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Abstract 
 
The queen conch (Lobatus gigas) is under pressure and has decreased in distribution and abundance 
as a result of fisheries in the Caribbean region. To ensure sustainable fishery, knowledge on the 
population dynamics of this species is required. Therefore, this research focused on the status and 
the reproductive behaviour of the conch population around St Eustatius and provides information 
about the possibilities for a sustainable fishery. Conch distribution and abundance, population 
structure, reproductive activity and fishing pressure were determined in the coastal waters around 
the island of St Eustatius by dive surveys, towed video surveys, reproduction surveys and fishery 
catch surveys. The study covered the entire Statia National Marine Park waters and covered different 
habitats and depths up to 40m. 
The study shows that the queen conch is abundant around St Eustatius, with mean densities of 57 
(dive surveys) and 115 (video surveys) adults per ha. The total adult queen conch stock was 
estimated to be 184,100 (95% C.I.: 77,586-390,000) in 2,700 ha Marine Park. Further, a higher conch 
abundance was found on rubble habitats and at greater depths (17-31 m). Mainly mature conchs 
were detected, indicating a shortage of recruitment of young conch, or a difficulty in observing young 
conch. Further, reproductive activity started in March and declined after October, with peak 
reproductive activity during June and July. Minimum lip thickness reported for reproductive 
behaviour was 9 mm. However, this study also indicated that more research is necessary to qualify 
the exact spawning season and size at maturity of conch around St Eustatius.  
In conclusion, the status of the queen conch could be qualified as good and does not seems to 
appear under direct pressure in the coastal waters of St Eustatius. With this population status, small-
scale fishery may be possible without negative consequences for the queen conch population. 
However, to ensure long-term sustainable of a conch fishery, harvest restrictions as advised by the 
queen conch working group are recommended to be used; like a minimum of 15 mm lip thickness, 
closed areas and an annual harvest of maximal 6200 adult conch. Thus, non-detrimental fishing is 
possible for queen conch on St Eustatius, under the conditions that, proper management and harvest 
restriction regulations need to be developed, implemented and enforced in close co-operation with 
stakeholders.   
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1. Introduction 
 
There is an increasing need to understand the dynamics of marine populations when these are at low 
densities (Stoner & Ray-Culp 2000). One of such marine species which is decreased in density is the 
gastropod snail Lobatus gigas (queen conch; more commonly known as Strombus gigas). Fisheries, 
which effect these queen conch populations, increase the need and importance of marine population 
studies, as these population studies will provide information for management decisions and 
sustainable harvest yields (Collins & Harrisson 2007). Fisheries sometimes also overexploit conch 
populations, which could lead to a threatened and endangered status for conch (Stoner & Ray-Culp 
2000). To prevent species extinction and to provide information about sustainable harvesting yields, 
it is necessary to assess species vulnerability by using appropriate biological information about the 
species. For example, knowledge on stock size, growth rate, reproductive behaviour and mating 
system is important for estimating the conch population dynamics (Appeldoorn 1992; Stoner & Ray-
Culp 2000). Besides, spawning biomass and recruitment are very important, because conservation of 
exploited populations depends on the survival to the reproductive phase (Stoner et al. 2012b). 
Therefore, information about the biomass of mature adults and number or density of spawners 
within a population is needed (Stoner et al. 2011). However, some conch studies have not included 
these population characteristics; and are only limited to densities, probably due to the lack of data 
on population size or data on catches of fisheries (Medley & Ninnes 1999).  
 
Queen conch is a herbivore, with a large lipped pink shell; the total shell length can be up to 30 cm. 
Conch can be found throughout the Caribbean in many coastal waters (Fig. 4; Collins & Harrisson 
2007; Prada et al. 2008; Stoner et al. 2012a). The conch is one of the most important commercially 
fished marine animals in the Caribbean; conch has been used for a long time and has therefore high 
economic value (Prada et al. 2008). However, conch has decreased in distribution and abundance 
throughout the Caribbean, due to high fishing pressure on local populations (Stoner et al. 2012ab). In 
1992, the conch was listened as vulnerable under Appendix II of CITES (Convention on International 
Trade in Endangered Species of Wild Fauna and Flora), which includes species which are at risk of 
becoming endangered, and of which trade must be controlled to avoid utilization incompatible with 
their survival (Prada et al. 2008; Stoner et al. 2009; Stoner et al. 2012a). Despite the decline in 
abundance, conch is still harvested throughout the Caribbean region (Stoner et al. 2012b). Reasons 
for the continued decline could be that the harvest regulations are based upon limited and 
potentially incorrect biological information (Stoner et al. 2012b), stimulating the legal harvest of 
immature conch. 
 
This research focuses on the queen conch populations around St Eustatius. Around this island, a 
small coastal fishery is active, using a range of gears and techniques, targeting fish, lobster and also 
queen conch (de Graaf et al. 2012; Poiesz 2013). In Florida and Bermuda conch is already 
overexploited by fishing and conch fisheries are there totally banned (Stoner & Ray-Culp 2000; 
Stoner et al. 2012a). Two studies also declared a decrease in the conch population around St 
Eustatius: they reported a 80 % decrease in conch densities in 2005 compared with 2003 (Davis 2003; 
White 2005). These studies also reported to have lower densities compared to the Bahamas and 
Dominican Republic (Davis 2003; Stoner and Ray 1996; Posada et al. 1999). However, the 
quantification of these St Eustatius conch population densities have been relatively poor, mainly due 
to the limited sample size.  
Different biological population characteristics are influencing queen conch population status and 
population dynamics. First, habitat characteristics could be crucial for queen conch densities. Twenty 
to 30 years ago, the conch was abundant in the shallow and the deeper waters of St Eustatius (de 
Graaf et al. 2012), now the conch population is limited to the deeper water depths (20 m) (Davis 
2003; de Graaf et al. 2012). Besides depth, the habitat type could be even more important in 
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determining the distribution and abundance of conch (Collins & Harrisson 2007). Furthermore, 
fishing can influence queen conch densities and distribution.  
The reproductive season of conch in the Caribbean lasts generally from April until October, peaking 
in July and August (Stoner et al. 1992; Aranda & Frenkiel 2007). However, the timing and duration of 
the spawning seasonal varies throughout its geographical range, depending on seasonal changes in 
temperature (Stoner et al. 1992; Prada et al. 2008; Medley 2008). During the reproductive season, 
conch mostly migrates to shallow waters (10 to 20 m), typically bare sandy habitats near reefs 
(Stoner & Ray-Culp 2000; Prada et al. 2008). Queen conch has separate sexes and females copulate 
via internal mating with several males, after copulation spawning occurs (Randall 1964; Stoner 2000; 
Prada et al. 2008; Stoner et al. 2012a). The population density is crucial for reproduction in conch: 
copulation intensity and egg laying are both directly related to the density of mature conch, 
observations showed that higher densities increased the frequency of mating (Stoner & Ray-Culp 
2000; Stoner et al. 2012a; 2011). The critical conch density whereby mating was observed, was found 
to be around 56 adults per hectare (Stoner & Ray-Culp 2000; Stoner et al. 2011). This mating density 
dependency is probably caused by the limited mobility of queen conch (Davis 2003). No information 
exists on the timing of spawning season or the effect of density on reproductive activity of conch in 
the coastal waters of St Eustatius. 
 
The decline of conch populations throughout the Caribbean region is probably accelerated by the 
harvest of immature conch. Immature conch are harvested legally in many places in the Caribbean 
(Stoner et al. 2012b), causing a decrease in the reproductive output of the population. Sexual 
maturity in gastropods is often determined by shell length, but in conch, maximum shell length is 
already reached before sexual maturity. After maximum shell length is reached, the shell grows only 
in lip thickness (Collins & Harrisson 2007; Stoner et al. 2012b). When conch are about 3.5 years old, 
the shell length is at its maximum (150 to 300 mm) and the edge of the shell lip turns outward to 
form the flared lip (Fig. 1 and 2). A large-shelled conch could still be sexual non-reproductive, the 
thickness of the lip need to be used as index for sexual maturity: at 8 to 15 mm lip thickness maturity 
is more certain (Stoner et al. 2012ab). Thus, the lip thickness provides important insight into the age 
and sexual maturity of the conch, although lip thickness at maturity can be variable, site specific and 
influenced by ecological factors (Stoner et al. 2012b). Conch harvested on St Eustatius, are rather 
large and old (de Graaf et al. 2012). However, the lip thickness at maturity for conch on St Eustatius 
remains unknown.  
 

  
 
 
In order to determine if the St Eustatius conch population could support a small-scale commercial 
fishery, the size and structure of the adult queen conch population will need to be properly assessed. 
In the Statia National Marine Park, which extends from the high water mark up to 30 m in depth 
around the island, it is permitted to harvest twenty conch per person per year by free diving for own 
consumption. In addition, shell length needs to be at least 19 cm and the lip fully grown 
(www.decentrale.regelgeving.overheid.nl). However, fishery catches on St Eustatius are not 
monitored, thus implementation of the rules is unclear. On St Eustatius, export of conch is not 
allowed, however the conch population size is maybe large enough for legal fishery. For legal export 
a CITES export permit is necessary, which could be gained by submitting a non-detriment finding 

Figure 1. No flared lip developed yet. 
 

Figure 2. Conch with flared lip. 
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(which deemed that the export will not be detrimental to the survival of the species) of conch to the 
ICES (International Council for the Exploration of the Sea) by a scientific Authority of the state (Prada 
et al. 2008; Medley 2008).  
 
To gain insights about the status of the queen conch population and its reproductive behaviour, this 
study will focus on the following research questions. 
 
Research questions: 
1) How is the conch distributed and what is the adult conch abundance and size around St Eustatius? 
2) Which habitat characteristics determine the abundance and size of conch around St Eustatius? 
3) What are the spawning season, lip thickness and lowest density for reproductive behaviour for 
conch on St Eustatius? 
 
Besides, further objectives are made which could be reached by using the obtained data. 
 
Further objectives: 
- Provide information and data to assess the possibility of a sustainable small-scale queen conch 
fisheries within the guidelines and protocols of ICES and CITES, and assess the information for a non-
detrimental finding for CITES about the queen conch around St Eustatius. 
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2. Literature review 
 
2.1 Queen conch  
Taxonomy 
The queen conch, Lobatus gigas (Strombidae; Gastropoda) was described by Linnaeus 1758 and is 
also known as pink conch or pink-lip conch (Randal 1965). It has a large shell with a large flaring outer 
lip, the aperture and lip of the shell are bright pink in colour (Fig. 3; FAO 1977). The range in adult 
shell length is 150 - 300 mm (Randal 1964). Adult females are on average 1-2 centimetres larger in 
shell length than males (CFMC 1999). The species is gonochoristic, the normal sex ratio appears to be 
50:50 (Randal 1965; Stoner 2000). The queen conch is distributed from south Florida to Bermuda, the 
Bahamas, southern Gulf of Mexico, the entire Caribbean area and Brazil (Fig. 4; Stoner 2003; FAO 
1977; Randal 1965). Five other recognised conch species occur in this geographical range: S. raninus, 
L. gallus (roostertail conch), L. costatus (milk conch), S. pugilis and S. alatus (fighting conch) and E. 
goliath (Fig. 5). Lobatus gigas is easy to distinguish from the other species due to the larger size and 
large spines. Besides, queen conch differs from the other western Atlantic conch species by the deep 
pink colour of the aperture (Fig. 5). Even juvenile queen conch are easy to distinguish due to the 
extended spines on the spire near the apex (Fig. 6; Randal 1965). 
 

 
       

 

  
 

 
Distribution 
 
Habitat 
Queen conch is found to be present commonly in habitats of sand flats or grass beds, often with 
turtle grass (Thalassia) or manatee grass (Cymodocea). Conch are also found on gravel, rubble and 
hard coral rock substrate. They can be found in general in water depths from 1 - 30 m (FAO 1977; 
Randal 1964). They are more found in depths less than 25 m, however in exploited areas they are of 
greater abundance in depths of 24 - 35 m (Ehrhardt & Valle-Esquivel 2008), or even in depths of 35-

Figure 4. Distribution of queen conch (NMFS office of 
protected resources 2007). 
 

Figure 3. Shell shape and flared lip of Strombus gigas 
(FAO 1977), second picture: adult queen conch shell. 

Figure 5. Conch species found in the Caribbean 
region; L. gigas, L. costatus, L. gallus, S. pugilis, S. 
alatus and S. raninus (M.F. Frisberg). 

 

Figure 6. Juvenile queen conch with extended 
spines (M. de Graaf). 
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40 m in clear Caribbean water (Stoner 1997). Conch are also recorded on banks which were almost 
exposed at low tide, and even a few reports claim conch in depths to at least 60 m (Randal 1964; 
Stoner 1997). Probably conch are less found in the deeper water depths, maybe due to the lack of 
seagrass and due to the depth limit of the photosynthetic zone. Juvenile conch often bury in the sand 
or gravel by day time and come out at night (Randal 1964). 
Diet 
Queen conch is herbivorous and they feed normally on plant material, however sometimes some 
animal material was present in stomachs of queen conch, probably accidentally eaten with the plant 
food. In general conch eats the dominant plant in its habitat (Randal 1964; Stoner 1997). They mostly 
feed, throughout their lives as juveniles and adults, on micro- and macro algae and seagrasses (FAO 
1977; Stoner 1997), for example the turtle grass. Queen conch are also mostly found on the marine 
regions which are well lighted, because plant material is able to grow in these lighted areas (Stoner 
1997). 
Predation 
Predation is still a high risk for the queen conch, despite its heavy shell. Many predators (22 recorded 
species) were found with queen conch in their stomachs. Gastropoda (Fasciolaria tulipa, Murex 
pomum), Cephalopoda (Octopus vulgaris), Crustacea (Petrochirus diogenes), 12 species of fishes 
(Galeocerdo cuvieri, Aetobatis narinari, Dasyatis americana, Epinephelus striatus, Petrometopon 
cruentatum, Lutjanus analis, Lutjanus jocu, Lutjanus griseus, Ocyurus chrysurus, Haemulon plumieri, 
Haemulon sciurus, Trachinotus falcatus, Lachnolaimus maximus and Diodon hystrix), Reptilia (Caretta 
caretta), and Mammalia (Tursiops truncatus) have been observed feeding on conch (Randal 1964). 
Parts of the queen conch are also preyed on. Recordings are made about bitten off penis of male 
queen conch by fish. Probably this happens during copulation, as the penis is extended and easy to 
attack. Beside predation, commensal relationships are recorded with the queen conch, for example 
with Apogon stellatus or with Porcellana sayana. The queen conch can also use its foot as defence 
weapon against the predators (Randal 1964). 
Movement 
Queen conch moves by using its foot for short hops. Adult conch are more mobile than smaller 
conch. The foot is extended and fixated in the substrate, muscular contraction follows up whereby 
the shell is moved forward. In general the queen conch is limited in its mobility and movement rates 
are low, but larger conch can move further (Medley 2008). Studies reported several possible conch 
movement distances, for example moving 0.07 (Hesse 1976), 0.8 (Ehrhardt & Valle-Esquivel 2008) to 
1.5 km per month (Appeldoorn 1987). The greatest distance measured of conch movement was 290 
m but the exact time span is unknown. In addition, the queen conch can use the foot to turn 
themselves straight, if upside down (Randal 1964). 
 

2.2 Reproductive behaviour and life cycle 
Spawning season has been reported occurring through much of the year, but in general it is reported 
in the warmest months from April until September. Peak activity mostly occurs in July and August 
(Stoner et al. 1992; Prada et al. 2008; Aranda & Frenkiel 2007; Ehrhardt & Valle-Esquivel 2008; 
Medley 2008). The spawning season can be regional variable, depending on differences in seasonal 
temperatures or in turbulence due to storms (Medley 2008). The density of adult conch determines 
successful reproduction, conch copulation have been found to be related to adult density (Stoner 
1997; Stoner & Ray-Culp 2000). High densities of mature conch are necessary for mating behaviour 
and egg laying, probably because conch are moving slow and physical contact is necessary for 
copulating (Medley 2008; Stoner et al. 2012a). Below a particular critical conch density reproductive 
behaviour is rarely observed (Stoner et al. 2012a). In general 10 - 30% of the adult queen conch are 
laying eggs during the reproductive season, however, this seems to decline when conch densities are 
lower than 50 conch per hectare (Stoner 1997). The critical conch density for successful mating is 
reported to be around 56 adults per hectare and for spawning 48 conch per hectare (Stoner & Ray-
Culp 2000; Stoner et al. 2011). Higher conch density increases the frequency of mating, for a 90% 
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probability of mating, densities of 100 adults per hectare are necessary (Stoner et al. 2012a). The 
depression of the mating frequency by lower conch densities, varies probably with location, size of 
the population and adult composition during the spawning season (Stoner 1997). 
Conch migration has been reported on the beginning of the conch reproductive season and when the 
temperatures started to increase. Conch migrates to the shallower depths (10 till 20 m) and mostly 
to sand habitats near reefs (Stoner & Ray-Culp 2000, Prada et al. 2008; Medley 2008). An offshore 
migration back to deeper waters is reported during September and October (Appeldoorn 1985; 
Medley 2008).  
The queen conch has a life cycle which is typically for the marine animals with planktonic larvae 
(Stoner 2003). The females copulate via internal mating with several mates, this last at least for 
several hours. After copulation spawning occurs, which takes about 24 to 36 hours (Randall 1964; 
Stoner 2000; Stoner 2003; Stoner et al. 2012a). Females can also store the eggs for several weeks 
before spawning, even different males can be the fertilisers of an single egg mass (CFMC 1999; 
Medleys 2008). The females produce large benthic egg masses, consisting of a sticky single strand 
(sand stick to it) which fold up and results in a compact egg mass (FAO 1977; Randal 1964). The eggs 
are usually produced in areas with clean sand, 6 to 9 egg masses can be formed by a female during 
the spawning season (Stoner 2000; Stoner 1992; Medley 2008). The length of the egg strand is 
estimated of 5.68 till 7.34 m with 313,000 - 485,000 eggs. On average, conch lay their egg strands in 
1.55 m per hour, which will lead to 24 hours to lay the total egg mass (FAO 1977; Randal 1964).  
The eggs hatch after 3 to 5 days, and the larvae will enter the water column (Stoner 2003; Medley 
2008). The typical hatching size is about 300 µm, growth rates are reported on average of 50 µm per 
day for larvae (Hawtof et al. 1998). The larvae consume mainly phytoplankton, and then spend 
around 4 weeks (2 till 5 weeks) in the water column before settlement (Randall 1964; Stoner 2003; 
Stoner et al. 2012a). Conch larvae can be found in depths to 100 m, but they are more found in the 
upper layer of the ocean (Stoner 1997). The larvae are easily transported around the Caribbean due 
to Caribbean current, queen conch larvae could be transported 43 km per day, which leads to 900 km 
during the 3 week larval period (Hawtof et al. 1998). Another study also indicates high larvae 
dispersal, on average a few hundred kilometres were reported (Medley 2008). When the larvae are 
ready for metamorphosis, they settle to the benthos in shallow waters. They are then about 1 mm in 
shell length and consume mostly diatoms, macroalgae and seagrass detritus (Stoner 2003). The first 2 
till 3 years of juvenile queen conch are spent in the more shallow waters (Stoner 1997). With the 
approach of sexual maturity the queen conch migrates to deeper depths, where they continue being 
herbivory and occupy different substrate types (Stoner 2003; Medley 2008). 
 

