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ABSTRACT

This studyanalysegrends in field sampling catch and effort data collected bysthet Lucia
Department of Fisheries from 192621 with total and sample effort values calculated from
20002021 .A cluster analysis of all species wasductednd standardised CPUE calculations
using the generalised linear model wpegformedfor six (6) commonly caught large oceanic
pelagic species using trolling geadolphinfish Coryphaena hippurys yellowfin tuna
(Thunnus albacarésskipjack tunakatsuwonus pelamisblackfin tuna Thunnus atlanticys
gulf sierra mackerelScomberomorus concolprand blue marlin Nlakaira nigricang. The
analysis revealedn averagannual landingf 1,215tonnesfrom 2000 to 202 1with a peakof
1,545tonnes in 2001Fishing effort fluctuated slightly over the years, &aint Lucian fishers
employed23 differentgears and techniqueSluster analysigdentified four (4) main clusters

of species caught over time, with trolling being the nmostmonly usedearacrossall clusters.
Furthermore, CPUE calculations revealed that values viayisdecies, and the introduction of
fish-aggregating devices may haaghancedarge pelagicatchesOverall, it is imperative that
data collection and analysis processes adapt to changes reflected in thengdedaed
collection of biological data, such as lenghsed data, continued training of data collectors,
and improved data monitoring processes, could aid in the analysis of sound data that would
assist in making weihformed management decisions.
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1 INTRODUCTION
1.1 Background

Saint Lucia is located in the archipelago of islands in the Eastern Caribbean (see Figure 1) and
hasa land area 0617 km? and a population of approximately 182,§g0od and Agriculture
Organization, 2015)
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Figure 1. Map of Saint LucigSaint Lucia International Finance Centre, 2008)

The climate varies slightly throughout the year, with an annual mean monthly temperature
ranging between 26°C and 28°Thenat i on 0 s +generating isectorosreurism

followed by agricultureThe fishing sector has been a major form of employment and revenue

in coastal communities(World Bank, 2019) with the pelagic fisherycontributing
$4,580425.81 USD towards the gross domestic product (GDP) in 2(@dpartment of

Fisheries, 2022)while the coastal fishery surpass&$69421.24USD for the same period
(Department of Fisheries, 2022)The sector has seen an increase in the number of people
entering it over the last couple of years and as of 2021, the Department of Fisheries has
registered 4,096 fishers, with 1,709 listed as active figbegartment of Fisheries, 202Pue

to the islandds varying bathymet-shgreanddadfi nt L

shore fishingThe i sl andds coastal waters are divide
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pelagicspecieqA and B), and threéshing zones fomearshoreand bank species (C, Bnd

E) (see Figure 2)

|
|

|

ZONES FOR PELAGIC SPECIES: tunas, kingfish, wahoo, dolphinfish,
r

and sharks

Figure 2. Fishing Zones in Saint Lucia (Department of Fisheries, 2015) for pelagic (left) and
demersal (right) fisheries

The offshore pelagic fishery is the more important fishery in Saint Lucia in terms of landings.
The main species caught in this fisherydwphinfish(Coryphaena hippurgstuna Thunnini

spp), and wahoo Acanthocybium solandri The fishers use baited lines, nets, and Fish
Aggregating Devices (FADs) located around the island (see App8ndix

Furthermore, the coastal fishery consists of the capture of demersal species, such as the
Caribbean spiny lobster and other small coastal pelagiclfishone of the most frequented
fisheries used by older fishers aadhe most highly priced speciésshers employ a multitude
of fishing practices in this fishery, such as the use of nets, lines, pots, and traps, and the use of

scuba gear in the case of queen conch.

1.2 Fisheries Management in Saint Lucia

The Food and Agricultur®rganization(FAO) has emphasised that fisheries and aquaculture
play an important role in providing food for the world's population (FAO, 2028heries
management is an integrated approach that involves regulating the removal, mqratating

management of available resources (Food and Agriculture Organisation Z002). the
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Departmenbf Fisheries has worked teduce fishing pressuby regulating resource users and

protecting the marine environmetitat is, the resource itself

Both pelagic and coastal fisheries play an important role for the people of Saint Lucia.
Therefore, thdepartmentdheres to the provisions of The Fisheries Act, No. 10 of 1984 and
the Fisheries Regulations, Statutory Instrument No. 9 of 1994, which forms the basis for
fisheries development and management legislation, and the Saint Lucia Fisheries Act Cap 7.15,
whichis the principal legal instrument for the management of Saint Lucia's aquatic resources.
Under this Act, certain species are subject to lgickd controls, such as weight limits and
closed seasons, to ensure that the stock can regeridrat®epartmenalsorecogniseghat
productive fishery depesdn a healthy environmenEor this reason, thBepartmenthas
established marine protected areas Ristling Priority Areas(FPA) around the islandlhese
measures enable the conservation of marine ecosystems and ecologically valuable species
found on the island (Chapter 7.15 Fisheries Act, 2023).

In addition, management measures are imposed on fishermen as this is equally important for
the conservation process (Food and Agriculture Organization, 1&8bgrmen are required to
presenttheir fishing gear and safety equipment for inspection throughout the Adter.
successful inspection, new fishermen can be registered, and vessels licbesedtchdata

that is collected from the fishershich theDepartmentises to determine annual fishing effort,

is also recorded. In addition, gear specifmasg are part of the management strategy imposed

on fishermen, as only gear approved by Blepartmenimay be usedn orderto reduce the
likelihood ofundersized organisms and juvenile fiming caugh(Chapter 7.15 Fisheries Act,

2023)

1.3 Limitations and Gaps

The Department has experienced recurrent problems with fishers complying with the
regulations described@his is mainly because of inadequate enforcement capabilities within the
Department due to financial and human capacity constrdihts.has resulted in fishermen
going unpunished for illegal activities, such as catching certain species during the closed
season, fishing in restricted areaad using illegal fishing equipmentloreover, improper
environmental practices, such as high sedimentation founders due to deforestation, poor
garbage disposal practiceand climate change, have further deteriorated the status of the

marine environmentConsequently, this has had a negative impact on the state of certain
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fisheries in Saint Lucia, many of which have experienced annual declines (Department of
Fisheries, 2022).

The Fisheries Act was amended in 2001, but many older fishermen continued to engage in the
same practices as before the amendm@hthout regular review and awareness of the
management rules, there is a risk that fishermen and managers will negatively influence the

fisheries sector

1.4 Problem Statement and Rationale

For effective management of national fisheries, it is crucial that the relevant authorities know
what is being caughEffective fisheries management relies on the analysis oftlermg data

to provide information on patterns within a stock (Wagner, Midway, Vidal, Irwin, & Jackson,
2016).1t is therefore important to look at trends at different landing sites around the island, as
different species are associated with different sites; therefore, management solutions should
also consider thisAs previously mentioned, staffing and financial constraints hinder the

d e p ar tamlyntd cdreductanalyticalstock assessments for various fisherigserefore,
management strategies are limitgdthe catch and effortlata received from data collectors.
These data need to be reviewed in a timely manner to determine if there are any changes in the
stock that need attentioBGurrently, total landed catches axlected but landing data are not
analysedo determine species composition and distribution at indivisites. Therefore, it is
necessary to conduct an analysis of the species composition at laiesagross the island.

The results of this study could be used to implement targeted management strategies for

individual species.

In addition, it is useful for assessing changes in fiskifgrts Changes in the availability and
affordability of resources, such as an increase in fuel prices or shortage of raw materials used
to make nets anéish traps, could significantly affect the fishing sectBoth cases were
observed during th€EOVID-19 pandemicin addition, most fisharengage ira multispecies
fishery, but some are known to be either pelaginearshore fishes, and as such, would exert
different levels of effort depending on their preferred fish€herefore, it is equally important

to measure the trend in catch per unit effort (CPUE) per landing site.

1.5 Study Implications

The Resource Management Unit (RMU) in the Department of Fisheries is responsible for

monitoring the status of fishery stocks and marine ecosystems using a variety of scientific
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approacheddowever, due to limited resources, the unit is unable to conduct regalkytical

stock assessments, and therefore relies on the results of assessments condaxterdaby
consultants or on complaints from fishermen when they have difficultiiedimg certain
speciesBy conducting this study, the Department of Fisheries, and by extetisoklinistry

of Agriculture, would gain a better visual understanding of the species composition and
distribution in each community using the maps aftiter graphical representations, such as
charts, that have been producéhis wouldallow officials to identify areas that may be at risk,

which in turn would enable the implementation of more proactive management measures.

Officerswill also be able to identify trends in gear use over time and the associated efficiency
within a fishery.This will assistdepartmenbfficials in gaining a better understanding of the
level of effort in the various fisheries in Saint Lucia, which in turn would assisleihartment

in facilitating informed measures to assist fistierthe form of fuel subsidies and the revision

of gear specifications such as mesh and hook sizes.

