner density 
and mating history on reproductive output are dis-
cussed in Sec. 6.

Numerous fecundity estimates have been made for 
queen conch since the earliest observations. Robertson 
(1959) found that there could be 17–19 eggs per mm 
in an egg strand measuring 22.6 m long. His estimates 
yielded egg counts ranging from 385,000 to 430,000 
eggs per egg mass. Subsequently, Randall (1964) 
reported egg strands measuring 24–37 m long with 
an average of 13 eggs per mm and his estimates for 
total numbers of eggs, correlated with conch size, 
ranged 313,000 to 485,000 eggs per egg mass. Buckland 
(1989) estimated an average of 415,000 eggs per egg 
mass from 25 different individuals collected near St. 
Kitts. The egg estimates ranged 103,000 to 759,000 
but unlike Randall’s observations the relationship 
between egg numbers and female shell length was not 
significant. A lack of relationship to conch size was 
corroborated by recent studies in the Florida Keys, 
where egg strands 13–50 m long yielded 150,000 to 
628,000 eggs per egg mass (Delgado and Glazer 2020); 
there was no significant correlation with female SL 
or LT. Subsequent estimates for egg masses gathered 
from populations in field enclosures in Puerto Rico 
are the highest reported, averaging 506,000 and 
706,000 eggs per egg mass in 2 different treatments 
(Appeldoorn 2020). One female produced 21 egg 
masses in the spawning season with a mean count of 
∼934,000 per mass, but the relationship between aver-
age numbers of eggs per mass and female SL was not 
significant over a relatively narrow size range (233–
279 mm SL). While the numbers of eggs per egg mass 
appears to be relatively independent of SL, fecundity 
for a season was more closely associated with shell 
LT (i.e., conch age), at least up to a point.

Stoner et  al. (2012c) completed an analysis of 
maturation in queen conch from The Bahamas cov-
ering a broad range of shell lengths (176–260 mm) 
and shell lip thickness (2–43 mm). They found that 
soft tissue weight and gonad weight increased with 
SL, as expected, but both variables showed a 
dome-shaped relationship with LT, with maxima near 
22–23 mm LT as determined by regression analysis. 

The curves were essentially identical for males and 
females, with a high degree of variation throughout 
the LT range examined. The traditional gonadoso-
matic index (GSI) had a similar dome-shaped asso-
ciation with LT, showing maxima near 24 and 27 mm 
LT for females and males, respectively. Highest GSI 
values were ∼5% with very large variation. Foley 
and Takahashi (2017) found similar dome-shaped 
relationships between GSI and LT for conch from 
southern Belize, with peak values in the range of 
20–27 mm LT. The observed relationships between 
gonad weight and SL suggest that large conch could 
have higher reproductive potential than small conch, 
but that total gamete production in both females 
and males likely declines with age after a certain 
threshold, probably after 10–15 years, because of the 
declining internal volume of the shell that occurs 
with advanced age (Randall 1964). Nevertheless, 
there is no evidence of senescence in reproductive 
behavior or GMI values with increasing lip thickness 
(Stoner et  al. 2012c). Based on field experiments, 
Appeldoorn (2020) found variability in the length 
of the spawning season, number of eggs/egg mass, 
and the frequency of spawning, suggesting that these 
are potential mechanisms by which older conch 
could offset decreasing internal volume. Robert 
Glazer (Florida Fish and Wildlife Conservation 
Commission, pers. commun.) suggested that old 
conch may partially offset decreasing shell volume 
by having a higher density of eggs in the extruded 
egg tube. Delgado and Glazer 2020) found no dif-
ferences in the mating and spawning rates of 
thick-lipped conch (LT >25 mm compared with 
younger adults of (LT = 15–25 mm), indicating no 
decline in reproductive output in the oldest adults. 
They also found no differences in the number of 
eggs/egg mass across a wide range of LT (11–37 mm), 
but the values varied widely and the analysis did 
not account for the potential effect of differences in 
SL (range = 222 to 260 mm), nor did it address the 
question of egg density.

Randall (1964) referred to a small, thick-shelled 
form of conch found in the U.S. Virgin Islands as 
“samba” conch (Figure 12). This small form (often 
<150 mm SL) is common in numerous locations 
including Belize, The Bahamas and Turks and Caicos 
Islands, and another small phenotype is exhibited by 
“flin” conch in Puerto Rico. Traditionally, these small 
conch have been considered habitat-related phenotypes 
of queen conch or that the small size might represent 
a consequence of selective fishing (Stoner et al. 2012a). 
Whether or not “samba” conch are genetically distinct 
from queen conch remains uncertain (Mitton et  al. 
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1989) until new molecular genetics can be applied to 
the question. Beltrán (2019) provided some evidence 
that the “flin” phenotype has at least some genetic 
separation from “regular” queen conch. Until these 
questions are answered definitively, the small pheno-
types are included under the name queen conch and 
the general relationships between shell dimensions 
and gonad weights indicate that the small, thick-lipped 
conch will have low fecundity. It can be noted that 
“samba” conch, particularly abundant in the Berry 
Islands and Andros Island of The Bahamas are active 
breeders but at frequencies somewhat lower than those 
observed for the more typical “regular” queen conch 
(Stoner et  al. 2012a).

Only a few studies have tracked individual queen 
conch long enough to determine the numbers of egg 
masses produced in a season. Davis et  al. (1984) con-
structed an “egg farm” to provide a regular supply of 
queen conch egg masses for culture in the Caicos 
Conch Farm. They enclosed an area known for conch 
spawning and tagged and tracked 50 individuals in 
1981 and 100–120 in 1982, with natural sex ratios of 
1:1. Their observations made over the last 3 months 
of the first reproductive season yielded an average of 
6.6 egg masses per female, and the whole second 
season yielded 9.4 egg masses per female. There was 
substantial individual variation in both seasons, and 
results from the 2 experiments suggest that the density 

of adults may have influenced the observed reproduc-
tive output (see Sec. 6). Others have reported higher 
levels of egg mass production. Weil and Laughlin 
(1984) observed 4 egg masses per month per female 
and extrapolated this value to 24 egg masses per 
female in the 6-month peak reproductive season at 
Los Roques, Venezuela, and they noted that 1 copu-
lation could yield at least 4 egg masses.

The most detailed study of queen conch fecundity 
to date was reported for captive populations of adult 
conch in Puerto Rico (Appeldoorn 1993, 2020). 
Conch were held at 2 density levels (143 and 2000 
adults/ha) in field enclosures, and tagged individuals 
were monitored nearly daily from May through 
October. Average numbers of egg masses produced 
ranged from 6.3 to 20 for the season, with average 
egg laying intervals ranging 4.6 to 9.2 days, and aver-
age individual fecundity for the season spanned 3.1 
million eggs in the high-density treatment to 11.1 
million eggs in the low-density treatment. As observed 
by Davis et  al. (1984) variance in the numbers of 
egg masses laid by different females was very large. 
Some of the variation was explained by conch age, 
whereby the seasonal fecundity increased exponen-
tially with conch LT; however, the smallest female in 
the low-density treatment had the highest initial LT 
(17 mm) and produced the second highest number 
of eggs for the season because of a high number of 
egg masses produced. Appeldoorn concluded that all 
of the following were highly variable among individ-
ual females: egg mass size, frequency of egg laying, 
and the length of the season over which she spawned. 
The average number of eggs per egg mass, however, 
increased with the number of egg masses laid thereby 
amplifying the effect of egg masses laid and illustrat-
ing the complexity of relationships. Complexity is 
increased further by density dependence in mating 
biology and the potential positive effect of mating 
on oogenesis (see Sec. 6).

5.  Reproductive behavior

5.1.  Ontogenetic migration, habitat requirements, 
and distribution of spawners

In at least some locations queen conch make 
size-related migrations from nursery grounds to repro-
ductive grounds over a period spanning the time from 
first settlement to maturity. Queen conch tend to 
settle from the plankton and metamorphose in shallow 
depths (<3 m) characterized by coarse sand with abun-
dant microalgal food items (Davis and Stoner 1994) 
then migrate over the next 2 or 3 years into slightly 

Figure 12. Divers in the Berry islands (the Bahamas) holding 
3 representatives of queen conch considered to have the 
“samba” phenotype. the conch shown are very small individ-
uals (11–15 cm shell length), with heavy shells and very short 
apical spines typical of the “samba” form. in the Bahamas, 
“regular” form queen conch generally measure 18–24 cm in 
shell length, and lengths near 30 cm are observed occasionally 
throughout the region. the small phenotype conch reach sex-
ual maturity, but mate at lower frequency than the regular 
phenotype, and have lower fecundity because of small shell 
volume. (Photo courtesy of community conch).
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deeper benthic habitats vegetated with seagrass and/
or macroalgae (Randall 1964; Hesse 1979; Weil and 
Laughlin 1984; Stoner et  al. 1998; Stoner 2003; Doerr 
and Hill 2008). Then, as the conch approach maturity, 
they may reach deeper tidal channels, bare plains, or 
backreef areas. Tewfik et  al. (2019) showed a clear 
pattern of movement of queen conch at Glover’s Atoll 
(Belize) from sand flats to seagrass and patch-reef 
habitats as their development progressed from stages 
of thin shell lips to maturity and thick shell lips. The 
total distance traveled can be at least several kilome-
ters in The Bahamas (Stoner and Schwarte 1994). An 
inshore to offshore ontogenetic migration was observed 
in St. Kitts and Nevis (Buckland 1989), with most 
spawning found in depths >25 m. Ontogenetic move-
ment patterns, however, are not universal and there 
appears to be little migration in some localities, par-
ticularly where inshore to offshore migrations are not 
possible. For example, conch populations inhabiting 
Florida’s offshore reefs (Glazer et  al. 2008) are geo-
graphically isolated from broad sandy habitats more 
typical of Bahamian banks environment. The same is 
probably true for queen conch populations on Pedro 
Bank (Jamaica) (Morris 2016) and Cay Sal Bank 
(Bahamas) (Souza and Kough 2020). In these cases, 
recruitment to the benthos appears to occur in the 
same general habitat that serves for reproduction sev-
eral years later, juveniles and adults occur in mixed 
populations, and any habitat shifts probably occur on 
a relatively fine scale. In contrast, the conch occurring 
on mesophotic reefs in Puerto Rico (to 40 m depth) 
(García-Sais et  al. 2012) consisted only of adults, 
which probably originated at shallower depths (<20 m) 
near the outer insular platform.

Fishing pressure can create some of the observed 
pattern of increasing size and maturity of queen conch 
with increasing depth (Frank et  al. 2018). Highest 
rates of conch harvest occur in shallowest water, and 
harvest decreases with increasing depth in relation to 
the difficulty of finding, gathering, and raising conch 
to the surface. Consequently, as a result of both onto-
genetic migrations and fishing pressure on large conch 
in shallow water, populations of queen conch often 
become larger, older and more fecund with increasing 
depth (Torres-Rosado 1987; Stoner and Schwarte 1994; 
Mateo et  al. 1998; García-Sais et  al. 2012; Boman et 
al. 2021). These large, fecund “mega-spawners” (Tewfik 
2017) often demonstrate high levels of seasonal repro-
ductive behavior and may be relatively critical to sus-
tained recruitment of queen conch in shallow-water 
fishing areas under conditions of intense harvest 
(Stoner et  al. 2012a; Tewfik et  al. 2017). This topic 
is expanded under Sec. 7.3.

The habitat associations of adult queen conch are 
broader than those of juveniles and vary widely both 
locally and geographically (Torres-Rosado 1987; 
Friedlander et  al. 1994; Glazer and Kidney 2004; 
Vallès and Oxenford 2012; Doerr and Hill 2013; 
Appeldoorn and Baker 2013; Boman et al. 2021). Less 
vulnerable to predators than small conch (Ray et  al. 
1994), large juveniles and adult conch live mostly in 
the open (i.e., epibenthically) and in most any habitat 
that supplies adequate food and does not have soft, 
fine-grained sediment that inhibits locomotion. 
Suitable habitat includes seagrass meadows where 
there is sufficient current to remove silty sediment, 
rubble bottom typical of backreef areas, algae-covered 
hard-bottom, and coarse-grained sand flats where 
there is adjacent or patchy feeding habitat. Detailed 
observations on both long- and short-term move-
ments by adult conch have been made with acoustic 
tagging methods (Acosta 2002; Glazer and Kidney 
2004; Bissada 2011; Doerr and Hill 2013) and 
3-dimensional accelerometers (Dujon et  al. 2019), 
revealing daily distances traveled, home ranges, and 
habitat associations that vary with location, season, 
and specific activities (e.g., feeding, mating, resting).

Mating and egg-laying can occur within seagrass 
meadows, on rubble, and on algae-covered 
hard-ground, but the most frequently observed repro-
ductive habitat is clean coarse sand with low-organic 
content and little vegetation (Randall 1964; D’Asaro 
1965; Stoner and Sandt 1992; Glazer and Kidney 2004; 
Tewfik et  al. 2019) (Figures 2 and 11). Coarse sand 
appears to be relatively critical for covering and pro-
tecting the egg strands as discussed earlier, and most 
mating and egg laying occurs in areas with good cir-
culation and with high water quality and clarity. Large 
reproductive aggregations tend to occur in the same 
locations year after year, often in a small part of larger 
seemingly similar surroundings (Stoner et  al. 1992; 
Pérez-Pérez and Aldana-Aranda 2003; Delgado et  al. 
2004; Marshak et  al. 2006). Consequently, the nominal 
requirement for coarse-grained, low-organic sand 
alone is not necessarily a good predictor of spawning 
habitat. It is likely that proximity to feeding habitats, 
water flow, and other factors that facilitate conch 
aggregation and mate-finding all contribute to the 
complicated creation of a suitable reproductive 
environment.

