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ABSTRACT

This studyexaminedhefield samplingcatch and effort data collectéat Dominicafrom 1994

to 2014 andeconstructedatch andeffort seriesfor that period. Documentation was prepared

for the data collection system, databases used and reporting of fisheries data by the Fisheries
Division of Dominica. Finally, a CPURnalysiswvas prepared for the dolphinfisBdryphaena
hippurug fishery of Dominica.The availabledata produced from the existing data collection

and data management systenoved usefufor preparingsome primary analyseslational

fishing effort has fluctuated around 120 thousand trips per year, gradually increasing since
2000.Thetotal national estimated catchataround1000tonnesper yeaybutdeclining in the

long term since 199/olphinfish catchis around 20@onnesannually slightly increasing in

the long term The averagecatchrate of dolphinfish fothe periodwas 38 kg pertrip. The
analysis includes only data from the Dominican fishery, smiinot account for the entire
multinationaldolphinfish stockbut the CPUBrendsseem tandicatethat the stock is stable at

the current harvest levellowever, analytical stock assessment of the dolphinfish data is
required to evaluate whether the stock is at a level where it is most productive in terms of annual
yield.

This paper should be cited as:
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1 INTRODUCTION
1.1 The Commonwealth of Dominica

The Commonwealth of Dominic@r Dominica, for short)s a small island developing state
(UN-OHRLLS, 2011)of 73,87 personsituated in the Eastern Caribbean Archipelago between
the French overseas territories of Guadeloupe and Marti(iggere 1) The local economy is
based largely on agricultyrevith bananas being the top export up until the early 2(®i@se
2003 the economy has shiftetbwards ecdourism (CIA, 2016) as the country seeks
alternative érms of earning foreign income.
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Figurel. Map of the Commonwealth of Dominica. Insert shows the Americas and the
location of Dominica.

Due to he rugged terrainmost communities were established on the coasts, creating an
interface between laAdased activities (agriculture) and marimesed activities (fisheries).
Many farmers are also fiehs, diversifying income generation. Agriculture and fishing drive
the community economy, provides daily meals and is often the only form of employment for
many. Although the national economy is largely servii@sed (70.9%), guiculture remains
important accountingor 14.8%of the Gross Domestic Product (GDR)JA, 2016) Fisheries
however,was assessed to represent only @38 the GDP of DominicgEastern Caribbean
Central Bank, 2015)
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1.2 The Fisheries of Dominica

Fisheries in Dominica is smadtale and artisanal nature, comprising of individual fishers or
sometimes fisher groups, utilizing small, open fishing vessels making short trips that last only
a few hours each dgyheophille, 2012)Fish exports are virtually neexistent;nearlyall the
landings are locgl consumed

The sector is made up primarily of fishers, who are supported by fisheries organisations, boat
and gear builders, vendors (who are frequently also fishers) and outboard reeghmanics

Most fishers operatgarttime, supplementing their incométh agricultural endeavours (42%

of fishers) or as construction labourers (29%ley fishan average of 3.8aysweeklyandare

most active in the months of April to Jymehere at least 64% to 67% fishers areeportedly
operating(Theophille, 2012)

About a third of fishers operate within five milebOut 8 knm) from the coast. These tend to be
the older fishers who work the traditional dogt canoes. Nets are used from canaggeting
small coastal pelagics such lallyhoo Hemiramphus brasiliensisjacks Carangidag or
mackerels $combridag Fish pots or traps are used for demersals such as sndpiedissafd
Lutjanug or groupers EpinephelusandMycteroperca (Theophille, 2012)

The remainder of the fishers operate up to a reported 80 miles (about 129 km) offshore, using
keel or fibrereinforced plastic (FRP) vessels (also known as pirogues). These fishers are
predominantly the younggenerationrfewesentrants operate within this spectrum). The keel

and FRP boats are mufiurpose vessels that are usually under 25 feet (7.62 metres) in length,
open with no deck, powered by at least one outboard engine (mainly 30 to 85 horsepower), and
carrying a tweman crew. Small coastal pelagics, large migratory (ocean) pelagics and
demersals are caught from these boats at varying distances and depths, with the implementation
of an assortment of fishing gear and methods (fish pots, hook and lineet)d Themost
commerciallyymportantlarge pelagics aréolphin fish Coryphaena hippurygsyellowfin tuna
(Thunnus albacarg@sandblue marlin Makaira nigricand. Hook and line gear/methods are the
most commonly used on these types of vessels, sometimes in conjunction with Fish
Aggregating Devices (FADshh 2011, there were approximaté$4fishing vessels, of which