1.6 Project Goals

1.6.1 To analyse the trends and patterns in the coastaladirshorefisheries at the ten (10)
primary landing sites in Saint Lucia

9 To describe the spatial antdmporaltrends in landings and effort using data
from the ten (10) major landings sites in Saint Ldoiaa period of 2002021

9 To identify landing sites and gears that are similar in species composition to
inform fisheries management

1 To calculateand standardizthe catch per unit effort (CPUE) as a measure of
stock status fosix (6) key species

1.6.2 Assess the current management measurebdéoroastal anaffshorefisheriesin
Saint Lucia

I To assess the current management measures that have been implemented in
Saint Luciads fisheries sectdadonand t h
landingsover the years

9 Prepare recommendatiofts sustainable managementdefmersal and pelagic

fisheriesin Saint Lucia
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2 LITERATURE REVIEW
2.1 Estimating Fishing Effort

The assessment of fishing effort is a crucial factor in determining the pressure that a fishery can
exert on the environmerftishing effort, determined by analysing resource inputs (e.g. number
of fishing gear, vessel sizand fuel consumption), is a key indicator of fishing activity in an
area. Therefore, fishingefforts can change with improved technologies, changes in the
composition of the sectgand changes in the environment (McCluskey & Lewison, 20083.
information is necessary to estimatehitgy efficiency, which would assist ireffectively
managinghe fishery sector in a country (McCluskey & Lewison, 2068hing effort can be
described as both nominal and effective fishing effort. The latter describes information related
to catch rate, while nominal effort refers to resources that contribute to fishing operations, such
as vessednd enginesize andfuel consumptionlnformation on both types can be collected by
fisheries data collectors using various techniques, such as surveys andewster

guestionnaires, and logbook data.

However, the use of logbooks is quite resodntensive, and in areas where artisanal fisheries
predominate, such as the Caribbean, this may prove difficuthis respect, interviewing
fishers has proven to be a more successful method for data collection (Brander, 1975).
However, this method leads to some information gaps, as data collection may not always
capture the correct parameters, mainly because of inadequate training of data collectors and low
cooperation of fishers in submitting the informatiblevertheless, the measurement of fishing
effort is crucial for the assessment of fish stocks, especially when the capacity to conduct stock
assessments is limiteotwithstanding these limitations, McCluskey and Lewison (2008) have
demonstrated that minimal data are sufficient to provide a basic analysis of the fisheries sector
in a country, as shown by experiments conducted with data from California, Spain, éaddSco
(McCluskey & Lewison, 2008)This approach seems quite promising for the Caribleesatihe

data currently collected, although not extensive, could be useful for assessing the impact of

fishing on an area.

In addition, the assessment of fishiefifort allows fisheries managers to target fishing gear,
which in turn could influence regulatory reforithe world's marine resources have been under
considerable pressure for years, as the global consumption of aquatic resources has increased.
As demand increases, fishing technologies will improve, as fisbeus on improving their

efficiency.As far asoffshorefisheries in the Caribbean are concerned, these changes included
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the introduction of Fish Aggregating Devices (FADs), which helped promote the aggregation
of large pelagic specieldowever, without adequate monitoring and data collection procedures,
it is difficult to determine the impact of gear change on a fishery; therefore, landings and effort
data are the most important tools for assessing this chdhge.is especially true in the
Caribbean for larger pelagic stocks, as most of them are highly migratory and therefore difficult
to assess on a regular baJikerefoe, a regional approach to data collection analysis would
allow for better management siaredesources.

2.2 Stock assessment models

Stock assessment models have proven extremely useful for stock assessments when countries
have limited dataA common tool is the catch per unit effort (CPUE) approach, which is based
on catch aneéffort data obtained from fishermefhe CPUE approach is believed to provide a
fairly accurate representation of a fishery stock, as it assumes that there is a proportional
relationship between the size of the stock and the calculated value (Venables & Dichmont,
2004).However, this is not the case, as population dynamics influence stock size in most cases
and although plausiblet would be inaccurate to assume that a decline in fish caught means a
decline in the populatiorNevertheless, this method haoven to be more useful over time
through standardisation (Maunder & Punt, 20@Ne method used for standardisation is the

use of a generalised linear model (GLNMhe GLM focuses on the statistical distribution of the
response variable (e.g. catches) and how this value is a linear combination of a set of
explanatory variables related to the expected value of the response dialheler & Punt,

2004).Therefore, the GLM provides fairly accurate data once appropriate values are.entered
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3 METHODOLOGY
3.1 Data

3.1.1 Data Collection

The data used in this study consists of landing data collected by the Department of Fisheries for
the period 1992021. The landing data were collected by data collectors using a stratified
sampling approach, that is, information was collected from every heningvessel on the

day of samplingData collectorgathervessel information, effort data suchtas number of
gearson the vessel and time out at sea, eaitth datayhich includeghe weight and cost of

the fish per poundThis information is usuallpbtainedfrom the captairof the vessel ant
recorded in a notebookhich is later transferred to the data collectsimeetsyenerated by the

Department of Fishes (seeAppendixl).

The sampling process is performed by ten (10) data collectors that are stationed at the ten (10)
primary landing sitethat are island widéData collectors work fiftee(iL5) randomly selected

days each month, including weekends, and from this, the monthly totals are estiysated.
previously mentioned, the data collectors collect information few@ry other vessel that
returns tothe portbut record the total number of vesselstively fishing thatday. The data
collectors use scales to recdla weight d the landings, and if scales are not available, the
collectors are trained to makesual estimates(\World Bank, 2019) Weight estimates are
usually based on the whole or gutted weight, with the former being treecormmon form of
measuremenData collectors are provided with regular training in identifying fish species, and
most, if not all, are able to identify fish down to the species laVel.type of gear used during

the fishing trip is also collected; however, since many of the fishers are considered mixed
species fisheries, similar species may be caught using multiple gears, and fishers switch
between gears during trips; thus, landingsméspecies are not limited to one gégre The

data collectors takeote ofthe general zones which boats operat&achzoneis associated

with eitheroffshoreor coastal fisheries.

Once a month, data booklets are collected from the data collectors, and a new booklet is issued
by the Data Minager or the appointdasheriesofficer. The fisheriesofficer responsible for
collection does an initial verification with the data collector to ensure thatehties are
accurate Afterwards, he officer performs a secoaxy check on the data, and any errarsi
omissionsare highlighted and corrected before the final dataset is subniittectatch and

effort data recorded by the data collectors is stor@ddnTrip Interview Program (TIPYhis
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program was adopted for use in the Caribbean region with supporfec@rganization of the
Eastern Caribbean States (OECS)Fisheries Unit andCARICOM Fisheries Resource
Assessment and Management Program@feRAMP) (Murray et al., 1996)The Licensing

and Registration System (LRS) is also utilized for capturing and storing vessel and fisher data.

3.1.2 Data Preparation

The raw data wasxtractedrom the TIPdatabasef the Department of Fisheries in Saint Lucia
and was storedusing the extensiofi . d.brheddata were cleangdnd the datasets were
renamed and regrouped into taltiest were appropriat®r data analysisThe files were then
transformednto i . r dilesdo make it easieior datamanipuldion. The main data tables
created using the selected time period vsee Appendix 2)

Sampled catch data

Fishing days and fishing vessels per landing site
Landing sites ID

Landing sites GPS locations

Type of fishery

Type of gear

Species

Gear use and area fished

Estimated Trip data

=4 =4 -8 -4 8 98 -9 -2 -9

3.2 Fish landing sites

Over the years, landing sites have baeprovedto include infrastructure, such as jetties and
lockers These landing sites are also associated with data collectors and active fisher
cooperativesLanding sites with these amenities were classified as the primary landing sites.
Currently, there are ten (10) primary landing sites on the island where catch and effort data are

collected (Figure 3).
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Figure 3. Communities where primary landing sites are located (red dots show primary
landing sitesand black dots represent some secondary sites)

However, in the dataset used for the project, there is information from some secondary landing
sites(Table 1) which are categorised as sites with minimal infrastructure, and tertiary landing

sites which would be mainly beach@¥orld Bank, 2019)Presently, the Data Management

Unit within the Department of Fisheries links certagtondary and tertiary landing sites with

a primary landing site based on similarities such as location or the dominant fishery in the area.
The raising factor that is calculated and used for each primary landing site would then be used

to estimate the total landings for the associated secondary and tertiary landing sites for the
monthThese sites are then |isted as OOTHERO6 i n

category are also used to calculate the yearly landings.

It should be noted that for the purpose of this study, landing and effort data from the secondary
and tertiary sites were not included in the analysis because of missing accompanying data.

Therefor e, raiRetlaebabuewenadnbdbhecdal cul ated f
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Tablel. List of landing sites in Saint Lucia

Landing Site Location Code | Location on Map Status
Gros Islet Landing GRIS North Primary
Site Landing site
Castries  Landing CASF North Primary
Site Landing site
Bannanes Landin CAST North Secondary
Site Landing site
Ansela-Raye ALRA West Primary
Landing Site Landing site
Canaries Landing CANA West Secondary
Site Landing site
Soufriere Landing SOUF West Primary
Site Landing site
Choiseul Landing CHOI West Primary
Site Landing site
RiviereDoree RIDO SouthWest Tertiary

Landing site
Laborie  Landing LABO SouthWest Primary
Site Landing site
Vieux-Fort VIFO South Primary
Landing Site Landing site
Savanne$ay SABA SouthEast Primary
Landing Site Landing site
Micoud Landing MICO East Primary
Site Landing site
Dennery Landing DENN East Primary
Site Landing site

Felix

3.3 Effort

Currently, both sampled and total effort data are used to calculate the total fishing effort in Saint

Lucia.

3.3.1 Sampled effort

Sampled effort is based on the information collected by the data colldoties.collectors

collect information on the sampled vessels, which is the total number of vessels sampled on the
day.The sampled days, which are the total number of days that the data collector worked for
the month, are also used in the sample effort calculation.