2.3 Growth, age and sexual maturity in queen conch 
The shell growth of queen conch depends on the life stage, juveniles grow in shell length and adults 
do not grow in shell length anymore but only the lip becomes thicker (Appeldoorn 1992; Medley 
2008). In juveniles the shell length provides an indication for age, juvenile queen conch are reported 
to grow about 52 mm in shell length per year (Randal 1964). The growth of juvenile shell length can 
vary between the seasons, probably primarily controlled by temperature, leading to faster growth 
during the summer season (Appeldoorn 1985). Juvenile conchs become adults when the maximum 
shell length is reached, and the flared lip starts to form (Medley 2008). Flared lip development 
happens probably around 3.2 years of age (Appeldoorn 1988; FAO 1977). After the flared lip 
development the lip grows only in thickness, the shell length will not increase anymore. In adult 
queen conch the lip thickness provides an indication about the age, older conch have thicker lips. The 
shell length of adult queen conch can decrease with age (only happens after flared lip development), 
due to erosion and degradation of the shell (Medley 2008). Thin-lipped conch have also often a 
broader lip than the older thick lipped conch, probably because organisms degrade the older lip and 
shell with time (Randal 1964).The maximum age of queen conch is about 20 to 30 years (Medley 
2008). 
Different studies try to age the queen conch on basis of the thickness of the flared lip (Appeldoorn 
1988). An older study reported for example, a time period of about 5 months needed to form a flared 
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lip, 1 year to reach lip thickness of 7-9 mm, and 2 years to reach lip thickness of 12-15 mm (Wefer & 
Killingley 1980). Another study reported an average increase in lip thickness of 1.25 mm per month 
(Hess 1976). Also, faster lip formation and growth is reported, about 3 months were necessary for 
complete lip formation, and 1 year to grow to a lip thickness of 17-18 mm (Appeldoorn 1988).  
A flared lip is not yet the indication for sexual maturity, this is reached with a certain lip thickness. 
The age for first reproduction is estimated later than the age for flared lip formation, queen conch 
were estimated to be 3.6 - 4 years old at sexual maturity (Appeldoorn 1988). Lip thickness is found to 
be the critical measurement for determining sexual maturity (Stoner et al. 2012b). Lip thickness at 
sexual maturity is also recently more researched, in San Andres a lip thickness of more than 5 mm is 
recorded for sexual maturity (Aranda & Frenkiel 2007). In the Bahamas the minimum lip thickness for 
sexual maturity proved to be 12 mm for females an 9 mm for males. However, to reach 50% of sexual 
maturity in the populations, a lip thickness of 26 mm for females and 24 mm for males is needed 
(Stoner 2012b). In Colombia, the lip thickness at sexual maturity was estimated to be 17.5 mm for 
females and 13 mm for males (Poveda 2007). Lip thickness at sexual maturity can differ per location, 
because queen conch are not that mobile and growth can be controlled by geographic location 
(Ehrhardt & Valle-Esquivel 2008). The lip thickness differences between above named studies sites 
could be also due to variation between location, nutrition and water temperature differences can 
determine growth rates. However, in general it seems that most queen conch are not mature before 
1 or 2 years after flared lip development (5 or 6 years old) (Stoner 2012b). 
 

2.4 Queen conch fishery 
Conch fishing methods 
Queen conch are mainly caught by taking by hand or fisherman dive or wade for them. The conchs 
are brought to the shore and there removed from their shell and later cleaned (Fig. 7), or they are 
often already removed from their shell on sea (FAO 1977). Also industrial conch fisheries exist, large 
vessels with on average 10 divers, go on trips for around two weeks. The industrial fisheries exploit 
the conch populations for export of conch. These industrial fishing methods, leave the shells on the 
sea floor, which makes it more difficult to check if the caught conchs were mature. Remaining conch 
could be driven away due to the empty shells, however, the reason for this are not clear yet (Aiken et 
al. 2006). The meat of conch is consumed in different ways, raw, marinated, minced or chopped to 
make soups and fried cakes, or boiled with rice (FAO 1977). 
 
Catch and effort in Caribbean 
In the Caribbean region, the queen conch is one of the most important fishery resource (after spiny 
lobster) (Stoner 2003; FAO 2006). It has been used already thousands of years throughout its range 
for food and for shell products (Randal 1964; Stoner 2003). Besides human consumption, the foot of 
the conch is used as bait for fisheries in many places (FAO 1977; Randal 1964). The queen conch is 
popular to catch and has high traditional and economic value (Prada et al. 2008; Chalifour 2009). 
High catches are reported especially in the Bahamas and the lesser Antilles (FAO 1977; Randal 1964). 
In 1992, the queen conch market is reported to be worth 60 million US dollar, with the Jamaican 
(Pedro bank) export as leading exporter (Aiken et al. 2006; Murray et al. 2012). Since 1998, the 
fishery catches of queen conch represent 15-20 million US dollar in the Caribbean region. In 1992, 
the total harvest of queen conch was 5554 tons and in 2002 it decreased to 3132 tons (Aranda & 
Frenkiel 2007). Harvest levels have also been estimated on 6.000 ton of conch meat per year at the 
end of the mid-nineties, illegal fishing was not taken into account (Murray et al. 2012). Most of the 
queen conch harvested are transported to the United States (Aranda & Frenkiel 2007). Queen conch 
are probably also popular, because they are easy to detect and easy to caught in the shallow, which 
makes them vulnerable to exploitation (Ehrhardt & Valle-Esquivel 2008).  
Queen conch fisheries, and especially industrial fisheries, are putting pressure on the local 
populations, conch has already decreased in distribution and abundance (Stoner et al. 2012ab). Many 
populations are already reduced through the high fishing pressure (Stoner 2003; Aiken 2006). 
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Despite the decrease in conch abundance, conch is still harvested at many locations, however the 
harvest regulations are often based upon limited biological information (Stoner et al. 2012b). Or 
regulations are not followed, for example, it is known that licensed fisherman underreport their 
catches or conch are caught illegal (Aiken et al 2006; Chalifour 2009). 
 

 
Figure 7. A queen conch catch by a St Eustatius fisherman. 
 
Conch fishing regulations  
In the Caribbean region, different management techniques and regulations are used on different 
locations to limit the fishing pressure on the queen conch (Aiken et al. 2006; Aranda & Frenkiel 
2007). Strategies to protect population are; minimum legal size, catch quotas, temporal fishing bans 
and reproductive bans. Strategies to limit fishing effort; limited numbers of fisherman, limited 
numbers of conchs per fishing man, restricted by depth and restricted to use scuba or hookah diving 
equipment (Aranda & Frenkiel 2007; Aiken et al. 2006). In some countries queen conch is already 
overexploited and conch fishery is totally closed (Stoner & Ray-Culp 2000; Stoner et al. 2012a), for 
example in the entire United States in 1985, however recovery of queen conch is not yet recorded 
there (Stoner 2003).  
Some countries have set size restrictions to limit fishing pressure, for example conchs with minimum 
of 5 mm in lip thickness and/or 180-250 mm in shell length are allowed to catch, however this is not 
adequate to protect conch stocks (Poveda 2007). No individuals should be harvested before it had 
the opportunity to reproduce for one season, maturity is often not reached at 5 mm lip thickness 
(Stoner 2012b). Recently studies have published some minimum lip thickness for fisheries, to 
guarantee sexual maturity in captured queen conch. Recommended is a lip thickness more than 7 
mm as fishery catch restriction, and a temporary ban from May till October to protect conch 
reproductive season (Aranda & Frenkiel 2007). However, another study pointed out at least 13.5 mm 
as minimum lip thickness to ensure sustainability of the fishery (Poveda 2007). A recently study 
indicated a minimum of 15 mm lip thickness for harvesting (Stoner et al. 2012b). Size restrictions 
need to be set depending on the location, because size at maturity and abundance is variable. 
Therefore, local populations need to be researched to determine size at maturity and conch stock 
size, to define more precise conch fishing regulations.    
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3. Material and Methods 

 
Study area 
The marine fieldwork was conducted in the coastal waters around the island St Eustatius in the 
summer period May till October 2013. In addition, additional data of similar fieldwork was used, 
which was obtained through Jimmy van Rijn in the period November 2012 till January 2013 (van Rijn 
2013). The study was conducted in the Statia National Marine Park, which covers an area of 2,700 ha. 
The Statia National Marine Park is located around the island and covers the coastal waters from the 
high water mark to a depth of 30 m (Fig. 8). Within the Statia National Marine Park two reserves are 
located (Fig. 8), fishing and anchoring is not allowed in the reserves (www.statiapark.org).   
 

   
Figure 8. The Statia National Marine Park, located around the island and the two marine reserves; northern 
reserve and southern reserve (www.statipark.org).  
 
 

3.1 Distribution and abundance 
 
3.1.1 Habitat 
A recently constructed benthic habitat map of the coastal waters around the island was used to 
select the survey sites (Fig. 9, Timmer & Houtepen 2013). The benthic habitat map was made by 
dropping an underwater video camera (SeaViewer) every 150 meters along a transect line, from the 
coastline till 30 meters in depth. The transect lines were approximately 100 and 200 meters apart, 
which gave a rough 150x200 meter grid. Every point where the camera was dropped, a GPS-waypoint 
was made, depth was recorded and the footage was recorded. The best screen shot of the video was 
selected, and judged for their habitat type (Timmer & Houtepen 2013). First, the substrate was 
determined. Either this was sand, rock or rubble. Second, the dominant species composition was 
determined. This could exist of algae, Sargassum sp., seagrass, coral or gorgonians. Last, the coverage 
percentage of the dominant species composition was determined. This was either 0%, 0-33%, 33-
66% or 66-100%. This stepwise categorisation resulted in a distinction of nine habitat categories; 
sand, rubble, loose reef (0-33% reef), intermediate reef (33-66% reef), dense reef (66-100% reef), 
gorgonian reef, algal fields, Sargassum sp. and seagrass.  
 



    

      

14 

 

 
Figure 9. Benthic habitat and depth map of the coastal waters around St. Eustatius [Timmer & Houtepen 2013]. 
 

3.1.2 Dive surveys 
Dive survey sites were selected by depth and habitat (mainly reef habitat), and the previous initial 
queen conch studies done by van Rijn (2013). However, due to practical and safety reasons, many 
dive surveys were done on dive sites with a mooring and on locations were towed video surveys 
were not possible. The benthic habitat and depth map of St Eustatius (Fig. 9) was used to help to 
select the dive survey sites. Google Earth and the St Eustatius dive site map were used for location 
coordinate selection. In total, including the data of Jimmy van Rijn, 62 dive survey sites were 
surveyed for conch around St Eustatius.  
 
 

              

 

 
 
On the dive survey sites, conch measurements were taken along a transect for queen conch density 
determination (Fig. 10), transect size was 50 m long and 10 m width, covering an area of 500 m² per 
transect. Three transects per dive survey site were done, two transects per dive survey site were 
done if dive bottom times or air limits were reached earlier. Coordinates of the dive survey location 
were taken by a GPS (Garmin GPSmap 78). Two divers descended at the boat mooring place (or 
descended directly under the boot), the divers placed a 50 m long transect line, in the direction 
indicated by the randomly turned diving compass. Each diver swam on one side along the transect 
line and took on his own side measurements in a width of 5 m (Fig. 10 and 11). All conch individuals 
(also other conch species than queen conch) in the transect were counted and the measurements 
viewed in table 1 (under dive surveys) were taken, queen conch measurements were taken according 

Figure 10. Dive surveys: searching 
for conch along a transect line.  
 

Figure 11. Dive surveys: registering 
conch and habitat measurements.  
 

Figure 12. Dive surveys: measuring 
conch lip thickness.  
 

Coloured dots respectively: sand; 
rubble; reef 0-33%, reef 33-66%; 
reef 66-100%, gorgonian reef; 
algal fields; Sargassum sp. and 
seagrass. 
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to box 1 (Fig. 12; Collins & Harrisson 2007; Stoner et al. 2012a). In addition, for each transect the 
habitat parameters were recorded precisely, exact depth of each transect was recorded by using the 
dive computer. Each diver estimated also the coverage of sand, sea grass, rubble, algae and reef 
habitat in percentage for his own transect side (Fig. 11), average percentages of each habitat were 
calculated per transect (Collins & Harrisson 2007; Stoner & Davis 2010). Directly after the first 
transect, the second transect at the same dive survey site was started, in the direction 120 degrees 
to the right from the starting point, and the third transect was started on 240 degrees to the right.   
 
Table 1. The measurements which were taken from each conch individual in the different survey types. See box 
1 for queen conch measurement explanations.  

Measurements Dive 
Surveys 

Video 
Surveys 

Spawning 
Season 

Fishery 
Surveys 

· Identification of the species X X X  

· Life status (dead or alive) X X   

· Lip flared or not flared X X X X 

· Lip thickness (LT in mm) X  X X 

· Shell length (SL in cm) X   X 

· Life stage (J, I or A) X  X X 

· Reproductive behaviour:  
- Pairing 
- Copulating  

- Egg-laying 

X X X  

· Gender (Female/Male)   X X 

· Distance to nearest conch (m) X  X  
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Box 1. Explanation of conch measurements 
A conch was called flared, when the edge of the lip was turned outward (Fig. 1 and 2). Shell length, 
sometimes called siphonal length, was measured from the tip (apical) to the opposite end of the 
shell (siphonal groove) with a ruler. Greatest lip thickness was measured with a caliper in a spot 
without plaits, and at a distance of 35-45 mm from the edge of the lip (Fig. 12 and 13, Appeldoorn 
1988; Stoner et al. 1992; White 2005). Conch life stage was divided in three categories; J: Juveniles, I: 
Intermediates and A: Adults, see table 2 for corresponding conch sizes (Stoner & Davis 2010; van 
Rijn 2013). Reproductive behaviour was classified in the following reproductive activities; pairing: 
two conchs were touching, with a part of the shell of one conch overlapping the shell of the other 
conch; no copulation was observed. Copulating: conch were copulating, with the penis of the male 
beneath the shell of the female. Egg-laying: A female was laying an egg mass. Non-reproductive: 
Conch was not involved in reproductive behaviour (Stoner et al. 1992; Stoner et al. 2011). 

                            
Figure 13. The shell of the queen conch (Strombus gigas), with the different possibilities for measurements, 
shell length (siphonal length), lip thickness and flared lip (Collins & Harrisson 2007). 
 

 

3.1.3 Towed video surveys 
To survey the adult conch population at larger depths, a towed underwater video system behind a 
boat was used. The towed video system was based on the design of Stevens (2006) and Sheenan et 
al. (2010), developed by van Rijn (2013) (Fig. 14 and 15). The video array system was towed behind a 
boot at low speed (0.5-1 knots) or the boat was drifting with the current. The array was maintained 
at 1 m above the sea bottom, by adopting the height manually (Fig. 15). A live view camera (Seaview 
super mini) was attached on the array in forward position to monitor the sea bottom during the 
transects. The live view camera was constantly monitored to improve the camera view and to 
anticipate to changes in depth and habitat. A camera (GoPro HD Hero 2) was positioned in a forward 
and downwards position on the array to continuously record the sea bottom. Two green lasers (Z-
bolt SCUBA-1 Underwater green laser) were installed 1 m apart of each other on the array, to 
determine the transect width (Fig. 14). A chain and drop weight secured the downward position of 
the video array.  
Towed video survey sites were also selected by a Stratified Random Sampling Design (Ehrhardt & 
Valle-Esquivel 2008), stratified by depth and habitat (sand, rubble and loose reef), covering the entire 
Statia National Marine Park. It was not possible to perform towed video surveys in intermediate and 
dense reef areas, due to high risk of damage to reef and video system. Again the benthic habitat and 
depth map of St Eustatius (Fig. 9) was used to help to select the towed video survey sites. Google 
Earth was used for location coordinate selection.  
 

Table 2. Different life stages of queen conch (modified from 
Stoner & Davis 2010).  

