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FOREWORD 

 

In 2013, the EU-sponsored ACP Fish II Programme commissioned a study titled ‘Training in underwater 

visual survey methods for evaluating the status of Strombus gigas queen conch stocks’. The study was 

executed by SOFRECO on behalf of the CRFM Secretariat, and upon completion, a Final Technical 

Report was submitted to the ACP Fish II Programme that contained 4 major outputs of direct interest to 

the CRFM: a review of underwater fisheries independent approaches to queen conch population 

estimation; a manual for conducting underwater visual surveys for queen conch; report of a mock survey 

of a sea area in the southern Grenadines of St. Vincent; and country-specific queen conch survey plans.  

To make the 4 major outputs more readily identifiable as CRFM-approved, and also more easily available 

to the various CRFM publics, they have been extracted from the original Final Technical Report 

submitted to the ACP Fish II Programme, and reproduced as CRFM Technical and Advisory Documents 

2013/14 (regional review), 2013/15 (manual) and 2013/16 (mock survey report and country-specific 

queen conch survey plans). 

The CRFM Secretariat acknowledges the contribution of the EU-sponsored ACP Fish II Programme in 

this endeavour.     
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CITES Convention on International Trade in Endangered Species of Wild Fauna and 
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CRFM   Caribbean Regional Fisheries Mechanism 
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Introduction 

 

Fisheries independent monitoring (FIM) approaches are often used to evaluate fish and invertebrate 

populations either alone or in conjunction with fisheries data.  Because FIM sampling is based on 

techniques that do not require catch data, they are often conducted using sampling designs that address 

the specific habitat-based population distribution.  For this reason, these studies are often considered to be 

ecosystem-based.  Specifically, FIM approaches may allow for methodologies to determine population 

attributes in a more holistic and ecosystem-based assessment regime by stratifying sampling based on 

habitats and water depths.   

Queen Conch have a number of attributes that makes them desirable for ecosystem-based approaches for 

sampling and management [1]. For example, conch have very specific habitat requirements, especially for 

reproduction, that are quantifiable and easily incorporated into sampling protocols.   

Conch also have a number of specific attributes that are directly 

related to developing strategies that ensure the sustainability of 

populations and which cannot be assessed using traditional capture 

data. For example, conch exhibit density-dependent reproduction 

with very well-defined density thresholds below which 

reproduction will not occur. Ascertaining the density of a 

population using methods other than direct enumeration is, 

therefore, problematic. 

Furthermore, FIM methods facilitate sampling conch ‘in the shell’ 

(Figure 1) which provides more accurate age and growth 

information when compared with fisheries-dependent methods.  

Conch exhibit determinate growth; at the onset of the flared lip 

(approximately 3.5 years) the shell growth represented by siphonal 

length (i.e., the length from the notch on the anterior part of the 

shell to the tip of the spire) ceases and all further shell deposition 

inside the flared lip thus increasing the lip thickness.  As the lip 

thickens, the meat weight may actually decline.  The problem arises 

in estimating the age of the conch.  In most conch fisheries, the 

animal is not landed in the shell; rather, the animal is cleaned at sea, 

the shell is discarded, and only the meat is landed.  Because of the 

poor relationship between meat weight and age, it is very difficult to 

determine population demography (age of the population) using fisheries data.  FIM methods overcome 

this deficiency because an observer is able to directly measure shell morphology in situ and thus a better 

estimate of population demography may be obtained.   

There are other problems with using fisheries catch data to assess conch populations.  Size-based harvest 

restrictions prevent sampling a full range of sizes in a population.  In many locations in the Caribbean 

region, regulations prohibit the harvest of juvenile conch.   FIM methods overcome this sampling 

deficiency by permitting sampling of both juveniles and adults thus providing more robust recruitment 

estimations and identification of population structure.   

Figure 1. A diver measures siphonal 
length of a conch in a fisheries 
independent conch survey. 
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FIM methods allow for sampling where fisheries based methods are not available such as in inaccessible 

locations related to deep water, areas far from shore, or within the boundaries of protected areas. These 

surveys may provide an understanding of the demography and reproductive output of unfished 

population.  In the same vein, these methods facilitate comparisons between fished and unfished 

populations [2, 3] that can provide a baseline for evaluating different management strategies.  