3.3.2 Total effort
Total effort was calculated using data from 2@@21.In 2000, the Department of Fisheries
implemented a new data collection system that included the collection of effort data such as the

total number of vessels out at sea for the month at each primary landirig #itis. regard,
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calculations were only performed from 2000 onwards; hence, the total catch and effort were

only calculated for that period.

The total lmat activity and fishing daysere calculatedoy month and year for each landing
site The total boat activity is captured during the monthly submission by the data collector and
is the total number of vessels engaged in fishing activities for the nitdotever, the total
monthly fishing days at the primary landing sites were calculated using the following formula
(Edwin, 2011)

a. Total Fishing Days = Total # of daysina moiith Tot al # of Sundays i n mon
out days + holidays)

b. Total Fishing Days = Total # of days in a moiitfiTotal # zero boat out days + holidays)
**Calculation (a) applies to all sites except VIFO and DENN. Calculation (b) applies to VIFO and
DENN

The mean trips per day, which is equivalent to the mean number of boats fishing per day, is

estimated as:

Mean trips per day = Sum of total vesdalsded on sampled daysumber of sampling days

The total monthly effort, which is measured as the number of trips, is calculated as
Total Monthly Effort = Mean trips per day Total FishingDays

A raising factor is then generated for each primary landing site to calculate the total monthly
and,thus, yearly raised catch:

Raising Factor = Number of tripgor the month) Sampled trips

3.4 Catch

Landings refer to the fish that were landed at the different landingBgeause of the sampling
process in place, the sampled weight collected must be converted to obtain the total landings
for each landing site and, subsequently, each Jé& sampled catch weight was summarised

by species, gear type, landing site, month, and yé&rtotal catch was estimated by applying

the raising factor, as follows:

Total Catch= Sum of ampled weight * Raising factor
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3.5 Spatial and Temporal trends

Speciesvere groupetby landingsiteand year, and changes otlegyears were examined using
thesetwo main categoriePescriptive analyses were used to studyperns anevolution
of fishingeffortsand catch data by landing site over the ygaesar use and trip type were also

plotted to show changes in fishing practidesingthe study period.

3.6 Cluster Analysis

Cluster analysis is used to identify similarities and patterns within groups in the multivariate
data (McKenna Jr., 2003)he main outcome of this analysis is the creation of a dendrogram

showing the patterns and similarities associated with the different subgroups.

The total landed catch weight by month, landing site, and gear type for each species were used
for cluster analysis to obtain hierarchical clusters of species assemblage, to determine which
species are similar with respect to the geographical region teeaaght in and the gear type
targeting the fishery and the time of the year the fishery odeuasidition, thegroups created

using cluster analysis were used to determine wigbing gear was mosised for thelifferent
speciesA similar proceduravas used for the effort data.

The five (5) most common species caught by each gear type were used, resaltiotirof

51 species (Appendix 5, Table BJI 23 gear types were considered for the analysis; however,
harpoon (HARP) was excluded from the final analyBie data were standardised by range so
that all variables were on a similar sc&#ustering was conducted using the pvclust routine in

R (Suzuki, 2019)The routine uses bootstrapping to generate probability valuesfps) for

the identified clustersThe pvalue ranges from zero (0) to one (1) and is used to assess the
strength of similarity within the cluster, and hence, the likelihood of obtaining the same cluster.
For this study, the approximate unbiased (Atlatue was used because it provides a more

reliable approximatioiSuzuki, 2019)

3.7 Catch per Unit Effort

Due toits significance the pelagic fishery was chosen as the target fishery for the calculation
of catch per unit effort (CPUERANalysis of catch trends and cluster analysisaled that the

troll fishery resulted in the largest landings of large pelagic species at different sites, with
dolphinfish,gulf sierra mackerel, yellowfin tuna, skipjack tuna, blackfin tuama blue marlin
landingoccurring in the largest quantitieBherefore, CPUE calculations for the trolling gear
were performed for the six (6) main speciesaddition, the calculations welenited to three
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(3) landing sites (Dennery, Micoud, and Viebart landing sites)as these sites consistently
recorded the largest pelagic landings on the island during the study period and were the three

sites most likely to land the same species.

3.7.1 Nominal CPUE Analysis
The nonstandardised CPUE or catch rate was calculated using the raised landing data for the
years 2002021.For the selected species, the nominal CPUE was calculated using the sum of

the catches divided by the number of trips.

3.7.2 Generalized Linear Model

The Generalized Linear Model (GLM) with a Gaussian link was used to obtain a stagdiardi
estimate of CPUEThis form of regression modelling was used to illustrate the influence of
predictor factors on the catch rate within a fishery, such as the possible impact of the timing of
the fishery or the location of a landing site on the cdtcthis study, year, month, and landing
sites were used as explanatory variables in the mddelanalysis was conducted for each of

the six (6) key species: dolphinfispellowfin tuna, skipjack tuna, blackfin tuna, gulf sierra
mackerel, and blue marlifror each species, data were filtered for the main gear used in the

fishery, which is the trolling gear. The model can be expressed as:
In (CPUE +c) = Intercept+Y+ M+ L++JU~ N ? 0, 0

where c is a constar,is the year effectyl is the month effect, is the landing site effect, and
U is the error which assume sAcenstanowasealdedtd i st r i

nominal CPUE to overcome the problem of zero catch.

Further, each dataset was filtered by the key landing site to examine the effect of year and month
on the catch at three (3) of the most important landing sites for the selected species, using

separate models for each landing site.

The residuals of all the models were checked to ensure that the assumptions of a Gaussian
distribution were satisfiedA deviance was also calculated for each model as a measure of
variability explained by the modeAll the data analysis was donging the R statistical
software(R Core Team, 2015)
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4 RESULTS
4.1 Landings

4.1.1 TotalLandings

The totalraisediandingsof sites sampledver the entire time series showed some fluctuations;
however the overall trend was stable (Figute There was an average ©f215.00tonnes

landed each year for the period 2000 to 2021. The year with the highest landings was 2001,
reporting1,545.32tonnes, while the lowest landing$ 996.56tonnesoccurredin 2000 (see
Appendix6: Table6).
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Figure 4. Graph showing the total raised landings recorded in Saint Lucia for the period 2000
2021

Landings were relatively constaat the various primary landing sites, with noticeable yearly
fluctuations recorded at Castries, Gislet, Laborie,AnselLa-Raye and Soufrier€Figure 5),
with the AnselLa-Raye records showing the greatest fluctuations for the pékieds such as
Dennery, Vieuxort, and Micoud consistently recorded slightreasesn annual landings.
Conversely sites such as Castriésd a lower catch recorded angreaterfluctuationsin
landings throughout thperiod Furthermore analysis has shown a decrease in landings at
several sites over the years, suchGassIslet, Choiseul,Laborie, Soufriere,and Savannes
Bay. However, missing data from Savanisy, owing to a nearly 1$ear gap in data
collection, may prevent an accurate representation of the overall trend in lafthisgack of

data collection fron2001 to 2016s a result of the change in th@tus of the landing site, from
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a sampled site in 2001 to an unsampled site until recently, when data were collected from

fishers.
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Figure5. Trends in monthly landing distribution by landing site showing a smooth trend line
plotted using the generadid additive modelling and a red line showing a linear trend

4.1.2 Landings by Species

Dolphinfish Coryphaena hippurystuna Thunninispp), andmarlin (stiophoridaespp) are

some of the most important pelagic species caught by Saint Lucian fi$hersampled
landings of these species remained consistently higher than those of the other species (Figure
6). Tuna species make up the largest proportion of catch by fishers, with the highest recorded
landing of 499.44 tonnes being recorded in 2010 and the lowest in 20&8dings of
dolphinfish and queen conch have also decreased in recent Hears.has been an overall
increase in the landing ofllish, and in the case of the parrotfish fishery, there appears to be

an overall decline in the total landings after 2013.
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Figure 6. Graph showing landings for selected commercially important species (scale on the
y-axisdiffers by species)

4.1.3 Seasonality of Landings

Landings appear to be the highest at the beginning of the year and steadily decrease for most
sites throughout the yeatowever, the landings on Gréslet showed a relatively constant
landingthroughout the year#n addition, fishermen at the Viewsort landing site reported the
highest average landings per month (Figure 7).
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Figure 7. Barplot showingnonthlylanding variation at different landing sites (scaldlmany
axis differs by landing site)

Landings for some of the more commercially important large ocean pelagics seem to follow a
similar seasonality throughout the yeane tuna and dolphinfish fisheries seemed to be more
successful at the beginning of the year, mostly between January and May, with the peak months
being January for the tuna fishery and March for the dolphinfish fishery (Figube@)g the

low season or the period when a lower number of pelagics are caught, there is an increase in
the landings of the reef and bank fish.terms of the lobster fishery, it takes place mostly
between August and December, with almost no fishing taking place for lobster from May
through JulyHowever, the queen conch fishery does not show any major seasonality in terms

of landings.
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4.2 Trends in Gear Use

Saint Lucian fishers have landed fish using 23 types of gears and fishing techniques over the
years, including bottom line, beach seine, cast net;dirgeg, dip net, fish pots, gillnet,
catching by hand, harpoon, handline, hookah, lobster pot, palgotgeand line, pots, rod and

reel, scuba diving gear, speargun, surface long line, scoop net, trawl, trolling and vertical line
(Figure 9).The use of trolling and pots has remained high over the years, with trolling gears
being the most popular gear typéowever, pot use dropped significantly after 2007 and has
yet to surpass records prior to 20@h the other hand, the use of trolling gear seems to have
increased during the same period, with a spike in the number of trips where trolling gear was
used, recorded from 2015 to 20The use of trolling gear has been decreasing in recent years,
but it remains the most popular gear used by fishgilinets appear to be the third most

common gear used over the years.
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Figure 9. Graph showing change in gear use from 22021