 

Life stage Shell length (cm) Flared lip Age (years)

Juveniles < 10 no 1-2

Intermediates > 10 no 2-3

Adults > 19 yes > 3
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The towed video recordings were taken along a transect of 500 m long and 1 m width, covering an 
area about 500 m² per transect. Depth and length in meter of the recorded transect was determined 
for each transect, the start and end depth was determined by the boat depth meter (the average 
depth was used for analyses). Transect start and end was determined by GPS (Garmin GPSmap 78), 
by creating a GPS waypoint and notating time by start and end of transect. The GPS was installed to 
take track points every 20 seconds, which made it possible to calculate more accurate the length of 
the conducted transect.  
The recordings of the towed video surveys were analysed on a computer with the program Transect 
Measure (www.SeaGIS.com.au), after conversion to AVI-files with Xilisoft video converter. All conch 
individuals between the lasers were counted and a dot was placed at the conch with the program 
(Fig. 16 and 18). The measurements viewed in table 1 (under video survey) were taken from each 
conch in the recordings, measurements were taken according box 1. Measurements were notated by 
using a created attributed file for the program Transect Measure (supplementary 1, S1). Beside the 
conch measurements, the video recordings were analyses separately for overall habitat 
determination. 20 random shots per video recording were taken with the program. On each random 
shot 10 dots were placed, precise habitat under each dot was analysed, by using the options in the 
heading ‘habitat’ of the attribute file (S1). Average habitat coverage of sand, seagrass, rubble, algae 
and reef were calculated in percentages per video transect recording, see figure 17 and 18 for 
example of shots from habitats. 
 

   
 
 
 

3.1.4 Analysis 
The queen conch density data of dive and towed video surveys were treated separately in all 
analyses, data of Jimmy van Rijn was incorporated in the analyses. The numbers of queen conch for 
dive and video surveys were calculated per hectare, only live adult queen conch with a flared lip 
were used. The dive surveys which were done double (once by Jimmy van Rijn and once by the 
author), were calculated as average density per dive surveys site. Maps of adult queen conch density 

Figure 14. The towed video system which was used 
for the conch video surveys, made by van Rijn and 
Lastdrager in 2012 (van Rijn 2013). 
 

Figure 15. Towed video system setup (Stevens 2006). 
 

Figure 16. Towed video surveys: 
Queen conch in a video recording. 
 

Figure 17. Towed video surveys: 
Random shot of algae habitat. 
 

Figure 18. Towed video surveys: 
Queen conch in a sand habitat. 
rding. 
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per hectare were made to show conch distribution and abundance, for dive and towed video surveys 
in Google Earth. For the towed video surveys also transect length and direction was incorporated in 
the density map.   
 
The queen conch abundance per habitat was analysed, by first transforming the habitat percentages 
and depth measurements into habitat and depth categories. The habitat with highest percentage of 
coverage was selected as habitat category per survey. This resulted in the 5 main habitat categories; 
sand, rubble, reef, algae and seagrass for dive surveys and 4 categories for video surveys (because 
not done in reef habitats). Depth was classified in 2 depth categories for the dive surveys; depth of 1 
till 16 m was categorised as shallow and 17 till 31 m depth was categorised as deep. For towed video 
surveys one more depth category was added, because with this it was possible to survey in deeper 
depths; depth more than 31 m was categorised as deepest.  
 
Statistics 
The queen conch density was analysed per habitat and depth categories with bootstrap based 
(Schweizer & Posada 2002) non parametric ANOVAs for dive and towed video surveys, because the 
data was not homogeneous and not normal distributed due to high percentages of zero’s. 1000 
samples of bootstrap were performed and confidence intervals were based on biased corrected 
accelerated (BCa) intervals. Bonferroni post hoc tests were used. Analyses were done in IBM SPSS 
Statistics 21 and were done separately for dive and video data, started was with the full model 
(habitat, depth and interaction habitat depth) and after the best model was selected.  
To search for a relation between queen conch abundance and habitat percentages and depth in 
meters, regressions and correlations were done. Due to the high percentages of zero measurements, 
the dive and video density data was not homogeneous or normal distributed. Log x plus half of 
detection level transformations were used on the density data if it improved the data, and linear 
regressions in SPSS were herewith done for density against one of the habitats in percentages. If the 
log transformations did not improve the data, which was mostly the case, only Spearman rank 
correlations in SPPS were done for density against one of the habitats in percentages or against 
depth in meters. 
 
Power analysis 
Power analyses per habitat were done to estimate the needed sample size to demonstrate a 25% or 
50% difference in queen conch density. Power analyses were conducted with the program GPower 
3.1, the Wilcoxon-Mann-Whitney t test for two groups for means was done per habitat and depth for 
the dive and video data. All power analyses were done with a mean density difference of 25% and as 
well 50%. Effect sizes were calculated using the mean and standard deviation of the corresponding 
data. For the dive data power analyses were conducted for the habitats; rubble, reef, sand and algae 
(for seagrass no power analyses were conducted due to the small sample size), and separately power 
analyses were conducted for the two depth categories (shallow and deep). For the towed video 
surveys power analyses were conducted for the habitats; rubble, sand and algae (seagrass sample 
size to small, reef was not video surveyed), and for the two depth categories (not for depth category 
deepest). In addition, a power analyse was done on only the video data of the fishing zone, which is 
the rubble-anchorage zone on the west side of the island were the fisherman mostly fish conch, this 
to compare for fishing purposes. 
 

3.1.5 Queen conch stock estimation 
The adult queen conch stock in the Statia National Marine Park was estimated to give an impression 
of the total conch population around the island, by using three different methods. The conch stock 
was first calculated stratified by habitat depth categories (method 1), these categories were made 
based on the benthic habitat map (Fig. 9) and the shallow (1-16m) and deep (17-31m) depth 
categories. The benthic habitat map was made as explained in the section 3.1.1 Habitat, however the 
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categorisation was performed different (Timmer & Houtepen 2013). The habitat type which had 
highest percentage of coverage on the picture, was selected as habitat category. Seven habitat 
categories were distinguished; sand (> 33%), rubble (> 33%), algae (> 33%), seagrass (> 33%), and if 
reef was present it was distinguished in three categories of percentages reef; loose reef (0-33% reef), 
intermediate reef (33-66% reef) and dense reef (66-100% reef) (Fig. 19). The division of these habitat 
categories in two depth categories as well, leaded to 13 categories; sand shallow, sand deep, rubble 
deep, loose reef shallow, loose reef deep, intermediate reef shallow, intermediate reef deep, dense 
reef shallow, dense reef deep, algae shallow, algae deep, seagrass shallow and seagrass deep.  
 

           
 
 
 
 
 
 

   
 
 
 
 
 
 

Figure 19. Picture examples of the division in seven habitat categories used for the conch stock estimations 
based on the benthic habitat map; sand, rubble, algae, seagrass, loose reef, intermediate reef and dense reef.  

 
Mean conch densities (per ha) for each habitat depth category were calculated by bootstrapping 
(performing 1000 bootstraps and BCa confidence intervals in SPSS, Schweizer & Posada 2002) 
separately for dive and video data. Differences in density means and confidence intervals for dive 
and video data were shown and analysed. Mean density of dive and video data per habitat depth 
category were calculated, lowest and highest confidence intervals were calculated, because 
separately dive and video data had missing habitats. Total amount for each habitat depth category 
was calculated for the Statia National Marine park, by calculating the percentage amount of each 
habitat depth category based on the drop data of the benthic habitat map (Fig. 9). The habitat and 
depth of the area at the oil terminal was estimated by the extension of the surrounding habitat. 
Corresponding surface in hectare per habitat depth category was calculated for the Marine Park, by 
multiplying the Marine Park surface (2700 ha) with the percentage amount of each habitat depth 
category. Mean density for dive and video per habitat depth category was multiplied with the 
corresponding surface in hectare, giving the stratified dive and video conch stock estimation (method 
1).  
In addition, queen conch stock was calculated based on overall density means of the dive and video 
data separately (method 2 and 3), no subdivision was made by habitat and depth categories (not 
stratified). The overall mean of the conch density was calculated using bootstrapping and BCa 
confidence intervals for dive data and for video data, and both multiplied by the total Marine Park 
cover (2700 ha). The three different conch stock estimations were compared and analysed. 
 
 

3.2 Population structure 
 
To analyse live conch population structure length-frequency distributions based on shell length and 
lip thickness were made, as well as correlations between lip thickness and shell length. Data were 

Sand Rubble Algae Seagrass 

Loose reef Intermediate reef Dense reef 
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stratified for habitat and depth as described above, the conch size data of the dive surveys were 
used. The effect of habitat and depth categories, and their interactions were tested using bootstrap 
based non parametric ANOVAs (1000 replicates). Confidence intervals were based on BCa intervals 
and Bonferroni post hoc tests. 
 
 

3.3 Reproductive biology 
 

3.3.1 Spawning season surveys 
To gain information about reproductive behaviour and spawning season of queen conch around St 
Eustatius, spawning season surveys were done in the period March - December 2013 (Stoner et al. 
1992). Every two weeks the same dive survey was surveyed at the location ‘drop off’, a sand seagrass 
habitat from 19 till 15 m in depth (Fig. 20). However, in the months March, November and December 
only one dive survey per month was done, due to no possibility of diving. On the mooring of the 
location ‘drop off’, a temperature logger was installed at 22 m depth in the period May till 
September 2013, measuring water temperature every hour (Stoner et al. 2012a).  
 

 
Figure 20. The spawning season survey location; ‘drop off’, a sand habitat with seagrass and algae. 

 
Reproduction dive surveys were started by placing a 50 m transect line from the mooring to the 
north east, at the end of the transect line search for conch was started. Two or three divers swam in 
line to one direction, all (and only) alive adult queen conch with flared lip were recorded and 
measured. The measurements viewed in table 1 (under spawning season) were taken and were done 
according box 1 (Stoner et al. 2012a). Most important were the recordings of queen conch 
reproductive behaviour; pairing (Fig. 21), copulating and egg laying (female; Fig. 22), also loose egg 
masses were recorded (Fig. 23). When copulating was recorded, gender could be recorded as well, 
because the male retracted often his penis when they were disturbed or turned around. Per survey 
time around 50 till 100 queen conch were measured. The habitat of the spawning survey location 
was estimated once (in percentages), by two divers. The average depth of each reproduction survey 
dive was recorded.  

 

  Figure 21. Reproduction 
surveys: Pairing queen conch. 
 

Figure 22. Reproduction surveys: Egg laying 
queen conch. 
 

Figure 23. Reproduction 
surveys: Loose egg mass. 
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3.3.2 Reproductive activity 
Percentage of total queen conch population participating in each reproductive behaviour category 
were calculated for each month. Paired, copulating and egg laying activity percentages per month 
were graphically viewed to show the spawning season of queen conch. Daily mean temperatures 
were calculated and temperature fluctuations were graphically viewed corresponding to the 
reproductive activity months. Queen conch lip thickness distribution for pairing, copulating, egg 
laying and non-reproductive activities were analysed. Mean lip thickness for the reproductive 
activities and for non-reproductive were analysed with multiple ANOVA.    
The dive and towed video surveys were also used to give some indication about lowest density for 
reproductive behaviour of queen conch around St Eustatius. The counts of reproductive activities 
(pairing, copulating, egg laying) in these surveys and the corresponding found related densities were 
used to give an impression of the lowest density for reproductive behaviour, separately for dive and 
towed video surveys (Stoner & Ray-Culp 2000; Stoner et al. 2011).  
 
 

3.4 Conch fishery 
 
On St Eustatius conch is collected by one fisherman, using scuba diving. His catches were measured 
nine times during November 2012 until July 2013, measurements were taken according to table 1 
(under fishery survey) and box 1. Gender was first distinguished, by the presence or absence of the 
female groove (female; Fig. 24) and of the penis (male; Fig. 24) (Stoner et al. 2012b). After the sex 
determinations, shell length in cm and lip thickness in mm were measured from the preserved 
female and male shells. To analyse the conch size of fishery catches, length-frequency distributions 
based on shell length, lip thickness and per gender were made. Differences in mean queen conch size 
(lip thickness and shell length) were analysed per gender with ANOVAs. Based on the recorded catch 
amounts, the average amount of queen conch caught per fishing trip was calculated, and an 
estimation of the total annual catch was made.  
 

  
 

3.5 Radar plot non-detrimental finding 
 
 
3.5 Radar plot non-detrimental finding 
 
All information out of the results of this research and knowledge known about queen conch were 
used to make an overview of the queen conch harvest management system using the table and 
graph format for CITES non-detriment findings for St Eustatius (Rosser & Haywood 2002). The table 
leads through questions, which indicate the sensitivity of the species to the impacts of harvesting and 
commercial use. The summary table and the radar diagram for visual representation proposed by 
CITES related to a non-detriment finding was prepared for queen conch, following the guidelines of 
the protocol (Rosser & Haywood 2002).  

Figure 24. Internal queen conch, female 
with female groove (line in middle). 
 

Figure 25. Internal queen conch, male with 
penis (black, right side). 
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4. Results 
 

4.1 Distribution and abundance of queen conch 
 
Most adult queen conch were found in the towed video surveys (Table 3). In the dive surveys more 
dead and intermediate queen conch were found than in the towed video surveys, see table 3 for 
conch numbers. In addition, on many locations some milk conch were found and on a few dive 
surveys fighting, roostertail and helmet conch were found. Milk conch was also found in the video 
surveys, however extraordinary was the high numbers of fighting conch (2169; Table 3) in four video 
transects between Gibraltar and Jenkins bay, fighting conch was even found in a transect until 48 m 
in depth. The survey details and queen conch densities for the dive survey are shown in 
supplementary 3 (S3) and for the towed video surveys in supplementary 4 (S4). Found conch 
numbers and species are shown in supplementary 5 (S5) for dive surveys and in supplementary 6 (S6) 
for towed video surveys. 
 
Table 3. Conch numbers and species found in all dive and towed video surveys, see S5 and S6 for details per 
survey. 

 
 
The adult queen conch densities per location are shown in figure 26 for dive surveys and in figure 27 
for towed video surveys. Both density maps show that adult queen conch are more distributed on 
the southern parts of the Statia National Marine Park, on the northern top part no queen conch were 
found. Distribution of queen conch is recorded starting from 500 m away from the shore. The results 
of the dive surveys showed queen conch distribution in the west, southwest and south sides of the 
island. The towed video map shows distribution of queen conch in west, south, southeast and east 
marine waters of the island. The total adult queen conch densities for the dive and towed video 
surveys on all location are shown in supplementary 2 (S2). 
Overall mean abundance was 57 adults per ha for the dive data and 115 adults per ha for the video 
data. Highest abundance of queen conch was found in the anchorage zone (west side; Fig. 27 circle 
1), with densities more than 500 adults per hectare and most densities above 100 adults per hectare 
(21% of all video transects). In one transect in the anchorage zone the highest abundance of 950 
adult queen conch per hectare was found. The towed video density map (Fig. 27) also shows high 
abundance of queen conch in Corre Corre bay (east side; Fig. 27 circle 2), with densities more than 
100 adults per hectare. Also, in the southern marine part queen conch densities are over 100 adults 
per hectare. The dive density map (Fig. 26) shows in addition also queen conch abundance in the 
southwest part. The overall view of both surveys is no abundance on the northern marine part and in 
the areas close to the shore, density was here found to be zero. Both surveys show conch around the 
other parts of the island of a distance of 500 km of shore, highest densities were found in the west 
(anchorage zone; Fig. 27 circle 1).  
 

Conch species Dive surveys Towe video surveys

Adult queen conch 278 402

Intermdeiate queen conch 60 24

Juvenile queen conch 3 6

Dead queen conch 137 19

Milk conch 45 15

Fighting conch 28 2169

Roostertail conch 21 0

Helmet conch 3 0
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Figure 26. Adult queen conch density per hectare (dive survey) around St Eustatius. The Statia National Marine 
Park area is shown in green and the marine reserve in blue. One location represents the mean of 2 or 3 diving 
transects at that location. 
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Figure 27. Adult queen conch density per hectare (towed video survey) around St Eustatius. The black lines 
represent the transect length and direction of the towed video surveys. Circle number 1 on the west side 
represents the Anchorage zone, circle 2 in the east represents Corre Corre bay. The Statia National Marine Park 
area is shown in green and the reserve in blue. 
 

4.1.1 Abundance per habitat and depth 
Since a full ANOVA model with habitat, depth and their interaction did not yield any significant 
effects for the dive surveys, the effects of habitat and depth were tested separately. Habitat had a 
significant effect on density (p < 0.0005). Significant differences between the following habitat 
categories were found; rubble and algae (p = 0.015), rubble and reef (p = 0.000), rubble and sand (p = 
0.000) and rubble and seagrass (p = 0.045) (Fig. 28a). In the dive surveys there was a higher 
abundance of adult conch on rubble habitats compared to the other habitat categories (Fig. 28a). The 
effect of depth was insignificant (p = 0.070) for the dive surveys, although there seemed to be a 
tendency for a higher abundance in deep waters (Fig. 28b; deep: 17-31 m). 
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Figure 28. Dive surveys: a) the mean conch density per habitat category. b) The mean conch density per depth 
category. Mean conch density is displayed in number of adult queen conch per hectare. The error bars represent 
the bootstrap based BCa 95% confidence intervals. 

 

 
Figure 29. Towed video surveys: a) the mean conch density per habitat category. b) The mean conch density per 
depth category. Mean conch density is displayed in number of adult queen conch per hectare. The error bars 
represent the bootstrap based BCa 95% confidence intervals. 
 

The full model with habitat, depth and their interaction for towed video surveys, showed a significant 
result. Habitat had a significant effect on density (p = 0.001). Significant differences between the 
following habitat categories were found; rubble and sand (p = 0.000), rubble and seagrass (p = 0.015) 
and algae and sand (p = 0.007) (Fig. 29a). These results show a higher adult conch abundance on 
rubble compared to sand and seagrass habitats, and a higher abundance on algae compared to sand 
habitat for towed video surveys. The effect of depth was insignificant (p = 0.28) (Fig. 29b). This shows 
no difference in adult conch abundance in the different depth categories. 
 