After reaching sexual maturity queen conch often 
make at least short-distance seasonal movements to 
and from reproductive habitat. The latter is usually 
located in close proximity to vegetated habitats where 
adult queen conch can feed between spawning seasons 
and perhaps between bouts of mating or spawning. 
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In some cases, the seasonal shift is toward shallow 
inshore areas for mating and egg-laying (Hesse 1979; 
Weil and Laughlin 1984, Coulston et  al. 1987; Acosta 
2001). For example, adults tracked with acoustic tags 
near Barbados moved over a depth range of 4 to 19 m, 
but generally shifted to shallower waters and showed 
an increase in aggregation during the warm repro-
ductive season (Bissada 2011). In other locations the 
adult populations move deeper for reproduction. For 
example, Stoner and Sandt (1992) found that tagged 
queen conch spent the relatively cool, non-reproductive 
season near Lee Stocking Island (The Bahamas) on 
elevated islands of algae-covered hard-ground (13–
18 m deep) and moved to slightly deeper areas of bare 
sand for mating and egg-laying during the warm sea-
son. In deep-water or isolated habitats, the feeding 
and reproductive habitats may be the same, and 
patches of coarse sand are used for egg-laying. There 
appears to be no uniform pattern of migration directly 
related to reproduction other than availability of 
high-quality foods for the non-reproductive season 
coupled with adjacent sandy habitat for best possible 
mate-finding and egg-laying during the reproductive 
period. Egg masses have been found in water depths 
from 2 to 45 m (Robertson 1959; Brownell 1977; 
Iversen et  al. 1987; Tewfik et  al. 1998; García-Sais 
et  al. 2012).

The importance of feeding during the reproductive 
season is not entirely clear. Stoner and Sandt (1992) 
explored diets and stomach fullness of adult queen 
conch in the well-studied reproductive ground men-
tioned above. During August, when the majority of 
conch were engaged in reproduction, feeding behavior 
in the sand habitat was light while those on the adja-
cent hard-ground and rubble continued to feed. 
Observations on tagged individuals revealed that 
actively mating and egg-laying conch moved to and 
from feeding habitat on hard-ground and rubble on 
a scale of days to weeks during the reproductive sea-
son. This suggests that feeding between bouts of mat-
ing and egg-laying might be important to high 
reproductive output and may help to explain some of 
the spatial pattern in the distribution of long-term 
spawning grounds.

5.2.  Mating behavior

Relatively little is known about how queen conch 
locate their mates. This is an especially critical aspect 
of reproductive biology because conch require copu-
lation for internal fertilization and they are relatively 
slow moving. While mate encounters might be ran-
dom, resulting in the high degree of density 

dependence observed in queen conch reproduction 
(see Sec. 6.2) it is possible that there is some more 
complex mechanism for mate finding. Males could 
simply follow the shallow tracks left by other conch 
in the sand, or there has been speculation that male 
queen conch might locate females by some chemical 
means. Recent discovery of estrogen, testosterone, and 
progesterone in the feces of queen conch, all of which 
follow reproductive seasonality (Chong-Sánchez et  al. 
2019), might provide a mechanism through which 
chemical tracking could occur because queen conch 
generate an almost constant trail of sandy feces while 
grazing. The authors acknowledged that the mecha-
nisms involved in the control of reproduction are 
mostly unknown for queen conch, but significant 
correlations were found between hormone levels and 
female egg-laying behavior. The closest correlation 
occurred with estrogen.

Basic descriptions of reproductive behavior in 
queen conch were provided more than 50 years ago 
(Randall 1964; D’Asaro 1965). During copulation 
the male is positioned behind the female where 
the muscular foot of the male is attached firmly 
to the extended posterior portion of the female’s 
flared shell lip (Figure 6). The male’s verge extends 
under the female’s shell and into the bursa copu-
latrix of the female’s genital tract (Figure 7). 
Copulation takes place during both day and night, 
and can extend for many hours, consequently mat-
ing frequency can often be tracked with a high 
degree of confidence for populations and/or indi-
viduals. While older conch may lay more eggs than 
younger but mature individuals, differences in mat-
ing frequency have not been explored, and it is 
not known if any form of sexual selection occurs 
in the mating process. In his experimental enclo-
sures, Appeldoorn (2020) found a positive relation-
ship between the overall number of copulations 
observed per male and the number of different 
females with which mating occurred, suggesting 
little selection choice by males. Queen conch 
females store sperm in the receptaculum seminus 
(see Sec. 2.1) and eggs are fertilized as they are 
laid. In dense populations of adults more than 1 
male is frequently observed near a female, partic-
ularly when eggs are being laid (Brownell 1977; 
Weil and Laughlin 1984), mating is frequent, and 
it is known that multiple males can fertilize the 
same egg mass (Reed 1995b; Medley 2008). 
Furthermore, female queen conch are known to 
copulate and lay eggs at the same time (Randall 
1964; Buckland 1989) (Figure 6), and Weil and 
Laughlin (1984) concluded that egg-laying females 
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were more attractive to males than mating females, 
suggesting that the egg-laying process might pro-
duce pheromones. Also, the relative immobility of 
egg-laying females might facilitate copulation. 
Evidence for this is provided by Reed’s (1995b) 
observation that copulation almost never occurred 
with non-spawning female Strombus pugilis.

With respect to mating, fertilization, and egg lay-
ing behavior, Reed (1995b) speculated that copulation 
may be a required stimulus to initiate ovulation 
because eggs were never found in the oviducts of 
non-spawning females. Additionally, Appeldoorn 
(2020) found a positive relationship between the 
number of copulations observed/female and the num-
ber of egg masses produced. These patterns could 
explain some of the observed density dependence in 
queen conch mating discussed below (Sec. 6.2). Once 
ovulation begins, however, the female conch will 
spawn regardless of sperm transfer. This means that 
an egg mass can be unfertilized, partially fertile or 
completely fertile. Reed (1995b) discussed the possible 
adaptive significance of multiple mating including 
insurance that adequate and viable sperm are avail-
able to supply the high fecundity observed in female 
queen conch.

There are several strombid species in the Caribbean 
region, and interspecific mating is well documented 
(Reed 1995a). Aliger gigas commonly co-occurs with 
the smaller species Lobatus costatus,3

3 and males of 
A. gigas have been observed mating with female L. 
costatus. Little more is known about interspecific 
mating in strombids, but Liverani and Wieneke 
(2016) provided evidence from shell structures that 
hybridization between A. gigas and L. costatus is 
possible.

5.3.  Reproductive seasonality

Reproductive seasonality in queen conch has been 
reported for at least 20 field sites, and summarized 
under several good syntheses (Appeldoorn and Baker 
2013; Aldana-Aranda et  al. 2014; Boman et  al. 2018). 
Consequently, the focus here is on the most general 
conclusions and possible mechanisms involved in the 
seasonal patterns determined both through direct field 
observations of mating and egg-laying behavior and 
with histological analyses of gonads.

3The taxonomy of strombid gastropods has undergone significant 
revision over the last 15 years. Both Aliger gigas and Lobatus costatus 
were considered to be in the genus Strombus for over 100 years, 
but recent revisions have placed queen conch in the genera 
Eustrombus, Aliger, and Lobatus. Confusion remains.

Field observations on mating and egg-laying behav-
ior are generally recorded in terms of the proportions 
of adult conch engaged in mating, copulation or 
egg-laying, and the changes that occur through a year. 
Absolute comparisons are problematic because of dif-
ferent methods, variable intensities of observation, 
and the effects of spawner density and other environ-
mental variables on reproductive behavior, but some 
generalizations can be drawn. Over most of queen 
conch distribution maximum reproductive activity 
occurs during the warmest months, primarily between 
April and October (Figure 13, top). Where levels of 
behavioral activity could be scored in relative terms, 
high activity typically ranged 3–5 months, with at least 
some activity lasting as long as 10 months in locations 
such as St. Eustatius and St. Croix (US Virgin Islands). 
Also, there is some indication that the active season 
is somewhat condensed in the northernmost locations 
such as Bermuda, Florida, The Bahamas, and Turks 
and Caicos Islands. Most notably, populations at lower 
latitude appear to extend mating and egg-laying into 
October and November.

Histological studies show approximately the same 
periods of most intensive reproduction as the behav-
ioral observations (Figure 13). It is noteworthy, how-
ever, that ripe gonads were found over long periods 
at some locations such as the Chinchorro Bank 
(Mexico) and at the San Andres Archipielago 
(Columbia). Egan (1985) reported that gonads of both 
male and female conch in Belize were in 
spawning-ready condition during nearly every month 
of a 2-year study. He found no obvious seasonal pat-
tern in gonad state or relationships to air temperature 
or rainfall. Even in the coldest months (January 
through March) 11–22% of the population sampled 
had ripe gonads in 1 year, and 32–61% in the second 
year. In 3 cases where behavioral observations and 
histological collections were made at the same location 
and during the same year it was apparent that the 
gonads can be ripe and spawning-ready for periods 
longer than reproductive behavior: In Barbados, 
gonads were ripe 1 month before mating and egg lay-
ing were observed, and at sites in St. Kitts/Nevis ripe 
individuals were found through December while the 
last reproductive behavior was observed in September. 
In the Florida Keys, a large proportion of the adult 
conch population had ripe gonads in March, but mat-
ing and egg-laying are not typically detected until 
mid-May. These differences could be explained by low 
densities of adults resulting in lower than maximum 
rates of mating or because behavioral observations 
were made too infrequently to detect the transient 
behaviors.
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Figure 13. seasonality of queen conch reproduction in the caribbean region. the upper part of the figure is based upon field 
observations on reproductive behavior scaled to 3 relative non-zero levels of intensity. the lower part of the figure is based 
upon histological analysis of gonads, where the proportion of adults in ripe or spawning condition are shown (zero, <25%, 
25–50%, and >50%). the upper figure is modified from Boman et  al. (2018) and supplemented with new data. the bottom 
figure is modified from Aldana-Aranda et  al. (2014), with the addition of data from Buckland (1989). in both top and bottom 
sections, the locations are ordered by latitude (highest to lowest). the original data sources are shown on the right: (1) Randall 
(1964); (2) D’Asaro (1965); (3) Davis et  al. (1984); (4) weil and laughlin (1984); (5) egan (1985); (6) salley (1986); (7) Appeldoorn 
et  al. (1987); (8) coulston et  al. (1987); (9) Buckland (1989); (10) Berg et  al. (1992b); (11) stoner et  al. (1992); (12) Márquez-Pretel 
et  al. (1994); (13) lagos-Bayona et  al. (1996); (14) Pérez-Pérez and Aldana-Aranda (2003); (15) Appeldoorn et  al. (2011b); (16) 
Bissada (2011); (17) Aldana-Aranda et  al. (2014); (18) Boman et  al. (2018); (19) Delgado and Glazer (2020). the symbol “x” indi-
cates months when observations or collections were not made.

Mating and egg-laying seasons observed in a partic-
ular location are probably driven by environmental cues. 
The consensus is that most intensive reproductive 
behavior begins with the rise of ambient water tem-
perature or some threshold of temperature often 
observed in April or May. Subsequently, reproduction 
continues through the warmest summer months, and 
declines in parallel with temperature in the fall (e.g., 
Brownell 1977; Weil and Laughlin 1984; Buckland 
1989). Shawl and Davis (2004) reported that egg-laying 
in captive strombid species was directly related to water 

temperature. The relationship between temperature and 
spawning in queen conch, however, varies with latitude 
(Aldana-Aranda et  al. 2014; Boman et  al. 2018) and by 
year depending upon specific weather conditions that 
can impact rates of temperature change and behavior. 
For example, in a field enclosure in Puerto Rico where 
individual reproductive behaviors were monitored nearly 
daily from late May until October (Appeldoorn 2020) 
reproduction began when water temperature rose to 
28.5˚C. Numbers of egg masses produced per week 
increased steadily as water temperature rose from 
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28.5 °C to near 30 °C in June and July, then decreased 
precipitously when temperatures declined to 29 °C in 
early October. In 2010, reproductive activity in Puerto 
Rico was last observed at a temperature of 29.6˚C sug-
gesting that a threshold might exist (Appeldoorn 
et  al. 2011b).

While mating and egg-laying in queen conch have 
frequently been associated with obvious patterns of 
water temperature, other biologists have noted that 
reproductive activity sometimes ends before a decrease 
in temperature. For example, decreasing patterns of 
mating and egg-laying were observed in September 
in both the Turks and Caicos Islands (Davis et  al., 
1984) and The Bahamas (Stoner et  al. 1992) before 
water temperatures began to decrease. Stoner et  al. 
speculated that the declining length of daylight in 
September might result in spawning reductions. Also, 
reproductive behavior in queen conch can be affected 
by short-term events (i.e., within the normal bounds 
of reproductive season). For example, Buckland (1989) 
observed that there appeared to be higher egg-laying 
activity around the full moon in St. Kitts/Nevis, but 
mating showed no such pattern. Others have noted 
decreases in mating and egg-laying in shallow water 
during periods of strong wind or wave energy (Hesse 
1979; Stoner et  al. 1992) and during rapid short-term 
temperature decreases (Appeldoorn et  al. 2011a). Cala 
et  al. (2013) reported peak reproduction during the 
rainy season in southeast Cuba, corresponding with 
the period of high temperature and long day length, 
and low levels of activity in the dry season as well 
as the winter cold-front season. On a broader tem-
poral scale, Appeldoorn et  al. (2011b) have speculated 
that warming climate may have an impact on the 
reproductive season for queen conch, since nearly 
year-round spawning has been observed recently in 
Florida and Puerto Rico and other locations as min-
imum winter temperatures have increased.