20% were canoes, 52% keels and 28% FRfeophille, 2012)

1.3 Challengesand Opportunities in Fisheries

The main challenges faced by the local fisheries sector include:

1. A growing number of psons seek access to the fisheries sector as a source of income
generation or iereationadding pressure to resources that are largely unas{egpae
2). However, most fishers operate pame, productivity is lowand theyhavelittle
sense b responsibility for cooperatively managing the limited marine resources
(Government of the Commonwealth of Dominica, 2014)

2. The Fisheries Division is the sole authority that collects data from the fisheries sector.
While thesampled ports are geographically well distributkd,data collected is limited
mostly to catch and effort The field sampling strategy is not well defineahd
supervision is limitedso direction is lacking as to how, when or why data collection
should & conducted. Additionally, fishers are at times unwilling to share information
from their fishing activity to data collectors.

UNU i Fisheries Training Programme 8
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3. Electronicdata for the fisheries sectexists for as far back as 19%owever, the data
is stored in various formats and nwithin a single central and easily accessible
database. fie data istill largely unused as there is limited local capacity for fisheries
data analysis.

4. Most of the local catchonsistsof migratory pelagicsfor which FADs aréeingused
more frequentlyHowever,policy and regulations for management&Ds within the
local fishery is lacking, prompting a need for more to be dorevoid user conflict
while allowing for sustainable harvest of the fishery resource. This is especially
important because aficreasing pressure on coastal resoulmes$isheries and other
coastal developmen(Barnwell, 2014)

5. The dolphinfish fishery, one of the most important fisheries for Dominica, is largely
unmanaged and theislittle analyss to explain or document thexploitation of the
stock locally An assessment was attempiad2010 for dolphinfish in the Eastern
Caribbeanbut Dominica was not prepared to contribute data towhelaskat that
time (CRFM, 2010)

6. Many economically important species, such as dolphinfishhigidy migratory and
transboundary, requiring muftiationalassessments anthnagement approaches

7. Populations of lionfisi{Pterois volitans)an alien invasive species, once natwéhe
South PacifigNOAA, 2016) have already spread throughout the Eastern Caribbean
(including Dominica) and are growing largely unchecKkedere are egional efforts
focussed at gathering data on lionfish distributianintpact on local marine resources
and the resulting fishery that i s devel oj
stock(CRFM, 2014)

8. Thefisheriessector is particularly vulnerable to the impact of climate changbeas t
island is prone to landslides, coastal erosion, coral bleaching and destruction to coastal
infrastructure and equipment, due to increased sea temperature and more devastating
storms(Edwards, 2015)

9. Regulations for managirtpefisheriessectoris lacking andhe limitedregulationghat
do exist are out of dat®Regulatory development and reform in the fisheries sector is a
slow proces¢Government of the Commonwealth of Dominica, 2014)

UNU i Fisheries Training Programme 9



Theophille

1007

50+

number of local BFTC participants

2005

2010 2015
Years

Figure2. The number of participants per yedaeatlingthe entry training programe for
fishers in Dominicathe Basic Fisherman Training Course (BFTC). Source: The Fisheries
Division of Dominica

1.4 The Study

1.4.1 Goalsand Objectivesf the Study

The goals and underlying objectives of thisdywere

1. To examine thedata collection and data management systemthe smaliscale
fisheries of Dominica with a view to improvirtigosesystens, by

a.
b.

Documentinghe methodologies for datall@etion and data analysiand
Exploring methods for improving the collection, management, analysis and
reporting of fisheries data for Dominicahich will entail,
i. Determiningthe weaknesses and strengths of the existing systems
ii. Preparingrecommendations for improvinbe existing systems, and
iii. Exploringthe use of R and R packages for reproducible research.

2. To explore theavailablefish catch andeffort data(from 1994 to 201¢and perform
some primananalysisincluding a CPUE analysiaf the local dolphinfish fisheryas a
case studyby

a.
b.