4.1.2 Power analyses of abundance 
Power analyses of the dive surveys showed that for a statistical power of 0.8, 350 transects per group 
in rubble habitat are needed and > 600 transects in the other habitats are needed, to demonstrate a 
25% difference in conch density (Fig. 30a).To demonstrate a 50% conch density difference, 89 rubble, 
173 algae and > 300 reef and sand transect are need per group, to reach 0.8 power (Fig. 30b). The 
power analyses of the towed video surveys showed also a high number of transects per habitat 
needed to demonstrate a 25% difference in conch density (Fig. 31a). For a statistical power of 0.8, 
141 algae, 213 rubble and > 700 sand transect are needed per group. To demonstrate a 50% conch 
density difference, 36 algae, 54 rubble and 195 sand transects are need per group, to reach 0.8 
power (Fig. 31b). In general the towed video surveys show more power for each habitat compared to 
the dive surveys, which need more transect numbers for each habitat to reach the same power.  

a a a 

b 

a a 

b c 
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Figure 30. Dive surveys: a) The total transect number (total sample size) related to power, by a 25% difference in 
adult conch density per habitat category (no seagrass, not enough measurements). b) The total transect 
number related to power, by a 50% difference in adult conch density per habitat category.   
 

 
Figure 31. Towed video surveys: a) The total transect number (total sample size) related to power, by a 25% 
difference in adult conch density per habitat category (no reef and seagrass). b) The total transect number 
related to power, by a 50% difference in adult conch density per habitat category.  
     

Depth power analyses of the dive surveys showed that for a statistical power of 0.8, more than 1000 
transects per group for each depth are needed (25% difference in conch density; Fig. 32a). To 
demonstrate a 50% conch density difference per depth, 313 in deep and 265 transects in shallow per 
group are needed to reach 0.8 power (Fig. 32a). Depth power analyses of the towed video surveys 
showed also high numbers of transects per depth needed (Fig. 32b). For a statistical power of 0.8, 
460 transects in deep en 791 transects in shallow per group are needed (25% difference in conch 
density). To demonstrate a 50% conch density difference per depth, 116 for deep and 199 transects 
for shallow per group are needed to reach 0.8 power (Fig. 32b). In general the towed video surveys 
show more power for each depth compared to the dive surveys.  
In addition, power analyses for only the rubble habitat in the anchorage zone (conch fishing zone; 
Fig. 27 circle 1) based on only towed video surveys, showed that 175 transects for 0.8 power are 
needed to demonstrate a 25% difference in conch density Fig. 33). To demonstrate a 50% conch 
difference in the anchorage zone, 45 transects per group are needed to reach 0.8 power (Fig. 33).  
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Figure 32. a) Dive surveys, the total transect number (total sample size) related to power, by a 25% and 50% 
difference in adult conch density per depth category (shallow and deep). b) owed video surveys, the total 
transect number related to power, by a 25% and 50% difference in adult conch density per depth category.      
 

 
Figure 33. Towed video surveys, the total transect number (total sample size) related to power, by a 25% and 
50% difference in adult conch density in the rubble anchorage zone (fishing zone). 
 

4.1.3 Abundance related to habitat 
The dive survey density results showed a high percentages of zero measurements (48% zero 
observations), therefore log transformations could not be applied and only Spearman rank 
correlations were used on the dive data. Adult queen conch density per hectare showed a significant 
correlation with depth (p = 0.005) (Fig. 34a). Additionally, a significant correlation was found 
between queen conch density and rubble habitat in percentage (p = 0.009) (Fig. 34b). No significant 
correlations were found between queen conch density and sand, reef and algae habitats for dive 
surveys (see supplementary 7 (S7) for more details). The correlation between queen conch density 
and seagrass was almost significant (p = 0.054). 
 

 
Figure 34. Dive surveys: graph a) shows the significant correlation (p = 0.005) between density (adult queen 
conch per ha) and depth in meter. Graph b) shows the significant correlation (p = 0.009) between density and 
percentage rubble habitat.  
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The towed video density results showed a lower percentage of zero measurements, which enabled 
successful log-transformation for density in relation to the habitats rubble and reef. The linear 
regression between queen conch density and rubble was highly significant (p = 0.000) (Fig. 35a). 
Queen conch abundance was found to be higher when the surrounded habitat consisted of more 
rubble. The linear regression between queen conch and reef was significant (p = 0.015) (Fig. 35b). 
Queen conch abundance was found to be higher when the surrounded habitat consist of more 
moderate reef compared to no or little reef. Towed video surveys were not conducted in 
intermediate reef till dense reef covers (> 30% reef). 
 

 
Figure 35. Towed video surveys: graph a) shows the significant relationship (p = 0.000) between log density 
(adult queen conch per ha) and percentage rubble habitat. b) Shows the significant relationship (p = 0.015) 
between log density and percentage reef habitat. 
 

 
Figure 36. Towed video surveys: graph a) shows the significant correlation (p = 0.018) between density (adult 
queen conch per ha) and depth in meter. b) shows the significant correlation (p = 0.000) between density and 
percentage sand habitat. c) shows the significant correlation (p = 0.000) between density and percentage algae 
habitat. d) shows the significant correlation (p = 0.000) between density and percentage seagrass habitat. 

 
For depth and the habitats sand, algae en seagrass, log transformations did not improve the 
homogeneity of the towed video data, therefore only Spearman rank correlation was used. Adult 
queen conch density per hectare showed a significant correlation with depth (p = 0.018) (Fig. 36a), 
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with sand (p = 0.000) (Fig. 36b), with algae (p = 0.000) (Fig. 36c) and with seagrass (p = 0.000) (Fig. 
36d). In addition, the habitats rubble and reef also showed a significant correlation with queen conch 
density (see supplementary 8 (S8) for more details). 

 
4.1.4 Queen conch stock St Eustatius 
The marine habitats in the coastal waters around St Eustatius were classified in thirteen different 
habitat depth categories (Fig. 37), based on the available benthic habitat map of St Eustatius (Timmer 
& Houtepen 2013). Bootstrapped adult conch density means (and BCa confidence intervals) per 
habitat depth category are shown in figure 37. Highest conch densities are recorded in the rubble 
deep, algae deep, loose reef deep and sand deep habitat categories. The dive and towed video data 
show corresponding conch densities for the same habitat depth categories. However, both data sets 
have missing conch density measurements for a few habitat depth categories; dive surveys were not 
conducted in the algae shallow and deep categories, towed video surveys were not conducted in the 
different reef deep and shallow categories (except loose reef deep) (Fig. 37, see stars). Therefore, the 
two different survey methods (dive and video data) cannot be used separately to estimate total 
queen conch stock around St Eustatius, these missing conch densities for categories will lead to an 
underestimation. 
The bootstrapped mean conch densities based on the combined dive and video surveys and the 
corresponding lowest and highest confidence intervals, stratified by habitat depth categories, were 
taken to estimate the total adult queen conch stock (Table 4). The benthic habitat map was stratified 
in the same habitat depth classification, and the corresponding Marine Park hectares of each habitat 
depth category were calculated (Table 4). Total adult conch stock was estimated to be 184,100 
queen conch (C.L.: 77,586-390,000) in the Statia National Marine Park (method 1, see Fig. 38(c) for 
means and confidence intervals). Adult conch stock based on overall mean of dive surveys was 
estimated on 156,800 queen conch (C.L.: 75,213-255,365) (method 2, Fig. 38(a)), based on overall 
mean of towed video surveys 314,900 queen conch (C.L.: 227,535-418,715) were estimated in the 
Statia National Marine Park of St Eustatius (method 3, Fig. 38(b)), see figure 38 for means and 
confidence intervals. Figure 38 shows highest conch stock estimation based on only overall mean of 
video data, lowest conch stock estimation based on only overall mean of dive data. The conch stock 
estimation dive and video stratified by habitat shows an in between mean slightly higher than the 
overall mean of dive data. 
 
Table 4. In the table the mean conch density per habitat depth category and the lowest and highest BCa 
confidence intervals (CI) of dive and video data are shown, in addition the corresponding surface of each habitat 
depth category in the Statia National Marine Park is showed.  

 

Surface Marine

Mean Lower  CI Upper CI Park in ha

Sand Shallow 4 0 22 392

Sand Deep 43 10 164 586

Rubble Deep 300 148 720 152

Loose Reef Shallow 2 0 5 262

Loose Reef Deep 116 15 215 320

Intermediate Reef Shallow 0 0 0 179

Intermediate Reef Deep 10 4 18 228

Dense Reef Shallow 21 10 33 72

Dense Reef Deep 66 5 127 122

Algae Shallow 0 0 9 34

Algae Deep 186 126 246 335

Seagrass Shallow 0 0 18 4

Seagrass Deep 0 0 18 65

Total 2750

Habitat depth category

Queen Conch per ha



    

      

30 

 

 
Figure 37. Bootstrapped adult queen conch density per hectare means and corresponding BCa confidence 
intervals stratified per habitat depth category, separately for dive and towed video surveys. The stars represent 
that no dive or video surveys were conducted in the corresponding habitat depth category.   
 

 
Figure 38. Total estimated adult queen conch stock (in individual numbers) and corresponding BCa confidence 
intervals for 3 different calculation methods. Overall mean dive (a) or video (b); total mean conch density per 
survey method multiplied by total marine park hectare (no stratification in habitat depth categories). Stratified 
dive and video (c); the total mean of conch density for the two surveys combined, conch density stratified per 
habitat depth category. 
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4.2 Population size structure 

 
4.2.1 Queen conch size distribution 
The recorded conch during the diving surveys consisted of 82 % adult queen conch around St 
Eustatius. The average lip thickness (LT) on recorded in the dive surveys was 17 mm +- 11.6 mm 95% 
CI (n = 275) (Fig. 39 with frequencies of each LT class). The LT frequency graph showed a conch 
population consisting of thicker lipped individuals (16-34 mm LT), only a few very thick-lipped conch 
(> 34 mm LT) were present. The recorded conchs consisted of many conch with lip thickness smaller 
than 3 mm, most of these conch had no flared lip (68% not flared from LT < 3 mm) and are 
intermediates. The average shell length (SL) was 23.6 cm +- 3.5 cm 95% CI (n = 278). In figure 40 the 
frequency of each shell length is shown, the graph shows recorded conch with a large amount of 
conch with longer shells (22-29 cm SL). A smaller part of the recorded conch consisted of shorter 
shell lengths (SL < 22 cm), which are intermediate (not flared SL > 10 cm) and juvenile (SL < 10 cm) 
conch. 
 

 
Figure 39. Frequency distribution in percentages of conch lip thickness per 2 mm LT size classes. 
 

 
Figure 40. Frequency distribution in percentage of conch shell length per 1 cm SL size classes. 
 

The relationship between lip thickness and shell length is shown in figure 41. Here is clearly visualised 
the large adult population with thicker lips (LT 5-43 mm) and larger shell lengths (SL  > 19). The 
intermediate population is smaller and consist of individuals with thin lip thickness and shorter shell 
lengths. Only two juvenile queen conch were found on dive surveys (SL < 10). 
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Figure 41. The shell length in cm against the lip thickness in mm for all queen conch measured in the dive 
surveys. 
 

4.2.2 Size per habitat 
Since a full ANOVA model with habitat, depth and their interaction did not yield any significant 
effects on conch lip thickness, the effects of habitat and depth were tested separately. Habitat had a 
significant effect on conch lip thickness  (p < 0.0005). Significant differences in lip thickness between 
the following habitat categories were found; reef and rubble (p < 0.0005), reef and sand (p < 0.0005), 
reef and seagrass (p < 0.0005) (Fig. 42a). The results show a thinner lip thickness on reef habitats 
compared to rubble, sand and seagrass habitats (Fig. 42a). The effect of depth on lip thickness was 
also significant (p = 0.006) (Fig. 42b). This result showed a thicker conch lip thickness in de deeper 
habitats (deep: 17-31 m) and thinner lip thickness in shallow habitats (< 17 m) (Fig 42b).  
 

Figure 42. a) Dive surveys; the mean conch lip thickness (mm)per habitat category. b) The mean conch lip 
thickness (mm) per depth category. The error bars represent the bootstrap based BCa 95% confidence intervals. 
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Figure 43. a) Dive surveys; the mean conch shell length per habitat category. b) The mean conch shell length per 
depth category. Mean shell length is displayed in centimetres. The error bars represent the bootstrap based BCa 
95% confidence intervals. 
 

The full model with habitat, depth and their interaction, showed a significant effect on conch shell 
length. Habitat and the interaction between habitat and depth had a significant effect on conch shell 
length (p = 0.0029, p = 0.001), depth showed a trend (p = 0.055). Significant differences between the 
sand and reef (p = 0.004) habitat category was found (Fig. 43a). These results show a shorter shell 
length on reef habitat compared to sand habitat, beside it shows an interaction between habitat and 
depth categories influencing the shell length. The effect of depth on conch shell length was 
separately also insignificant (p = 0.064) (Fig. 43b). This shows no difference in conch shell length in 
the different depth categories. 
 
 

4.3 Reproductive biology 
 
Spawning season 
Reproductive activity is recorded in all surveyed months, with a peak reproductive activity in June 
and July (Fig. 44). From March-July an increase of reproductive activity (pairing and egg laying) is 
shown, first egg laying was recorded in May (however April is not surveyed yet). After the peak 
activity (July) a decline in reproductive activity is shown, copulating shows already a decline from 
May on. In November pairing and egg laying activities were not recorded, only copulating was 
recorded in one queen conch couple. The winter months (October till April) are not yet surveyed for 
conch reproductive activity. In figure 44b the related daily mean water temperature is shown, 
temperature data is currently only available for May till September. An increase of mean water 
temperature is shown for this time period, corresponding with higher water temperatures in the 
peak conch reproductive activity period. 
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Figure 44. a) Reproductive activity; pairing, copulating and egg laying conch in percentage of total measured 
population per month. b) Daily mean water (depth: 22m) temperature fluctuations, corresponding to the 
monthly time period of graph a).  

 
The mean lip thickness for conch showing reproductive activity, was for pairing 28 mm, copulating 26 
mm and egg laying 27 mm, the mean lip thickness for conch showing no reproductive behaviour was 
27 mm. No significant difference was found between the mean lip thickness for each reproductive 
activity; pairing, copulating, egg laying and non-reproductive (ANOVA: p = 0.19) (Fig. 45). Thicker 
lipped conch (22-34 mm LT) are more frequent participating in reproductive activities (for details see 
supplementary 9 (S9)). The thinnest lipped conch found participating in pairing behaviour was 11 mm 
in LT (thickest 42 mm), for copulating was this a 11 mm male queen conch (female 13mm LT; thickest 
39 mm) and the thinnest lipped egg laying conch found was 9 mm in LT (thickest 39 mm). Thinnest 
lipped non-reproductive conch found in the reproductive area was 2 mm in LT and thickest was 42 
mm, non-flared conch were not measured however they were also rare in the area.  
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Figure 45. Boxplots of spread of lip thickness (mm) per reproductive activity; pairing, copulating, egg laying and 
non-reproductive activity.  

 
Reproductive activity of queen conch was fairly often recorded in the dive surveys and occasionally 
recorded on the towed video surveys. In the dive surveys paring was recorded by a related minimum 
density of 100 queen conch per hectare, copulating by 60 conch per ha and egg laying by a minimum 
density of 20 conch per ha. In the towed video surveys paring (or copulating, distinction not possible 
on the video recordings) was recorded by a related minimum density of 20 conch per ha and egg 
laying by a minimum density of 140 per ha. Showing low densities (20 per ha) of queen conch per 
hectare for first reproductive activity of paring and egg laying.  
 
 

4.4 Conch fishery 
 
In total 970 queen conch were measured from fisherman’s catches. Lip thickness and shell length 
were measured and gender was determined for 583 conch individuals.  
The lip thickness (LT) was determined for 970 queen conch, the mean lip thickness for queen conch 
caught by the fisherman was 26 mm +- 6.2 mm 95% CI (Fig. 46). The LT frequency graph showed that 
most caught conch were thicker lipped individuals (18-38 mm LT). All caught conch had a flared lip 
and only 5 individuals with LT thinner than 9 mm were caught. In comparison with the observed 
population conch size (dive surveys) in St Eustatius (Fig. 39), it shows that the thicker lipped queen 
conch were caught by the fisherman, no immature queen conch were caught.  
The shell length (SL) was determined for 821 queen conch, the mean shell length for queen conch 
caught by the fisherman was 24.1 cm +- 1.5 cm 95% CI (Fig. 48). The graph showed that most queen 
conch caught had a shell length of 21-27 cm, conch smaller than 19 cm SL were not caught. In 
comparison with the observed conch population size (Fig. 40), clearly only queen conch with longer 
shell length were caught by the fisherman. 
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Figure 46. Length frequency distribution (lip thickness; 2 mm size class) of caught queen conch. 
 

 
Figure 47. Length frequency distribution per gender (lip thickness; 2 mm size class) of caught queen conch. 
 

In total 263 male queen conch and 320 female queen conch were determined for gender and 
measured. Giving a queen conch sex ratio of 1:1.2 (male:female), based on only caught conch by the 
fisherman, with less males compared to more females in the population.   
The average lip thickness for male queen conch caught by the fisherman was 26.3 mm +- 5.8 mm 
95% CI and for female conch also 26.3 mm +- 7.3 mm 95% CI (Fig. 47). The frequencies of each LT 
class were consistent between males and females, male and female conch show the same LT 
distribution (Fig. 47). However, female LT was more spread (see standard deviation) to thinner and 
thicker LT, very thin (< 9 mm LT) and very thick (> 41 mm LT) lipped male conch were not caught. The 
average LT between males and females was not significant different (ANOVA: p = 0.95), showing 
equal LT for caught males and females.  
The average shell length for queen conch caught by the fisherman was 23.5 cm +- 1.5 cm 95% CI for 
males and 24.2 cm +- 1.4 cm 95% CI for females (Fig. 49). The frequencies of each LT class show 
differences between males and females, the male frequency distribution is shifted more to the left. 
(Fig. 49). However, male and female conch SL show equal spread and frequency distribution pattern 
(see standard deviation). The average SL between males and females was significant different 
(ANOVA: p = 0.000), female queen conch had slightly longer SL than male queen conch, based on the 
fisherman catches.  
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Figure 48. Length frequency distribution (shell length; 1cm size class) of caught queen conch. 

 

 
Figure 49. Length frequency distribution per gender (shell length; 1cm size class) of caught queen conch. 
 