Finally, FIM sampling permits managers to target specific locations to determine stock status that may be 

underrepresented in fisheries capture data.  This is especially problematic because catch data may not be 

comprehensive or representative of the overall population.  Throughout the Caribbean region, conch have 

been used for local consumption and these catches are often not reported in traditional fisheries landings 

data thus resulting in underreporting of catch.   

Nevertheless, fisheries dependent monitoring approaches have been widely used to estimate the 

abundance of queen conch populations, to estimate harvestable biomass, and to set catch quotas. In these 

more data-rich cases, fisheries independent monitoring approaches can complement these programs by 

providing information on spatial and depth distribution, population density, habitat associations, 

reproductive behavior and output, and other variables that would not otherwise be collected using 

fisheries-based approaches (e.g., reproductive activity, habitat associations, indices of recruitment, spatial 

distribution).  Results from a FIM program within an existing data-rich fishery can provide an 

independent index that may corroborate results, elucidate deficiencies, or complement fisheries-based 

approaches.  For this reason, incorporating FIM methods is often cited as a desirable step in developing 

quotas and sustainable yield estimates as well as understanding the status of conch stocks [4, 5, 6, 7, 8, 9].   

Even in locations where there are good capture data, FIM sampling may be used to set quotas.  For 

example, in Belize populations are surveyed using transects surveyed by divers.  Harvestable biomass is 

estimated from these surveys and the catch quotas are developed from these estimates [10, 11, 12].  

Jamaica [13, 14], Honduras [15, 16, 17] and Nicaragua [18] have also used FIM methods to set fisheries 

quotas.  The latter two studies used FIM methods by employing the commercial industry to conduct the 

surveys in association with their ongoing fishing activities.  

For all the reasons detailed above, a large number of studies have examined queen conch populations and 

ecological associations using surveys conducted using divers. These studies are detailed in the included 

summary table (Table 1.)  

This review is meant to provide an overview of how fisheries-independent approaches have been used for 

conch surveys, the types of survey approaches that have been used, the advantages of each method, and 

the difficulties or deficiencies provided by each methodology.  The various methods are presented with a 

brief overview of their use.  The specific studies and countries where the approaches were used, along 

with the advantages and disadvantages are them detailed in more depth in the associated table.  It has 

been our intent to be as comprehensive as possible but it is likely that we may have missed one or more 

studies due to the extensive literature based in peer-reviewed, gray, and unpublished literature.  The data 

was collected through an extensive literature review as well as in-person contacts during conch 

workshops conducted in St. Vincent and the Grenadines in June 2013.  Additional literature was collected 

from personal contacts.  Finally, we present an extensive bibliography of references that are cited in the 

text and the table. 

As we discovered, some countries have been conducting studies for a long period of time and have 

extensive datasets (e.g., Florida, The Bahamas, Jamaica, Belize).   Others have relatively poor knowledge 
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of their conch populations.  With the inclusion of Strombus gigas within Appendix II of CITES, more 

countries have become interested in understanding the status of their population and the exploitable 

biomass their resources may present.   

It was not our intention to provide critical analyses of specific programs or projects; rather, our intention 

was to review the use of these techniques and provide an evaluation of their efficacy under different 

conditions.  In that spirit, we hope to point out when the techniques are most appropriate and when they 

are inappropriate, inefficient, or unsafe. It is up to individual countries or territories to determine the 

usefulness of each approach based upon their specific case with regard to the area under consideration, 

the distribution of the conch population (e.g., depth distribution, habitat associations, the aggregated 

nature of the population), the resources available (including financial and human), the level of training of 

the individuals conducting the surveys, and the capacity of the organization conducting the surveys.   

The references that are included refer to studies where specific techniques are described rather than 

reporting solely on the results of the surveys.  We also do not report studies within which the 

methodologies are not sufficiently detailed to determine what method was used to collect the data even 

though it may be apparent that it was collected using fisheries-independent approaches.   

 

Fisheries Independent Approaches Used for Conch Surveys 

 

FIM methods for conch surveys have been used to sample either entire populations or representative 

samples of the populations. Standard sampling methods have been applied and modified for the specific 

biological attributes of conch, habitats occupied, and the constraints related to underwater sampling. 