In terms of landings, trolling is consistently the gear with the highest landings over the period,
namely in dolphinfish, tuna, and billfish fisheri€ilinet (GNET)fisheries showed the secend
highest landings over the perio@lhe pot fishery has somewhat lower, albeit consistent,
landings than trolling, which is expected since the pots are designed to catch smalBadish.
types such as handlines (HLIN), scuba (SCUB), and speargun (SGUN) are also frequently used

(Figure 10).
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During the study period, the trolling gear appeared to be the most popular gear used at the five
(5) landing sitesThe Dennery, Micoud, andieux-Fort landing sites all recorded consistently

high levels of trolling over the years. AnselLa Raye, Castries, and Grtset, there seems to

be a wide variation of gear utilised by fishers; however, in Castries andsBrhshe variety

of gear used has been decreasing over fiihe.use of scuba gear has increased slightly over
the years at the Grdslet landing site, whereas the use of handlines has decrPasgdre the

most popular gear type used at the Laborie landing site, and thiyge#s &lso popular at the

Choiseul and Savann&ay landing sites (Figure 11).
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Figure 11. Bargraph showing frequency of gear used at the primary landing site2@200

Fishers have exhibited a preference for trolling diheryears, as more trip types have been
recorded as trolling trips (Figure 12)he use of scuba gear seemed to be most common at the
Groslslet and Laborie landing sites, with the frequency of use being higher at thds(@tos
site.Moreover, bottom longlines are most commonly used by fishers at the Castries, Dennery,

and VieuxFort landing sites, but their use has decreased over the years.
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Figure 12. Bar graph showing change in trip type at the different landing sites 20D
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4.3 Effort Trends

4.3.1 Total Effort

The total estimated fishing effort by fishers from 2@@21 and effort levels seem to have
fluctuated slightly over the years (Figure 1B3jom 20162015, the number of fishing trips was

lower than that recorded before 20X0.similar trend was observed after 2017, when the

number of trips declined until an increase was recorded in 2021.
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Figure 13. Barchart showing the total estimated effort using the total number of trips,
recorded 2002021

4.3.2 Effort by Landing Site

The areas with the highest recorded landings of large ocean pelagics, namely Dennery and
Vieux-Fort, had the highest and masinsistent number of fishing trips over the years (Figure
14). Landing sites of lesser importance showed somewhat larger variability and conflicting
trends in the number of trips over timeanding sites such as Castries, Choiseul, &sias,

and Soufriere exhibited significant declines in the recorded number ofepdy fluctuations
occurred more frequently and to a greater extent at the Soufriere landing site than at the
Choiseul and Gross Islet landing sit€@ the other hand, Andea-Raye had aigher number

of fishing trips from 2013 compared to prior years.
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Figure 14. Total monthly fishing effort recorded at the primary landing sites ZWAL
showing a smooth trend line plotted using genszdladditivemodelling, and red line
showing linear trend

4.3.3 Total fishing vessels at sea

Landing sites such as Castries, Choiseul, @slet, and Soufriere all showed decreasing

numbers of vessels engaged in fishing during this pdnazbntrast, sites such as Dennery and

Vieux-Fort recorded high fluctuations in the number of fishing vessels recorded at each site
(Figure 15).
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4.4 Cluster Analysis

In the dataset used for cluster analysis, 90 percent (90%) of the total catch cotamrggd
three(23) specieswherea$1 species comprised 97% of the caldie output of a hierarchical
cluster analysisvasa dendrogram showing the patterns and similarities assoeigiedhe
different identified subgroups.The length of thdines indicatesthe similarity between the
clusters, which decreases the levels created within the dendrogoaim (4) main species
groups were identified from the dendrogram in Figu& at a dissimilarity level of
approximately25. The first cluster consisted of dolphinfish (CORYHI), gulf sierra mackerel
(SCOMSO), yellowfin tuna (SCOMAB), skipjack tuna (SCOMPHackfin tuna (SCOMAT),
andblue marlin (ISTINI) with a probability of74, since all species are large ocean pelagics
Although all species were found in the same group, CORYHI and SCOMSO were the most
similar in terms of the type of gear used to cat@mtland quantity at landing. Therefore, they
were clustered with a probability of 100he second cluster exhibited a probability1©0,
suggesting that squirrelfish (HOLOAD) and coney (SERRFU) were always caught together in
similar quantities using similar gear typ€dusters3 and 4 contained mainly reef and bank
fish, such as parrotfish and snappers, which are usually caught using nets, fishgbites.
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Figure 16. Dendrogram showing the four species assemblages formed from cluster analysis.
Clusters are colour coded with cluster 1 represented in brown, cluster 2 in yellow, cluster 3 in
blue and cluster 4 in pink
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Cluster 1 recorded the highest landings by weight for the period, since the species that are found
within this are mainly large ocean pelagics (Figure TTfje second largest clusters by weight
were clusters 3 and 4, both of which contained reef fish, including jacks and Gesdsr 2,

which contained two types of reef fish, squirrelfish, and coney, had the lowest landings by

weight.

Figure 17. Boxplots showing species clusters formed from the cluster analysis

It can bededuced that trolling gear captures all the main species, making it the most popular
gear utilised during this period (Figure 18pecies in cluster 4 were caught using twenty (20)

of the 23 gears during this period, whereas those caught in cluster 1 were caugbnlysing
thirteen (13) gear type#n cluster 1, trolling was the most popular gear used to catch ocean
pelagic species, while species in clusters 3 and 4 were caught using the largest collection of

gears.
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cluster 1
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Figure 18 Dendrogram showing cluster selection by gear type

All clusters of species were fouatall landing sitesround thasland (Figurel9); however,
cluster 1 produced the highest recorded landifysweightat all sites.The AnselLa-Raye
(ALRA) landing siterecorded a widewveight distribution for cluster 3 speciesCluster 4
appeared to be the largest groupbygweightfor Soufriere (SOUF), followed b€luster3.
Both clusters contain smalemersalghat are caught using nets, linasad potsand as such,
the average expected weight is significantly lower than theluster1 which contains large
oceanpelagic species
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4.5 Gear assemblage

Clusteranalysis was used to assess which gears were similar according to catch composition.
Two groups were observed atdissimilarity level of approximately 18The first cluster
consisted of trolling (TROL), whereas the remaining gears were grouped together with a
probability of 100.The remaining gears were further separated patts POTS and scuba

diving gears$CUB), whichwere classified as groups by themselves. The remainingweses

then grouped with a probability of 83 at an approximaterdikgity level of 13 The remaining

gear was further broken down based on quantity because many of the gear types in this group

are used less frequently than oth@ese Figure 20)
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Figure 20. Dendrogram showing the two gear clusters formed from the cluster analysis with
cluster 1 represented in brown and cluster 2 in.blue
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4.6 Landing site assemblage

An analysis was also done to find regions that were similar according to the composition of the
catch landedT'wo clusters were observed at a dissimilarity level of approximatelyHe first

cluster comprises Micoud (MICO), Dennery (DENN), and Vi€t (VIFO) and is clustered

with a probability of 100These sites are associated with larger catches of large ocean pelagics,
and the DENN and VIFO landing sites were further clustered with a probability of 100, making
them the most similar sites within that cluster based on the catch and gear compdsigons.
second cluster was formed, with the remaining landing sites formed at a probability(s€400
Figure 21)
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Figure 21. Dendrogram showing the two landinlyisters formed based on catch commonality
at each site with cluster 1 represented in brown and cluster 2 in blue
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4.7 Catch per Unit Effort Calculations

4.7.1 Dolphinfish
Over time, it was observed thdte overall CPUE for dolphinfish fluctuated considerably

(Figure 22) CPUE was lowest in the first five (5) years of the time savidsthestandardised
CPUE of Dolphinfishshowinga somewhat lower catch rate in the period 22004,anda
generally higher albeit quite variable catch rate during Z005%.In the decade that followed,
high fluctuations were observed, with three (3) peaks observed in 2007, 2011, and #4.5.

last five (5) years, a more stable trend has been observed.
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Figure 22. CPUE trends for the Dolphinfish fishery 20@021. The nominal CPUE is shown
in blue and the standasdid CPUE from the GLM in red

At the Dennery landing site (Figug8), there were some noticeable fluctuations in the CPUE
for dolphinfish.From 2000 to 2004, CPUE was considerably lower than that in the second half
of the first decadelhere was a significant decline in the CPUE in 2010, followed by a sharp
increase in 2011CPUE continued to decline until 20118.2018, fishermen recorded a sharp

increase in CPUE, followed by a sharp decline.
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Figure 23. CPUE trends recorded for dolphinfish fishery at the Dennery landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red

The CPUE values were lower in the first decade than in the second dEocddeing a
significant decrease in 2010, the CPUE increased, followed by a steady decline until 2013, with
an increase recorded afterwarddter 2015, the CPUE continued to decline until a slight

increase was recorded by 2020 (Figure 24).