CpUE and total catch 
The St Eustatius fisherman harvested on average 108 (+- 79 conch 95% CI) adult queen conch per 
fishing trip (Table 5). Most fishing trips were done in the anchorage zone (Fig. 50, zone 2) of the 
Statia National Marine Park, two fishing trips were done in Corre Corre bay (Fig. 50, Zone 8), and 2 till 
5 dives (one person) were done per fishing trip. The annual harvest of the St Eustatius fisherman was 
estimated on 5173 adult queen conch in total, based on the average conch number per fishing trip 
(108) and four fishing trips per month (Table 5). The amount of fishing trips which will be done is 
estimated based on the previous number of fishing trips done and expected continue of these 
amounts. The estimated annual catch for the fisherman is 2.8 % of the total estimated mean adult 
conch stock (Fig. 38(c)), 6.7 % of the minimum estimated adult conch stock and 1.3 % of the 
maximum estimated adult conch stock. 
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Table 5. Numbers of queen conch harvested per fishing trip, average harvested adult queen conch per fishing 
trip (scuba diving) and annual estimated adult queen conch harvested for the fisherman, based on 4 fishing trips 
per month.   

 
 

 
Figure 50. The fishery zones around St Eustatius (Erik Boman).  

 

 

4.5 Indication for non-detrimental finding 
 
In figure 51 the radar graph is shown following out of the checklist (for details see supplementary 10) 
of CITES for giving information for non-detrimental finding for queen conch. Responses to the 
questions indicate the sensitivity of the species to the impacts of harvesting, with lower numbers 
indicating greater confidence in sustainability of the harvest. High numbers indicate not enough 
information and low confidence in sustainability of the harvest, it could have negative impacts on the 
species. The use of the checklist should inform the non-detriment finding, and can guide in obtaining 
the necessary information (Rosser & Haywood 2002). More factors are of significant concern, 
management, control, monitoring and protection are high in scores, showing low confidence in the 
sustainability of conch harvest. The factors status and biology are scored lower, showing greater 
confidence in the sustainability of harvest. The high scored factors should be first more clear to 
provide a non-detrimental finding for queen conch on St Eustatius.  
 
 
 
  

Date Queen Conch

7-nov-12 113

15-nov-12 28

11-dec-12 62

19-may-13 184

29-may-13 51

17-jun-13 133

18-jul-13 270

25-jul-13 36

31-jul-13 93

Average per trip 108

Annual catch 5173
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Figure 51. Radar graph for non-detrimental finding of queen conch around St Eustatius. 
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5. Discussion 
    

5.1 Queen conch is abundant 
Compared to other conch density studies, moderate to very high conch abundance were recorded in 
the coastal waters around St Eustatius (Chalifour 2009; Stoner et al. 2009; Stoner & Davis 2010). 
Densities with more than 100 adults per hectare were found on several locations, especially in the 
fishing zone (anchorage zone; Fig. 50, Zone 2), even a maximum of 950 adults per ha was recorded. 
Recently, the queen conch working group recommended a minimum of 100 adult conch per ha as 
reference for conch fishing to avoid a decline in reproductive activity (QCEW 2012). The St Eustatius 
fishing zone (anchorage zone; Fig. 50, Zone 2) complies with this recommended density, indicating 
that the conch population is not under significant risk. The overall recorded mean densities around St 
Eustatius were 57 adults per ha (dive data) and 115 adults per ha (video data), despite of no recorded 
queen conch on several places. This is higher than the CITES basic decision criteria of 56 conch per 
ha, which is used to draw judgements regarding the status of the conservation of the species 
(Ehrhardt & Valle-Esquivel 2008). Heavily fished areas in other studies had often only 18 adults per 
ha and maximum of 88 adults per ha, indicating a population under pressure for that study (Stoner 
1997). In the Bahamas, similar densities with this study were recorded of 173 and 54 adults per ha 

(Stoner et al. 2009). The recorded densities on St Eustatius are thought to represent an abundant 
queen conch population. 
The dive and video density data showed in general, similar densities, when conducted in similar 
habitats, indicating a justification to combine the results of both methods. Conch density 
overestimations are unlikely, because adult queen conch are in general easily surveyed due to the 
large shell length and special shape (Medley 2008). Meanwhile, underestimations are not excludable, 
as it was difficult to record conch in some habitats, when using the towed video surveys (Chalifour 
2009). For example, it may be possible that some individuals were missed in habitats with high 
percentages of algae on rubble or coral, as the algae and coral can completely cover the conch shells, 
making it hard to detect conch. On sand habitats on the other hand, under estimations are unlikely, 
because conch are clearly visible in these habitats. Thus, despite the accuracy of the analysis of the 
recordings, the conch abundance could be underestimated on some algae habitats, when towed 
video data was used (Berg & Glazer 1995). However, this will only cause a higher density of conch on 
a few locations, making the conch a little more abundant than is estimated in this study. Calibration 
of the towed video surveys with dive surveys will provide information about the possible 
underestimation in towed video surveys (Chalifour 2009; van Rijn 2013). The large queen conch 
abundance differences on locations could be due to conch abundance related to habitat or conch 
preference for habitat (Berg et al. 1992).  
The best estimation for the St Eustatius conch stock is the stratified dive and video estimation with a 
mean of 184,100 adult queen conch (C.L.: 77,586-390,000) in 2,700 ha Marine Park. This number of 
abundance is similar compared to or higher than some other conch studies performed in other areas. 
For example, this conch estimation of St Eustatius is similar to 2.11 million adult queen estimated in 
31,535 ha in the Bahamas, Andros Island (Stoner & Davis 2010). Otherwise, it is four times larger 
than the reported conch stock estimation close to overfishing in Venezuela, which was 1,374,640 
conch in a much larger area of 73,197 ha (Schweizer & Posada 2002). The estimations have, however, 
large confidence limits, partly due to large differences in conch densities between habitats and the 
combination of dive and video data. In general, the overall mean of towed video data provides an 
overestimation, due to more conducted transects in conch-abundant habitats, while, the overall 
mean of dive data provides a slightly underestimation, due to more transects in habitats with less 
conch. Whereas conch density shows similar patterns per habitat and location when using the 
different data sets, combining the dive and video data, stratified by habitat, for these stock 
estimations appears to be acceptable. Stratification by habitat improved the conch stock estimation. 
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5.2 Conch abundance depends on habitat  
Conch abundance was related to the habitat type: the abundance of conch is higher on the rubble 
habitats compared to the other habitats. In addition, conch abundance tend to be higher at the 
greater depths (17-31 m). These findings are not consistent with most literature records, as queen 
conch were found mostly on sand or seagrass habitats, although conch are also recorded on rubble 
or coral substrate (FAO 1977, Randal 1964; Stoner 2003; Prada et al. 2008). Moreover, most of the 
time, conch were found mostly in the shallow habitats. In exploited areas, they were also found in 
habitats deeper than 25 m (Ehrhardt & Valle-Esquivel 2008). On St Eustatius, the conch could have 
been moved to the deeper habitats due to easy fishing in the shallow, as local people reported queen 
conch also in the shallow habitats 20-30 years ago (de Graaf et al. 2012). In the protected Southern 
Marine Reserve (Fig. 8), six conch were found in the shallow water (at 14 m), where they are 
protected from fishery and therefore probably present (Stoner et al. 2012a). In this study, conch 
were only found on one location with seagrass (drop off), this could be due to the presence of only a 
few seagrass locations around St Eustatius. Or due to the large occupation of fighting conch in the 
areas with seagrass habitat (Fig. 8, Northern Marine Reserve), which could indicate competition 
between the species (Chan et al. 2013). Little abundance of queen conch on sand could be explained 
by that most sand habitats are located in shallow depths, where they are not protected for fishery 
(Stoner et al. 2012a). However, it could be also that queen conch on St Eustatius has high preference 
for rubble habitats (Berg et al. 1992). Which could be also due to the higher algae cover on the 
rubble compared to other habitats, supplying plenty of food because the main conch food source is 
also algae (CFMC 1999; Randall 1964; Stoner 2003). In addition, the rubble habitats are in the deep 
and therefore also more protected. Juvenile conch are also reported to be abundant on areas with 
exceptionally high algal productivity (Stoner 1997). It is quite logical that the conch abundance is 
lower in reef habitats, movement is difficult for conch in irregular reef and conch are only found on 
coral if it is relatively smooth (Randall 1964; Appeldoorn 1985).  
The density difference between the depth categories for dive and video data was not significant, this 
could be explained by the small sample size for the shallow depth category. Larger samples size in 
shallow depth probably leads to significant abundance differences for depth. The dive and video 
abundance show similar patterns per habitat and depth category, and give almost equal results. 
However, the video data shows also high abundance on algae habitat, and most of these algae 
habitats had rubble substrate. This result indicates also higher conch abundance on rubble habitat, 
probably due to high algae food supply, conch settlement is known to follow patterns similar to algae 
recruitment (Randal 1964; Stoner 2003). The dive data probably does not have high abundance on 
algae, due to sand or reef substrate under the algae habitats, and a very small sample size for algae 
habitats. Classification with substrate (sand, reef, rubble) and benthic cover (algae, seagrass) 
separately, could improve the data and cause probably more consensus in conch abundance per 
habitat.  
The results of the conch abundance related to habitat indicate relationships between conch 
abundance and habitat in percentage and depth. The video data shows conch abundance related to 
rubble and reef habitat, conch becomes more abundant when higher percentage of these habitats 
were recorded. When the habitat consist of more rubble, the abundance of queen conch becomes 
higher, this indicates that more rubble is preferred by conch and is in agreement with the abundance 
per habitat results. For reef, this relationship is only valid for a reef percentage up to 25%, for higher 
percentages of reef, abundance is expected to decrease. To my knowledge this is not researched 
before and no relationships are reported between amount of habitat and conch abundance. The 
video data also showed that conch abundance is correlated with the habitat types and depth. The 
dive data showed only for rubble and depth correlations with conch abundance. Emphasising that 
conch abundance depends on rubble habitat and depth. The difference between dive and video data 
could be explained by measurements in different habitats, dive is measured more in reef habitats 
and video not in reef. In addition, dive is measured in different transects, more local, and video is 
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measured in longer transects covering a larger area. Thus, these results show a strong relation 
between abundance and rubble habitat.  
 

5.3 Population consists of thick lipped adults depending on habitat  
The recorded conch in the dive surveys show that the St Eustatius queen conch observed population 
consists of a high proportion of adult conch with thick lips, representing older conch. In comparison 
fewer intermediate conch were found which were not flared or with thin lips. Only two juvenile 
queen conchs were found, which indicates very few juveniles in the observed population. However, 
juvenile conch could be hard to detect due to the small size and there are reports of juveniles buried 
in sand or gravel during the day (Randal 1964). Juvenile conch are reported to be buried in soft sand 
in their first year, making them unavailable for assessment at that time (Medley 2008). Other studies 
also reported difficulties to see smaller or juvenile conchs, especially in seagrass beds, not seeing of 
juvenile conch could be a cause for the few juveniles recorded (Berg & Glazer 1995; Chalifour 2009). 
Some studies also reported much lower densities for intermediate and juvenile conch compared to 
mature adults (79% adults; Schweizer & Posada 2002), but there are also reports of higher 
abundance of intermediate conch than adults and high amount of juvenile conch (Stoner & Davis 
2010). Thus, the lower amount of intermediate conch in this study could indicate a shortage of 
recruitment in young conch. 
Queen conch lip thickness was thinner in reef (+- 10mm LT thinner) and shallow habitats (+- 6 mm LT 
thinner) compared with the other habitats and the deeper depth. Indicating that younger queen 
conch, which are not yet mature, were more abundant in the reef habitats and more in shallow (< 17 
m) depths compared to adults. This is in agreement with other studies which reported that juveniles 
and intermediates were more abundant on shallow habitats with reef cover than on sand or seagrass 
habitats (Randal 1964; Stoner 2003). However, some studies report juveniles mainly in shallow areas 
with seagrass, intermediate and adult conch were most abundant in deeper areas (Stoner & Davis 
2012). The trend in adult conchs to be more abundant at greater depths is fairly strong for lip 
thickness, however, shell length does not show this trend. Conch shell length is similar in the 
different depths, and only conchs in reef habitats are slightly smaller than conchs in sand habitat. 
Indicating that shell length of conch does not depend on habitat type, maybe due to few individuals 
with small shell length in the observed population.  

 
5.4 Spawning season  
The queen conch spawning season started in March and declined after October. Peak reproductive 
activity was during June and July. However, the reproductive measurements are not yet done year-
round, to explore reproductive activity in the winter months and accurate spawning season 
determination, measurements will need to be continued. Spawning season in the summer months is 
as well recorded for the neighbour island St Kitts, the study indicated a conch spawning season from 
April till September and peak activity in July and August (Aranda & Frenkiel 2007). In the Bahamas, 
reproductive season for queen conch shows a quite similar trend as in St Eustatius, it started in April 
and ended in October (Stoner et al. 1992). Despite this, reproductive activity could continue on St 
Eustatius during winter periods, longest reproductive season was recorded year round, in the 
Caribbean coast of Mexico (Stoner et al. 1992). Temperature increased during the summer, causing 
higher temperature in late summer (August). Studies about reproductive behaviour also reported 
maximum reproductive activity during the warmest month (Stoner et al. 1992). However, in this 
study highest reproductive activity was not recorded in the warmest month, reproductive activity 
tend to decrease already before. The population probably already reached maximum reproductive 
activity before warmest temperature, this could be caused because reproductive activity starts 
earlier than in most reported other studies (March) (Prada et al. 2008; Ehrhardt & Valle-Esquivel 
2008; Medley 2008).   
Minimum lip thickness for reproductive behaviour was found to be 9 mm, no smaller lipped conch 
were found showing reproductive activity. This minimum lip thickness for reproductive behaviour, 
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could be due to high percentage of thicker lipped conch on the measured mating zone. Indicating no 
thinner lipped conch present as reason for 9 mm minimum lip thickness. However, this is unlikely, 
because few very thin lipped conch were found (not reproducing) and surrounding density 
measurements indicate thinner lipped conch present. More reasonable is that only mature conch 
migrate to the mating zone, causing a high abundance of thick lipped conch on the mating zone 
(Stoner et al. 1992). Besides, the 9 mm as minimum lip thickness for reproductive behaviour highly 
correspond with another study, which found 9 till 12 mm lip thickness as minimum size at maturity 
recently (Stoner et al. 2012b). However, in San Andres minimum size at maturity was recorded to be 
7 mm in lip thickness (Aranda & Frenkiel 2007), indicating maturity possible at thinner lip thickness. 
To establish the certain minimum conch size at maturity for queen conch around St Eustatius, 
gonadal development related to lip thickness needed to be researched (which is in progress).    
Lowest density for reproductive conch behaviour recorded was 20 adults per hectare in dive as well 
as video surveys. This is a lower density than reported in other studies, most reported a minimum of 
50 adults per hectare for reproduction (Stoner & Ray-Culp 2000, Stoner 1997). The critical conch 
density for mating was found to be around 56 adults per hectare and for spawning 48 conch per 
hectare (Stoner et al. 2011). Despite this, significant levels of reproductive activity occurred when the 
population density was about 100 adults per hectare (Stoner & Ray-Culp 2000). This could indicate 
that the St Eustatius conch population mates already at lower densities. However, more reproductive 
density surveys need to be conducted and larger transects need to be done for an accurate criteria of 
critical density for reproductive behaviour.  
 

5.5 Sustainable conch fishery on St Eustatius 
The fisherman catches mainly thick lipped queen conch, on average 26 mm lip thickness, which 
implies harvest of mature conch. Females were slightly larger in shell length than males, this is 
reported more often in the literature (Randal 1964). The recorded distorted sex ratio in conch 
catches, could be due to selection on larger conch by the fisherman, leading to more females than 
males in the catches. Despite, the normal conch sex ratio appears to be 50:50 (Randal 1964, Stoner 
2012b), thus the sex ratio with more females is not that likely, and gender differences are probably 
due to harvesting. To be sure, gender measurements with corresponding conch size should be taken 
from the total population.  
The St Eustatius fisherman caught on average 108 adult queen conch per fishing trip and the annual 
catch is estimated to be around 5000 conch in total. Catch per fishing hour was not recorded, more 
research about amount of conch per fishing hour would allow comparison with the literature and 
better indication of the conch fishery size on St Eustatius. The estimated annual catch represents 
around 3% of the estimated conch stock, which is below the recommended fishable biomass default 
of 8% for sustainable fishing yield (QCEW 2012). This tend to show a sustainable yield for the queen 
conch fishery based on the estimated mean stock on St Eustatius. 