Similarly, statistical analyses use standard approaches adjusted for the distributions associated with conch 

populations.  

In this review, we have subdivided the survey techniques into those methods that are designed to rapidly 

survey large areas represented the entire cross-shelf area are surveyed (i.e., surveys using towed divers, 

scooters, and towed video systems) and those where smaller, representative areas are surveyed (e.g., belt 

transects and quadrats). Each approach has its advantage.  However, these categories are not exclusive 

and both can be used to derive cross-shelf density and abundance estimations.  For example, in some 

cases, belt-transects (The Bahamas [22, 39, 70], Belize [12], Colombia [26, 27]) and quadrat sampling 

(Barbados [19, 20, 21]) were used to estimate entire, cross-shelf populations.   

In some cases, a number of methodologies were used together.  For example, in The Bahamas [22] and St. 

Eustatius [23], both quadrats and belt transects were used to estimate conch densities.  Areas to be 

surveyed often are determined using habitat maps developed from aerial imagery [23], satellite imagery 

[24, 25] or pre-developed GIS maps [26, 27]. 

In a number of cases, fishermen were used to determine the location of the areas to be surveyed [23, 26, 

27, 28, 29, 30]. In Honduras [15, 16, 17] Jamaica [13], and Nicaragua [18] fishermen conducted the 

surveys in conjunction with ongoing commercial fishing activities.  In some cases fisheries dependent and 

fisheries independent approaches were used together to estimate conch abundance (e.g., Honduras [15, 

16], Nicaragua [18], Jamaica [14], and St. Lucia [29]).  
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FIM studies have been conducted in numerous countries (Table 1.) Generally, each study used one 

methodology although there are a few studies in which a broader approach (e.g., surveys using towed 

divers) was used to determine the extent and general distribution of conch populations, and higher 

resolution studies were used to determine more precise population parameters. For example, manta tows 

were combined with belt transects in the Turks and Caicos to examine the habitat requirements of conch 

within a marine reserve [25].  In the Dominican Republic, towed divers were used to conduct a coarse 

evaluation of conch distribution and then the areas where conch were found were sampled more 

intensively [31]. In Florida, surveys using towed-divers were conducted to first establish the distribution 

of the conch population in the region [32] and, subsequently, more focused studies were used to estimate 

recovery of the spawning stock [36]. 

There are a number of techniques that have not been used much in estimating conch populations.  In rare 

cases, line transect methods were used [34].  In this approach, all conch visible perpendicular to a transect 

line are noted and used in the data analyses.  These types of approaches suffer from a ‘sightability’ bias 

which refers to the decaying ability to identify an individual the further it is from the line.  In conch 

surveys, especially those which use towed divers, sightability can be a significant issue due to changing 

conditions (e.g., visibility) within one transect thus resulting in changing sightability values.   

Some techniques have been used rarely but have value in certain circumstances (e.g., mixed-gas diving 

[35].) Other techniques have not been used as far as our research has uncovered but may have value in 

certain circumstances (e.g.  AUVs, surveys from submersible platforms, ROVs.) 

 

Survey Methods That Sample Large Areas 

 

Strip transects using Towed-Divers (Manta tows) and Scooters 

These approaches have found favorable use where large amounts of area need to be surveyed and the 

need is to cover as much area as possible.  In that spirit, towed-divers (Figure 2) and scooters have been 

used to establish cross-shelf densities and abundance usually in units of number of individual per hectare. 

This method has been used in Florida [32, 37, 86], Bermuda [38], the Turks and Caicos [25],The 

Bahamas [3, 39,  40, 41, 42, 43, 44], the U.S. Virgin Islands [45, 64]and St. Lucia [46, 47].   

In some cases, the beginning and end points were 

delineated with deployed marker buoys [48].  In other 

cases, GPS [28] or LORAN systems [32] were used. 

Land-based features were also used to estimate distance 

traversed [49]. 

In general, this approach can cover vast distances with 

little effort.  Densities (generally reported as individuals 

per hectare or individuals per square meter) may follow 

the negative binomial (clustering) distribution which 

presents difficulties from an analytical perspective. 

 

Figure 2. A diver towed by a vessel to estimate conch 
densities. 
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The status of live versus dead conch is often difficult to establish.  If line transects are conducted (rather 

than strip transects), sightability can be an issue and correctly calibrating for this variable can be difficult.  