C.
d.

Cleanng and collatinghe data

Reconstruéhg catch and effort for Dominica using an improved method for
raising estimateand comparinggainstprevious reports

Improvingcapacity in analysing and reportifigheries data, and

Conducing a CPUE analysis for the dolphinfish fishery of Dominica as a case
study.

UNU i Fisheries Training Programme 1C
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2 LITERATURE REVIEW
2.1 The Collection, Managemeni@and Analysis of Data in SmaHlScale Fisheries
2.1.1 Data Collection

Broadly, data collection is essential for making informed and rational decisions on how various
aspects of the fishing sector is managed, describing relationships which exist within the sector
and predicting how certain actions can affect the future outobthese interactiondrander,

1975) More specifically, total catch needs to be estimated, along with the catch rate for major
species harvested by a natidahon, 1987)Effort, a factor used in determining the catch

rate, can give an indication of the performance of the {Betnder, 1975)To that end,he
CARICOM Fisheries Resource Assessment and Management Program (CFRAMP), precursor
to the CRFM,hashelped the island nations of the Eastern Caribl{genhuding Dominica)

since 1992 tadeveloptheir data collection capabilittMohammed, 2003)CRFM member

states are now struggling witmaintainingdata quantityand qualityas funding for data
collectionhas diminished over the yedGRFM, 2014)

Themethods usefbr data collectionn fisheriesare influenced substantially by factors such as
the characteristics of the fishery, tloedl importance (social or economic) and the available
staff and resource-AO, 1997) Mahon (1987) outlined some of the early methodology for
fishery data collection implemented in the Eastern Caribbean. The method utilized existing
systems, following the path of catch from fisher to end user, and could be easily modified by
the local Fisheries Divisits, if necessary.

Catch and effort data collection from smsadlale fisheries typically works well with a
guestionnaire or intervielwased sample survey system as opposed to complete enumeration or
logbooks, which may beostlierto implemen{FAO, 1999) As an examplean the smaHscale
fisheries of Malta a combination of logbook data aathpling surveys are implement&dhe
sampling survey accounts for most of the data collected from that fishery as logbaokseare

diffi cult to implementvithin the smallscale flee(ICES, 2012)

In the real world, fish and fishing effort is ndistributedevenly or randomly. This makes for
complexities in data collection as to when and how often datactiolids necessary. In more
developed situations where facilities exist that receive the catch directly, field data collection
may be necessapnly occasionally. Hence, the casdtdata collection is low. Collection costs
increase in situations where fesis are interviewed and in sucincumstancesf is important

to consider how to utilise that limited interview tinmeaximizing the amount of data that can

be capturedwhile not hindering the important work of the fishérhis means that the
guestionnai needs to fit the situatigBrander, 1975)

Catch data is easy twllect even in smalkcale fisheries. Effort data presents the potential of

an added challenge and cost due to the complexities of defining affoarately and
consistentlyBiological data isostlierto collectas it involvespeciallytrained staffadditional
equipment andhat times additional finances fathe purchase of fis(Brander, 1975)

Sampling units arehe ports where data collection takg#ace. When choosing samplingits,

it is necessary to first implement a sampling frame or frame survey, which lists all ports within
the countryalong with characteristics such as geographical location, numbers asafyats

and fishery. These ports are grouped or stratified based on characteristics they have in common.
Within eachgroup,a fixed proportion of portsan bechosen for data collectioffhis can be

doneby randomly choosing a starting port, then usiritxed interval to choose the other ports

UNU i Fisheries Training Programme 11



Theophille

along the coastlinantil the quota of sampling units for each stratum is. ABtof this is an
effort to maintain a sustainable sampling strategy wkédepng the samplingas statistically
unbiasedas possibléBrander, 1975)

Data quality depends on sampling accuracy and precision. Accuracy determines how closely
the sampled data reflectse population data. Accuracy improves as the sample size of a
population increasesiaving a representative sample can achieve good accuracy, even if that
sample is small. This is an important point becdes@nda certain sample size the accuracy
gained is no longer significant enough to wartaetadditional human and financial resources
investedtowards that activityA sample size is representative if it accounts for at least 90%
accuracy when the data is processed. Precision, on the other hand, refers to variability of the
samples. Like accuracy, precision also increases with an iedreaample sizeStratification

is another method which reduces variability, improving precidibore stratameanhigher

costs, however so it is important to weigh the coenefit relationship here also
(Stamatopoulos, 2002)