6.  Relationships between reproduction and 
demographics

6.1.  General population requirements for mating 
and spawning

It is clear from surveys conducted throughout their 
geographic range that queen conch are found in specific 
locations and that viable spawning populations are 
aggregated during the spawning season. The apparent 
gregarious behavior and need for internal fertilization 
implies that conch reproductive potential hinges on 
their ability to find appropriate mates. Two demographic 
factors need to be considered with regard to mate-finding 

and reproductive potential: (a) the age, size, and matu-
rity structure of the population as discussed previously 
with respect to maturation and fecundity (Secs. 2.3 and 
4), and (b) the density and abundance of reproductively 
mature individuals in the spawning aggregation. This 
section focuses on the latter topic.

6.2.  Density dependence in queen conch 
reproduction

In their review of ecosystem-level management for 
queen conch Appeldoorn et  al. (2011a) suggested that 
“Density is probably the single most important crite-
rion affecting conch productivity throughout its life 
history, as it affects growth, successful reproduction, 
fecundity, settlement, and early juvenile survival.” With 
regard to queen conch reproduction specifically, 
numerous biologists have noted since the 1980s that 
mating and egg-laying appear to be density-dependent 
(Weil and Laughlin 1984; Appeldoorn 1988b; Buckland 
1989). Since that time the subject of density depen-
dence in queen conch reproduction has received 
increasingly quantitative and experimental attention 
and has had a significant role in population modeling.

Surveys at 2 sites in the Exuma Cays, Bahamas, 
designed specifically to explore density dependence 
in queen conch reproduction revealed minimum 
thresholds of 56 adults/ha and 48 adults/ha under 
which no mating or egg-laying activity was observed, 
respectively (Stoner and Ray-Culp 2000). The sigmoid 
responses of both mating and egg-laying behavior to 
density were explained as an Allee effect driven by 
variable probability of encountering prospective mates 
at different densities. This study has been cited fre-
quently in the context of fisheries management for 
queen conch and was part of the basis for a target 
threshold of 100 adults/ha within mating areas pro-
posed for sustainable fisheries in the regional fisheries 
management and conservation plan for queen conch 
(Prada et  al. 2017). More recent studies of density 
and reproductive behavior, however, show that the 
relationships are highly variable, dependent upon the 
age structure of the subject population, and probably 
site specific. For example, Stoner et  al. (2012a) 
expanded the earlier study to include a broader range 
of sites in The Bahamas, and applied logistic regres-
sions to predict reproductive activity based on adult 
density. The initial surveys conducted in 1995 in the 
Exuma Cays were repeated in 2011 with very similar 
results for minimum densities required for mating 
and shapes of the curves relating density to mating 
(Figure 14). In fact, minimum densities for mating 
in the southern Berry Islands (2009) and near Andros 
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Island (2010) (∼47 adults/ha) were relatively consistent 
with the thresholds in the Exuma Cays (56 adults/
ha), but the probability curves for mating diverged 
wildly at higher densities. While the proportion of 
conch mating in the Exuma Cays reached an asymp-
tote at ∼10% in both 1995 and 2011, the asymptotes 
at the Berry Islands and Andros Island were just 5.9% 
and 2.4%, respectively; and a 50% probability of 
observing mating in the 2 locations were 300 adults/
ha and 180 adults/ha, respectively. Differences among 
the sites were at least partially related to conch ages 
and sizes. The Exuma Cays surveys were conducted 
in depths 11–19 m, inhabited primarily by older conch 
with relatively thick shell lips (mean = 26–28 mm LT), 
and most were probably mature. Conch at the other 
2 shallower sites conch were younger (mean LT = 
15 mm at both sites) and it is likely that some of the 
individuals with flared shell lips were not mature. 
Also, populations in both the Berry Islands and at 
Andros Island included substantial numbers of the 
small “samba” conch (Figure 11), which are known 
to demonstrate somewhat reduced mating frequencies. 
These results show very clearly the importance of 
population structure on mating frequency.

Other surveys show that minimum thresholds of 
adult density diverge from the earliest direct obser-
vations in the Exuma Cays. A recent report on 341 

aggregation surveys conducted in the Florida Keys 
over an 11-year period (Delgado and Glazer 2020) 
showed that mating never occurred in aggregations 
with densities <204 adults/ha and egg-laying never 
occurred where densities were <90 adults/ha. As in 
The Bahamas, rates of mating and spawning and 
variation in those variables increased rapidly with 
adult density up to at least 2000 adults/ha. The 
authors suggested that differences in minimum 
thresholds between the Keys and The Bahamas were 
at least partly related to methodological differences, 
but it is clear that density-dependent relationships in 
reproductive behavior can vary widely with location 
and can be influenced greatly by the age structure 
of the populations and the scale of surveys (see 
Sec. 7.1).

Failures in queen conch reproduction have been 
attributed to long-term declines in population den-
sities. For example, de Jesús-Navarrete and 
Valencia-Hernández (2013) estimated that summer 
densities of adult conch in specific sectors of 
Chinchorro Bank (Mexico) declined by 2 and 3 
orders of magnitude between the 1990s and 2009, 
reaching lows of 9–23 adults/ha. Whereas mating and 
egg-laying were common in earlier surveys, the 
authors observed just 1 copulating pair and no 
egg-laying whatsoever in 2009. Similarly, adult den-
sities in the depth stratum >10 m near Lee Stocking 
Island (LSI) (Bahamas) declined 92% between 1991 
and 2011 to a level near 5 adults/ha (Stoner et  al. 
2018). Mating and egg-laying were abundant at this 
site in the 1990s, and was a reliable source of eggs 
for conch culture at the LSI laboratory. Only 3 mating 
pairs were observed in the 2011 surveys at LSI, all 
at 23 m depth (Stoner et  al. 2011).

The earliest experiments on density dependence in 
queen conch reproduction were conducted in Puerto 
Rico with the primary goal of evaluating variation in 
total seasonal fecundity discussed earlier in Sec. 4. 
Appeldoorn (1995a) proposed a density-dependent 
process somewhat more complex than simple encoun-
ter rates between males and females. He suggested 
the possibility of a positive feedback loop explained 
as follows: “Female gametogenic activity is stimulated 
by contact with males, primarily at the time of cop-
ulation. The greater the degree of contact, the greater 
the stimulation. Females so stimulated would produce 
larger and more frequent egg masses.” Further, males 
can copulate most easily when females are stationary 
and laying eggs. “Thus, females laying eggs should 
have a higher rate of copulation and, therefore, a 
higher degree of gametogenic stimulation.” Potential 
for this form of sexual facilitation appears to be borne 

Figure 14. logistic regressions adapted from stoner et  al. 
(2011). Reproductive activity is predicted based on adult den-
sity. For example, in the Berry islands, a density of 335 adults/
ha is needed for 50% probability of mating, and 500 adults/
ha for 90% probability to occur. the curve for the exuma cays 
in 2011 is very similar to that observed in 1995, suggesting 
that patterns of density-dependent reproductive activity can 
be stable over time but are probably site specific, depending 
upon population structure and habitat features (see text).
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out by the observation that the number of egg masses 
produced by tagged females in experimental enclo-
sures was directly correlated with the number of cop-
ulations (Appeldoorn 2020). New simulation models 
(Farmer and Doerr, in review) using mating obser-
vations from several different field locations indicate 
that adult density and sexual facilitation are, in fact, 
the most likely explanatory variables for mating 
probability.

The only other experiment designed specifically 
to explore density dependence in queen conch was 
conducted near LSI in 2001 (Gascoigne and Lipcius 
2004). Adult conch were collected in the middle of 
the reproductive season from 2 sites with high den-
sities (963–1140 adults/ha) where mating behavior 
was common and at 2 sites with low densities (19–21 
adults/ha) where mating was never observed. Groups 
of 16 conch were then tagged and enclosed in 
6-m-diameter pens at each of the sites, in 8 treat-
ments where half of the pens held conch in their 
original source habitat and the other half held trans-
located conch (i.e., moving conch from high to low 
density areas and low to high density areas). The 
captive conch were monitored daily for mating behav-
ior in 2 trials (running 9 and 12 days). This experi-
ment compared the assumption that mating in the 
short monitoring periods would reflect the 
pre-programming created by the physical and behav-
ioral environment where the conch were collected 
versus the assumption that reproductive behavior is 
determined by short-term encounter rates in the pens 

alone (i.e., density), which should have been equal. 
The behavioral environment would have included the 
degree of reproductive activity conch were engaged 
in before collection since the collections were made 
in the middle of the spawning season. Unsurprisingly, 
highest numbers of mating conch were found in the 
enclosures with conch sourced from the high-density 
locations and returned to high-density locations. 
Conch from low-density sources always had the low-
est amount of mating, and conch translocated from 
high-density sources to low-density areas demon-
strated intermediate levels of mating. From these 
observations Gascoigne and Lipcius concluded that 
low reproductive rates in low-density populations are 
related to attenuation of encounter rates as proposed 
by Stoner and Ray-Culp (2000) and by “delayed func-
tional maturity” that compounded the Allee effect of 
encounter rate. This might be congruent with the 
observation that mating frequency can enhance game-
togenesis and, therefore, receptiveness to mating. The 
most parsimonious explanation, however, is that more 
than half of the conch collected from the low-density 
sources for the mating experiments had lip thick-
nesses <12 mm, and queen conch in the vicinity of 
LSI do not reach sexual maturity until 10–15 mm LT 
(Stoner et  al. 2012a). It is also possible that the 
low-density site had suboptimal quality for reproduc-
tion; this is indicated by low mating frequency in 
conch moved to the low-density site compared with 
those remaining in high-density site. A habitat-related 
failure was reported by Davis et  al. (1984) whereby 

Figure 15. conceptual model for the variables that affect the reproductive output of queen conch.
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conch transplanted to an enclosure in shallow water 
did not spawn in month-long observations but started 
to lay eggs within 2 days after being moved to a 
habitat with more appropriate bottom type. Delgado 
et  al. (2004) observed a similar reduction in repro-
ductive behavior when adult conch were moved from 
high quality offshore spawning environment in the 
Florida Keys to the suboptimal inshore environment 
where temperature and trace metal concentrations 
were high (see Sec. 3.1).

In the introduction to their study Gascoigne and 
Lipcius (2004) interpreted data from the earlier obser-
vations at LSI (Stoner and Ray-Culp 2000) to show 
that “per capita reproduction” declines with increasing 
density. This is logical because the per capita index 
is calculated by dividing the asymptotic proportion 
of population engaged in reproductive behavior by 
the ever-increasing values of density. Ehrhardt and 
Valle-Esquivel (2008), Ehrhardt (2021) fitted a curve 
to the same data up to a similar density value of 300 
adults/ha and hypothesized that the declining per 
capita metric represents an actual deterioration of 
mating capabilities due to interference among indi-
viduals. This conclusion, however, conflicts substan-
tially with the abundant field data representing the 
full range of conch densities observed in The Bahamas 
(to 1000 adults/ha) (Stoner and Ray-Culp 2000; Stoner 
et al. 2012a) and Florida (to >2000 adults/ha) (Delgado 
and Glazer 2020). These more extensive data sets 
clearly show that average proportional reproductive 
activity actually stays constant over the full range of 
density conditions observed (i.e., reproductive activity 
does not decline with density, and there appears to 
be no deterioration of mating capabilities even at the 
highest densities observed. These findings will neces-
sarily affect appropriate models of stock-recruitment 
relationships.

Conserving populations of mature adults and nat-
ural density-dependent reproduction are among the 
greatest challenges for managers of queen conch, and 
it is clear that the variables of conch abundance, den-
sity, population age structure, maturity schedules, 
habitat quality, and reproductive output are complexly 
interwoven (Figure 15). As discussed above, patterns 
of density dependence in reproduction are not uni-
versal. Consequently, the recommendation that queen 
conch populations be managed to achieve a threshold 
density of 100 adults/ha within a mating area (Prada 
et  al. 2017) may be too simplistic and/or too low, and 
it appears likely that site-specific information will be 
required for effective management. Furthermore, esti-
mates for density depend upon the scale of assess-
ments, discussed in more detail in the next section.

7.  Fisheries management implications and 
recommendations

7.1.  Survey design and stock assessments

Information on population structure is critical to any 
quantitative evaluation of queen conch stocks. This 
should include data on animal size, age, density, and 
total numbers for a given area because all of these 
factors influence reproductive potential. Shell length 
provides useful data for the first three year-classes, 
often apparent in length-frequency distributions, and 
in the last decade most biologists conducting surveys 
have included shell lip-thickness measures (LT) for 
flared lip individuals to provide a general view of age 
structure of the older conch. Further, it is often useful 
to calculate densities or abundance of mature adult 
queen conch based upon some standard minimum 
LT value linked to histological evidence for the site. 
Example thresholds have been established for different 
locations at 5 mm (Schweizer and Posada 2006; de 
Jesús-Navarrete and Valencia-Hernández 2013; Tewfik 
et  al. 2017; Ardila et  al. 2020), 8 mm (Cala et  al. 
2013), 9.5 mm (Baker et  al. 2016) and 10 mm (Stoner 
et  al. 2012a; Tewfik et  al. 2019). While 15-mm min-
imum LT provides a robust estimate for a 50% prob-
ability of sexual maturity (Foley and Takahashi 2017; 
Boman et  al. 2018) (Sec. 2.3), there is substantial local 
and regional variation in maturity schedules for queen 
conch. Consequently, it will be important to develop 
a general understanding of the relationship between 
sexual maturity and shell LT for the subject popula-
tions. This has been accomplished for some locations 
where histological studies have been conducted, but 
there are numerous important fishing grounds where 
the relationships are completely unknown. Surveys 
focused on peak reproductive season provide oppor-
tunity to evaluate reproductive behavior (spawning, 
mating) in the context of location, adult age, and 
adult densities in mating aggregations. Also, when 
surveys yield large numbers of individuals, length and 
LT data will help to determine juvenile-adult ratios 
and patterns of recruitment, both of which can be 
used to determine overall population health.