Furthermore, sightability may change within one transect.   

Other data may be difficult to ascertain. Specific reproductive behavior may be difficult to categorize 

when towed.  Intra-aggregation densities may be difficult to establish because in general spatial 

distribution of the conch within the transect (i.e., where along the transect an individual was found) are 

not reported.   

 

Video transects 

In general, video transects have been used to sample areas that are beyond the limits of safe-diving.  The 

location where it has been used most extensively for 

surveying conch is in the French West Indies [50, 51] 

(Figure 3).  In Florida (Figure 4), these methods have 

begun to be used to assess deepwater conch populations 

(from 15m – 70m)[Glazer personal observation].  In both 

cases, only 3 people are needed to run the video 

equipment.  These include a boat driver, a camera 

operator, and a navigator.   

This method provides the benefit of accessing deep water 

conch aggregations that are at or below the limits of safe 

diving. Virtually unlimited time can be spent at depth.  

There are a number of issues that make this approach 

potentially problematic.  First, a great deal of funding is necessary to purchase the equipment.  In 2013, 

approximately $3,500 was required to purchase the system which acquires the video. A second issue is 

the amount of post-processing that is 

required to examine the video. A third 

issue is that it may be difficult to 

determine of the conch are living, 

laying eggs, or the precise size of the 

individuals that are identified in the 

surveys. Finally, highly rugose 

environments are difficult to survey due 

to the potential for the equipment to 

entangle within three-dimensional 

structure.  In order to identify conch 

within these surveys, the camera must 

be positioned close to the bottom.  New, 

high definition systems are available, 

and these may provide better resolution 

at higher elevation, however, they 

suffer from requiring even more storage 

capacity and equipment expense.        

Figure 3 Underwater video equipment used in the 
French West Indies [14,86]. 

 

Figure 4. Underwater video camera manufactured by SeaViewer and used 
in Florida surveys. Equipment in the left pane is self-contained data 
acquisition equipment with integrated screen, GPS (for overlay on the 
video, and Bluetooth glasses to visualize the video while traversing the 
bottom. Pane on the right is the camera and cable.  Data is saved to an 
SD card which is read using standard video editing software. 
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Perhaps the most comprehensive evaluation of video transect methods was conducted in Statia [100].  In 

this study, researchers calibrated a towed-camera array (Figure 5) versus diver observations and 

concluded that using the camera system underestimated the total number of conch.  Furthermore, 

distinguishing between S. gigas and S. costatus was problematic, although the researchers suggested that 

this could be overcome with more practice.  They also 

concluded that the maximum speed that could be used 

was 1 kt.  In shallow areas, divers were more effective.    

The researchers using this system measured the width of 

the transect by attaching laser pointers to the frame.  The 

laser pointers delineated the width of the swath that was 

sampled. 

Towed-video transects are effective for examining a 

number of critical ecosystem-based parameters.  For 

example, habitat is easily identified and quantified. 

Copulation is easily quantified; however, as mentioned, 

identifying individuals who are spawning (i.e. egg-laying) is very difficult.  For those studies where 

quantification of Allee effects (i.e., depensatory reproduction) is a priority, this approach may be 

challenging.   

 

Survey Methods That Sample Small Areas 

 

Belt Transects 

By far, the most FIM studies that were identified used belt-transects.  This method consists of a measured 

transect length and conch within a pre-defined width either side of the transect are sampled (Figure 6).  

There are often a replicated 

number of belts and the mean 

density is used to estimate the 

overall density of the area 

under consideration.    

Belt transects have been used 

in a variety of habitats and at a 

variety of depths.  They are 

often used in stratified 

sampling approaches. They 

have been used to categorize 

habitat associations, examine 

reproduction, estimate 

densities, and as a basis for calculating harvestable biomass.  By far the majority of countries that have 

conducted FIM studies have used belt-transects.  

Belt transects are a popular way of estimating densities [36, 53].  The approach is well-suited for 

measuring densities either within well-defined, discrete aggregations or for larger, cross-shelf densities 

Figure 6. Diver surveying along a belt transect. 