== GLM -+ Non-standardized CPUE

CPUE [lbstrip]

504

2015 2020

2000 2005 2010
Year

Figure 24. CPUE trend recorded for dolphinfish fishery at Videort landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red
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Similar to the other two sites, there was a decline in CPUE recorded in 2010, followed by an
increase in CPUE in 2011, after which CPUE declined with fluctuations (Figure 25).
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Figure 25. CPUE trend recorded for dolphinfish fishery at the Micoud landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red
4.7.2 Tuna

4.7.2.1 Yellowfin Tuna
The CPUE for yellowfin tuna changed regularly during the study period, with fishers

experiencing alternating years of high and low CPBthermore, following a decrease in
2018, the CPUE appears to have increased within the fishery, with a decrease being recorded

again in 2021 (Figure 26).
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Figure 26. CPUE trend recorded for yellowfin tuna fishery 200®21. The nominal CPUE
is shown in blue and the standasdi CPUE from the GLM in red

Overall, the CPUE at the Dennery landing site was stable with fluctualioaddition, after
2017, the CPUE began to decrease until it peaked in 2020, reaching the highest recorded level

for the period (Figure 27).
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Figure 27. CPUE trends recorded for yellowfin tuna fishery at the Dennery landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red
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Fishers from the Vieuwkort landing site experienced a decrease in the CPUE from 2000 to
2002.Fluctuations were recorded in the years following, with noticeable dips in 2009, 2012,
2014, and 2019nterestingly, CPUE increased sharply in 2020, but plummeted in the following

year (Figure 28).
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Figure 28. CPUE trends recorded for yellowfin tuna fishery at Vi€iort landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red

However, the CPUE was lower in the first decade than in the last d&iadir to Dennery
and VieuxFort, the CPUE at the Micoud landing site displayed a noticeable dip in 2011 and

2012, and a higher value in 20T%e last five (5) years show an overall increase (Figure 29).

GRO Fisheries Training Programme 35



Felix

—*- GLM -+ Non-standardized CPUE

504

404

304

CPUE [Ibstftrip]

N

1014

-
2020

T -
2010 2015

v
2005
Year

-
2000

Figure 29. CPUE trends recorded for yellowfin tuna fishery at the Micoud landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLNh red

4.7.2.2 Skipjack Tuna
Overall, the CPUE for skipjack tuna was higher from 2000 to 2013 than in the following years,

when a continuous decline was recorded (Figure 30).
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Figure 30. CPUE trend recorded for skipjack tuna fishery 26R021. The nominal CPUE is
shown in blue and the standmset CPUE from the GLM in red
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Fishers at the Dennery landing site recorded continuous fluctuations in their CPUE, with lower
values recorded in the second half of the study period than in th&lfiestatch rates in recent

years were approximately half of thasghe beginning of the time seri@sigure 31).
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Figure 31. CPUE trend recorded for Skipjack tuna fishery at the Dennery landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red

At the VieuxFort landing site, there was a steep decline in the CPUE from 2000 taCRIOE.
values fluctuated over the years, with high values recorded in EB06wing this, the CPUE
remained stable with some fluctuations until 2017, with a slight overall decline in recent years
(Figure 32).
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Figure 32. CPUE trends recorded for skipjack tuna at the ViEax landing siteThe
nominal CPUE is shown in blue and the standadlCPUE from the GLM in red
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Fishers at the Micoud landing site recorded a declining trend in CPUE over the years, with a

slight increase in 2021 (Figure 33).
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Figure 33. CPUE trends recorded for skipjack tuna at Micoud landing Bite.nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red

4.7.2.3 Blackfin Tuna
The blackfin tuna fishery recorded a steady increase in the CPUE from 2000 to 2009.

Subsequently, a continuous decrease was recorded until PB&Hast five years shows a
fluctuating but stable trend overall (Figure 34), with catch rates similar to those observed at the

beginning of the time series.
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Figure 34. CPUE trends recorded for blackfin tuna 20P1.The nominal CPUE is shown
in blue and the standasdid CPUE from the GLM in red

At the Dennery landing site, theveere minimal differences between the first and second
decades of studfCPUE looks stable overall with a spike in values recorded in 2009 (Figure

35).
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Figure 35. CPUE trendrecorded for Blackfin tuna at the Dennery landing Jitee nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red
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Fishers at the Vieukort landing site recorded large annual variations in CPUE tré&ndsn
2001 to 2007, thdishery showed marked fluctuations in CPUE values, with an overall
increasing trendFollowing this, the CPUE increased significantly and remained relatively
constant from 2008 to 2012, before the CPUE plummeted until ZadBequently, the CPUE

values increased until 2020, with a decrease in 2021 (Figure 36).
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Figure 36. CPUE trend recorded for Blackfin tuna at the Viedsort landing site. The
nominal CPUE is shown in blue and the standaddCPUE from the GLM in red

CPUE atthe Micoud landing site increased regularly during the first half of the study period
(2000-2009) while showing a peak in 200Ehe rest of the time series after 2@pears to be
rather stableln addition, following 2014, CPUE values appeared to have decreased in 2018

and 2021, with a marked peak between the four years (Figure 37).
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Figure 37. CPUE trendfor blackfin tuna at the Micoud landing site. The nominal CPUE is
shown in blue and the standaeti CPUE from the GLM in red

4.7.3 Blue Marlin

Blue marlin recorded a steady increase in CPUE during the study p&hedvariability
decreased between years, with the CPUE fluctuating slightly from 2008 tol2&dite these

high levels, there was a sharp decrease in the CPUE in 2015, which was anomalously low.

Although catch rates have been declining in recent years, the CPUE in 2021 is still more than

twice that observed at the beginning of the time series (Figure 38).
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Figure 38. CPUE trends for Blue Marlin 2002021. The nominal CPUE is shown in blue and
the standarded CPUE from the GLM in red

From 2000 to 2007, fishermen at the Dennery landing site recorded smaller fluctuations in
CPUE values; however, CPUE was lower during that period compared to the period from 2008

to 2021.Nonetheless, between 202019, fishers recorded a large variation in CPUE values

(Figure 39).
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Figure 39. CPUE trendrecorded for blue marlin at the Dennery landing site. The nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red
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In 2012, fishers recorded the highest CPUE for the blue marlin fishery in -VexHigh
variance levels recorded in 2000 were also observed in the following Year€PUE values
increased slightly from 2010 to 2012, followed by a sharp decrease until PO45CPUE

values remained fairly consistent over the last six (6) years (Figure 40).
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Figure 40. CPUE trendrecorded for blue marlin at the Viedsort landing site. The nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red

Unlike the other two sites, the fishers at the Micoud landing site recorded varying CPUE for
the blue marlin, with the standardised and -standardised values varying significantly,

indicating a poor model fit to the data (Figure 42R.UE values increased from 2000 to 2010,
but then decreased until 20¥ increase was observed in the years following the year 2015.
Overall, a peak in CPUE was recorded in 2018, whereas the last few years showed a declining

trend.
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Figure 41. CPUE trendfor blue marlin at the Micoud landing site. The nominal CPUE is
shown in blue and the standaeti CPUE from the GLM in red

4.7.4 Gulf Sierra Mackerel
The CPUE for Gulf sierra mackerel decreased steadily after 2010 (Figure 42).
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Figure 42. CPUE trends recorded for Gulf Sierra Mackerel 220@1. The nominal CPUE is

shown in blue and the standaeti CPUE from the GLM in red
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At the Dennery landing site, a steady increase was observed in CPUE values from 2000 to 2006
(Figure 43) After 2006, CPUE decreased gradualgllowing this, CPUE records fluctuated
frequently, with a noticeable spike in 2019, but an overall declining trend throughout the time

series.
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Figure 43. CPUE trend recorded foiGulf sierra mackerel at the Dennery landing site. The
nominal CPUE is shown in blue and the standadiCPUE from the GLM in red

At the VieuxFort landing site, the CPUE decreased steadily during the study period, with
spikesrecorded in 2004, 2009, and 2011 (Figure 44).
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Figure 44. CPUE trendfor Gulf sierramackerel at the Vieukort landing site. The nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red
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At the Micoud landing site, there was an increase in the CPUE from 2000 to-2f@éver,
this was followed by years of seasonal changes in CPUE (Figurda\gver, from 2011, the
CPUE levels continued to decline over the years, with a sudden peak recorded in 2017, after

which the CPUE values dropped slightly.
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Figure 45. CPUE trend for the Gulf sierramackerel at the Micoud landing site. The nominal
CPUE is shown in blue and the standsediCPUE from the GLM in red
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5 DISCUSSION
5.1 Landings

Overall, thereareno persistent trends in total landinggowever, inareas such aSastries,
Groslslet, AnseLa-Raye and Soufriere, landings seem to fluctuatpularly In Dennery,
Vieux-Fort, and Micoud, the annual landings were consistentighout the year3his could

be becausdandings in these areas consist mainly of large pelagic species such as tuna,
dolphinfish and marlin all of which could beaught at the fish aggregating devices (FADs).
However, in areas such as Castries, dstet, AnseLa-Raye, and Soufriere, landings seem to
fluctuate regularly.This could be becaasfishes catch a greater variety of species at this

landing site.