Biologists requiring high quality surveys for queen 
conch face several significant challenges: (a) the target 
species can be widely dispersed over very large areas, 
(b) distribution is often highly patchy and there is 
need for sampling replication, and (c) some conch 
populations, particularly in heavily fished areas, are 
concentrated in depths requiring intensive scuba div-
ing or more advanced techniques. Ehrhardt and 
Valle-Esquivel (2008) suggest that the first step in a 
fishery-independent survey is to define the “target 
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statistical population.” This might represent the gen-
eral boundaries of a fishing ground, determined 
through a broad-scale pilot study or by consultation 
with the fishing community. For example, the loca-
tions for long-term surveys conducted by Stoner et  al. 
(2018) in The Bahamas were determined by meetings 
with fishers and staff members from the Department 
of Marine Resources. Survey areas in Puerto Rico 
were determined after biologists of the PR Fisheries 
Research Laboratory consulted conch fishers on the 
location of present and past fishing grounds, nursery 
grounds, and areas without conch (Baker et  al. 2016). 
In the Florida Keys, reproductive populations of queen 
conch are concentrated in aggregations along the reef 
tract well known by biologists in the Florida Fish and 
Wildlife Conservation Commission.

The majority of fishery-independent surveys for 
queen conch have used divers to count numbers of 
individuals in simple belt transects (e.g., Wood and 
Olsen 1983; Stoner and Sandt 1992; Berg et  al. 1992a; 
Acosta 2002; Singh-Renton et  al. 2008; Medley 2008; 
Baker et  al. 2016; Stoner et  al. 2018) or large circles 
(e.g., Ray and Stoner 1994; Appeldoorn 1995b; Stoner 
and Ray-Culp 2000; Doerr and Hill 2018). These sur-
veys generally involve replication of some form and 
stratification. A detailed discussion of sampling strat-
egy for queen conch within a target area, including 
topics of random and stratified methods, are provided 
by Medley (2008), Ehrhardt and Valle-Esquivel (2008), 
and Ehrhardt (2021). An important consideration is 
sampling stratification by depth and habitat, where 
possible. For example, in Puerto Rico, Baker et  al. 
(2016) noted that differences in conch abundance 
estimates determined from random surveys (relative 
to depth and habitat) might reflect differences in the 
depths sampled among survey years.

Significant progress has been made in surveying 
queen conch with towed underwater cameras (Boman 
et  al. 2016; Cruz-Marrero et  al. 2020), which can 
cover larger areas and work faster and deeper than 
divers. Continuous video records provide excellent 
information on habitat associations and the oppor-
tunity to evaluate patchy distributions, but advances 
are needed for automated processing of large video 
collections. Shell length data can be obtained from 
video records but not LT data. A partial solution for 
determining age structure of “adult” conch is to make 
age classifications through other more visible criteria. 
For example, relative age groups including “adult,” 
“old adult,” and “very old adult” have been defined 
on the basis of shell encrustation and erosion, color, 
and condition of the periostracum (Appeldoorn 
1995b; Tewfik 1997; Medley 2008; Baker et  al. 2016, 

Cruz-Marrero et  al. 2020). Despite the advantages of 
camera data, it is useful to follow broad-scale video 
surveys with diver deployments where possible to 
gather details on population structure and reproduc-
tive activity where adult conch are aggregated.

Formal stock assessments are often designed to 
determine the current stock biomass and rate of fish-
ing to some modeled target such as maximum sus-
tainable yield (MSY). This approach, however, is 
problematic due to the unique aspects of queen conch 
life history that make quantifying rates of growth 
and mortality difficult. Medley and Ninnes (1999) in 
the Turks and Caicos Islands avoided these problems 
by basing their assessment on long-term catch and 
effort data using a stock-production model linked to 
biomass estimates obtained from surveys. In contrast, 
Ehrhardt (1999) developed a simplified approach 
based upon meat weight (see Ehrhardt and 
Valle-Esquivel 2008) and applied this to the Honduran 
conch fishery evaluated through benthic survey data 
(Ehrhardt and Galo 2005). Biomass estimates of 
exploitable stock from benthic surveys have been 
used to estimate MSY based upon simplified formulae 
(García et  al. 1989) as applied to populations on 
Pedro Bank (Appeldoorn 1995b) and in Belize 
(Singh-Renton et  al. 2008). These approaches, how-
ever, rely on assumptions of key parameters that can 
greatly impact the results on top of the wide confi-
dence limits on biomass estimates typical of benthic 
surveys. For example, in Belize, Singh-Renton et  al. 
(2008) estimated a mean exploitable density with 95% 
confidence limits of −40% and +59% resulting in one 
estimate of MSY of 323,910 kg (95% C.I.= 287,854–
436,019). Additionally, these approaches do not spe-
cifically account for the unique aspects of conch 
reproduction that can put sustainability at risk. Again, 
in Belize, the fishery largely focuses on juveniles; 
flared-lip individuals constituted only a small per-
centage of conch found in the surveys and only 16% 
of these could be considered mature (Singh-Renton 
et  al. 2008). Yet, a few stations conducted in deep 
forereef areas protected from fishing hint at the exis-
tence of a separate deeper water population of spawn-
ing adults (Sec. 7.3.1) but no surveys have been 
conducted to determine the abundance, extent, and 
age structure of deeper water conch stocks. In sum-
mary, assessments should be designed to evaluate the 
status of the entire population with respect to size/
age at maturity, density, and adult age structure in 
addition to simple estimates of population abundance 
and biomass.

An important question relative to stock health is 
whether conch occur at densities sufficient to promote 
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reproduction. Accounting for adequate reproductive 
density can be done via 2 survey targets. The first is 
to survey spawning aggregation areas directly. This 
requires that density estimates be made on a scale 
that is congruent with the behavior of conch mating 
biology or directly within specific spawning locations 
if these are known. Benthic surveys are used to assess 
the size of the aggregations, size and age structure of 
adults, and the proportions engaged in mating and 
spawning. Relating reproductive activity to length and 
shell lip-thickness is particularly valuable as this helps 
to establish the minimum and mean sizes (LT) of 
reproduction. For example, in the Florida Keys, aggre-
gations of queen conch are found in discrete offshore 
reef areas year after year, and these sites have been 
surveyed comprehensively by the Florida Fish and 
Wildlife Conservation Commission for decades 
(Delgado and Glazer 2020). There are 2 caveats to 
this approach. One is that focusing on just areas with 
the highest density will overestimate the reproductive 
potential of a broader population. The second is that 
studying only a limited number of spawning areas 
may not give an accurate picture of reproductive sta-
tus of the overall population. Individual sites could 
be fished out without affecting the performance of 
other sites as seen, for example, in the serial depletion 
of exploited grouper spawning aggregations (e.g., 
SEDAR 2007a). Delgado and Glazer (2020) recom-
mended that spawning aggregation sites be fully pro-
tected to ensure high densities and eliminate the 
threat of serial depletion; however, this can be imprac-
tical based on the fishing grounds and resources avail-
able. For example, the scale of Pedro Bank (591,500 ha) 
and its location 75 km south of Jamaica make mapping 
and protecting individual reproductive areas logisti-
cally impossible.

The second way to account for adequate repro-
ductive density is through surveys targeting overall 
population density and relating the resulting density 
estimates to some level presumed to be sufficient 
for reproduction. This is not straightforward because 
“density” itself is an elusive concept. First, density 
must be determined for sexually mature individuals, 
and not simply those with flared shell lips, as dis-
cussed above. Second, Appeldoorn et  al. (2011a) have 
pointed out that because of the patchy distribution 
of queen conch in the field, estimates for density 
will be a function of the area surveyed relative to 
both appropriate habitat and stock abundance. When 
populations are dispersed over very large banks or 
broad shelves where habitat boundaries cannot be 
defined so explicitly, surveys spanning areas with 
low conch densities may result in estimates not 

relevant to mating. To illustrate, in the 2013 survey 
in Puerto Rico (Baker et  al. 2016) the mean adult 
(LT > 9 mm) density was 7.15 conch/ha, and the 
maximum density in a single transect was 24.4 
conch/ha, both well below the minimum threshold 
for reproduction; however, conch were actively 
spawning at these presumed low densities 
(Appeldoorn et  al. 2011b). The explanation is that 
adult densities within a transect can vary substan-
tially. For example, at that site of maximum density, 
most adults were found in a small section at end of 
the transect, with a resultant density of 89.4 conch/
ha, which is above the adult density thresholds 
observed in The Bahamas, but below a level where 
maximum rates would be achieved.

Several approaches have been proposed to relate 
overall population density (or a defined subset) to 
some potential spawner density. SEDAR (2007b) and 
Appeldoorn (2008) examined the use of a compara-
tive approach to illustrate potential benchmark den-
sities, with high-density average values reported in 
the literature representing virgin population densities 
and one-half that level then set to a target population 
density at maximum sustainable yield (MSY). While 
the resulting estimate (140 conch/ha) would have a 
wide confidence limit, it was sufficient to show that 
current density levels within Puerto Rico were too 
low. A second, but similar approach was proposed 
for the industrial conch fishery on Pedro Bank by 
Tewfik and Appeldoorn (1998). They used the average 
density of the nominal reproductive population (LT 
> 5mm) recorded in the then still unexploited areas 
of the bank at 20–30 m depth as an estimate of virgin 
stock adult density (202 conch/ha). Half that value 
(101 conch/ha) was then taken as the recommended 
target level of the reproductive population size at 
MSY. Prada et  al. (2017) made a general recommen-
dation of a target density of 100 adults/ha within the 
mating area. In a third approach, Smikle (2010) pro-
posed a harvest control rule for the Pedro Bank fish-
ery (Figure 16), with target densities converted to 
exploitable biomass based on survey results. In this 
approach there was no specific MSY target per se, 
but there was a minimum density (70 conch/ha) 
derived from the reproductive thresholds reported by 
Stoner and Ray-Culp (2000) allowing for the fact that 
part of the exploitable population is still immature. 
All of these approaches rely on the typical results of 
field surveys of conch density, where the majority of 
stations report low or no conch, so by definition if 
the minimum acceptable density average is main-
tained, there must be many areas where densities are 
well above that level. For example, in the 2011 survey 
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of Pedro Bank, no adults were observed in 34% of 
the stations, yet the average density of reproductive 
adults was 103 conch/ha, with 37% of the stations 
having a density >56 conch/ha and 17% of the sta-
tions having a density >200 adults/ha (maximum = 
1,157 adults/ha) (unpublished data). While these 
approaches can help relate overall adult density to a 
desired level of reproductive density, they only rep-
resent snapshots, and repeated surveys at frequent 
intervals (e.g., 5 years) are required to confirm that 
reproductive overfishing is not occurring.

7.2.  Habitat conservation and climate change

In the endeavor to conserve reproductive stocks it 
will be important to identify locations where spawners 
are abundant and to protect those locations from dis-
turbance. Achieving highest reproductive potential in 
queen conch depends upon conserving not only the 
habitats where mating and egg-laying have been 
observed but also the nursery grounds and migratory 
pathways that supply the reproductive grounds. 
Avoiding or mitigating changes to crucial conch 
spawning habitat can be accomplished in at least some 
cases with informed decisions made locally. Adjusting 
for the effects of climate change will be more difficult 
to address on a local scale, particularly for small 
island nations.

Reports of habitat loss have not been reported as 
frequently as overfishing with regard to major 

impacts on queen conch populations; however, 
dredging associated with maintaining harbors, mari-
nas, and navigation channels, can create damage to 
conch habitat. Dredging often produces large 
amounts of fine sediment detrimental to spawning 
habitat and can release accumulated pollutants bur-
ied in the bottom of harbors, some of which are 
the trace metals that have negative impacts on gonad 
development (Sec. 3.1). Also, Appeldoorn and Baker 
(2013) reported that much of the nearshore habitat 
suitable for queen conch in Montserrat was lost as 
a result of road building in the 1960s and ash from 
continued volcanic eruptions on the island that peri-
odically destroy seagrass meadows. At last report 
most of the minimal catch of queen conch in 
Montserrat is harvested in depths >37 m. Also, in 
Puerto Rico, fishers have reported that large inshore 
areas on the west coast of the island and nearshore 
seagrass beds near La Parguera no longer support 
conch. Increased siltation from land run-off has 
been proposed as the cause for these observations, 
a conclusion supported by sedimentation studies off 
La Parguera (Ryan et  al. 2008). While point-source 
pollutants can be controlled and the effects of local-
ized dredging operations in harbors and channels 
can be mitigated to some extent, loss of habitat for 
queen conch from more generalized run-off of sed-
iments will require broader thinking on land-use 
practices.

Changes in ocean-scale processes may represent a 
more insidious and widespread threat to sustainability 

Figure 16. harvest control rule for the Pedro Bank conch fishery proposed by smikle (2010). exploitable biomass includes large 
juveniles and adults. the black dashed line shows the relationship between exploitable biomass and a total Allowable catch 
(tAc) of 8% of the biomass. the limit Reference Point (lRP) (red) is the minimum exploitable biomass and corresponds to a 
density of 70 conch/ha. the target Reference Point (tRP) is the tAc (green). this rate of harvest continues up to the estimated 
carrying capacity (blue) after which the tAc is held constant to avoid extreme rates of exploitation.
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in queen conch reproduction and fisheries than the 
localized threats to habitat discussed above. Oxenford 
and Monnereau (2017) summarized the primary 
threats of climate change to species important to 
coastal and marine fisheries in the Caribbean region, 
and Tewfik et  al. (2019) discussed more explicitly how 
rising temperatures can affect the size of marine con-
sumers, their distribution and productivity. Direct 
physiological impacts of rising sea surface temperature 
and ocean acidification include changes in metabolism, 
reduced shell calcification rates, and impaired neuro-
sensory function. High temperature can have a positive 
effect on feeding and growth, at least up to a point. 
For example, growth in queen conch veligers increased 
with temperatures up to 32 °C, and survival remained 
high (Davis 2000b). Also, Appeldoorn et  al. (2011a) 
have noted that a warmer climate might have the effect 
of extending the spawning season in queen conch in 
some areas, which could increase the numbers of eggs 
spawned in a season and overall population fecundity. 
Warming climate might also allow queen conch pop-
ulations to advance north along the U.S. east coast 
and farther into the Gulf of Mexico from the historic 
distribution, depending upon habitat suitability.