 
5.6 Queen conch status and implications and recommendations for fishery 
The status of the queen conch is qualified as good in the coastal waters of St Eustatius and not under 
direct pressure. Important results to qualify the population status are; firsts the modest till high 
conch abundant in deeper depths, representing a moderate stock, despite of few conch in the 
shallow. In addition, the population status consist of high percentage of thick lipped adults indicating 
a large reproductive stock, however there could be a shortage of recruitment in young conch. Also 
reproductive activity generally agrees with other studies which reported about conch reproduction, it 
tend to show active reproductive behaviour in summer months, of adult conch with minimum 9 mm 
lip thickness. However, more information is needed about the reproductive activity, spawning season 
and lip thickness at maturity of conch around St Eustatius, to qualified the conch population status 
with more certainty. 
The good queen conch status indicates a possibility for small scale fishery. There is now information 
available about conch abundance for a non-detrimental finding for queen conch on St Eustatius. 
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Some harvest restrictions are advised for a sustainable conch fishery based on this research (FAO 
2006). Immature conch should not be harvested, therefore minimum size for harvest is indicated to 
be not lower than 9 mm in lip thickness, extended research will improve size at maturity with more 
guarantee. Another study which found 9 mm as minimum size at maturity, indicated a minimum of 
15 mm lip thickness for legal harvesting throughout the Caribbean (Stoner et al 2012b), this size 
restriction is reliable to establish till size at maturity is certain for St Eustatius. In addition, a 
temporary ban could protect reproductive season for queen conch, a ban from June till August will 
provide additional protection (Chan et al. 2013). The queen conch working group also advised a 2-3 
month closed period around spawning season (QCEW 2012). Useful will be to establish a location ban 
for queen conch fishery, to protect conch populations for too much fishing pressure at locations with 
lower densities. The anchorage zone (Fig. 50, Zone 2) with highest conch abundance with fairly large 
cover, will be sustainable for queen conch harvest, other locations with high abundance could be 
vulnerable due to uncertain size cover. The queen conch working group advised that the maximum 
queen conch catch should not exceed 8% of the estimated adult conch stock (QCEW 2012). It is 
advised to use the minimum conch stock estimations to establish a maximum harvest yield, because 
this provides more population protection. To establish a maximum harvest for conch fishery, not 
more than 6200 queen conch are advised to be harvested annually, this will protect the conch 
population in higher degree.  
The radar plot, shows mostly the shortage of management, control and protection knowledge. More 
knowledge and rules about these shortages should be made before a non-detrimental finding could 
be reported. Clear rules for conch harvesting should be made to protect the population, above 
named restrictions for harvesting will provide protection of the populations under harvesting. The 
population need to be monitored, to prevent large decrease in abundance. The power analyses 
provide estimates of the sample size needed to detect large decreases in abundance, at least a 
sample size of 45 is needed to detect a decrease of 50% in population size. These large samples sizes 
indicate that abundance is different on locations, and need to be more controlled. Therefore, 
monitoring is important for the population to prevent decrease and too much pressure on the queen 
conch. Thus, non-detrimental finding is possible for queen conch on St Eustatius, however 
management, harvest restriction and control need to be added and discussed.  
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6. Conclusions 
 
The queen conch is moderate to high abundant in the coastal water around St Eustatius. The total 
queen conch stock mean is estimated to be 184,100 adult queen conch (C.L.: 77,586-390,000) in 
2,700 ha marine park. Conch abundance depends on the surrounded habitat and depth; conch 
abundance is higher on the rubble habitats. In addition, conch abundance tends to be higher in the 
deeper depths (17-31 m) than the shallow areas. The recorded conch population consists of thick 
lipped adults depending on habitat type. Queen conch spawning season is recorded in the summer 
months. Peak reproductive activity is during June and July. Minimum lip thickness for reproductive 
behaviour was found to be 9 mm, lowest density for reproductive conch behaviour recorded was 20 
adults per. More research is necessary to qualify precise reproductive behaviour of conch around St 
Eustatius. The conch fishery catches in a sustainable way mature queen conch on St Eustatius. The 
annuals estimated catch (5173 conch) represented 3% of the estimated conch stock, which tend to 
show a sustainable yield for the queen conch fishery stock on St Eustatius. 
In conclusion, the status of the queen conch indicates a possibility for small scale fishery. However, 
harvest restrictions are advised for a sustainable conch fishery. Based on former studies, it is 
suggested to impose a size restriction of a minimum lip thickness of 15 mm for legal harvesting. In 
addition, a maximum annual harvest of 6200 queen conch for legal fishery is advised. Thus, a non-
detrimental finding could be reported if strict harvest regulations are made and more knowledge is 
known about management and control of the conch population around St Eustatius.  
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Supplementary 1: Attribute files used for the program Transect Measure 
 
In this table the attribute file for conch and habitat measurements of video recordings used in the 
program Transect Measure is shown. On all found conch in the recordings a dot was placed and per 
heading the associated options for the found conch were filled in. For habitat determination only the 
heading ‘habitat’ was filled in per dot.   
 

  

Species Common_name Flared_lip Life_status Reproduction Habitat In_transect

Strombus_gigas Queen_conch * * * * *

Strombus_costatus Milk_conch * * * * *

Strombus_gallus Roostertail_conch * * * * *

Strombus_pugilis Fighting_conch * * * * *

Strombus_raninus Hawking_conch * * * * *

Strombus_unknown Unknown * * * * *

Cassis_flammea Helmet_conch * * * * *

Other Other * * * * *

1

0

Unknown

1

0

Unknown

None

Paired

Copulating

Egg_laying

Egg_capsule

Sand

Rubble

Reef

Seagrass

Algae

Algea_flatleave

Algae_branched

Algae_calcerous

Coral_alive

Coral_dead

Coral_soft

Sponge

Rock

Other

Sand_algae

Sand_seagrass

Sand_rubble

Sand_reef

Rubble_algae

Rubble_reef

1

0

Unknown
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Supplementary 2: Adult queen conch density per hectare 
 
Total adult queen conch density per hectare, for each dive and video survey location around St 
Eustatius. The black lines represent the transect length and direction of the towed video surveys. The 
Statia National Marine Park area is shown in green and the reserve in blue. 
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Anchor Point AP 17°27.825 62°59.069 20 un un un un un un 0

Anchor Point North APN 17°27.840 62°59.250 18 Reef 23.3 0.0 68.3 8.3 0.0 0

Anchor Point West APW 17°27.802 62°59.212 19 Reef 22.3 15.8 51.8 10.0 0.0 7

Anchor Reef AR 17°27.738 62°59.118 21 Reef 30.8 8.3 59.2 1.7 0.0 0

Anchorage_zone_13 AZ_13 17°47.723 63°00.484 25 Sand 90.0 10.0 0.0 0.0 0.0 360

Anchorage_zone_14 AZ_14 17°28.714 62°59.850 24 Sand 80.0 20.0 0.0 0.0 0.0 150

Anchorage_zone_15 AZ_15 17°28.993 63°00.401 28 un un un un un 200

Anchorage_zone_16 AZ_16 17°47.422 63°00.066 25 Rubble 10.0 90.0 0.0 0.0 0.0 950

Anchorage_zone_20 AZ_20 un un 23 Reef 5.0 0.0 95.0 0.0 0.0 240

Anchorage_zone_31 AZ_31 17°27.872 63°00.413 24 Reef 6.7 5.0 51.7 36.7 0.0 0

Anchorage_zone_32 AZ_32 17°28.240 63°00.179 23 Rubble 5.2 49.8 14.2 30.8 0.0 73

Anchorage_zone_33 AZ_33 17°28.311 63°00.945 29 Reef 2.2 0.0 59.2 38.7 0.0 0

Anchorage_zone_34 AZ_34 17°28.573 63°00.924 27 Algae 1.8 25.0 35.0 38.2 0.0 0

Anchorage_zone_41 AZ_41 17°28.168 63°00.791 28 Reef 3.9 8.3 51.7 36.1 0.0 10

Anchorage_zone_42 AZ_42 17°27.937 62°59.992 29 Algae 4.6 2.8 40.6 52.0 0.0 20

Anchorage_zone_43 AZ_43 17°28.227 63°00.413 25 Reef 15.0 7.5 50.6 26.9 0.0 30

Anchorage_zone_44 AZ_44 17°28.450 63°00.431 22 Algae 25.8 9.7 21.4 41.9 0.0 0

Blair's Reef BR 17°28.227 62°59.493 19 Reef 8.8 0.0 60.0 27.8 0.0 4

Chien Tong CT 17°29.011 62°59.875 23 Sand 80.0 0.0 0.0 10.0 10.0 0

Corre_corre_12 CC_12 17°29.348 62°56.442 28 Algae 21.5 24.3 18.5 35.7 0.0 110

Corre_corre_13 CC_13 17°29.353 62°56.576 15 Reef 15.0 30.0 36.7 18.3 0.0 0

Corre_corre_14 CC_14 17°29.004 62°56.491 16 Reef 20.0 2.5 52.5 25.0 0.0 0

Corre_corre_15 CC_15 17°29.715 62°57.047 13 Reef 10.8 0.8 61.7 26.7 0.0 0

Crooks castle CC 17°28.315 62°59.254 12 un un un un un un 0

Doobie's Crack DC 17°30.609 63°00.523 27 Sand 58.8 3.8 35.0 2.5 0.0 10

Drop off DO 17°27.676 62°58.527 19 Sand 49.0 0.0 0.0 5.5 45.5 228

Dubble Wreck DW 17°28.806 62°59.659 18 Sand 58.3 2.5 6.7 0.0 32.5 0

Five Figers South FFS 17°27.898 62°58.996 16 Reef 17.9 2.9 71.3 6.3 0.0 23

Gand Canyon GC 17°27.694 62°58.662 27 Reef 22.5 0.0 65.0 12.5 0.0 0

Gibraltar GB 17°31.509 63°00.004 16 Sand 64.2 3.3 11.7 20.8 0.0 0

Hangover HO 17°27.871 62°59.147 16 Reef 19.2 5.8 66.7 8.3 0.0 27

Humps HU 17°27.809 62°58.680 12 Sand 65.0 0.0 35.0 0.0 0.0 0

Jenkins Bay JB 17°30.812 63°00.114 12 Sand 54.2 0.0 10.0 35.8 0.0 0

Jenkins Bay Deep JBD un un 26 Seagrass 10.0 0.0 0.0 0.0 90.0 0

Mooring zone MZ 17°47.969 62°99.009 8 Sand 100.0 0.0 0.0 0.0 0.0 0

Mushroom Garden MG 17°27.759 62°58.657 15 Reef 22.5 0.0 77.5 0.0 0.0 5

Nursing Station NS 17°28.088 62°59.495 19 Reef 23.1 0.6 64.4 14.4 0.0 43

Out of Smoke Alley OSA 17°28.540 62°59.390 16 Seagrass 15.0 0.0 0.0 0.0 85.0 0

Outer Jenkins bay OJB 17°30.580 63°00.538 32 Sand 100.0 0.0 0.0 0.0 0.0 20

Outer Statia Harbour OSH 17°28.522 62°59.840 24 Rubble 40.0 60.0 0.0 0.0 0.0 450

South of Charles Brown SCB 17°27.840 62°59.598 30 Rubble 11.9 53.1 0.0 35.0 0.0 260

South_10 SO_10 17°27.649 62°58.033 17 Reef 27.5 5.0 44.2 23.3 0.0 7

South_11 SO_11 17°27.649 62°57.330 24 Sand 80.8 4.2 0.0 14.2 0.8 120

South_12 SO_12 17°27.604 62°57.932 20 Reef 18.3 10.8 51.7 19.2 0.0 0

South_8 SO_8 17°28.342 62°56.730 16 Reef 36.7 5.0 47.5 10.8 0.0 0

South_9 SO_9 17°28.006 62°56.939 21 Reef 30.8 16.7 34.2 18.3 0.0 7

Stenapa Reef SR 17°29.055 62°59.830 20 Sand 93.3 9.4 3.3 2.1 0.3 0

The Blocks TB 17°27.840 62°59.105 15 Reef 20.7 0.0 76.0 3.3 0.0 43

The Cliffs TC 17°27.729 62°58.767 20 Reef 11.0 0.0 80.7 8.3 0.0 13

The Ledges TL 17°27.793 62°59.069 20 Rubble 35.0 35.3 19.8 13.3 0.0 100

Tripple Wreck TW 17°28.750 62°59.660 18 Sand 60.8 4.2 30.0 5.0 0.0 0

Twin Peaks TP 17°27.974 62°59.472 21 Reef 20.0 3.3 61.7 15.0 0.0 27

Twin Sisters TS 17°31.010 63°00.210 16 Sand 61.8 4.5 6.8 26.8 0.0 0

Valley of the Sponges VS 17°27.835 62°58.938 14 Reef 17.1 0.4 71.1 11.4 0.0 9

Venus Bay VB 17°31.145 62°58.944 22 Sand 98.0 0.0 0.0 0.0 2.0 0

Venus_bay_6 VB_6 17°31.331 62°59.328 19 Sand 90.2 0.0 5.0 4.0 0.8 0

West Barracuda Reef WBR 17°28.006 62°59.455 22 Reef 45.0 0.0 55.0 0.0 0.0 10

Zeelandia ZEE 17°30.990 62°58.662 23 Sand 98.0 0.0 0.0 0.0 2.0 0

Zeelandia_10 ZL_10 17°30.228 62°57.839 8 Reef 10.0 0.0 54.2 35.8 0.0 0

Zeelandia_11 ZL_11 17°29.951 62°57.482 13 Sand 47.5 4.2 29.2 15.8 0.0 0

Zeelandia_12 ZL_12 17°30.496 62°58.587 10 Sand 38.3 12.5 35.0 14.2 0.0 0

Zeelandia_13 ZL_13 17°30.381 62°58.339 15 Rubble 20.8 52.5 19.2 7.5 0.0 7

Supplementary 3: Dive survey details 
 
The table shows the dive sites details where conch surveys were done. The coordinates, depth and 
percentages cover of each habitat are shown. The overall habitat is determined and adult conch 
density per hectare is calculated and shown in the table. Grey location names represent dive surveys 
done by Jimmy van Rijn. 
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South of Charles Brown SCB 17°27.840 62°59.598 30 Rubble 11.9 53.1 0.0 35.0 0.0 260

South_10 SO_10 17°27.649 62°58.033 17 Reef 27.5 5.0 44.2 23.3 0.0 7

South_11 SO_11 17°27.649 62°57.330 24 Sand 80.8 4.2 0.0 14.2 0.8 120

South_12 SO_12 17°27.604 62°57.932 20 Reef 18.3 10.8 51.7 19.2 0.0 0

South_8 SO_8 17°28.342 62°56.730 16 Reef 36.7 5.0 47.5 10.8 0.0 0

South_9 SO_9 17°28.006 62°56.939 21 Reef 30.8 16.7 34.2 18.3 0.0 7

Stenapa Reef SR 17°29.055 62°59.830 20 Sand 93.3 9.4 3.3 2.1 0.3 0

The Blocks TB 17°27.840 62°59.105 15 Reef 20.7 0.0 76.0 3.3 0.0 43

The Cliffs TC 17°27.729 62°58.767 20 Reef 11.0 0.0 80.7 8.3 0.0 13

The Ledges TL 17°27.793 62°59.069 20 Rubble 35.0 35.3 19.8 13.3 0.0 100

Tripple Wreck TW 17°28.750 62°59.660 18 Sand 60.8 4.2 30.0 5.0 0.0 0

Twin Peaks TP 17°27.974 62°59.472 21 Reef 20.0 3.3 61.7 15.0 0.0 27

Twin Sisters TS 17°31.010 63°00.210 16 Sand 61.8 4.5 6.8 26.8 0.0 0

Valley of the Sponges VS 17°27.835 62°58.938 14 Reef 17.1 0.4 71.1 11.4 0.0 9

Venus Bay VB 17°31.145 62°58.944 22 Sand 98.0 0.0 0.0 0.0 2.0 0

Venus_bay_6 VB_6 17°31.331 62°59.328 19 Sand 90.2 0.0 5.0 4.0 0.8 0

West Barracuda Reef WBR 17°28.006 62°59.455 22 Reef 45.0 0.0 55.0 0.0 0.0 10

Zeelandia ZEE 17°30.990 62°58.662 23 Sand 98.0 0.0 0.0 0.0 2.0 0

Zeelandia_10 ZL_10 17°30.228 62°57.839 8 Reef 10.0 0.0 54.2 35.8 0.0 0

Zeelandia_11 ZL_11 17°29.951 62°57.482 13 Sand 47.5 4.2 29.2 15.8 0.0 0

Zeelandia_12 ZL_12 17°30.496 62°58.587 10 Sand 38.3 12.5 35.0 14.2 0.0 0

Zeelandia_13 ZL_13 17°30.381 62°58.339 15 Rubble 20.8 52.5 19.2 7.5 0.0 7
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Anchorage_zone_17 AZ_17 17°28.808 62°59.580 17 Sand 57.5 0.0 1.5 35.5 5.5 0