Of course, the quality of the final data is dependent on the effectiveness of the data collectors
and the level of supervision they are afforded during the collection pHlagstaining a data
collection regime is costly. It is imperative that thesérg human resource (data collectors

and supervisors) work reasonable hours, are well trained, resourced and generally able to
function efficientlyand effectivelyto maximise benefits of data collectigGtamatopoulos,

2002)

2.1.2 Data Management

Management systems for data are a result of the growing quantities of data géfluead
Studies Board, 2000FAO (1999) prescribes that databases should be secuiy dbr
validation of the information entered, easy access and analyses of that information, and keep
the data in a standardised format that is representative of what was collected on tAedield.
national level, most countries already have databasgssaBarnwel{(2014)points out for the

CRFM region, each country has their own databases for the storage and management of
fisheries data. According to Mast¢B912) reporting fothe CRFM, the databases used by the
CRFM member states include CARIFIS (44% of member states), Access (38%), LRS (13%),
.NET/SQL Server (6%)Oracle (6%) and TIP (6%).

Regional databases are recommended for the management of data fo(tstwasbdunday)

fishery resources. One of the measures put forward during a CRFM working group meeting for
managing the Nassau groupEpinephelus striatys for example, was the development of a
regional databasg€€RFM, 2015) Meetings dicussing the FAD fishery also mentioned a great
deal about information sharif@RFM, 2013) FAO (1999)outlined requirements for regional
databases, focusing primarily on the standardisatiorational data, media and reports.

2.1.3 Resource Assessment

Catch and effort is considered very basic déthin fisheriestMohammed, 2003; Magnusson
& Hilborn, 2007) however, it can allow for an indication of thieimass landed by the defined
unit of effort or Catch Per Unit Effort (CPUE). Maunder ef28106)found that CPUE can be

used as an index of abundance in sreedlle situations if the cataffort data is standardized

for changes over time. Howev&PUE may be a poor indicatof stock size, as in the case of
the northern cod where fishing effantreasd as the abundance of the statdclined(Rose &

UNU i Fisheries Training Programme 12
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Kulka, 1999) Limited data such as tn and effortis useful for advice, in combination with
analytical stock assessment angr@cautionarapproach

Standardising catch and effort daiaaccounting for the annual variance in the data that cannot
be linked to abundance, che addressed by many methollunderet al (2004)offered a
summaryfor a few ofthose methods but focused on variations to the Generalized Linear Model
(GLM), which was the most common means of standardising catcbféort data. Anumber

of considerations neetb be made in the process of deciding whiabtors (time, gear
selectivity, port and so forthyould provide thebestfitting modelfor the available data

2.1.4 Catch Reconstruction

Mohammed(2003) reconstructed catches and effort for the Caribbean nations of Barbados,
Grenada and the Grenadines, St. Lucia and St. Vincent and the Grenadines for the period 1942
to 2001. The general methodology involtkd use oFAO FISHSTAT dé&a, disaggregatedy
speciesfor those nationalong with existing local data from the respective Fisheries Divisions

of those nation®ata for years beyond the range of the availablesdatgeredeterminedria
interpolationwhich is a method adstimding an unknown data point between two known data
points (or anchor points)isingexisting dataln this casedata frompreviousstudiesvere used

as anchor points.

Ramdeeret al (2014)reconstructed atches forDominica for the period 1950 to 20E3% a
counter to the undeeporting of catches to the FAO. Ramdeen ebladervedthat the
reconstructed catches were 1.8 times the official figures reported to H&@ocal fresh fish
consumption ratevas determinedly utilizing regional nutrition data and polation figures for
the period. The consumption ratavean indication of extraction rates in marine fisheries. The
catch compositiorfproportion of species and gear in catchea} estimated across the years
via earlier regional studies along with anchor pdiotsertain yars.Linear interpolation was
used to estimate thenknown datdetween those years.