Despite some potential positive effects of increasing 
temperature, high water temperatures (>30 °C) on the 
shallow flats where queen conch nurseries occur can 
result in low oxygen concentrations, which would 
reduce growth of juveniles and may lead to matura-
tion at smaller than normal length and impact repro-
ductive output. The actual sublethal and lethal effects 
of rising temperature, however, are generally unknown 
for queen conch. Also, little experimental research has 
been conducted with queen conch on ocean acidifi-
cation. Low pH is known to have a strong negative 
impact on larval development in mollusks, and the 
very thin shells of queen conch veligers may be espe-
cially vulnerable (see Chávez-Villegas et  al. 2017). The 
impacts of acidification on conch larvae (and possibly 
benthic stages) could have major impacts on subse-
quent recruitment to the adult class, including repro-
ductive stocks, throughout the species’ distribution. 
New research is sorely needed on direct effects of 
both increasing temperature and acidification on all 
life stages, from eggs to adults.

Indirect effects of climate change summarized by 
Oxenford and Monnereau (2017) include those caused 
by increased strength of hurricanes, habitat degrada-
tion, and regional changes in hydrography. In fact, 
queen conch populations have probably been impacted 
by hurricanes for thousands of years, including sig-
nificant negative effects on important conch habitats 
and at least short-term direct effects on reproductive 

behavior. Wood (2012) and Haughton (2012) (cited 
in Appeldoorn and Baker 2013) speculated that hur-
ricanes striking the Turks and Caicos Islands in 2008 
were responsible for habitat destruction leading to 
the poor recruitment of queen conch observed sub-
sequently. Hurricane impacts were also mentioned 
with regard to declining conch populations in St. 
Kitts/Nevis (CITES 2012). In 2017, Hurricane Maria 
excavated large amounts of seagrass known to serve 
as important juvenile habitat in the eastern part of 
Puerto Rico. Formal surveys were not conducted to 
determine the effects of habitat loss on queen conch, 
but anecdotal reports suggest that queen conch were 
lost from shallow water habitats in southeast Puerto 
Rico (M. Davis, Florida Atlantic University, pers. 
commun.). Category 5 Hurricane Dorian passed 
directly over the northern edge of The Bahamas in 
August 2019, but surveys 12 months later revealed no 
obvious evidence of impact on queen conch (e.g., 
missing year class, large numbers of conch on the 
beach, etc.) (A. Kough, Shedd Aquarium, pers. com-
mun.). While the impacts of hurricanes on queen 
conch have not been investigated explicitly, it is likely 
that the increasing frequency and strength of hurri-
canes associated with warming climate will have both 
direct and indirect consequences for conch popula-
tions. How changes in Caribbean circulation might 
affect recruitment processes and sustainability of 
reproductive populations in the region are even less 
well understood but biophysical models for the spe-
cies coupled with predictions of hydrographic changes 
will be useful.

7.3.  Queen conch reproduction and fishery 
management strategies

7.3.1.  Marine closed areas
Fishing activities for queen conch preferentially target 
dense aggregations with mature or at least large indi-
viduals (Appeldoorn et  al. 2011a), often leaving conch 
populations at a reproductive disadvantage because of 
reduced density. Consequently, areas closed to fishing 
can be an effective way to conserve a natural 
age-structure of conch populations including a high 
proportion of the most fecund older adult females 
and the high densities of mature conch needed for 
naturally high rates of mating and egg-laying. Also, 
closed areas can contribute to fishery yields in the 
surrounding areas by exporting larvae to downstream 
areas and by “spillover” whereby post-settlement 
queen conch emigrate over the boundaries of the 
closed area to enhance catches in the surrounding 
legal fishing areas. Given the likely benefits, at least 
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14 nations in the Caribbean region have areas closed 
to conch fishing (Appeldoorn and Baker 2013).

This section is focused on areas set aside with the 
intention of long-term or permanent protection from 
fishing. These closed areas, often called “no-take 
reserves,” “parks” or “marine protected areas,” are usu-
ally subject to habitat protections as well as fishery 
closures. Marine reserves that include protection for 
queen conch vary in size, time of inception, and qual-
ity of protection. Some of the reserves are small such 
as the Admiral Cockburn Land and Sea National Park, 
South Caicos Island (∼12 km2), Hol Chan Marine 
Reserve established in 1987 at Ambergris Cay, Belize 
(∼20 km2), and Cades Bay Marine Reserve, Antigua 
(∼23 km2). Much larger protected areas include the 
Exuma Cays Land and Sea Park, The Bahamas 
(∼456 km2) and the Cayos Cochinos Biological Reserve, 
Honduras (∼460 km2). Emphasis here will be placed 
on cases where there has been survey work designed 
to track the efficacy of specific areas closed to queen 
conch fishing, while long-term, national or broad-scale 
closures will be discussed under the subject of mor-
atoria (Sec. 7.3.6).

Comparisons of queen conch populations inside 
and outside areas closed to fishing are now relatively 
common, confirming the expected higher numbers 
and larger average size and age of conch resulting 
from protection in both large (Stoner and Ray 1996; 
Acosta 2002; Tewfik et  al. 2017) and small (Weil and 
Laughlin 1984; Tewfik and Béné 2000; Singh-Renton 
et  al. 2008; Dahlgren 2014) reserves. Enforcement of 
the protection is critical, however, and declines and 
even collapses of conch populations have been 
observed where protection is lost for even a short 
time (Acosta 2006; Schweizer and Posada 2006; 
Dahlgren 2014).

The Exuma Cays Land and Sea Park (ECLSP) is 
one of the oldest and largest marine reserves in the 
Caribbean region, established in 1955, and well 
enforced for no-take fisheries protection since 1986. 
The Park was surveyed for queen conch in 1994, 
2011, and 2016. The first survey (Stoner and Ray 
1996) showed that conch with flared shell lips were 
31 times more abundant on the shallow banks of 
ECLSP than in comparable but fished habitats ∼60 km 
south. In deeper habitats (10–30 m) on the island 
shelf the differences were as high as 15 times, 
depending upon the depth stratum. By 2011, however, 
the large bank population of flared-lip conch had 
decreased 69% and average shell lip thickness 
increased from 12 mm to 21 mm in the 17-year inter-
val (Stoner et  al. 2012b). Based upon almost complete 
depletion of the reproductive stock at the upstream 

southern survey location and low concentrations of 
settlement stage larvae upstream from ECLSP 
observed in 1993 and 1994, Stoner et  al. concluded 
that the Park population was declining because of 
low larval recruitment and gradual senescence of the 
resident population. The most recent survey, 5 years 
later (Kough et  al. 2017), revealed that conch popu-
lations had decreased another 71% and average shell 
lip thickness had increased to ∼30 mm, making it 
increasingly clear that the population in the Park is 
dying of old age for lack of recruitment despite the 
large size of the protected area.

Glover’s Reef Atoll represents another location with 
a relatively long history of queen conch surveys. 
Acosta (2002, 2006) observed conch populations from 
1997 to 2001, finding that adult densities increased 
by 4.5 times in the no-take zone after enforcement 
became consistent in 1998. Then decreases occurred 
in 2003–2004 during a lapse in enforcement. Acosta 
et  al. (2019) used a Before-After-Control-Impact ana-
lytical design to compare surveys for queen conch at 
the Glover’s Reef reserve and at 2 other reserves in 
Belize where both protected and fished areas were 
surveyed in each. Surveys in 2001 and 2016 were 
compared to explore the potential effects of increasing 
levels of enforcement in the closed areas. Briefly, total 
abundance of conch as well as conch legal for harvest 
(178 mm SL) were always higher in protected than in 
unprotected locations, regardless of site or year. 
Overall numbers increased with time at 2 of the loca-
tions, but decreased at the Lighthouse Reef location 
for unknown reasons. Except for 1 protected area, the 
average shell length of conch in the surveys declined 
with time and in 2016 the average size of conch was 
at or below the legal size for harvest.

Tewfik et  al. (2017) compared temporal patterns 
of abundance for 9 economically important species 
in the no-take replenishment zone (RZ) and general 
use zone (GUZ) at Glover’s Atoll over the 7-year 
period from 2007 to 2013. Fishery-independent sur-
veys showed that mature conch (≥5 mm LT) increased 
in density and biomass about 3-fold over time in the 
RZ and were relatively low and steady in the GUZ. 
Average values for both shell length and LT decreased 
in both areas with essentially no differences between 
the protected and unprotected areas. They speculated 
that regular movements of conch from the RZ to the 
GUZ supported a small increase in harvest rates 
observed over time, and supplied mature conch to 
areas deeper than the normal range of free-diving 
fishers. Subsequently, Tewfik et  al. (2019) expanded 
studies of maturity schedules, habitat associations, 
and changes in population structure of the flared-lip 
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class of queen conch in fishery-independent surveys 
conducted over the period from 2004 to 2018. These 
large conch were 3 to 10 times more abundant in 
the primary habitats (i.e., patch reef and seagrass 
environment) in the RZ than in the GUZ and the 
difference increased with conch age. Given the regular 
movement of conch from shallow to deeper habitats 
where older conch find refuge from fishers it was 
suggested that the channels leading to deep-water 
(>30 m) be protected from fishing. Significant 
decreases in shell length of flared lip conch at Glover’s 
Reef are discussed in the next section.

In Belize, the deep-water habitat immediately off-
shore from the barrier reef is an effective reserve for 
conch due to the ban on use of compressed air for 
diving. Singh-Renton et  al. (2008) conducted limited 
sampling (n = 7) at deep sites during their 2004 
country-wide survey. They found that the average 
density of flared-lip conch was greater at the deeper 
water stations than in shallow water (67 vs. 39 conch/
ha), the deep conch averaged 3 cm longer than those 
in shallow water, and conch were older in the 
deep-water habitat. In shallow areas, the majority of 
flared-lip conch had LT values <5 mm, while in deep 
areas the majority had LT values >15 mm, and were 
most likely to be sexually mature.

Data from an early study of a small closed area at 
the western edge of the Los Roques Archipelago 
(Venezuela) focused at 4-m depth showed that total 
densities of queen conch (i.e., all age classes) were 
4600/ha and 800/ha in comparable protected and 
unprotected locations, respectively, in 1981–1982 (Weil 
and Laughlin 1984). With some assumptions regarding 
maturity, densities of adults were ∼1070/ha and ∼108/
ha in the closed and open areas. Repeated surveys by 
Schweizer and Posada (2006) in the closed area in 
1989 and 1990 showed significant declines to 3660 
total conch/ha in 1989 and 1440/ha in 1990 attributed 
to heavy poaching, and in 1990 87% of the harvested 
conch were juveniles. It is clear from this example 
that an area closed to fishing can only function with 
the enforcement of no-take regulations. Widespread 
overfishing in Venezuela resulted in a long-term clo-
sure of conch fishing in 1991 (discussed further in 
Sec. 7.3.6).

There have been few investigations designed spe-
cifically to explore how post-settlement spillover 
from areas closed to queen conch fishing might 
enhance the surrounding fished areas, but survey 
data and population models offer some insights. For 
example, Tewfik and Béné (2003) explored the abun-
dance of conch in habitats surrounding the East 
Harbor Lobster and Conch Reserve (EHLCR) at 

South Caicos Island. Despite an order of magnitude 
density differential between the fished and unfished 
areas, the authors concluded that broad, bare-sand 
habitat served as a barrier to emigration from the 
Reserve. Acosta (2002) and Hernandez-Lamb et  al. 
(2012) developed simulation models for Glover’s Reef 
Marine Reserve based upon multi-year queen conch 
surveys and acoustic tracking experiments with 
adults and, as expected, the models predicted the 
likely population benefits of reserve size. The sim-
ulations also showed that densities of adults in the 
reserve would increase with reductions in the amount 
of “absorbing boundaries” (i.e., boundaries adjacent 
to intensely fished areas). More specifically, the mod-
els showed that net movement of queen conch from 
the Reserve to fished habitats was at least 2%. Direct 
empirical studies of spawning stock retention and 
potential spillover to fished areas have begun in the 
Exuma Cays Land and Sea Park employing both 
conventional tags and “backpacks” that carry 
data-logging environmental sensors, electronic com-
passes, and accelerometers to monitor movements 
over time scales from months to years (A. Kough, 
Shedd Aquarium, pers. commun.). It is already clear, 
however, that the fisheries significance of spillover 
from closed areas to areas with legal fishing will 
depend upon several factors including closed area 
size, fishing intensity near the boundaries, and 
habitat-related pathways.

The efficacy of marine protected areas in support-
ing sustainable fisheries will require connectivity 
between and among the locations both closed and 
open to fishing. Unfortunately, the vast majority of 
marine reserves are designed individually, with size 
and boundaries established on the basis of accept-
ability to diverse user groups and political consid-
erations, and not in the context of biological 
connectivity. It is clear that even a large reserve like 
the ECLSP will not be sustainable for queen conch 
spawners over the long term if external recruitment 
is disrupted by overfishing in the surrounding waters 
and the protected population dies of old age. 
Therefore, fisheries management for queen conch 
must be discussed in the context of metapopulations 
and larval connectivity (Stoner 1994) so that the 
closed areas have a source of recruitment and will 
export larvae to the surrounding fished areas on a 
scale appropriate for long-term sustainability. Some 
progress has been made toward understanding con-
nectivity of queen conch populations through studies 
of larval drift and biophysical modeling in Mexico 
and the Yucatan Strait area (Paris et  al. 2008), and 
in the central Bahamas (Stockhausen et  al. 2000; 
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Kough et  al. 2019). Also, since the earliest genetic 
studies for queen conch (Mitton et  al. 1989), modern 
methods in molecular genetics have added substan-
tially to understanding population connectivity (e.g., 
Truelove et  al. 2017; Kitson-Walters et  al. 2018; 
Blythe-Mallett et  al. 2021). Nevertheless, knowledge 
of the biological connectivity in queen conch pop-
ulations is still in early stage and not widely available 
to those developing networks of closed areas. In the 
meantime, for example, Belize has a system of at 
least 21 areas closed to conch fishing, ranging in 
size from 1.5 to 152 km2 (Dahlgren 2014) and The 
Bahamas has a plan for >40 closed areas in various 
stages of development from long-established to 
proposed.