Anchorage_zone_18 AZ_18 17°28.573 62°59.949 25 Algae 0.0 41.0 0.0 59.0 0.0 98

Anchorage_zone_19 AZ_19 17°28.577 62°59.515 20 Rubble 0.0 64.0 2.5 33.5 0.0 77

Anchorage_zone_20 AZ_20 17°28.418 62°59.685 23 Algae 0.0 37.5 0.0 62.5 0.0 98

Anchorage_zone_21 AZ_21 17°28.971 62°59.576 10 Algae 48.0 0.0 0.0 52.0 0.0 0

Anchorage_zone_22 AZ_22 17°28.820 62°59.748 22 Rubble 7.5 61.5 1.5 29.5 0.0 175

Anchorage_zone_23 AZ_23 17°29.220 62°59.941 19 Sand 53.0 0.0 0.0 41.5 5.5 0

Anchorage_zone_24 AZ_24 17°29.247 62°59.892 16 Sand 65.0 0.0 0.0 33.0 2.0 19

Anchorage_zone_25 AZ_25 17°28.983 63°00.196 27 Algae 0.0 37.5 0.0 62.5 0.0 100

Anchorage_zone_26 AZ_26 17°28.834 63°00.277 27 Rubble 0.0 51.5 2.0 46.5 0.0 136

Anchorage_zone_27 AZ_27 17°28.743 63°00.334 28 Rubble 0.0 61.0 0.0 39.0 0.0 293

Anchorage_zone_28 AZ_28 17°28.577 62°59.566 20 Rubble 5.5 72.0 1.0 21.5 0.0 39

Anchorage_zone_29 AZ_29 17°28.726 62°59.969 24 Algae 0.0 43.0 0.0 57.0 0.0 155

Anchorage_zone_30 AZ_30 17°29.025 62°59.963 22 Algae 0.0 38.0 0.0 62.0 0.0 365

Zeelandia_1 ZL_1 17°30.497 62°57.571 30 Sand 87.0 0.0 0.0 13.0 0.0 39

Zeelandia_2 ZL_2 17°30.435 62°58.044 19 Algae 11.0 30.5 9.0 49.5 0.0 80

Zeelandia_3 ZL_3 17°30.638 62°57.839 32 Sand 84.0 3.0 0.0 13.0 0.0 60

Zeelandia_4 ZL_4 17°30.698 62°58.183 28 Sand 84.5 3.0 0.0 12.5 0.0 0

Zeelandia_5 ZL_5 17°30.912 62°58.208 30 Sand 87.0 2.5 0.0 9.0 1.5 0

Venus_bay_1 VB_1 17°31.143 62°58.776 24 Sand 97.5 0.0 0.0 2.5 0.0 0

Venus_bay_2 VB_2 17°31.242 62°58.839 26 Sand 82.5 0.0 0.0 14.5 3.0 0

South_1 SO_1 17°27.352 62°57.843 46 Algae 25.0 17.5 15.5 42.0 0.0 200

South_2 SO_2 17°27.468 62°57.596 23 Sand 90.0 0.0 0.0 10.0 0.0 20

South_3 SO_3 17°27.589 62°57.422 21 Sand 91.0 0.0 0.0 7.5 1.5 140

South_4 SO_4 17°27.787 62°56.930 25 Sand 69.5 2.5 9.0 19.0 0.0 134

Corre_Corre_bay_1 CC_1 17°28.527 62°56.131 29 Algae 0.0 10.5 18.5 71.0 0.0 78

Corre_Corre_bay_2 CC_2 17°28.732 62°56.083 28 Algae 3.0 0.0 24.5 72.5 0.0 100

Corre_Corre_bay_3 CC_3 17°29.048 62°56.136 29 Algae 3.0 36.0 1.0 60.0 0.0 320

Corre_Corre_bay_4 CC_4 17°29.362 62°56.167 29 Algae 13.0 37.0 2.0 48.0 0.0 333

Corre_Corre_bay_5 CC_5 17°29.700 62°56.324 32 Algae 22.5 12.5 3.5 61.5 0.0 157

South_6 SO_6 17°27.648 62°57.656 17 Sand 82.0 0.0 4.5 13.5 0.0 213

Corre_Corre_bay_6 CC_6 17°29.897 62°56.429 36 Algae 7.0 17.0 21.5 54.5 0.0 140

Corre_Corre_bay_7 CC_7 17°30.033 62°56.603 33 Algae 16.5 7.5 17.5 58.5 0.0 0

Zeelandia_6 ZL_6 17°30.138 62°57.081 20 Sand 73.0 4.5 19.0 3.5 0.0 19

Zeelandia_7 ZL_7 17°30.337 62°57.255 25 Sand 70.0 1.0 20.5 8.5 0.0 39

Venus_Bay_3 VB_3 17°31.387 62°58.985 24 Sand 85.0 0.0 0.0 12.0 3.0 0

Venus_Bay_4 VB_4 17°31.521 62°59.199 26 Sand 83.0 0.0 0.0 16.0 1.0 0

Gibraltar_1 GB_1 17°31.416 63°00.183 19 Sand 94.5 0.0 0.0 3.5 2.0 0

Gibraltar_2 GB_2 17°31.616 63°00.340 48 Sand 98.5 0.0 0.0 1.5 0.0 0

Jenkinsbay_1 JB_1 17°30.425 63°00.289 13 Sand 67.5 0.0 0.0 6.5 26.0 0

Jenkinsbay_2 JB_2 17°30.257 63°00.485 27 Seagrass 8.0 0.0 0.0 10.0 82.0 0

Jenkinsbay_3 JB_3 17°30.635 63°00.321 18 Seagrass 37.5 0.0 0.0 6.5 56.0 0

Jenkinsbay_4 JB_4 17°30.716 63°00.475 24 Seagrass 12.5 0.0 0.0 7.5 80.0 0

Jenkinsbay_5 JB_5 17°30.967 63°00.326 24 Sand 83.5 0.0 0.0 14.5 2.0 0

Gibraltar_3 GB_3 17°31.242 63°00.201 21 Sand 74.5 0.0 0.0 21.5 4.0 0

Anchorage_zone_35 AZ_35 17°28.956 62°59.827 20 Algae 24.5 34.0 3.0 38.5 0.0 0

Anchorage_zone_36 AZ_36 17°28.715 63°00.051 24 Rubble 0.0 52.5 0.0 47.5 0.0 40

Anchorage_zone_37 AZ_37 17°28.280 62°59.683 21 Rubble 0.0 76.0 1.5 22.5 0.0 320

Anchorage_zone_38 AZ_38 17°28.185 62°59.731 23 Rubble 0.0 49.5 1.0 49.5 0.0 505

Anchorage_zone_39 AZ_39 17°28.871 63°00.535 30 Algae 0.0 41.5 0.0 58.5 0.0 275

Anchorage_zone_40 AZ_40 17°29.024 63°00.590 34 Algae 0.0 41.0 1.0 58.0 0.0 100

South_7 SO_7 17°27.882 62°57.025 19 Sand 79.0 0.0 6.5 14.5 0.0 40

Corre_corre_bay_8 CC_8  17°28.376 62°56.199 28 Algae 2.5 25.0 5.0 67.5 0.0 181

Corre_corre_bay_9 CC_9 17°29.285 62°56.157 30 Algae 7.5 29.0 3.5 60.0 0.0 234

Corre_corre_bay_10 CC_10 17°29.623 62°56.230 38 Algae 8.0 18.5 6.0 67.5 0.0 40

Corre_corre_bay_11 CC_11 17°29.788 62°56.502 30 Algae 10.5 22.0 18.5 49.0 0.0 291

Zeelandia_8 ZL_8 17°30.290 62°57.145 28 Sand 86.0 0.0 9.0 5.0 0.0 129

Zeelandia_9 ZL_9 17°31.103 62°58.440 28 Sand 89.0 0.0 0.0 11.0 0.0 75

Venus_bay_5 VB_5 17°31.451 62°59.152 24 Sand 82.5 0.0 0.0 13.0 4.5 0

Gibraltar_4 GB_4 17°31.725 63°00.026 29 Sand 58.0 0.0 0.0 14.0 28.0 0

Anchorage_zone_1 AZ_1 17°48.086 -62°99.891 21 Rubble 24.8 70.2 1.0 4.1 0.0 240

Anchorage_zone_2 AZ_2 17°48.324 -63°00.666 26 Rubble 10.6 70.9 4.4 14.1 0.0 80

Anchorage_zone_3 AZ_3 17°47.756 -63°00.218 23 Rubble 2.4 43.1 14.5 40.0 0.0 600

Anchorage_zone_4 AZ_4 17°47.726 -63°00.494 25 Rubble 2.8 80.5 5.3 11.3 0.0 820

Anchorage_zone_5 AZ_5 17°47.310 -62°99.995 24 Rubble 18.9 70.7 4.3 6.1 0.1 133

Anchorage_zone_6 AZ_6 17°47.939 -63°00.745 30 Rubble 7.3 49.7 8.3 34.7 0.0 280

Anchorage_zone_7 AZ_7 17°48.476 -63°00.784 31 Rubble 7.0 45.3 12.3 35.4 0.0 80

Anchorage_zone_8 AZ_8 17°49.403 -63°00.409 20 Sand 93.6 0.4 0.0 1.5 4.5 0

Anchorage_zone_9 AZ_9 17°48.844 -63°00.267 22 Sand 96.6 0.2 0.0 0.6 2.6 0

Anchorage_zone_11 AZ_11 17°48.366 -62°99.922 19 Sand 94.0 0.3 0.0 4.9 0.9 0

Anchorage_zone_12 AZ_12 17°48.946 -63°00.196 21 Sand 73.5 13.0 2.5 5.5 5.5 40

Supplementary 4: Towed video survey details 
 
The table shows the towed video transect details where conch surveys were done. The coordinates, 
depth and percentages cover of each habitat are shown. The overall habitat is determined and adult 
conch density per hectare is calculated and shown in the table. Grey location names represent towed 
video surveys done by Jimmy van Rijn. 
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Jenkinsbay_1 JB_1 17°30.425 63°00.289 13 Sand 67.5 0.0 0.0 6.5 26.0 0

Jenkinsbay_2 JB_2 17°30.257 63°00.485 27 Seagrass 8.0 0.0 0.0 10.0 82.0 0

Jenkinsbay_3 JB_3 17°30.635 63°00.321 18 Seagrass 37.5 0.0 0.0 6.5 56.0 0

Jenkinsbay_4 JB_4 17°30.716 63°00.475 24 Seagrass 12.5 0.0 0.0 7.5 80.0 0

Jenkinsbay_5 JB_5 17°30.967 63°00.326 24 Sand 83.5 0.0 0.0 14.5 2.0 0

Gibraltar_3 GB_3 17°31.242 63°00.201 21 Sand 74.5 0.0 0.0 21.5 4.0 0

Anchorage_zone_35 AZ_35 17°28.956 62°59.827 20 Algae 24.5 34.0 3.0 38.5 0.0 0

Anchorage_zone_36 AZ_36 17°28.715 63°00.051 24 Rubble 0.0 52.5 0.0 47.5 0.0 40

Anchorage_zone_37 AZ_37 17°28.280 62°59.683 21 Rubble 0.0 76.0 1.5 22.5 0.0 320

Anchorage_zone_38 AZ_38 17°28.185 62°59.731 23 Rubble 0.0 49.5 1.0 49.5 0.0 505

Anchorage_zone_39 AZ_39 17°28.871 63°00.535 30 Algae 0.0 41.5 0.0 58.5 0.0 275

Anchorage_zone_40 AZ_40 17°29.024 63°00.590 34 Algae 0.0 41.0 1.0 58.0 0.0 100

South_7 SO_7 17°27.882 62°57.025 19 Sand 79.0 0.0 6.5 14.5 0.0 40

Corre_corre_bay_8 CC_8  17°28.376 62°56.199 28 Algae 2.5 25.0 5.0 67.5 0.0 181

Corre_corre_bay_9 CC_9 17°29.285 62°56.157 30 Algae 7.5 29.0 3.5 60.0 0.0 234

Corre_corre_bay_10 CC_10 17°29.623 62°56.230 38 Algae 8.0 18.5 6.0 67.5 0.0 40

Corre_corre_bay_11 CC_11 17°29.788 62°56.502 30 Algae 10.5 22.0 18.5 49.0 0.0 291

Zeelandia_8 ZL_8 17°30.290 62°57.145 28 Sand 86.0 0.0 9.0 5.0 0.0 129

Zeelandia_9 ZL_9 17°31.103 62°58.440 28 Sand 89.0 0.0 0.0 11.0 0.0 75

Venus_bay_5 VB_5 17°31.451 62°59.152 24 Sand 82.5 0.0 0.0 13.0 4.5 0

Gibraltar_4 GB_4 17°31.725 63°00.026 29 Sand 58.0 0.0 0.0 14.0 28.0 0

Anchorage_zone_1 AZ_1 17°48.086 -62°99.891 21 Rubble 24.8 70.2 1.0 4.1 0.0 240

Anchorage_zone_2 AZ_2 17°48.324 -63°00.666 26 Rubble 10.6 70.9 4.4 14.1 0.0 80

Anchorage_zone_3 AZ_3 17°47.756 -63°00.218 23 Rubble 2.4 43.1 14.5 40.0 0.0 600

Anchorage_zone_4 AZ_4 17°47.726 -63°00.494 25 Rubble 2.8 80.5 5.3 11.3 0.0 820

Anchorage_zone_5 AZ_5 17°47.310 -62°99.995 24 Rubble 18.9 70.7 4.3 6.1 0.1 133

Anchorage_zone_6 AZ_6 17°47.939 -63°00.745 30 Rubble 7.3 49.7 8.3 34.7 0.0 280

Anchorage_zone_7 AZ_7 17°48.476 -63°00.784 31 Rubble 7.0 45.3 12.3 35.4 0.0 80

Anchorage_zone_8 AZ_8 17°49.403 -63°00.409 20 Sand 93.6 0.4 0.0 1.5 4.5 0

Anchorage_zone_9 AZ_9 17°48.844 -63°00.267 22 Sand 96.6 0.2 0.0 0.6 2.6 0

Anchorage_zone_11 AZ_11 17°48.366 -62°99.922 19 Sand 94.0 0.3 0.0 4.9 0.9 0

Anchorage_zone_12 AZ_12 17°48.946 -63°00.196 21 Sand 73.5 13.0 2.5 5.5 5.5 40
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Supplementary 5: Conch numbers per dive survey 
 
The table shows the conch species and corresponding numbers found per dive transect. Total 
numbers of species found in all dive surveys are shown on the bottom of the table. Size of the dive 
transect is also shown. Grey location names represent towed video surveys done by Jimmy van Rijn. 
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AP 0 0 1 0 0 0 0 na 0 50x10

AP 0 0 0 0 0 0 0 na 0 50x10

APN 0 1 0 2 0 0 1 0 0 50x10

APN 0 2 0 1 0 0 0 0 0 50x10

APN 0 3 0 1 0 0 1 0 0 50x10

APW 0 0 1 0 0 0 0 0 0 50x10

APW 0 0 0 0 0 0 0 0 0 50x10

APW 0 0 0 0 0 0 0 0 0 50x10

AR 0 0 0 0 0 0 0 0 0 50x10

AR 0 0 0 0 0 0 0 0 0 50x10

AR 0 1 0 0 0 0 0 0 0 50x10

AZ_13 0 2 9 0 0 0 1 na 0 250x1

AZ_14 0 0 3 2 1 0 0 na 0 200x1

AZ_15 0 1 4 4 0 0 2 na 0 200x1

AZ_16 1 5 19 2 0 0 0 na 0 200x1

AZ_20 0 0 12 2 0 0 0 na 0 50x10

AZ_31 0 0 0 0 0 0 0 0 0 50x10

AZ_31 0 0 0 0 0 0 0 0 0 50x10

AZ_31 0 0 0 0 0 0 0 0 0 50x10

AZ_32 0 0 2 0 0 0 0 0 0 50x10

AZ_32 0 0 5 1 0 0 0 0 0 50x10

AZ_32 0 0 4 3 1 0 0 0 0 50x10

AZ_33 0 0 0 0 0 0 0 0 0 50x10

AZ_33 0 0 0 0 0 0 0 0 0 50x10

AZ_33 0 0 0 0 0 0 0 0 0 50x10

AZ_34 0 0 0 0 0 0 0 0 0 50x10

AZ_34 0 0 0 0 0 0 0 0 0 50x10

AZ_34 0 1 0 0 0 0 0 0 0 50x10

AZ_41 0 0 1 1 0 0 0 0 0 50x10

AZ_41 0 0 0 0 0 0 0 0 0 50x10

AZ_42 0 0 1 0 0 0 0 0 0 50x10

AZ_42 0 0 1 0 0 0 0 0 0 50x10

AZ_43 0 1 3 0 0 0 0 0 0 50x10

AZ_43 0 0 0 0 0 0 0 0 0 50x10

AZ_44 0 0 0 0 0 0 0 0 0 50x10

AZ_44 0 0 0 0 0 0 0 0 0 50x10

BR 0 2 0 1 0 1 0 0 0 50x10

BR 0 0 0 6 0 4 1 0 0 50x10

BR 0 2 0 3 1 2 0 0 0 50x10

BR 0 1 1 4 0 0 1 na 0 50x10

BR 0 1 0 3 0 1 0 na 0 50x10
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CC 0 0 0 0 0 0 0 na 1 50x10

CC 0 0 0 0 0 0 0 na 0 50x10

CC 0 0 0 1 0 0 0 na 0 50x10

CC 0 0 0 1 0 0 0 na 0 50x10

CC_12 0 1 3 0 0 0 0 0 0 50x10

CC_12 0 0 8 2 0 0 0 0 0 50x10

CC_13 0 0 0 1 0 0 0 0 0 50x10

CC_13 0 0 0 3 0 0 0 0 0 50x10

CC_13 0 0 0 2 0 0 0 0 0 50x10

CC_14 0 0 0 0 0 0 0 0 0 50x10

CC_14 0 0 0 0 0 0 0 0 0 50x10

CC_14 0 0 0 0 0 0 0 0 0 50x10

CC_15 0 0 0 2 0 0 0 0 0 50x10

CC_15 0 0 0 2 0 0 1 0 0 50x10

CC_15 0 0 0 0 0 0 0 0 0 50x10

CT 0 0 0 1 0 0 0 0 0 50x10

CT 0 0 0 2 0 0 0 0 0 50x10

CT 0 0 0 2 1 2 0 0 0 50x10

DC 0 0 1 1 0 0 0 0 0 50x10

DC 0 0 0 1 0 0 0 0 0 50x10

DO 0 0 12 0 1 0 0 0 0 50x10

DO 0 0 15 0 2 0 0 0 0 50x10

DO 0 0 5 2 0 0 0 0 0 50x10

DO 1 2 9 0 4 0 0 na 0 50x10

DO 0 0 16 0 4 0 0 na 0 50x10

DW 0 0 0 0 0 0 0 0 0 50x10

DW 0 0 0 0 0 0 0 0 0 50x10

DW 0 0 0 3 1 2 0 0 0 50x10

FFS 0 0 0 0 0 0 0 0 0 50x10

FFS 0 0 0 0 0 0 0 0 0 50x10

FFS 0 1 0 0 0 0 0 0 0 50x10

FFS 0 0 2 1 0 0 0 na 0 50x10

FFS 0 0 1 3 0 1 0 na 0 50x10

FFS 0 1 2 0 3 0 1 na 0 50x5

GB 0 0 0 0 0 0 0 0 0 50x10

GB 0 0 0 0 0 0 0 0 0 50x10

GB 0 0 0 0 0 0 0 0 0 50x10

GC 0 0 0 0 0 0 0 0 0 50x10

GC 0 0 0 1 0 0 1 0 0 50x10

HO 0 0 2 1 0 0 0 0 0 50x10

HO 0 0 2 2 0 0 1 0 0 50x10

HO 0 0 0 0 0 0 0 0 0 50x10

HU 0 0 0 0 0 0 0 na 0 50x20

HU 0 0 0 1 0 0 0 na 0 50x20

HU 0 0 0 0 0 0 0 na 0 50x20

JB 0 0 0 0 0 0 0 0 0 50x10

JB 0 0 0 0 0 0 0 0 0 50x10

JB 0 0 0 0 0 0 0 0 0 50x10

JBD 0 1 0 1 0 0 1 na 0 50x10

MG 0 0 0 1 0 0 0 na 0 50x10

MG 0 0 0 0 0 0 0 na 0 50x10

MG 0 0 0 0 0 0 0 na 0 50x10

MG 0 0 0 0 0 0 0 na 0 250x1

MZ_1 0 0 0 0 0 0 0 na 13 50x10

MZ_2 0 0 0 0 0 0 0 na 1 50x10

MZ_3 0 0 0 0 0 0 0 na 0 50x10

MZ_4 0 0 0 0 0 0 0 na 0 50x10

MZ_5 0 0 0 0 0 0 0 na 2 50x10

MZ_6 0 0 0 0 0 0 0 na 9 50x10
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MZ_2 0 0 0 0 0 0 0 na 1 50x10