2.2 The Dolphinfish Fishery
2.2.1 Biology and Ecology

The common dolphinfisfCoryphaena hippurusjs a highly nigratory marine epipelagic

(FAO, 2016) It is ashortlived species, maturingithin the first yea(Oxenford, 1999)While

the species is found in open waters and along the coast, individuals tend to aggregate beneath
floating debris on occasion. Dolphinfish grow to a maximum size of 210 cm total length (TL)

and weigh up to 40 kg, but is commonly observed at 10QreshBase, 2015)The body is

Aisl ender 06 and Ael onggarteeedn 6 wciotlho uar fiomme tiatlsl ilkca cl
Asl ight I(Biguredpbnvienx omal es, the head can be more
a fAibony cresto. Fi n@AQ 2086) Thedolphinfesh dieyis vdriaddakd or b
not very selectivdOxenfad, 1999) although the diet is primarily other epipelag(€NO,

2016) Within the Eastern Caribbean, flyingfis(Exocoetidae)and flying gurnards
(Dactylopteridae¥orm a major part of the di¢Oxenford, 1985)
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Figure3. A gutted female dolphinfish at the Roseau Fisheries Complex. Photo credit:
Brandon Registe.

Oxenford(1999)compiled a list from various studies denoting the distribution and seasonality
of dolphinfish for regions in the Western Central Atlantic. The exercise showed that the species
is caughtyearroundwithin that region (from North Carolina to northeast Bljain the Eastern
Caribbean, dolphinfish is seasonal from December to June, in the Northern Caribbean from
January to June and the in Southern Caribbean also from December but ending in July. The
season began much later (March to May) in the SoutherdU&s far north as the Carolinas)

and Bermuda ending in between September and December.

2.2.2 Importance and Management

Worldwide, dolphinfish are caught with the use of nets, trolling lines or longlines (sometimes
FADs are also used) amounting to a mean2)095 tonnes reported annualiyAO, 2016)

Existing data shows that dolphinfish catch in the Eastern Caribbean is about 1,200 tonnes
annually (CRFM, 2010) Although alphinfish are of importance tdoth commercial and
recreational fisheries, management of the species is lacking in mos{@reatord, 1999)
Dolphinfish usually falls under the general management of large pelagics fisheries in the wider
Caribbean, bunhot specifically to the species. However, due to the pregaé&y relationship
between dolphinfish and flyingfish, the species is receiving greater attention. Dolphinfish and
flyingfish are usually targeted together by fishing fleets of the Eastern b@arb A
bioeconomic analysis of this relationship showed that flyingfish, although having a lower value
than predators such as dolphinfish, was more valuable when harvested directly as opposed to
indirectly (Headley, 2010)

2.2.3 Situs of the Stock

An assessment of the dolphinfish fishery at the 2010 Caribbean Regional Fisheries Mechanism
(CRFM) Annual Scientific Meeting (ASM) showed that over the last two decades, and at
current harvest levels, the stock was not overfished witlenEastern Caribbean. Relative
abundance since 1994 was between 32.8 kg and 74.7 kg per trip. The indices of abundance were
based on changes in the annual mean catch rate (catch per trip), standardizing the data through
the application of a Generalizedneiar Model (GLM) using vessel type, season and island as
explanatory variables. The results were inconclusive, however, as the available data was limited
only to a few countries of the Eastern Caribbean (Barbados, St. Lucia and St. Vincent). These
represeted only a fraction of the nations thought to be harvesting that particular dolphinfish
stock. Data from other nations harvesting dolphinfish in the region, including Dominica, needs
to be part of future assessments. At the time of the assessment, soMent&Riber states
(APPENDIX 6: LIST OF MEMBER STATES OF THE CRPMlid not have dolphinfish data
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and where there was data available (as in the case with Dominicadfdh&as not adequately
prepared and so were exclud&RFM, 2010)

3 MATERIALS AND METHOD S
3.1 Software
3.1.1 Microsoft Office

Microsoft (MS) Office is a suite of applications produced by the Microsoft Corporation
originally for thepurpose of desktop publishintpat is, the production of documents on desktop
computers. The Office applications have since expanded to touch -eci@aed devices,
particularly mobile. The most prominen!S Office applications include Excel for
spreadseets, Word for rich text documents a@PawerPoinfor presentationsSome ther MS
Office applications include Accesdor databases, Publishefor designing advanced
publications, Outlookfor email and calendar management and OneNote for taking and
manaying notegMicrosoft, 2016)

Apart from Word,usedto producethis report the most used MS Office applications in this
study were Excel and Acces$hedata was stored in file containers that could be opandd
alteredby MS Access or ExcellThese applications supportedtd management, cleaning and
manipulationfor this project.