Islandwide landings appear to be highest at the beginning of the year and then steadily decline
at certainpoints during the yeafThis fluctuation could be related to the different weather
periods, namely the dry and rainy seasons, that occur throughout thehyelarin turn is
reflected in the seasonal/monthly effoiithe rainy season,or months when the island
experiences more rainfall and hurricanes, coincides with the decline in landings from June to
NovemberIn contrast, landingen GrosIslet reman relatively constanthroughout the year

This could be related to one of the main fisheries conducted at this landing site, namely the
gueen conch fishenfQueenconchis a relativelysedentaryspecies caught with diving gear.
Therefore, a decrease in landings would most likely be due to disturbed ocean/weather
conditions,as these conditions are not conducive for scuba di#ngddition, fishes at the
Vieux-Fort landing site report the highest average landings per mbmthcould be directly

related to the fishing practices used by fishers in the area, as many fisilisesFADs to search

for large pelagic fish, such as tuna and dolphinfeghwell as the high number of fishing trips
conducted by fishers at that landing site

Regardless, the pelagic fishery seems to be more successful at the beginning of the year, from
January to MayA regional study suggests that this increase is due to the change in sea
conditions associated with rougher seas between February and April (Mahon, 1987), when it is
more difficult tocatch reef fish using fish pgtso more fishers turn to degpa fishing when
searching for large pelagic speci&his trend was also noted at a regional meeting on joint
fisheries in the Caribbean in 1986 (Mahon, 198hg report of that meeting indicates that the
trend observed today is consistent with that reportedshgiin SaintLucia before the national

sampling process became more structykdahon, 1987)However, there appears to be slight
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variation, as the historical trend shows that the peak months were between April aficthélay.
decline in landings for these species could be due to less favourable sea conditions during the
hurricane season. This decrease in landings in the pelagic fishery is offset by an increase in
landings of reef andearshore fish, where more traps are being used. For the lobster fishery,
there is a gradual decrease in landings from March to July, coinciding with the seasonal closure
of the lobster fishery. This closeis enforcedrom 15t March to £ August each year (Chapter

7.15 Fisheries Act, 2023), but landings still appear to occur during this period. The queen conch

fishery, on the other hand, has no major seasonal variation in landings

The type of fishing gear also seems to have varying influences on the composition of the catch.
Trap fishing is quite restrictive in terms of catch composition, as mesh openings allow smaller
fish such as snappers and lobsters to eftaps are also deployed in shallow and sheltered
areas, which further limits the catch composition, with a composition of mainly small reef fish.
The hooks used in trolling vary in size, thus allowing them to catch a wider range of species.
Unfortunately, the length of thesh caught is not recorded by either fishermen or data
collectors, making it difficult to assess whether the gear is catching juvériiesnformation

would be useful for fishery managers to assess which areas are popular breeding, spawning,
and feeding grounds for certain speciesaddition, it is not unusual that catch composition
varies slightly atifferent landing sites on the island because fishers are opportunistic and land
whatever is caught at the timBonetheless, some sites record higher landings of certain
species, but this is mainly influenced by the traditional practices of fishers in the area.
Moreover, at the sites with lower landings, the number of vessels also decreased; hence, fewer

people were engaged in the fishery.

5.2 Effort

The total fishing effort has fluctuated over the years as fishers change the number of trips
conducted throughout the year based on the migratory patterns of certal®afisthLucia's

fishers are vulnerable to the effects of natural disasters such as hurricanes. Depending on the
severity of the disaster, fishers lose vessels and fishing gear, which can influence the number
of vessels at fishing sites (Government of Saudia, 2013). From 206021, Saint Lucia was

hit by eight (8) hurricanes and tropictorms, which may have affected the composition of
vessels at the various landing sitEsrthermore, many fishermen are considered-fpag

fishers, as they engage in various forms of employm&edording to the 2012 Fisheries

Framework Survey, the fishing sector in Saint Lucia is considered one of multiple occupations
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(Government of Saint Lucia, 2018), with 79% of fishers working in the sector solely for cultural
and traditional reasons. Over the years, the tourism sector has increased and with it the number
of employment opportunities for locals. It is therefore pdediat some fishers have left the
fisheries sector for more secure employment, so the number of vessels and fishing efforts may

have decreased for that reason.

During the study period, the number of fishing vessels found at the landing sites decreased at
many sites, namely Castries, Choiseul, @sbst, and SoufriereMany fishers have switched

from the use of traditional canoes which could accommodate fewer fishermen, to stronger
fibreglass piroguesThese boats can accommodate a larger crew, so many fishers may have
decided to share the cost of operating a single boat instead of multiple boats; as such, the number
of vessels at some sites may have decre&imgever, this could only be confirmed if vessel
registration information from the licencing and registration system (LRS) was linked to the TIP

system; this information was not available for this study.

In the case of the Grdslet landing site, the number of vessels may have decreased because
fishers were injured and dropped out of the fishing settar diving practices employed in the

gueen conch fishery can be quite dangerous, and the department has received multiple reports
of fishers becoming paralysed and dying due to poor diving praclibestrend could have
possibly resulted in the decline in vessels, since fishers may have had to sell their vessels since

they were no longer active.

Additionally, the proximity of landing sites to consumers may be a factor in the number of
vessels recorded at each skeshermen may request a change in their main landing site at any
point in the year and many fishermen may have changed landing sites to move from a
community with a smaller population to one with better economic opporturkibegxample,
fishers may switch landing sites closer to hotels and restaurants to reduce their overall

operational cost because more markets are available.

Moreover, initiatives such as the implementation of a fuel rebate system and the allowance of
tax exemptions on engines and fishing gear could have influenced thiskffoers can afford

more powerful engines, thus allowing them to travel further to search for more valuable fish.
However, these subsidy mechanisms may be counterproductive in maintaining a sustainable
stock.These mechanisms would encourage more fishers to enter the sector, but if similar funds
are not invested in the improvement of otfighing technologies, such as adjustments in mesh

and hook size, the stocks may become exploited.
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Over the years, FADs have been deployed across the island to address different changes
observed by fishers, such as the changing migration patterns of fish and increasing pressure on
nearshore fisheriesBy creating an environment in which fish species can congregate, it has
become easier for fishermen using FADSs to catch pelagic fish, thus reducing their search time
and overall effortMoreover, the introduction of FADs has been seen as moreffmsent for

some fishersOver the years, many sites harezorded a decrease in their use of bottom
longlines. This gear is expensive because it involves the use of many lines and Bgoks.
switching to fishing around the FADs, fishers are most time guaranteed to catch a pelagic fish

using shorter lines.

5.3 Catch per Unit Effort

CatchperUnit Effort (CPUE)is commonlyusedasanindicatorof abundancel heanalysisof
catchandeffort datahasprovideda betterunderstandingf the stockdynamicsof differentfish
populations,especiallyin datalimited situationslike this one. Managementdecisionson
fisheriesare usuallybasedon the resultsof an assessmertf the fish stock. However,within
theCaribbeanit hasprovenquitedifficult to assessnanyof ourlargeoceanigelagicdecause
they are widely distributedand highly migratory, sharedfish stocks.However,by usingthe
catchrate,an estimatecanbe madewhich in turn will assistn shapingaregionalapproacho

themanagemenf thesefish stocks.

Overtheyears,therehavebeenmultiple externalprojects,suchasthosefundedby agencies
suchasthe JaparinternationalCooperatiorAgency(JICA), andprojectssupportecandfunded
by the Governmentof Saint Lucia, which promotedthe transition to offshore fisheries
(Friedlander,Beets,& Tobias, 1994) Many nearshordisheriesand, by extension,marine
habitatshavebecomesignificantly impactedby the pressure®f overfishing,humaninduced
habitatdestructionand poor wastedisposalpractices As a result,governmenbfficials have
investedheavily in the useanddeploymentbf fish aggregatinglevices(FADs). Areaswhere
FADshavebeendeployechavepromotedareaf highfish abundancejotnecessarilypecause
therewere morefish, but becauseonditionsfor fish aggregatiorhaveimproved,resultingin
higher catchesandlower fishing effort (trips), thusresultingin higher CPUE (Bealey,Perez
Moreno,& VanAnrooy, 2019).Thistrendwasobserveditthe Dennerylandingsiteafter2013
andattheVieux Fortlandingsite after2008,whenit is believedthat FAD usagancreasedy
fishers.However,the exactdatesof deploymentareunknown.This trendsuggestshat FADs

madeit easierfor fishersto catchlargepelagicfish.
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However,for speciessuchas skipjacktuna, CPUE trendshavedeclined.For this study, the
numberof trips was usedas the measureof effort, including the trips when no catchwas
recorded During the study period,the fishing effort for skipjacktunaremainedconstantand
possiblyincreasedput catchdecreaseaver time, therebyimpacting overall CPUE values.
Moreover it wasobservedhat,overtheyearsthenumberof trips whenskipjackswerecaught
also decreasedat different landing sites. This could possibly be linked to a collective
behaviouralchangethat could be influencedby climate change(ErauskinExtramianasgt al.,

2019) astheirlandingsnearthe FADs alsodecreaseth recentyears.

Additionally, fishermenat the Dennerylanding site have startedtraveling to the west coast
(ZoneA) in searchof oceanigelagicspeciesvhich maysuggesthattheabundancef certain

fish is higherin this zonethus making it easier to catch certain spediesecent years, more

FADs have been deployed on the west coasite island whicltould have encouraged more
aggregation areathus makindish more accessible tiishers.However, it has been theorised

that the deployment of multiple FADs in one area may decrease fishing samssling to

Cabral et al. (2014), fewer FADs deployed in an area create fewer areas of fish aggregation
which would increase the number of pelagics found in one spot, thereby increasing the catch
probability. Conversely, areas that are heavily saturated with FADs results in the stogk bein
more evenly distributed thus reducing the likelihood of fishers catching more than one fish at
one site(Cabral, Alino, & Lim, 2014)This could be seen in landing data, as the landings of
several species, such as skipjack tuna, dolphinfish, and gulf sierra mackerel, have been
declining in recent years despite an increase in the number of trips to HAdDsfore, if fishers

prefer using certain FADs, then it may prove difficult for multiple fishers to have a successful
trip, resul ti nBowevar, itésadifficulbto assessthlis withdutr preqgise spatial

data.