To be effective in supporting sustainable fisheries 
for queen conch in the surrounding area, an area 
closed to fishing will need to meet several important 
criteria, most of which are related to conch repro-
ductive biology: (a) The habitat inside the closed area 
needs to provide good habitats for both feeding and 
reproduction. It should also include nursery habitat 
as a source of recruitment to the adult population. 
(b) An individual closed area needs to hold a suffi-
ciently large and dense enough population of mature 
queen conch to achieve maximum or at least high 
reproductive potential. (c) The closed area system 
must collectively protect a large enough population 
of mature queen conch to help sustain the fishery 
demands of the surrounding areas either through 
benthic spillover or larval export. (d) The closed area 
needs to be in a location that dependably receives 
larvae for recruitment to the benthos. This means 
that the closed area needs to be large enough to be 
self-sourcing or that it receives a reliable source of 
larvae from upstream. The best way to ensure the 
latter is to design a network of closed areas based 
upon good models of biological connectivity. (e) The 
closed area must be protected from poaching. The 
best way to achieve good compliance with the closure 
is to ensure that there is full community engagement 
in the design of the closed area. High densities of 
queen conch inside a protected area are tempting 
targets for fishers without a high level of community 
buy-in and a sense of personal investment in the 
project. Meetings with communities of fishers 
throughout The Bahamas (Kough et  al. 2019) revealed 
that while essentially all of the communities had 
observed significant declines in queen conch catches 
and were aware of marine protected areas as a man-
agement practice, only about half of those commu-
nities had confidence in the fishery benefits of 
closed areas.

7.3.2.  Minimum size/age
Appeldoorn and Baker (2013) reported that the major-
ity of Caribbean nations not closed to queen conch 
fishing regulate legal harvest with some form of 
size-related criterion. Twenty nations require a min-
imum legal size (shell length) (178–239 mm), 15 
require weight-related minima (usually meat weights), 
and 18 had some requirement related to shell lip for-
mation as of 2020 (Karnauskas et  al. ibid.). Where 
these size-related regulations have been implemented 
the general goal is to offer protection to at least some 
proportion of queen conch that are not yet sexually 
mature. It is clear now, however, that shell length and 
meat weight criteria do not adequately protect 
sub-adults from being harvested unless thresholds for 
those metrics are set high, and the only method com-
pletely reliable for determining sexual maturity is 
examination of the gonads or other reproductive 
structures (see Sec. 2.3). Presently, the most practical 
alternative for reducing catches of immature conch is 
by setting appropriate minima for shell lip thickness 
(LT). The primary goal of a minimum LT is that 
queen conch will have at least 1 season after reaching 
sexual maturity to mate and spawn. Removing a large 
proportion of a newly mature population, however, 
will have a severe impact on total reproductive poten-
tial of a queen conch population. This is exacerbated 
by the fact that conch fecundity probably reaches its 
maximum sometime after that first spawning season, 
and removing an individual early in its potential 
20-year-long reproductive life could remove more than 
90% of its lifetime fecundity.

Within the region, the current regulations for shell 
lip measures are variable. At least 12 nations require 
simply that queen conch be harvested with a 
well-formed shell lip flare based upon the long-outdated 
idea that maturity occurs at the time of lip-flare devel-
opment. Formal requirements for more substantial 
shell lip thickness are few. In Federal waters of the 
U.S. Caribbean (US Virgin Islands and Puerto Rico) 
and in Nicaragua the minimum LT allowable for har-
vest is 3/8 inch (9.5 mm). In Antigua, Barbuda, and 
on the Colombian banks the requirement is 5 mm LT, 
and in Guadeloupe the required LT is 6 mm. To date, 
no other lip-thickness requirements have been insti-
tuted despite widespread recommendations to protect 
immature queen conch (e.g., Appeldoorn 1994; 
Aldana-Aranda and Frenkiel 2007; Stoner et  al. 2012a; 
Foley and Takahashi 2017). Boman et  al. (2018) sug-
gested that a 15 mm minimum LT would be appro-
priate for most of the Caribbean region, but noted 
that local differences in LT50 (see Sec. 2.3) should be 
considered.
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Some nations require that queen conch be landed 
in the shell so that legal catches based upon shell 
metrics can be monitored and enforced (e.g., St. 
Lucia, U.S. Virgin Islands, British Virgin Islands). 
Otherwise, however, there is substantial evidence 
from a number of locations that size and lip-thickness 
criteria are not protecting queen conch populations, 
especially the reproductive stocks. For example, Egan 
(1985) concluded that a 178 mm minimum shell 
length requirement in Belize left about 94% of the 
population subject to harvest before maturity, and 
he recommended a minimum LT no less than 4 mm 
to protect immature conch. The recent analysis of 
populations at Glover’s Reef Atoll (Belize) (Tewfik 
et  al. 2019) revealed that the average shell length 
of queen conch with flared shell lips declined sig-
nificantly (7–19%) over a 15-year period in the most 
important habitats of both the no-take fishery 
reserve and the general use area. Tewfik et  al. spec-
ulated that the truncation of shell length distribution 
in lipped conch is probably related to selective har-
vest of large individuals, though other mechanisms 
such as climate change or changes in trophic struc-
ture at Glover’s Reef are possible. More importantly, 
under the current fishery regulations requiring only 
178 mm minimum SL and 85 g minimum meat mass 
but no LT requirement, it is likely that a declining 
average SL will continue, and at the current rate of 
decline a large proportion of the population would 
become unavailable for legal harvest within a decade. 
Furthermore, the smaller conch have lower repro-
ductive potential, and different criteria for harvest 
are needed to protect the reproductive stock. Foley 
and Takahashi (2017) recommended that a minimum 
LT of 16 mm and a clean meat weight of 150 g would 
be needed in Belize to protect spawners. As is now 
abundantly clear shell length criteria do not provide 
appropriate protection for queen conch.

Simulation models for Spawning Potential Ratio 
(SPR) provide useful guidance with regard to the 
importance of shell length or shell lip thickness 
criteria as applied to fisheries regulation. SPR is 
defined as the potential fecundity of a fished pop-
ulation divided by the potential fecundity of an 
unfished population. The best example for queen 
conch is Appeldoorn’s case study for the population 
near La Parguera, Puerto Rico, based upon his 
empirical study of fecundity (Appeldoorn 1993; Sec. 
4). Appeldoorn argues that a minimally acceptable 
level of SPR for a sustainable conch fishery is 0.2, 
and that a fishery with no size or lip thickness limits 
would yield an unacceptably low SPR of ∼0.1 when 
instantaneous fishing mortality (F) has a value of 

1.0, near that recorded in La Parguera at the time 
of the analysis. In contrast with that poor scenario, 
the models indicated that the current minimum shell 
length of 9 inches (22.9 cm) for legal harvest in US 
territorial waters of Puerto Rico and the U.S. Virgin 
Islands yielded an acceptable SPR of ∼0.28 with 
F = 1.0, and the required minimum shell LT of 5 mm 
yielded a robust SPR >0.5. These estimates were 
supported by notable improvements in conch pop-
ulation density and age structure in western Puerto 
Rico following the 1994 implementation of the 
length and LT harvest requirements (Baker et  al. 
2016). These results show that a lip thickness reg-
ulation can be a powerful management strategy for 
a sustainable queen conch fishery. It is also clear 
that harvest regulations based upon size and lip 
thickness minima will need to be based upon the 
different maturity schedules observed in different 
locations, but until that is possible, the 15-mm cri-
terion identified by Boman et  al. (2018) might be 
a good starting point.

Control measures related to size or shell lip thick-
ness will be effective for maintaining queen conch 
stocks only if they are enforced. Observations of 
conch populations and conch harvest in The Bahamas 
provide a case in point. While the harvest require-
ment for a “well-formed shell lip” has been in place 
in The Bahamas for decades, long-term trends in 
population structure show declining adult densities 
and decreasing average LT over a wide range of 
Bahamian fishing grounds (Stoner et  al. 2012b, 
2019). In fact, studies of shell middens left by fishers 
on the shorelines of The Bahamas show an obvious 
increase in the numbers of sublegal conch being 
harvested (i.e., with no shell lip flare) (Clark et  al. 
2005; Cash 2013; Stoner et  al. 2018). Higgs (2021) 
showed that harvest of juveniles near Cape Eleuthera 
increased from 76% of landings in 2003 to 90% in 
2020, with <1% having LT values >15 mm in the 
most recent survey. Given that 15 mm is the mini-
mum LT recommended for protecting mature conch 
in The Bahamas (Stoner et  al. 2012a), it is clear why 
conch populations are declining there. The most 
direct way to ensure compliance with a lip thickness 
requirement is to land queen conch in the shell with 
routine monitoring; however, that may be inconve-
nient or even dangerous for small boat operators 
who might be tempted to overload their boats. 
Alternative approaches to monitoring catches for 
mature conch but not requiring the shell were dis-
cussed in Sec. 2.3. Criteria involving the operculum 
have not been sufficiently consistent, and the best 
alternative at present is to keep the skin of landed 
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conch intact so that the status of verge or egg groove 
can be examined (Appeldoorn et  al. 2017). To date, 
shell lip thickness requirements continue to be the 
primary criteria for legal queen conch harvest either 
applied or being considered. Reliable enforcement, 
however, will depend upon landing queen conch in 
the shell.

7.3.3.  Closed seasons
A closed season can achieve at least 2 goals: protect 
the stock during the critical spawning period, and 
(possibly) reduce total annual fishing mortality by 
reducing the number of fishing days or making fishing 
more difficult. Among the 24 nations that were open 
to queen conch fishing at the time of their review 
Appeldoorn and Baker (2013) reported that 15 of 
those had a closed season for fishing. These ranged 
from 2 to 6 months long and most were centered on 
July, August and September with the rationale that 
these are the peak months for reproduction. This is 
generally consistent with the recommendation made 
by Aldana-Aranda et  al. (2014) that a “biologically 
meaningful period for a closed season for the entire 
western central Atlantic would need to incorporate 
the months of June to September, at a minimum, to 
offer regional protection for spawners.” Boman et  al. 
(2018) recommended a slightly longer region-wide 
closure from May through September. The only 
nations with a closed season extending 5 months were 
the Cayman Islands, Cuba, and Jamaica. In Jamaica, 
the minimum closed season is 4–5 months; it typically 
starts on August 1 but may be delayed until September 
1st if the season opening was also delayed. Numerous 
other nations begin closed seasons somewhat late (e.g., 
at the end of July or in August), probably missing 
earlier periods with highest reproductive potential. It 
is clear, however, that closed seasons for queen conch 
are sometimes decided with respect to closure dates 
for other species. For example, the timing of the 
Jamaica closed season is not related to peak spawning 
season because there is insufficient data to define the 
season for the Pedro Bank conch population. Rather, 
timing for the conch fishery is determined by a com-
bination of weather conditions and timing of the spiny 
lobster season. Right or wrong by biological standards, 
different seasons for different species give fishers 
access to at least some of the fishery resources 
year-round.

It is clear that a population must not be reduced 
to a non-sustainable reproductive level in the open 
season. As an example, following a study suggesting 
that the conch reproductive season in Puerto Rico 

may have expanded due to increasing temperatures, 
conch fishers successfully lobbied for the closed sea-
son to be shifted by 1 month (from July through 
September to August through October). Although the 
length of the closed season remained the same, the 
new fishing season remained open in July, which is 
not only the beginning of peak reproductive season 
but also when local demand for conch is at its highest. 
Thus, while fishers benefited from this increase in 
demand, the increased catch left fewer adults remain-
ing in the field to reproduce during the closed season. 
In general, any seasonal closure in conch fishing will 
need to be coupled with other management strategies 
to control overall fishing mortality (e.g., fishing quo-
tas, closed areas, gear restrictions).

7.3.4.  Gear restrictions
Traditionally, queen conch have been harvested by 
wading in shallow water, by lifting them into small 
boats with a long hooked pole, or by snorkeling. 
These simple methods concentrate fishing effort in 
shallow water (<10 m) and provide refuge for conch 
living at greater depth. Unfortunately, with declining 
populations of queen conch in shallow water due to 
overfishing throughout most of its range, the moti-
vation for using scuba and surface-supply air to har-
vest conch is ever increasing. These compressed-air 
systems, give divers the capacity to harvest conch 
throughout the depth range where they are typically 
most common now (<25–30 m), and large boats often 
carry large numbers of divers who can exploit the 
distant, often deep, offshore banks such as those off 
Jamaica, Nicaragua and Honduras.

Restrictions on the types of diving gear permitted 
for harvesting queen conch are generally imposed 
with the goal of protecting the spawners that live at 
depths of 10–30 m, deeper than the typical range for 
divers using snorkel gear. Despite the general 
depth-related distribution described for queen conch 
in Sec. 5.1, the abundance and significance of 
deep-water reproductive stocks can vary with the 
underwater topography, nutritional suitability of the 
habitat, and current patterns for larval dispersal. For 
example, depth-stratified surveys in the central 
Bahamas show that small surface areas of suitable 
habitat for queen conch in depths >25 m resulted in 
relatively low total numbers of queen conch despite 
substantial densities (Stoner and Schwarte 1994; 
Stoner and Ray 1996). In other areas, habitats >25 
or 30 m deep on broader shelves might support 
greater total numbers of spawners if sufficient food 
is available (e.g., Mateo et  al. 1998; Baker et  al. 2016; 
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Ardila et  al. 2020). Morris (2016) reported high num-
bers of adult queen conch in deep-water habitats of 
Pedro Bank but, in general, density decreased 
with depth.