3.1.2 The R Statistical and Graphical Software

R is a free, opesource software application available for Windows, Macintosh (Apple) and
Linux machnes. It allows for data manipulatiprstatistical computation and graphics
generation using script commarmiscodes Add-on packages extend the base functionality of
R, allowing for specific uscases. One package, caffied f i s h baacesserqrds froathe
repositories aFishBase.orgisingthe R interface(scripts, commandsyvhere the data can be
analysed and results generafeldrnik, 2015; R Core Team, 2015; Boettig¢mal. 2015)

R was used in this project for data manipulation,géeeration of tables, graphics (plots and

maps) and text. The major addn packages used amwer & korfiir mao k
reproducible repost , Aggpl ot 2ddpbyr @l bobs mani pforl ati ng
working withdatee nd A gg mapgmapsor cr eatin

3.2 Data

3.2.1 Data Collection

3.2.1.1 Catch and Effort

The data used in th&udyconsists primarily of fish catch and effort data collected from field
sampling exercises at various ports around the island of Dominica for the period 1994 to 2014.
The field sarpling involveddocumenting which boats fished and what, if anything, tdaeght

from that trip. Fishers (usually the captain) are interviewed and thedigihtis identified and
weighed.All the information is written odata collectiorforms forfish catch and effor{see
appendix 1, p. 44).
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A gquotabased sampling system is employed at the samptirtg Data collectorsvork at least

three days weekly. Work on weekends is optional, based on the preference of the collector or if
the site in question has a level of activity on those days to prompt collection (@uisteet

al. 1996) Data collection activitys variable by ativity at theport, personapreferences of the

data collector and the willingness of the fisher to disclose details of his fishing aatidty

catch At least onehird of boats landed on sampling days are interviewed. There were attempts
to conduct fulenumeratior{collect data from all boatg}tdeveloped portsuch as Marigot and
Portsmouth, however fishers were not always compliant and refused or delayed interviews,
effectively hindering full enumeratiodata collectors are instructed to capturfoimation

from landings that they have witnessed directly. In some cases, however, secondary information
(from another individual who witnessed the landings) is used if the source is thought to be
reliable.

In most cases, collectors were assigned worbn&t oneport, however, in the case of four
collectors, twoports were assignedo each. Data collection currently takes place by nine
persons at 13 of tiE designatedish landingports around the islar{&igure18in APPENDIX

5: MAPS).

Most portsare equipped with weighing scales for the purposacsiirately measurinthe

weight of the catchlThe data collectors may be tasked with guessing the amount of fish,caught
however, if there ino weighing scale availabte the available scale is not calibrat€aiessing

may also occur if the quantity landed cannot be read#ighed by the available instruments,

such as in the case of a boat load of small coastal pelagics. Experience with the local fishery
can determine the accuracy of the final documented weight.

After data is collected on the field, it is returned to thecefof the Fisheries Division in the
capital, Roseau. The data at this point is compilemariook. When the book is returned to the
office, the data collector and the data officers (the Data Entry Clerk and or the Fisheries Officer
responsible for dajaliscuss the content and any issues arising frorpréngousmonth. This
exercisehelps to correct or clarify any poor or ambiguous data obsearstdocument any
concerns hindering field data collection. The data book is returned to the office byttluayg5

of eachmonth; however, this is not always the case.

3.2.1.2 Supporting Data

Data collected from the Fisheries Industry CerfBUS) in 2008 and 2011 were also utilized in

this study. Tle FIC comprised of an interview of fishers and other stakeholdetsniihe
fisheries sector, primarily capturing details on the secionomics and interactions between
stakeholdersCommunities or villagewere stratifiednto fifteen districts, with one enumerator

or data collectorsissigned to each district. Enumeratarere the same persons used for fish
catch and effort activitie@ome contracted temporarily after retiremgeas)they already knew

the fishers and could verify the information they received from the responses. The data collected
from this study helpefill gaps in knowledge for the sector, such as the number of fishing boats
and expected annual fishing days for each g@odtthe selling price of fish
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3.2.2 Databases

Data is stored irvarious databases and archivashe Dominica Fisheries Division The
databases were the Trip Inteswi Programme (TIP) arttle Unified Fisheries Database (UFD)

MS Access database. The TIP datahivedas DBF files, covered years 1994 to 1999 and

2001 to 2006. Data for 200@007and part of 2008vere available in MS Extspreadsheets

The UFD stored data for themainder of 2008 and the years 2@02014. Secondary data
sources were also used in this assessment. The databases for the 2008 and 2011 Fisheries
Industry Census (FIC) were used as supplemental informatiGnddta comprised of socio
economics and port statistics (fleet, activity, fisher population) for the years 2008 and 2011,
based on interviews with fisherkoin local fishing communities.