Although FAD usage over the years has proven beneficial in relieving the pressure of nearshore
fisheries, there has been concern that the overutilisation of FADs may result in the unsustainable
harvesting practices of many spedPawvies, Mees, & MilneGulland, 2014)In the case of

blue marlin, the catch rate increased steadily at the beginning of the study period, and fishers
reported high levels of catch near FAD&e blue marlin lives in the epipelagic zanakingit

easier for them to be caughy shallowtrolling lines, therby, increasing the catch rate

However, the yearly catch decreased at the \Vléart landing site and the overall use of FADs,
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thereby influencing the overall CPUE valu€onsidering thaCPUE could be used as an
indicator of abundance, it could be assumed that the stock has decpezssioly due to
collective behavioural changes.This decreasing trend has been further supported by
international reviews, dsllfish fisheries have been under review by various fisheries bodies
includingthe Western Central Atlantic Fishery CommissidtHCAFC) andThe International
Commission for the Conservation of Atlantic TunBESGAT). However,based on the results

of this projectheir rate of capture has been increasvhgn fishers utilise FADS hese devices
were deployed to reduce the pressureaastafisheries, buthismay be creating ather issue

for the billfish fisheryas it increases the rate of capture on an already critical, dtuck

hindering the management efforts of ICCAT.

Furthermorejt was observedthat for most speciesthe CPUE decreasedn 2010.In 2010,
Hurricane Tomas caused damage est(lfThmaored at
Bank, 2011) The loss of vessels and gear, as well as the damage to the landingrstezs

the ability of fishers to fish consistentljs effort was measured using the number of trips,
fishers recorded a decrease in both catch and effort values for that year, resulting in lower
CPUE.Nevertheless, yellowfin and skipjack tuna recorded a high CPUE because of their high
catch and effort value3his could have been a result of favourable conditions being created

for these species.

Lastly,althoughtheGeneralized.inearModel (GLM) seemedo fit mostof thenominal CPUE
data,the searchtime andcrewsizewerenotincludedin the GLM model.Moreover,the §ado
factorwasnotconsideredn themodeldevelopmentlt is believedthatthesefactors,especially

searchtime, may haveallowedfor a betterrepresentatioof fishing effort.
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6 CONCLUSION AND RECOMMENDATIONS

Data on fisheries catch aedfort data collected from 2068021 in Saint Lucia show that the
landings recorded at the ten (10) primary landing sites have been constant over thhgears.
catch varies per landing site based on catch composition, and areas such as the Dennery,
Micoud, and Vieuxort landing sites have recorded heavier catch per trip because fishers at
these sites are known to catch large oceanic pelagic species, swth, @lphinfish, and blue

marlin. Additionally, the results from the cluster analysis revealatttie species composition

was grouped into four (4) clusters with large ocean pelagics caught in the highest abundance

by weight at all landing sites.

Fishing effort, measured using the number of trips at the country level, has also remained
constant at the different sitéeas such as Dennery, Micoud, and Vidtott have all recorded

an increase in the number of trips, whereas sites such as Choiseul, CastridsleGrasd
Savanne$3ay have shown a decline in effort trenbgreover, trolling gear has been the most
popular gear used by fishers over the years, with fish pots, handlines, and gillnets also being
favoured Furthermore, the number of fing vessels engaging in fishing activities at these sites

has also varied over the years.

6.1 Recommendations for improving fisheries management strategies

1 Integration of Length Based Sampling in the data collection process

Currently, the Department of Fisheries only gathers catch weight during samythmgugh

the weight is recorded, the data exploration that can be performed with this data is Byited.
gathering the length of some of the sampled fish, or at least the length of some of the more
valuable species, such as dolphinfish and tuna, can assist the department in determining the
impact of management measurér instance, lengtbhased information can assist in
determining whether the mesh sizes used in the retk ne juvenile or undersized fish species

being caughtMoreover, this information would be useful in guiding decisions made on gear
design and usage for certain fisheries, since the revision of hook and mesh size may lead to
larger fish being landed, which in turn would result in higher returns for the fidheargth

based stock assessment models can also be used tassakgtions about the stock status.

In addition, because the department currently faces issues with conducting regular habitat

assessments, the acquisition of biological data is quitedansumingTherefore, length data
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received from this length data and possibly maturity staging would help fisheries officers make

better inferences when it comes to mapping nursery and breeding grounds.

1 Encourage fishers to collect spatial data.

Although the general zones for fishing are recorded byaddiectors, it would be beneficial to
the department if fishers provided precise fishing locations (using GPS coordifdmss).
would help the department determine the areas where fishers have exhibited greaténisffort.

in turn, could be useful, especially when issues related to marine zoning and marine use arise.

The identification of ideal fishing grounds could also assist in reducing effort, especially in
terms of search time, which in turn would reduce the total expenses incurred by fishers in

relation to fuel costs.
1 Continued training for data collectors

Over the years, data collectors have received support in such a way that they can improve their
data collection techniquesiowever, fish identification is sometimes not performed at the
species levelThis in turn could affect the final data analysis as comparisons are limited to the

o0 f ami | yheereforee ¥ awllectors become more efficient in performing this identification,

better reviews and management strategies can be implemented.
1 Improve data collection and monitoring process

Currently, data are analysed using TIP and presented in Microsoft Excel format; however, this
study has proven that a more comprehensive analysis can be performed using R software and
its associated programEherefore, it may be useful for the department to consider the adoption

of this software in data management strategies.

In addition, improved documentation of project deliverables and FAD deployment could help
in CPUE calculationsOne of the limitations of this study was the uncertainty related to the
years of FAD deploymenthis makes it challenging to describe the influence of this device on

the CPUE values produced.

Hours spent at sea and crew size were not included @ltMe model; however, exploratory
work indicated that this could influence the CPUE.

1 Review management ategies to include the use of the Ecosystem Approach to Fisheries
and the Precautionary Approach
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The absence of data should not be a reason why managers do ncaugauasly A pessimistic
approach to stock size may be more useful than an optimistiSabsidies and fuel rebates

may be counterproductive in ensuring sustainability; therefore, more money should be used to
promote better technological practicesdditionally, subsidy programs should consider

scientific advice on stock status to ensure sustainability.
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8 APPENDICES

APPENDIX 1: Data collection form used by Dé&allectors

ST. LUCIA DATA MANAGEMENT PROGRAMME

FIELD DATA SHEET

Landing Site Weather Time arrived at site Time departed from site

Date Sea State Name of collector Total Vessels Out

Landing Order

Boat ID Number

Time-Departure

Time Returned

Area Fished/Zone

Fuel Used(Gal.)

Gear Primary

Gear Secondary

Number of gear used
(Trol, Pots, Nets, L-ling)

Number of Sets
(Nets, Longlines)

Range of depth
Pots, Nets, L-lines)

Nets & Pots (mesh size)

Nets & Pots (hours/days soak time)

Total Number of Hooks

Weight Type (VE, FE, WT)

SPECIES NAME Weight |GP Price Weight GP Price Weight GP Price Weight GP Price
(Ibs) Per Ib (Ibs) Per Ib (Ibs) Per Ib (1bs) Per Ib

Crew Name (full) 1

Crew Name (full) 2

Crew Name (full) 3

Crew Name (full) 4

Trip Interview Program
Sequence number

Include reason for no/low catch or for early return: state of currents: weather condition. Fill in form when
there is effort but no catch. *VE-Visual estimate, FE-Fishermen estimate, WT-Weight measurement, GP-
Gutted Weight

No. Sharks Caught No. Tunas Caught No. Wahoo Caught.
No. Dolphin Caught. YFT more than 201bs. YFT more than 60lbs.
COMMENTS:
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Table2. Showing the data tables used for data analysis
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Data Table

Variable Name

Description

id

The associated ID for each trip recorg
by the Fisheries officer into the T
database. This number is automatic:
generated by the TIP and is a unic
seven (7) digit codéMurray, Barnwell,
& Clemetson, 1996)

rid

record ID for the trip

sid

species ID

nodccode

is the associated code for the specie

gid

gear ID

SAMPLED CATCH

areafish

is the  corresponding  fishin

ground/area used by the fisher

DATA

weight

the weight (recorded in pounds) of t
fish that was landed

price

this is the unit cost (in Easte
Caribbean Dollars) of the fish landed

meastype

This representtheweight and physica
condition of the fish landed, as well
the units of measurementMurray,
Barnwell, & Clemetson, 1996)

value

the total cost (in Eastern Caribbe
Dollars) of the fish that is landed. It
calculated by multiplying the weight b
the price per pound of the fish caugh