Figure 5. Video Array used in Statia to survey 
queen conch aggregations.  The array uses a 
GoPro camera angled slightly forward 
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[22, 26, 27, 39, 70].  In general, the densities are reported as the number of individuals/hectare or the 

number of individuals/square meter.   

Belt transects can only cover a limited area because of the labor required to deploy the sampling grid and 

the minimum amount of area that can be examined by a diver.  In Florida, this method has been used 

together with a surface snorkeler to deploy the grid as well as measure the perimeter of the aggregation to 

arrive at both densities and overall estimates of abundance.  Because of the relationship of the diver with 

the habitat, data related to environment and habitat associations are easy to collect.  This approach 

provides a standard sampling unit and thus facilitates easy statistical evaluation in a replicated sampling 

design. 

Length and width of belt transects are usually predetermined.  In general, widths were determined using 

measuring sticks [53] or tethers [53, 54, 55, 56] of predetermined lengths.   

For transects with lengths that were not predetermined, divers sometimes used compass courses and flow-

meters to estimate distance surveyed [53, 54, 57].  The number of kicks was also used as a method to 

quantify and standardize area sampled [23]. Timed-surveys were used in the Dominican Republic [31] 

and Venezuela [58]. 

This method has been used to examine attributes of protected areas [59, 22, 25] as well as recovery within 

protected areas [63]. 

 

Quadrat sampling 

For the purposes of this review, quadrat sampling is used to 

describe a method in which all conch within a plot are 

sampled. This approach can be used for estimating critical 

population parameters (growth, mortality, abundance, 

recruitment) as well as movements and migration [60].  

Quadrat sampling is useful when it is desirable to sample the 

entire contents of the quadrat; however, with high population 

densities such as juvenile aggregations, this approach may 

require too much effort with respect to sub-sampling 

representative random or stratified   

Quadrat sampling was also used in The Bahamas to examine 

ecological associations [61, 62]. For example, studies which 

examined Allee effects to identify densities below which no 

reproduction occurs were examined using these methods [87].  

In both The Bahamas [3] and Venezuela [82], these approaches were used to examine densities in fished 

versus unfished areas.  In Barbados, this method was used to estimate total abundance for their conch 

population [19, 20, 21].   In some cases, quadrat sampling was used to recover tagged conch; however, 

tag-recapture surveys are beyond the scope of this review.  In most cases, data used to examine ecological 

associations were collected as a bi-product to population sampling. 

 

Circle Transects  

Circle transects are a type of 

quadrat sampling in which a 

centroid is identified and a radius 

is either predetermined or the 

area is surveyed based on the 

bottom time available to divers.  

Circle transects been used in The 

Bahamas [43], Barbados [20], and 

Jamaica [13] to estimate densities 

and abundance. All conch were 

counted within these plots.  
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Table 1. Studies in which fisheries independent methods were used.  Only studies in which the 

methods were described are included here.   

Approach Pros Cons Countries where the survey 

techniques were used (references 

are within brackets) 

Strip or line 

transects using 

Towed-Divers 

(Manta tows)  

 

 Good for cross-

shelf densities  

 Can cover vast 

distances  

 Little effort 

required 

  

 

 Poor for 

aggregation 

densities   

 Relatively unsafe 

 Limited to safe 

diving depths 

 Difficult 

analyzing 

  Difficult to 

determine live 

versus dead conch  

 Specific 

reproductive 

behavior may be 

difficult to 

identify 

(spawning, 

mating) 

  If line transects 

are conducted, 

‘sightability’ can 

be an issue when 

towed.  

 Size distribution is 

difficult to 

determine  

 Limited to safe-

diving depth 

 Difficult to 

determine  width 

of transect in situ 

 Florida [32, 36, 37] 

 Bermuda [38] 

 Turks and Caicos [25] 

 The Bahamas [33, 53
1
, 39

2
, 40, 

41, 42, 43, 44] 

 U.S. Virgin Islands [45] 

 St. Lucia [46
3
, 47] 

 Dominican Republic [31] 

Strip transects 

using Scooters 
 Good for cross-

shelf densities 

 Can cover vast 

 Equipment 

intensive 

 Limited to safe-

 Puerto Rico [28, 48] 

 US Virgin Islands [64] 