3.2.3 Data Preparation

In order toanalysethe available data, Wasnecessary t@ollatethe dataetsinto main tables
that contained theecessary variablemdspanned the years 198412014 Theoriginaldatasets
were backedip and then théableswereprepared in this manner:
1. Deciding on dataset variables: The variablese selected based on what data was
available within each data source andahalyseshat would be performed.
2. Data extraction and collation: Data was extracted from their orifjieaflormatsand
imported to mairiables in MS Access and or MS Excel.
3. Standardisation: The data was standardised so that it could be consistent across the
years In particular, codes no longer in use were translated to the codes used today.
4. Cleaning:Data entry errors were corrected, such as mistakes in spelling and improper
use of codes.

Ultimately, themain tables consietl primarily of cleaned and standarelts catch and effort
data collected at ports around Dominioathe period 1994 to 2014. These main tables were
1 sampled catch (1994 to 2014)

1 estimated annual catch9@4 to 2014)

1 estimated annual effort (1994 to 2014)

3.2.4 Effort Data

Effort data consists of measurements of fishing actitityhis study, effort is defined as trips.

Each active boathakesone fishing trip pefishing day, for the mostpart; thereforea tripis

one day's activity for a given boat. Trips were used as the unit of effort because this was the
only consistent unit of measure for effort within the available data for the p&iiock field
sampling does not cover 100% of boat activity fdd%of the dayfishedannually an estimate

of trips was prepared for each ye&ihe effort dataset consists of these variables:

port: the port for which the effort wasalculated

year. the year for which the effort waslculated

boats the number of bda which were estimated to operatehat porfor that year
days the estimated number of ddygs that yearfor which fishng was done at that port
trips: the estimated tripsoats * day¥ calculated for the port for that year

= =4 -8 -4 -9
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3.2.5 CatchData

Catchrefers to fish landedt a port It does not includésh thatwas caughbutthen discarded
before landing. There are two datasets dealing with catchisahetailed, showingampled
daily catch and the otheummarizegstimated annual catdly port The sampled daily catch
includes these variables:

date the day on which the sampling activity measurecctteh

speciesthe name or code assigned to the species landed

port: the name or code where the sampling was conducted

boat the identification of th boat which was sampled

boat type the category of boat which was sampled

gear. the name or code of the gear which was used to catch the species

= =4 =4 -4 -8 -9

that sampled day

Estimated annual catch includes these variables:

1 year the year for which the estimated catch was calculated

1 port: the port for which thestimated catch was calculated

1 estkg the estimated catch val@ie kilograms)calculated for that yeand port

3.3 Methods

3.3.1 Grouping to Main Ports

Effort and catch data for ports were grouped in some dasles.sampling record showed data
pertaining to a location that was near a main pbeserecordswere aggregated with the data

for the main port. Therefore, locations such as Batagigregated with Coulibistjevould not
show up asraindividual port in this studyT@ble1 andFigure18 at APPENDIX 5: MAPS.

Tablel. A list of landing locations and the main paxswhich they were grouped

Location Location Main Port Main Port Reason
Code Code

1 Atkinson AKN Marigot MGT Closed

2 Batalie BAT Coulibistrie CBT Proximity

3  Canefield CNF Massacre MSC Proximity

4  Castle Bruce CBE Saint Sauveur SSR Low activity
5 Clifton CLF Capuchin CPN Proximity

6 Glanvillia -- Portsmouth PMH Proximity

7 Roseau RFC Pottersville PTV Proximity

8 Salybia SLB Marigot MGT Closed

9 TanTan TAN Toucarie TCE Proximity
10 Tarou TRU Layou LYU Low activity
11 Tranto TRN Saint Sauveur SSR Low activity
12 Wesley WSY Marigot MGT Low activity

Main ports are those that have shown stdaiyng activity over the yearand in some cases,
infrastructural developmentAlthough ©me main portsare not developedthey retain
significance in the local fisheries sectGtosed rts movedperationgo a main porover the
years For example, ihersfrom Atkinson and Salybidhave moved operations to Marigot,
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which was improvedproviding safe berthing facilities to fishers in that catchment area
(Government of the Commonwealth of Dominica, 2014w-activity ports near main ports
were also groupkto the nearest main port. Proximally close ports were those where operations
occurred neatio a main portGlanvillia was grouped to Portsmouth, although fishing operations
continue from that location.