MZ_3 0 0 0 0 0 0 0 na 0 50x10

MZ_4 0 0 0 0 0 0 0 na 0 50x10

MZ_5 0 0 0 0 0 0 0 na 2 50x10

MZ_6 0 0 0 0 0 0 0 na 9 50x10

NS 0 0 0 0 0 0 0 0 0 50x10

NS 0 1 1 3 0 4 1 0 0 50x10

NS 0 2 1 5 0 1 0 0 0 50x10

NS 0 0 3 4 0 0 0 na 0 50x10

NS 0 1 5 5 0 1 0 na 0 50x10

NS 0 1 2 1 0 0 2 na 0 50x10

OJB 0 1 1 2 0 6 1 na 0 50x10

OSA 0 0 0 1 0 0 0 na 1 50x10

OSA 0 0 0 0 11 0 0 na 1 50x10

OSA 0 0 0 1 0 0 0 na 0 50x10

OSH 0 0 9 1 0 0 0 na 0 200x1

SCB 0 0 10 3 0 1 0 na 0 50x10

SCB 0 0 1 2 0 0 0 0 0 50x10

SCB 0 0 8 1 0 0 1 0 0 50x10

SCB 0 0 31 2 2 0 0 0 0 50x10

SO_10 0 0 0 0 0 0 0 0 0 50x10

SO_10 0 0 1 0 0 0 0 0 0 50x10

SO_10 0 0 0 0 0 0 0 0 0 50x10

SO_11 0 0 6 0 0 0 0 0 0 50x10

SO_11 0 0 6 1 0 0 0 0 0 50x10

SO_11 0 0 6 1 0 0 0 1 0 50x10

SO_12 0 0 0 1 0 0 0 0 0 50x10

SO_12 0 0 0 0 0 0 0 0 0 50x10

SO_12 0 0 0 0 0 0 0 0 0 50x10

SO_8 0 0 0 0 0 0 0 0 0 50x10

SO_8 0 0 0 0 0 0 0 0 0 50x10

SO_8 0 0 0 0 0 0 0 0 0 50x10

SO_9 0 0 0 0 0 0 0 0 0 50x10

SO_9 0 0 1 0 0 0 0 0 0 50x10

SO_9 0 0 0 0 0 0 0 0 0 50x10

SR 0 0 0 3 0 0 0 0 0 50x10

SR 0 0 0 0 0 0 0 0 0 50x10

SR 0 0 0 1 0 0 0 0 0 50x10

SR 0 0 0 1 0 0 0 na 0 50x10

SR 0 0 0 0 0 2 0 na 0 50x10

SR 0 0 0 0 0 2 0 na 0 50x10

TB 0 1 5 0 0 0 0 0 0 50x10

TB 0 1 0 1 0 0 0 0 0 50x10

TB 0 0 0 0 0 0 0 0 0 50x10

TB 0 0 7 2 0 1 0 na 0 50x10

TB 0 0 1 1 2 0 0 na 0 50x10

TB 0 0 0 0 0 0 0 na 0 50x10

TC 0 2 0 0 0 0 0 0 0 50x10

TC 0 0 2 0 0 0 0 0 0 50x10

TC 0 0 0 0 0 0 0 0 0 50x10

TL 0 0 0 0 2 0 1 0 0 50x10

TL 0 1 2 0 0 0 0 0 0 50x10

TL 0 0 3 0 0 1 2 0 0 50x10

TL 0 2 12 0 1 0 0 na 0 50x10

TP 0 6 0 1 0 1 0 0 0 50x10

TP 0 2 2 0 0 1 0 0 0 50x10

TP 0 1 2 3 0 0 0 0 0 50x10
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TP 0 6 0 1 0 1 0 0 0 50x10

TP 0 2 2 0 0 1 0 0 0 50x10

TP 0 1 2 3 0 0 0 0 0 50x10

TS 0 0 0 2 0 0 0 0 0 50x10

TS 0 0 0 0 0 0 0 1 0 50x10

TS 0 0 0 0 0 0 0 0 0 50x10

TW 0 0 0 0 0 0 0 0 0 50x10

TW 0 0 0 2 0 2 0 0 0 50x10

TW 0 1 0 3 5 1 0 0 0 50x10

VB 0 0 0 0 0 0 0 na 0 50x10

VB 0 0 0 0 0 0 0 na 0 50x10

VB_6 0 0 0 0 0 0 0 0 0 50x10

VB_6 0 0 0 0 0 0 0 0 0 50x10

VB_6 0 0 0 0 0 0 0 0 0 50x10

VS 0 1 0 0 0 0 0 0 0 50x10

VS 0 1 0 1 0 1 0 1 0 50x10

VS 0 0 0 0 0 0 0 0 0 50x10

VS 0 1 0 0 0 0 1 na 0 50x10

VS 0 1 1 0 0 0 0 na 0 50x10

VS 0 2 1 0 0 0 0 na 0 50x10

VS 0 0 1 0 0 0 0 na 0 50x10

WBR 0 1 1 7 0 1 0 na 0 50x10

WBR 0 0 0 1 0 0 0 na 0 50x10

ZEE 0 0 0 0 0 0 0 na 0 50x10

ZEE 0 0 0 0 0 0 0 na 0 50x10

ZEE 0 0 0 0 0 0 0 na 0 50x10

ZL_10 0 0 0 0 0 0 0 0 0 50x10

ZL_10 0 0 0 0 0 0 0 0 0 50x10

ZL_10 0 0 0 0 0 0 0 0 0 50x10

ZL_11 0 0 0 0 0 0 0 0 0 50x10

ZL_11 0 0 0 0 0 0 0 0 0 50x10

ZL_11 0 0 0 0 0 0 0 0 0 50x10

ZL_12 0 0 0 0 0 0 0 0 0 50x10

ZL_12 0 0 0 0 0 0 0 0 0 50x10

ZL_12 0 0 0 0 0 0 0 0 0 50x10

ZL_13 0 0 0 0 0 0 0 0 0 50x10

ZL_13 0 0 0 1 0 0 0 0 0 50x10

ZL_13 1 1 1 0 3 0 0 0 0 50x10

Total 3 60 278 137 45 39 21 3 28
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Supplementary 6: Conch numbers per towed video survey 
 
The table shows the conch species and corresponding numbers found per towed video transect. 
Total numbers of species found in all towed video surveys are shown on the bottom of the table. 
Length of the transect is also shown, width is always 1 m. Grey location names represent towed 
video surveys done by Jimmy van Rijn. 
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AZ_17 0 0 0 0 0 0 0 0 0 520

AZ_18 0 0 5 0 0 0 0 0 0 510

AZ_19 0 3 4 0 0 0 0 0 0 520

AZ_20 0 1 5 0 0 0 0 0 0 510

AZ_21 0 0 0 0 0 0 0 0 0 548

AZ_22 0 1 9 0 1 0 0 0 0 515

AZ_23 0 0 0 0 0 0 0 0 0 544

AZ_24 0 0 1 0 1 0 0 0 8 517

AZ_25 0 0 5 0 0 0 0 0 0 500

AZ_26 0 2 7 0 0 0 0 0 0 513

AZ_27 0 0 15 0 0 0 0 0 0 512

AZ_28 0 0 2 0 3 0 0 0 0 516

AZ_29 0 1 8 2 0 0 0 0 0 516

AZ_30 0 0 19 3 1 0 0 0 0 520

ZL_1 0 0 2 0 1 0 0 0 0 514

ZL_2 0 1 4 0 0 0 0 0 0 500

ZL_3 0 2 3 0 0 0 0 0 0 500

ZL_4 0 0 0 0 0 0 0 0 0 512

ZL_5 0 0 0 0 0 0 0 0 0 500

VB_1 0 0 0 0 0 0 0 0 0 514

VB_2 0 0 0 0 0 0 0 0 0 500

SO_1 0 0 7 0 0 1 0 0 0 350

SO_2 0 0 1 0 2 0 0 0 0 510

SO_3 0 0 7 0 0 0 0 0 0 500

SO_4 0 0 7 0 0 0 0 0 0 522

CC_1 0 1 4 0 0 0 0 0 0 514

CC_2 0 0 5 0 0 0 0 0 0 500

CC_3 0 0 16 5 0 0 0 0 0 500

CC_4 0 0 17 1 0 0 0 0 0 510

CC_5 0 0 8 1 0 0 0 0 0 510

SO_6 0 1 9 0 0 0 0 0 0 423

CC_6 0 0 7 0 0 0 0 0 0 500

CC_7 0 0 0 0 0 0 0 0 0 517

ZL_6 0 0 1 0 0 0 0 0 0 513

ZL_7 0 0 2 0 0 0 0 0 0 512

VB_3 0 0 0 0 0 0 0 0 0 515

VB_4 0 0 0 0 0 0 0 0 0 568

GB_1 0 0 0 0 0 0 0 0 493 513

GB_2 0 0 0 0 0 0 0 0 166 500

JB_1 0 0 0 0 0 0 0 0 0 559

JB_2 0 1 0 0 0 0 0 0 0 524

JB_3 0 1 0 0 0 0 0 0 0 500

JB_4 0 0 0 0 0 0 0 0 0 574
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JB_1 0 0 0 0 0 0 0 0 0 559

JB_2 0 1 0 0 0 0 0 0 0 524

JB_3 0 1 0 0 0 0 0 0 0 500

JB_4 0 0 0 0 0 0 0 0 0 574

JB_5 0 2 0 0 0 0 0 0 1078 594

GB_3 0 0 0 0 1 0 0 0 424 694

AZ_35 0 0 0 0 0 0 0 0 0 500

AZ_36 0 1 2 1 0 0 0 0 0 500

AZ_37 0 0 16 0 0 0 0 0 0 500

AZ_38 0 2 25 1 1 0 0 0 0 495

AZ_39 0 0 14 0 0 0 0 0 0 510

AZ_40 0 0 5 0 0 0 0 0 0 500

SO_7 0 0 2 0 0 0 0 0 0 500

CC_8 0 0 8 0 0 0 0 0 0 441

CC_9 0 0 12 0 1 0 0 0 0 513

CC_10 0 0 2 0 0 0 0 0 0 500

CC_11 0 0 15 0 0 0 0 0 0 516

ZL_8 0 0 6 0 1 0 0 0 0 464

ZL_9 0 0 4 0 1 0 0 0 0 530

VB_5 0 0 0 0 0 0 0 0 0 500

GB_4 0 0 0 0 0 0 0 0 0 578

AZ_1 0 0 12 0 0 0 0 na 0 500

AZ_2 0 0 4 0 0 0 0 na 0 500

AZ_3 0 0 30 0 0 0 0 na 0 500

AZ_4 0 3 41 0 0 0 0 na 0 500

AZ_5 0 0 4 0 0 0 0 na 0 300

AZ_6 0 1 14 1 0 0 0 na 0 500

AZ_7 0 0 4 0 0 0 0 na 0 500

AZ_8 1 0 0 0 0 0 0 na 0 500

AZ_9 0 0 0 0 0 0 0 na 0 500

AZ_11 0 0 0 0 0 0 0 na 0 500

AZ_12 5 0 2 4 1 0 0 na 0 500

Total 6 24 402 19 15 1 0 0 2169
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Supplementary 7: Non-significant correlations density - habitat dive surveys 
 

 

 

 

 
Dive surveys: Graph a) shows the insignificant correlation (p = 0.24) between density (adult queen 
conch per ha) and percentage sand habitat. Graph b) shows the insignificant correlation (p = 0.94) 
between density and percentage reef habitat. Graph c) shows the insignificant correlation (p = 0.34) 
between density and percentage algae habitat. Graph d) shows the almost significant correlation (p = 
0.054) between density and seagrass habitat. 
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Supplementary 8: Correlations density - rubble and - reef towed video 
surveys 
 
 
 

 
This graph shows the significant correlation (p = 0.000) between density (adult queen conch per ha) 
and percentage rubble habitat. 
 

 
This graph shows the significant correlation (p = 0.000) between density (adult queen conch per ha) 
and percentage reef habitat. 
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Supplementary 9: Frequency per lip thickness for reproductive activity 
 
 

 
This graph shows the frequency in percentage of each lip thickness per 2 mm LT size classes for the 
different reproductive activities; pairing, copulating and egg laying. 
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Supplementary 10: Checklist non-detrimental finding 
 
In this table the general biological and management information for queen conch is showed using 
the checklist of Rosser and Haywood (2002). For each possible answer in the checklist, a ranking is 
given from one to five.  
 

 

Biological characteristics

2.1 Life history: Score

What is the species’ life history? High reproductive rate, long-lived

High reproductive rate, short-lived

Low reproductive rate, long-lived 3

Low reproductive rate, short-lived

Uncertain

2.2 Ecological adaptability:

To what extent is the species adaptable (habitat, diet, environmental tolerance etc.)? Extreme generalist

Generalist

Specialist 3

Extreme specialist

Uncertain

2.3 Dispersal efficiency:

How efficient is the species’ dispersal mechanism at key life stages? Very good

Good 2

Medium

Poor

Uncertain

2.4 Interaction with humans:

Is the species tolerant to human activity other than harvest? No interaction

Pest/Commensal

Tolerant 3

Sensitive

Uncertain

National status

2.5 National distribution: How is the species distributed nationally?

Widespread, contiguous in country

Widespread, fragmented in country 2

Restricted and fragmented

Localized

Uncertain

2.6 National abundance:

What is the abundance nationally? Very abundant

Common

Uncommon 3

Rare

Uncertain

2.7 National population trend:

What is the recent national population trend? Increasing

Stable

Reduced, but stable 3

Reduced and still decreasing

Uncertain

2.8 Quality of information:

What type of information is available to describe abundance and trend in the national population?Quantitative data, recent 1

Good local knowledge

Quantitative data, outdated

Anecdotal information

None

2.9 Major threats:

What major threat is the species facing (underline following: overuse/habitat loss and alteration/invasive species/other) and how severe is it?None

Limited/Reversible

Substantial 3

Severe/Irreversible

Uncertain

Harvest management

2.10 Illegal harvest or trade:

How significant is the national problem of illegal or unmanaged harvest or trade? None

Small 2

Medium

Large

Uncertain
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2.11 Management history:

What is the history of harvest? Managed harvest: ongoing with adaptive framework

Managed harvest: ongoing but informal

Managed harvest: new 3

Unmanaged harvest: ongoing or new

Uncertain

2.12 Management plan or equivalent:

Is there a management plan related to the harvest of the species? Approved and co-ordinated local and national management plans

Approved national/state/provincial management plan(s)

Approved local management plan

No approved plan: informal unplanned management4

Uncertain

2.13 Aim of harvest regime in management planning:

What is harvest aiming to achieve? Generate conservation benefit

Population management/control

Maximize economic yield 3

Opportunistic, unselective harvest, or none

Uncertain

2.14 Quotas:

Is the harvest based on a system of quotas? Ongoing national quota :based on biologically derived local quotas

Ongoing quotas: “cautious” national or local

Untried quota: recent and based on biologically derived local quotas

Market-driven quota(s), arbitrary quota(s), or no quotas4

Uncertain

Control of harvest

2.15 Harvesting in Protected Areas:

What percentage of the legal national harvest occurs in State-controlled Protected Areas?High

Medium

Low

None 4

Uncertain

2.16 Harvesting in areas with strong resource tenure or ownership:

What percentage of the legal national harvest occurs outside Protected Areas, in areas with strong local control over resource use?High 3

Medium

Low

None

Uncertain

2.17 Harvesting in areas with open access:

What percentage of the legal national harvest occurs in areas where there is no strong local control, giving de facto or actual open access?None

Low

Medium

High 4

Uncertain

2.18 Confidence in harvest management:

Do budgetary and other factors allow effective implementation of management plan(s) and harvest controls?High confidence

Medium confidence

Low confidence

No confidence

Uncertain 5

Monitoring of harvest

2.19 Methods used to monitor the harvest:

What is the principal method used to monitor the effects of the harvest? Direct population estimates 1

Quantitative indices

Qualitative indices

National monitoring of exports

No monitoring or uncertain

2.20 Confidence in harvest monitoring:

Do budgetary and other factors allow effective harvest monitoring? High confidence

Medium confidence

Low confidence

No confidence

Uncertain 5

Incentives and benefits from harvesting:

2.21 Utilization compared to other threats:

What is the effect of the harvest when taken together with the major threat that has been identified for this species?Beneficial

Neutral 2

Harmful

Highly negative

Uncertain
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2.22 Incentives for species conservation:

At the national level, how much conservation benefit to this species accrues from harvesting?

High

Medium

Low

None

Uncertain 4

2.23 Incentives for habitat conservation:

At the national level, how much habitat conservation benefit is derived from harvesting?High

Medium

Low

None 4

Uncertain

Protection from harvest:

2.24 Proportion strictly protected:

What percentage of the species’ natural range or population is legally excluded from harvest?>15% 1

5-15%

<5%

None

Uncertain

2.25 Effectiveness of strict protection measures:

Do budgetary and other factors give confidence in the effectiveness of measures taken to afford strict protection?High confidence

Medium confidence

Low confidence

No confidence

Uncertain 5

2.26 Regulation of harvest effort:

How effective are any restrictions on harvesting (such as age or size, season or equipment) for preventing overuse?Very effective

Effective 2

Ineffective

None

Uncertain