numtrips

this is the number of trips recorded
vessel for the day

lid

landing site 1D

month

recorded as the first day ech month
when the data was entered per site

FISHING DAYS AND

n

number of vessels recorded at
landing site for the month

FISHING VESSELS PER
LANDING SITE

n.days

the raised estimate of the number
fishing days for the month at tH
landing site

n.vid.day

the average number of vessels at
landing site per day for the month

landing_site

the name of the landing site

LANDING SITES GPS

long

longitudinal degree measurement of
landing site

lat

latitudinal degree measurement of 1
landing site

TYPE OF FISHERY

fid

fishery ID

fishery

type of fishery
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tid gear code used to identify the type
TYPE OF GEAR trip based on the primary gear that w
used
trip type of gear
sid species ID
common the common name of the specie
local thelocal name of the specie
latin the latin name of the specie
valid_name the scientific name of the specie
SPECIES order represents the general grouping of th
organism
family family grouping that the specie
belongs to
genus genus name used in thpecies
classification system
id which is the associated ID for each t
recorded by the Fisheries officer in
the TIP database. This number
automatically generated by the TIP 3
is a unique seven (7) digit cof
(Murray, Barnwell, & Clemetson
1996)
gid gear ID used to record the gear cc
GEAR USE AND AREA using the OECS coding scheme
FISHED gearnum records the number of sets of the g
fished
gearqty the number of individual units of ea
gear used
soaktime recorded as either the soak time of
gear or the trigluration from setting tc
hauling for each set of the gear
areafish the zone that the fisher caught th
catch
id which is the associated ID for each t
recorded by the Fisheries officer in
the TIP database. This number
automatically generated by the TIP 3
is a unique seven (7) digit co
(Murray, Barnwell, & Clemetson
1996)
tid gear ID
vid vessel ID
ESTIMATED TRIP fid fishery ID
date date of the sampling
lid Landing site ID
tl the time the vessel left the landing si
t2 the time the vessel returned to {
landing site
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fishmode

represents the mode of fishing activ
that the vessel was engaged in dur
the sampling time

landtype

indicates  whether the landin
information is complete for the fishin
trip

crewsize

number of fishers who were part of t
fishing trip on the sampling day

daysout

number of days from the day
departure to the day of return to sh
when the catch was unloaded

daysfish

number of days that the fisher fished
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Table3. Showing Gear used by Saint Lucian fisherfolk
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GEAR ID GEAR NAME
BLIN Bottom line
BSNE Beach seine
CNET Cast net
DIVE Diving (Free/Skin diving)
DNET Dip net
FPOT Fish pot
GNET Gillnet
HAND Catching by hand
HARP Harpoon
HLIN Handline
HOKA Hookah
LPOT Lobster pot
PALN Palangre
PLIN Pole & line
POTS Pots
REEL Rod and reel
SCuUB Scuba diving gear
SGUN Speargun
SLIN Surface long line
SNET Scoop net
TRAL Trawl
TROL Trolling
VLIN Vertical line
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APPENDIX 4: SPECIES TABLE

Table4. Species used in Cluster Analysis

SID FAMILY LATIN NAME COMMON NAME
SCOMAT Scombridae Thunnus atlanticus Blackfin Tuna
ISTINI Istiophoridae Makaira nigiricans Blue Marlin
CORYHI Coryphaenidae Coryphaendippurus Dolphinfish
SCOMSO Scombridae Scomberomorusoncolor Gulf sierra
SCOMAB Scombridae Thunnusalbacares Yellowfin Tuna
SCOMPE Scombridae Katsuwonugelamis Skipjack Tuna
HOLOAD Holocentridae Holocentrusadscensionis Squirrelfish
SERRFU Serranidae Epinephelugulvus Coney
CHELMY Cheloniidae Cheloniamydas Green Turtle
DASY Dasyatidae Dasyatidae Stingrays
SCOMOB Scombridae Thunnusobesus Bigeye Tuna
SCOMAA Scombridae Thunnusalalunga Albacore Tuna
CETATR Delphinidae Tursiopstruncatus Porpoise
CETAMA Delphinidae Globicephalanacrorhyncu Pilot Whale
CARCCU Carcharhinidae Galeocerda@uvier Tiger shark
CETA Balaenidae Cetacea Whales
CARCTA Odontaspididae Odontaspigaurus Sand tiger shark
ENGR Engraulidae Engraulidae Anchovies
NO FISH No fish caught
CITTPI Tegulidae Cittarium pica West Indian Topsnai
PALI Palinuridae Palinuridae Caribbean Spiny
Lobster
CARADU Carangidae Serioladumerili Greater Amberjack
CARALA Carangidae Caranxlatus Horse eye Jack
EXOCAF Exocoetidae Hirundichthysaffinis Four wing Flyingfish
CARACR Carangidae Selarcrumenophthalmus Bigeye Scad
CARAPU Carangidae Decapterupunctatus Round Scad
STROGI Strombidae Strombus gigas Queen conch
CLUPS Clupeidae Sardinella spp. Sardines
CARA Carangidae Carangidae Jacks
CARAHI Carangidae Caranxhippos Crevalle Jack
HEMIBR Hemiramphidae Hemiramphudrasiliensis Ballyhoo
PALIAR Palinuridae Palinuridae Caribbean Spiny
Lobster
LUTJICH Lutjanidae Ocyuruschrysurus Yellowtail Snapper
ACANBA Acanthuridae Acanthurushahianus Ocean Surgeonfish
LUTJJO Lutjanidae Lutjanusjocu Dog Snapper
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PCANPA Pomacanthidae Pomacanthuparu French Angelfish
SCARVI Scaridae Sparisomaviride Stoplight Parrotfish
HOLOMA Holocentridae Holocentrus marianus | Longjaw Squirrelfish
BALIVE Balistidae Balistesvetula Queen Triggerfish
MALAPL Malacanthidae Malacanthugplumieri Sand Tilefish
LUTJIBU Lutjanidae Lutjanusbuccanella Blackfin Snapper
LUTJOC Lutjanidae Etelisoculatus Queen Snapper
CARALU Carangidae Caranxlugubris Black jack
LUTJCA Lutjanidae Lutjanuscampechanus Red snapper
BALI Balistidae Balistidae Triggerfishes
BALIPU Balistidae Canthidermissufflamen Ocean triggerfish
LOBOSU Lobotidae Lobotessurinamensis Trippletail
CARARI Carangidae Seriolarivoliana Almaco Jack
SPHYBA Sphyraenidae Sphyraendarracuda Great Barracuda
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APPENDIX5: TABLES FOR TOTAL LANDINGS (USING RAISED ESTIMATES)

Table5. Total Landings recorded for Saint Lucia from 260021

Year Total Landings (recorded inmetric tons)
2000 996.56
2001 1545.32
2002 1302.44
2003 1203.53
2004 1213.73
2005 1105.52
2006 1114.32
2007 1231.53
2008 1420.10
2009 1517.00
2010 1450.06
2011 1285.73
2012 1339.77
2013 1319.13
2014 1274.30
2015 1338.14
2016 1437.66
2017 1355.43
2018 1181.54
2019 1065.72
2020 1031.06
2021 1207.81
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Total Landings from 2000-2021(weight in mft)

Fear Bonnanss Castriss Chotsenl Denvarn SavosTsler Micoud Savannes B Soufriere Vigwx Fart Laborie AnseLaRaxe.
2000 189 11131 15.62 151.40 14271 68.91 95.64 73.33 260.82 - -
2001 - 26.64 22350 323.69 11654 92.78 3710 3398 38249 4413 -
2002 - 80.77 137.83 32559 187.21 3621 - $0.13 4773 46.32 -
2003 - 13331 445 29731 15511 47.08 - 93.67 367.59 52.86 -
2004 1344 13334 3847 31037 114.16 7188 - 3043 37332 351 -
2005 13.89 B4.46 447 182.1% 133.83 66.52 - 102.82 29189 4543 -
1006 1448 46.03 62.05 30747 108.03 8141 - 35.63 363.56 7361 -
2007 1228 3534 70.15 369.70 11146 80.70 - 7190 363.66 8436 -
2008 640 64.45 12503 32183 188.03 10146 - 71.81 42383 109.46 7.63
2009 1335 7524 97.25 43051 159.96 98.63 - 11993 41241 45870 30.01
2010 1333 4534 82.75 37450 11232 108.79 - 13510 475.03 42.84 2543
2011 - 8753 8813 260.37 76.22 10097 - 9373 53746 568 25.56
2012 - 43.68 7816 30534 104.37 11552 - 3186 325.56 45.68 35358
2013 - 13.28 8125 306.40 140.64 100.58 - 3501 341.92 62.90 3215
2014 - 166.34 62.30 32088 T642 3925 - 4348 43737 4517 3858
2015 - 106.47 14 320.08 103.43 - 36.59 496.67 63.40 3585
2016 - 8336 451 35918 8353 11195 3621 3433 326.22 2.3 6170
2017 - 72.28 66.33 38243 4327 125.04 3593 38.23 486.79 66.63 38.23
2018 - 108.87 63.44 162.13 66.73 35.69 2241 3482 43383 66.17 3943
2019 - 85.48 4339 135.66 3323 13452 2400 3554 423.66 7418 33.66
2020 - 7113 36.72 156.2 3104 14934 1359 3581 288.20 67.58 3531
2021 - 67.63 51.89 387.60 3892 106.78 2306 3417 37128 60.93 6451

GRO Fisheries Training Programme

67




Felix

APPENDIX 6: TOTAL LANDINGS FOR THE SIX (6) SPECIES USED IN THE CPUE
CALCULATION

Dolphinfish
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Figure 46. Total landings of dolphin fish from 208021 using trolling gear
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Figure47. Total landings of blackfin tuna from 20@D21 using trolling gear
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Figure 48. Total landings of blue marlin from 20021 using the trolling gear
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Figure49. Total landings of the gulf sierra mackerel from 2@@21 using trolling gear
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Figure 50. Total landings for yellowfin tuna from 20021 using trolling gear

Figure 51. Total landings for skipjack tuna from 20@021 using trolling gear
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