Among the 30 nations for which Appeldoorn and 
Baker (2013) summarized fishing regulations, 12 of 
those had banned scuba gear for harvesting queen 
conch while some, notably The Bahamas, continues 
to allow seasonal use of surface-supply air. In the 
absence of extensive networks of areas closed to fish-
ing, size criteria, and other fishery control measures 
for queen conch, managers might need to consider 
restricting or eliminating the use of scuba and 
surface-supply diving gear to protect a reservoir of 
reproductive stocks. In some locations it might be 
difficult for fishers to make an acceptable living if 
limited to free-diving; however, queen conch living at 
depth beyond the reach of free-diving fishers might 
be both the last remaining bulkhead against complete 
loss of queen conch in overfished areas and a regional 
source of eggs and larvae.

7.3.5.  Quotas
Quotas for harvest and export are often an important 
part of the management strategy for sustainable queen 
conch fisheries, and quotas of some form have been 
part of the fisheries management in at least 13 of the 
nations harvesting conch in the Caribbean region 
(Appeldoorn and Baker 2013). Medley and Ninnes 
(1999) concluded that quotas have the advantage of 
being easily enforced where the majority of conch are 
exported, but that effort controls are more likely to 
be successful in ensuring a sustainable fishery than 
catch quotas where there is a large amount of local 
consumption. Nevertheless, quotas have become the 
primary method used to comply with CITES regula-
tions on exports, and most benthic surveys for queen 
conch are conducted with the goal of establishing or 
supporting an export quota.

Methods used in the determination of appropriate 
quota levels are beyond the scope of this review, but 
a few examples are given. Quotas can be estimated 
within a formal, albeit simplified, assessment process 
(Sec. 7.1), but Medley (2008) cautioned that “setting 
the quota to maximum sustainable yield is inherently 
unstable and will always lead to overfishing the 
resource” and that setting realistic quotas to achieve 
a particular fishing mortality is always difficult and 
requires close monitoring of both the stocks and 
catches. Singh-Renton et  al. (2008) recommended a 
quota based on two-thirds of their estimate for MSY 
in Belize because this value typically approaches 

maximum economic yield. Quotas can also be set 
based upon indicators of stock/fishery health. The 
latter approach, sometimes formulated into an adap-
tive management framework, does not have a link 
to stock status, but rather attempts to keep the fish-
ery within certain limits where past experience sug-
gests the fishery is at least sustainable. For example, 
Jamaica uses mandated periodic benthic surveys to 
estimate a harvest quota on Pedro Bank based upon 
Medley’s (2008) recommendation to limit maximum 
harvest to 8% of the exploitable stock (Smikle 2010). 
Their harvest control rule (Figure 16) has both a 
minimum stock size linked to a minimum reproduc-
tive density below which the fishery is closed (Sec. 
7.1), and a maximum stock size above which the 
quota is fixed. McDonald et  al. (2017) developed an 
adaptive management approach for the Belize conch 
fishery based on 4 indicators: density and average 
shell length based upon benthic surveys, total catch, 
and catch-per-unit-effort. In this framework, total 
allowable catch is adjusted each year, with the direc-
tion and amount of change determined by how the 
indicators performed. Target values were specified 
for each indicator, but no limits that would close 
the fishery were set for 3 of the indicators. In sim-
ulations, Harford et  al. (2016) found there was still 
a high probability of stock collapse, but that stability 
could be achieved if 50% of recruitment was external 
and if large adjustments (up to 30%) could be made 
in allowable catch year to year. Catch-per-unit-effort 
was the most valuable indicator. Also, overall catch 
rates would be lower than if the fishery could be 
managed in relation to MSY. Thus, while this 
approach can be valuable for setting quotas, the data 
need to be reflective of the fishery/population and 
preferably take into consideration those elements of 
reproductive biology that are critical to modeling 
long term patterns of harvest and yield. Importantly, 
Medley (2008) recommended that quotas always be 
paired with other control measures. Thus, future 
approaches should include details on population 
structures such as density, age composition, conch 
dispersion and patchiness, size at maturity, relation-
ships between shell lip thickness and maturity, crit-
ical densities and abundance levels necessary for 
reproduction, relationships between conch size or 
age and fecundity, and reproductive potential. This 
can be done by developing new modeling approaches 
or, following Medley (2008), incorporating other 
control measures such as size limits and closed areas 
that would protect spawning adults. Returning to the 
example of Belize, since the recommendations of 
Singh-Renton et  al. (2008) were instituted, landings 
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have been above or well above the MSY estimate. 
This level of exploitation may be sustained by the 
suspected deeper water spawning stock as well as 
those adults found in shallow no-take zones. Yet, 
despite these potential contributions, the steady 
decline in the size at maturation observed by Tewfik 
et  al. (2019), including in no-take zones, points to 
a high level of exploitation and possible impacts on 
reproductive output.

7.3.6.  Total moratoria
Total closures of the legal fishery for queen conch 
are sometimes imposed with the goal of giving a heav-
ily overfished population the opportunity to rebuild 
through natural processes. The mechanisms for recov-
ery include reproduction by the remaining adult pop-
ulation, growth of juveniles to reach maturity without 
disturbance, and recruitment to the population from 
outside sources of larvae to the closed area. Total 
closures of queen conch fisheries have been imposed 
in numerous countries where stocks became severely 
depleted. These include long-term, and essentially 
permanent closures in Bermuda, Florida, and Aruba, 
and other temporary closures usually lasting at least 
a few years. Given limited resources, relatively few of 
the closures include rigorous before and after survey 
data to truly understand possible patterns of popula-
tion recovery; however, the available case studies indi-
cate that potential recovery under moratoria depends 
upon the status of the population at the time of clo-
sure, access to external larval sources, and how well 
the population is guarded from poaching.

One of the earliest long-term closures began in 
Bermuda in 1978 because of observed decreases in 
queen conch populations to extreme low numbers. At 
the beginning of the moratorium densities were esti-
mated at just 0.05 conch/ha. Ten years after the 
Bermuda closure Berg et  al. (1992b) conducted a sur-
vey of the stocks, reporting continued very low den-
sities and an aging population with essentially no 
juveniles. The moratorium on fishing has been 
extended to the present time and, even after more 
than 40 years, it appears unlikely that the queen conch 
population in Bermuda will recover (Appeldoorn and 
Baker 2013), particularly with the large degree of 
isolation from external larval sources.

Another long-term closure to conch fishing was 
imposed in the Florida Keys in the mid-1980s (i.e., in 
State waters in 1985 and in Federal waters in 1986) 
when the population of adult queen conch in the 
offshore-reef aggregations was estimated to be near 
collapse. Adult densities in 1987 were just 0.47/ha in 

1987, and subsequent surveys showed that the popu-
lation continued to decline through 1989. The total 
adult population on the reef tract was estimated at just 
6000 individuals in 1992, and it increased to ∼27,000 
in 2001 (Glazer and Delgado 2003). In 2013, the pop-
ulation was ∼64,000, with more recent surveys currently 
under analysis (G. Delgado, Florida Fish and Wildlife 
Conservation Commission, pers. commun.). 
Consequently, almost 4 decades of fishing closure 
appears to be having a positive impact, with numbers 
of adults on the offshore reefs increasing at least 
10-fold. It is clear, however, that recovery from severe 
depletion can be very slow, even under the conditions 
of a total fishing ban. The slow recovery observed in 
the Keys may result from low recruitment from 
upstream sources (Stoner et  al. 1997), a very slow 
increase in spawner densities to a level where local 
mate-finding is possible, and some continued poaching.

A 5-year moratorium on conch fishing in Cuba 
beginning in 1978 was more successful than the mor-
atoria imposed in Bermuda and Florida; however, the 
population in Cuba was probably in a healthier state 
at the beginning of the closure. While the reported 
density of exploitable conch was very low (1.13 to 1.73 
conch/ha), the overall density (350–450 conch/ha) was 
high, indicating a large potential for recruitment into 
the adult stock (Buesa 1997). The Cuban population 
has been reported as stable since the early 1990s with 
the expected mix of adult and juvenile conch 
(Appeldoorn and Baker 2013). The fishery was closed 
again in 1998 to conduct a national survey, and with 
numerous strict fishing regulations (i.e., minimum 
requirement for both shell length and lip thickness, a 
5-month closed season, export quotas, protected areas, 
license requirements, and harvest limited to free-diving) 
the fishery may be stable (Cala et  al. 2013).

Like the study in Cuba, a recent report on fishery 
closures on Serrana Bank (Colombia) shows the 
potential effectiveness of fishery closures extending 
for more than 1 year (Ardila et  al. 2020). Spatially 
comprehensive surveys were made on the Bank 5 
times between 2003 and 2013, with periods of total 
fishing moratoria from 2005 to 2007 and 2011 to 
2013. Between 2003 and 2007 adult queen conch 
densities increased by a factor of 3.6 to 151 adults/
ha, and between 2010 and 2013 the increase was 3.1 
times to 147 adults/ha. These positive impacts likely 
resulted from the population not being critically 
depleted prior to implementation of the moratorium. 
Indeed, average adult densities across the bank were 
42 and 47 adults/ha, respectively, which included 
nursery areas and stations with no conch observed. 
A significant proportion of stations with adult 
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densities >50 conch/ha were found in both 2003 
(16%) and 2010 (17%), and 5 sites in each year had 
densities >200 conch/ha. Furthermore, in 2003 52% 
of adults had LT >15 mm, and the abundance of 
juveniles and thin-lipped adults (Appeldoorn et  al. 
2003) indicated that recruitment was significant and 
that more adults would be entering spawning age. A 
similar abundance of juveniles was observed in 2010 
(Ardila et  al. 2020).

Fishing moratoria can help to rehabilitate queen 
conch populations if they have not been reduced to 
levels below some critical threshold as discussed 
above; however, success also depends upon protect-
ing the recovering population from illegal harvest. 
In Cuba, large unregulated catches for use as bait 
resulted in severe depletions, at least in some areas, 
following the initial moratorium despite regional 
quotas and other new fishing control measures 
(Ferrer and Alcolado 1994). A total closure of queen 
conch fishing was imposed in Aruba in 1987. 
Surveys performed between 2009 and 2011 showed 
that juveniles were recruiting into the system but 
Ho (2011) concluded that poaching was removing 
so many of the adults that the population could not 
sustain a legal fishery, and the fishery remains 
closed. A similar failure to observe recovery under 
a fishing moratorium occurred in Venezuela. 
Following a period of severe overfishing the queen 
conch fishery was closed entirely in 1991 (Rodríguez 
and Posada 1994). Despite the closure, fishing con-
tinued at a high rate, overall densities of adult conch 
were just 17/ha at the Los Roques Archipelago in 
1999 (Schweizer and Posada 2006), and the legal 
export fishery was closed indefinitely under sanc-
tions from CITES in 2000.

7.3.7.  Artificial interventions for severely depleted 
populations
The general goal of artificial intervention with 
queen conch populations is to increase densities of 
adults to raise reproductive potential. The motivat-
ing forces have been to enhance spawning in an 
existing but declining population or to drive recov-
ery of a severely depleted population. Two 
approaches for artificial intervention have been 
proposed for queen conch: (a) releases of 
hatchery-raised juveniles into the wild to rebuild 
populations, and (b) translocation and concentration 
of adults or large juveniles from wild populations 
to increase reproductive potential in former spawn-
ing grounds. In both cases the goal is to enhance 
the production of eggs and larvae that will recruit 

to the surrounding waters and serve to rebuild a 
self-sustaining spawning stock.

Rehabilitation of depleted conch stocks via the 
release of hatchery-reared juveniles has been discussed 
and researched since the 1980s. This was one of the 
primary goals of the Caicos Conch Farm, and that 
aquaculture facility became the largest onshore hatchery 
and offshore grow-out system in the Caribbean region 
between the 1980s and about 2008. The Farm exported 
live conch for numerous restocking experiments in the 
region, but eventually collapsed financially in the midst 
of growing concerns about artifacts associated with 
hatchery rearing (e.g., severe stunting), production 
costs, and rates of natural conch mortality in the field. 
Nevertheless, the Farm served a critical role in devel-
opment of methods for culturing queen conch, and the 
methods for raising queen conch in hatchery environ-
ment have been perfected (Davis 2000a; Davis and 
Cassar 2020). Field release with the intent of stock 
enhancement, however, is fraught with difficulties and 
few successes (Stoner 2019).

Hatchery-based releases have been proposed with 
2 different goals: The first goal is to supplement local 
fisheries in a “put-and-take” kind of project where 
the seed stock is harvested several years later after 
substantial growth and increased value. Also, this 
approach could remove some fishing pressure from 
the natural stocks. A more long-term goal is to allow 
seed stock to reach reproductive maturity (with no 
harvest) for eventual rebuilding of a local spawning 
population. In either case, multiple studies have shown 
that the natural mortality rate of queen conch juve-
niles in the field is so high that a direct fishery return 
on the cost of seed conch makes such a project tech-
nically possible, but cost-related concerns (see 
Goodwin 1983; Appeldoorn et  al. 1987; Iversen et  al. 
1987; Stoner and Glazer 1998) remain relevant today. 
Furthermore, Stoner (2019) concluded that 
spawner-stock rehabilitation through release of 
hatchery-reared conch is so tenuous that such an 
approach should be considered only as a very last 
resort, when all other fisheries management strategies 
have been exhausted and where fishing has been 
closed completely for at least several years. While 
meeting these criteria, the Florida Fish and Wildlife 
Conservation Commission abandoned a 10-year-long 
effort to restore conch with hatchery production of 
juveniles in 1998. Subsequently, the Commission 
experimented with a strategy of concentrating some 
of the remaining adults.