                                                           
1
 Snorkeling  

2
 Snorkeling 

3
 Abstract only 
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distances  

 Little effort 

required 

 Able to determine 

live vs. dead conch 

 Divers can leave 

scooters to take 

specific 

measurements  

 Divers can leave 

scooters to take 

specific 

measurements  

diving depth 

 Difficult to 

determine  width 

of transect in situ 

 

 

Belt transects  Good for intra-

aggregation 

densities 

 Good for nursery 

densities 

 Inexpensive 

 Easy to train 

technicians 

 Able to collect 

wide range of 

ecological and 

environmental  

parameters 

 Limited to safe 

diving depths 

 Limited distance 

(area) can be 

covered so large 

shelves require 

large efforts 

 Antigua and Barbuda [65] 

 Belize [2, 10, 12, 52] 

 Cuba [53, 66, 67, 68, 69] 

 Florida [32, 63, 37] 

 Puerto Rico [6, 54, 55, 56] 

 Turks and Caicos Islands [24, 25, 

59] 

 The Bahamas [22, 39, 70] 

 Colombia [26, 27]  

 Honduras [34
4
, 71, 72] 

 Dominican Republic [31, 73, 74, 

98] 

 Mexico (Alacranes)[75, 76, 77, 78] 

 Mexico (Chinchorro) [79] 

 Mexico (Q roo) [80] 

 Nicaragua [81] 

 St. Lucia [29] 

 Venezuela [58, 82] 

 US Virgin Islands [83] 

 Panama [84] 

Circle and Quadrat 

sampling 
 Good for intra-

aggregation 

densities 

 Limited to safe-

diving depth 

 Limited are can be 

 Barbados [19, 20, 21] 

 The Bahamas [22, 61, 62, 85, 86, 

                                                           
4
 Line transect method 
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 Good for nursery 

densities 

 Inexpensive 

 Easy to train 

technicians 

 Able to collect 

wide range of 

ecological and 

environmental 

parameters 

surveyed 

 Requires extreme 

amount of time for 

surveying 

extensive areas  

87, 88, 89] 

 Mexico (Chinchorro) [90, 91] 

 Mexico (Q. roo) [90, 92] 

 Mexico (Cozumel) [93
5
] 

 Nicaragua [18
6
] 

 Turks and Caicos Islands [60] 

 Honduras [15, 16
7
] 

 Jamaica [13
8
] 

 Venezuela [94] 

 Cayman Islands [95, 96] 

Towed-Video 

Transects 
 Good for cross-

shelf densities 

 Can cover large 

distances 

 Unlimited bottom 

time 

 Safe 

 Can examine 

habitats and 

locations 

inaccessible to 

divers due to safe 

diving depth 

limitations 

 

 

 Equipment 

intensive  

 Expensive 

 Requires 

investment in 

training 

 Requires 

extensive post-

processing 

 Difficult to 

calibrate (e.g. 

distance from 

bottom) 

 Difficult to 

determine live 

versus dead conch  

 

 Guadeloupe [50,51] 

 Florida [97] 

 Mexico (Chinchorro) [98] 

 Statia [100] 

 

Mixed-gas diving  Good for intra-

aggregation 

densities 

 Able to sample 

very deep areas 

 Unlimited bottom 

time 

 Safe 

 Expensive – high 

equipment 

expenses 

 Requires 

extensive 

investment in 

training 

 

 Puerto Rico [35] 

 

                                                           
5
 Used hookah to collect all conch in swath 

6
 Surveys conducted by commercial fishers 

7
 Surveys conducted by commercial fishers 

8
 Surveys conducted by commercial fishers 
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 Can examine 

habitats and 

locations 

inaccessible to 

divers due to safe 

diving depth 

limitations 
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The CRFM is an inter-governmental organisation whose mission is to 

“Promote and facilitate the responsible utilisation of the region’s fisheries 

and other aquatic resources for the economic and social benefits of the 

current and future population of the region”. The CRFM consists of three 

bodies – the Ministerial Council, the Caribbean Fisheries Forum and the 

CRFM Secretariat.  

CRFM members are Anguilla, Antigua and Barbuda, The Bahamas, Barbados, 

Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, St. Kitts and 

Nevis, St. Lucia, St. Vincent and the Grenadines, Suriname, Trinidad and 

Tobago and the Turks and Caicos Islands. 