Unenclosed translocations of wild adult queen 
conch to increase spawning stock density with the 
expectation of increased reproductive potential was 



REVIEWS IN FIShERIES SCIENCE & AquACuLTuRE 35

begun in the Florida Keys in 2001 (Glazer and 
Delgado 2003). By 2002, 2000 tagged adults had been 
transplanted into known spawning aggregations where 
larvae produced by the spawners were expected to 
be retained in the Keys. The translocations were fol-
lowed up by monitoring reproductive behavior, repro-
ductive physiology, and assessments of larval 
dispersion. Acoustic tracking showed that the trans-
located conch had somewhat different movement 
patterns than the native conch, at least initially, but 
they mated successfully in the new aggregation and 
had no adverse effects on the native stock (Delgado 
et al. 2004; Delgado and Glazer 2007). The advan-
tages of adult translocation over releases of 
hatchery-reared juveniles are that translocation is 
more cost effective, provides for almost immediate 
increase in reproductive output, maintains the genetic 
integrity of the wild stock, and the translocated conch 
do not have the morphological and behavioral deficits 
that are common in cultured queen conch (Stoner 
and Glazer 1998; Stoner 2019). If proper habitat can 
be identified for a spawner-concentration effort and 
the conch remain in good health after handling, suc-
cessful reproduction can be expected as shown in 
Florida. As yet, however, no truly large-scale exper-
iment has been conducted. Of course, proper design 
to assure that larvae produced by a concentrated 
spawner population will be retained for subsequent 
recruitment into the system of interest will always 
be challenging as discussed under the topic of marine 
closed areas (Sec. 7.3.1).

Two other field experiments involving substantial 
numbers of tagged queen conch adults were con-
ducted in The Bahamas, and neither was successful 
in terms of producing egg masses. Stoner (2019) 
reported on an attempt to concentrate spawners at 
Lee Stocking Island in the 1990s. In brief, ∼300 adults 
were moved early in the year to an enclosure (∼1 ha 
in area) made of natural reef boundary and low fenc-
ing in a well-studied spawning ground at 18-m depth. 
For unknown reasons, the conch moved en masse in 
1 direction to the peripheral fencing and no mating 
or egg-laying was ever observed in routine visits 
spanning the entire subsequent reproductive season. 
Similarly, in a more recent field experiment 
Issac-Norton (2020) placed 256 adult queen conch 
in a circular enclosure (42 m diameter) in a shallow 
location known for a resident conch population and 
observed them every 1–2 days over 12 weeks. No mat-
ing or egg-laying was ever observed. She speculated 
that the conch may have had insufficient time to 
recover from the stress of handling prior to the 
beginning of the reproductive season and the density 

of conch (>1800 adults/ha) may have been above the 
carrying capacity of the habitat. It was never estab-
lished, however, that the experiment was conducted 
in suitable spawning habitat.

The general conclusion from all of the observa-
tions on translocated and enclosed queen conch, 
is that it may be possible to enhance spawning 
(e.g., Davis et  al. 1984; Delgado et  al. 2004; Delgado 
and Glazer 2007; Appeldoorn 2020) but there have 
been unexpected failures as well. It is clear that 
the spawners will need to be in the very best 
health, and that the field conditions (e.g., sediment 
and water quality, water flow, food availability), 
conch density, and age structure will all need to 
be appropriate, even optimal, for reproduction to 
be predictable. At present, the best strategy is prob-
ably to maintain natural population structure for 
reproduction in networks of locations free from 
fishing because it is likely that restoration of 
severely depleted populations will be difficult, 
expensive, and require decades for recovery (Stoner 
2019; Stoner et al. 2018). Furthermore, the unproven 
promise of artificial intervention should not be 
used as an alternative to aggressive fisheries man-
agement of wild queen conch stocks.

8.  Research needs

Despite the long history of research and considerable 
knowledge of reproductive biology of queen conch, 
many questions remain regarding specific reproduc-
tion and ecological processes that are either directly 
or indirectly relevant to wise fisheries management. 
Some of the questions listed below have been 
addressed in part by those listed in the References 
section, but new research is needed.

General reproductive biology and larval 
production

What mechanisms create spatial variation in mat-
uration schedules?

Is oogenesis in queen conch stimulated or enhanced 
by copulation?

Female conch copulate with multiple males over 
short periods of time. Does sperm competi-
tion occur?

Does stored sperm become limiting in low density 
populations?

Are there within-season changes in egg mass size, 
and is there a relationship between egg mass size and 
the duration of the inter-spawning period?

Does egg fertilization rate change with season or 
with conch age?
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Does egg hatching success and embryonic develop-
ment change over the spawning season or with conch age?

What environmental factors influence variation in 
hatch success and development of veligers to meta-
morphic stage?

What is the quantitative relationship between conch 
length and the production of egg masses and total 
fecundity?

What is the quantitative relationship between conch 
age and the production of egg masses and total fecun-
dity in fully mature conch?

Reproductive habitat
What is the distribution and relative abundance of 

adult conch outside a spawning aggregation?
What are the movement dynamics of adult conch 

outside aggregations?
Can high quality habitat for reproduction be pre-

dicted and protected?
What role does feeding habitat play for spawners 

during the reproductive season?
What variables affect carrying capacity for spawners?
How does carrying capacity of the habitat mediate 

reproductive output?
Reproductive behavior
Are chemical mechanisms involved in mate-finding 

behavior?
Does sexual selection of any form occur in 

queen conch?
Do males guard females after copulation to prevent 

subsequent matings?
What mechanisms are  act ing in the 

density-dependence of mating frequency?
Does adult density and/or mating frequency affect 

egg fertility, numbers of eggs spawned, and numbers 
of viable larvae produced?

What explains extreme variation in mating frequen-
cies observed at high spawner densities?

Population biology
How should the scale of surveys for queen conch 

be made most relevant to the concept of managing 
stocks for minimum or optimal density for 
reproduction?

What mechanisms are at play in declining shell 
length observed in some conch populations?

Does fishing pressure affect small size of conch at 
maturity?

What factors mediate post-settlement spillover from 
protected areas to fished locations?

Are “samba” and “flin” conch genetically distinct 
from more typical large queen conch?

How do “samba” and “flin” conch contribute to 
reproduction in a population compared with the more 
typical phenotype?

Do dense but deep (>30 m) conch populations, near 
shelf margins, contribute significantly to local 
recruitment?

How large must a population be to maintain genetic 
integrity of a queen conch population?

Toward the goal of conserving functional metapop-
ulations, can larval dispersal be predicted?

Effects of climate-related changes
How do region-wide temperature changes affect 

gonadal maturation, reproductive seasonality, and 
overall reproductive output?

Do climate-related changes in environment related 
to climate change extend the geographic range of 
queen conch?

How do temperature-related increases in egg hatch 
rate and larval development influence subsequent 
recruitment to the benthic environment?

Does ocean acidification effect queen conch repro-
duction, larval survival, and recruitment?

9.  Conclusions

Queen conch populations appear to be in decline or 
collapse within many Caribbean locations. Knowing 
that long-term sustainability of conch fishing requires 
appropriate densities and abundances of sexually 
mature adults Tewfik and Guzmán (2003) summarized 
the results of surveys conducted primarily during the 
1980s and 1990s over a wide range of Caribbean 
nations, and Appeldoorn and Baker (2013) updated 
that list. As discussed above (Sec. 7.1), we know now 
that comparing density estimates across different 
scales is fraught with hazards; however, it has become 
clear, with few exceptions, that adult densities in 
important mating areas are well below minimum 
thresholds for reproductive success observed in sur-
veys reported over the last 20 years. Furthermore, 
long-term observations of depleted populations such 
as those in Florida, Bermuda and Aruba demonstrate 
that recoveries even with total fishing moratoria can 
take many decades. It is increasingly clear that queen 
conch populations, especially reproductive stocks, need 
to be managed more wisely than at present to achieve 
long-term sustainability.

Froese (2004) proposed 3 general principles that 
should be applied in the management of fishery 
resource species, and all of these are aimed at con-
serving the most robust possible reproductive popu-
lations. In general terms these principles can be 
summarized as “Let them spawn, let them grow, and 
protect the mega-spawners.” More specifically, Froese 
suggested the following target goals: (a) 100% of the 
harvested individuals are sexually mature, (b) 100% 
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of individuals reach optimal size before harvest, and 
(c) the catch should contain no “mega-spawners.” For 
queen conch, the first goal can be partially achieved 
by prohibiting harvest until after some minimum shell 
lip thickness has been reached. Results to date indicate 
that first maturity in queen conch occurs at shell 
thickness ranging from 2–12 mm, depending upon 
location. A more robust value for shell thickness 
designed to reach Froese’s target goals would be the 
LT50 value of 15 mm observed widely over the 
Caribbean region. In principle this would ensure that 
at least 50% of the harvest was sexually mature and 
would probably result in harvest close to optimal size 
(Froese and Binohlan 2000). This strategy would result 
in a fishery focused on mega-spawners as defined by 
Tewfik (2017) (i.e., those with LT >15 mm); however, 
the concept of mega-spawner is poorly understood 
for queen conch, where gonad weight starts to decline 
at LT >25 mm (Sec. 4), yet LT can reach >40 mm in 
very old conch.

Achieving a sustainable harvest of queen conch will 
undoubtedly require a broad range of fishery manage-
ment strategies, beyond simple limits on shell lip thick-
ness. The vast collection of observations and 
experiments aimed at understanding mechanisms of 
queen conch reproductive biology makes clear that 
reproductive output results from the complex relation-
ships among a host of variables. These include adult 
density, population size and age structure, habitat fea-
tures that affect conch growth and size at maturity, 
topography or physical structures that influence 
mate-finding, water temperature and temperature 
changes, currents and wave energy, anthropogenic 

stressors, and probably other unknown variables 
(Figure 15). In fact, the reproductive biology of queen 
conch is relatively well studied with the possibility of 
some generalizations. For example, the age at maturity 
appears to be relatively uniform over the species’ geo-
graphic range as is the optimal type of reproductive 
habitat, and peak reproductive activity in most loca-
tions is centered on the warmest months of May to 
September; but other important aspects of reproductive 
biology such as size at maturity, relationships between 
age and shell lip thickness, and shell lip thickness and 
maturity all vary with location. Also, mating and 
egg-laying rates vary with environmental characteristics 
of the spawning habitat, and individual fecundity is 
highly variable even under uniform conditions. All of 
these variables need to be understood for the best 
predictions of reproductive potential.

The mechanisms of queen conch reproductive biol-
ogy are complex, but it is well understood that the 
most critical factor for preventing overfishing is main-
taining robust densities and age structures so that the 
species’ high fecundity can be attained by at least 
some individuals in some interconnected locations. 
In fact, the fecundity of queen conch is very high, 
with the potential for many millions of eggs and lar-
vae produced each year over a natural spawning life-
time of 20 years or longer, yet most fisheries in the 
region harvest conch before even a small fraction of 
their reproductive potential can be attained. To take 
better advantage of high potential fecundity it will be 
important to conserve spawning grounds with popu-
lations of large, old individuals in high enough den-
sities to guard against negative Allee effects. This can 

Table 3. Potential advantages and disadvantages of different regulatory tools available to managers of queen conch.
control measure Advantages Disadvantages/challenges

shell length minima Protects some spawners if limit is within the size range of 
maturity 
helps maximize yield-per-recruit

May not protect spawners 
can result in selection for smaller adult size over 
long term

shell lip thickness 
minima

Protects individuals to maturity if minimum is set high 
enough

Does not protect “mega-spawners” if the limit is not set 
very high 
Requires landing in shell for enforcement

closed areas conserves natural population structure 
Maintains high spawner density 
Provides for maximum lifetime fecundity 
Known spawning sites can be closed 
low data requirement once established

long term sustainability may depend upon outside 
larval connectivity and networks of closed areas 
Displaces some of the fisher community

Fishing limited to free 
diving

Protects depth-related refugia for spawners 
Protects “mega-spawners”

May need to be phased in because shallow-water 
conch are fished out in some locations 
shallow-water conch may have been lost due to 
habitat loss or hurricane damage

closed seasons Protects spawners if tied closely to early and peak 
reproductive season

Fishers may need alternative targets during closures

harvest quotas can maintain general population abundance and density if 
well designed and if quotas are set low enough

Does not guarantee protection of spawning sites 
Depends upon good data input and models

total moratoria Protects all conch extreme measure causing substantial impact on 
resource users 
Might need to be long term in the case of severely 
overfished populations

All of the control measures depend upon adequate enforcement of the regulations, and all can meet significant resistance from fishers.
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best be achieved by networks of areas completely 
closed to fishing and through which larval connec-
tivity can sustain recruitment. Without that connec-
tivity even well protected populations can senesce, as 
observed in the Exuma Cays Land and Sea Park.

Successful fishery management for queen conch in 
any one area will require some combination of mul-
tiple control measures (i.e., lip thickness requirements, 
closed areas, closed seasons, gear restrictions, and 
harvest quotas) (Table 3), and those may need to be 
made specific to the characteristics of the spawning 
ground, the nature of the fishing activity (e.g., artis-
anal vs. industrial harvest), funding available for mon-
itoring, modeling, and enforcement, and the 
socioeconomic lives of the communities (see Marco 
et  al. 2021). Different strategies may be suited to dif-
ferent nations or locations. For example, conch pop-
ulations inhabiting the broad banks and scattered 
fishing communities of The Bahamas and Turks and 
Caicos Islands will probably need to be managed dif-
ferently than the narrow island shelves of the eastern 
Caribbean or offshore banks of Jamaica, Honduras, 
and Nicaragua. In any case, a successful design for 
long-term, sustainable fisheries management or pop-
ulation rehabilitation will require that decisions are 
based upon deep knowledge of queen conch repro-
ductive biology.
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