3.3.2 Estimation of Hort

Effort by trips is the product of the sum of the boats fishing for the (gt activity)and the
sum of the fishing days for that year. Boat activity and fishing dayre determined before
trips was calculated After trips was calculated, effort for Portsmoutlsmaised by 50% to
account for activity from Glanvillia, which represented at least 50% of the activity in the
Portsmouth area.

3.3.2.1 Boat Activity

Field sampling recordislentify, for the most partywhich boats were sampled on a given day,
but not which boats fishedlhe nonsampled boats were not identified (but instead only
counted), thus the actual annual boat activity was estimBbteslestimate of boat activityas
assumed to be the sum of ®aampled for each port for each year, as in most cases, the field
sampling covered almost all operating boRscords for the year 2000 did not have any boat
identification information available therefore, the sampled boats for that entire year was
estimated via interpolatiomsing the information available for the other ye&@satactivity is
summarisedor each year byport.

The interpolation method emplayén this study can be describast

y=yl+(y2-yl)/(n+1)

whereyl is the top anchorgint in an ordered list of data points, ap@ is the bottom anchor
point, between which an unknown poiw} Will be determinedThe number of unknown points
between anchor points is represented.dhe data points were ordered by year for this study
beginning with 1994 at the tofnknown achor pointsfor 1994 and 2014 for a given port
were estimated using an average of the available information for otherfogretust port

3.3.2.2 Fishing Days

Not every day is a fishing day. Fishers from the east clmmstxample, reported fishin@ff a
maximum of six days weekl¥ishing days would alsituctuatemontHy by individual fishers.
May is the most active month, where almost 67% af s hepartHdng activeDecembeis

the least active month%1% of fiskers are active at that timef year Fishingdays may be
affected by the season (fish migratory patterns), weather or other fddtegphille, 2012)
Fishingdays were determindmly comparing the sum of tlampleddays agaist the expected
fishing days for each port by year. The sum of samgéasis simply the number of days for
which field sampling took place at a port for a year. Mus calculated from theampling
records The expected fishing days were determinednftberesults of thé-1C for 2008 and
2011.Fishers were asked how many days they fished weekly. These responses we(byaised
the number of weeks in one calendar yeanmeflect an expected number of fishing days for
each port annually in this manner:

expected annual fishing days = mean number of days fished weekly * 52
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No other information was available to determine active days, so the 2008 and 2011 figures were
used for the entire periambvered in this studyVhen compared, ere the sampling daygere
higherthan the expected fishing dayise values for sampled dayere useds the fishing days
instead. In the cases where there was no information on sampling days, the expected fishing
d a yvalues derived from the FIC were used. Local knowledae used to verify the results

from this exercise.

3.3.3 Estimation ofCatch

Thesampleccatchwasraisedto determine thestimatedotal catch for each year from 1994 to
2014. Theestimateeflect catch from

1 total boat activity (sampled verstetal landedoats) by sampleportfor each year

1 totalannualactivity (sampled days versus expected fishing flaysampled portor each
year, and

1 total port activity §ampled ports versus neampled por{sfor each year.

Total Boat Activity

A table wasprepared from the sampling record to calculate total boat activity. The variables
include:

year. thecalendaryear based on the date

port: the port identification (name or code)

date the date for the sampling record

kg: the sampled catqin kilograms)for that port on that day

boat activity raising factarthe factor used to calculate the boat activity kg

boat activity kgthe value of the catch in kepisedto reflectonly total boat activity. This
valuewascalculated askg/ boat activity raising feor.

= =4 =4 -8 -4 -9

Theboat activity raising factois a fraction of théoats sampledgainst theotal landed boats

The information ortotal landed boatsvas available from the sampling record and the FIC
results. Where no boat activity information was availébMasestimatedFor example, alues

for the year 2000 had to be estimated via interpolation as no boat activity details were available
in the dataset for that year.

Total Annual Activity

The previous table (total boat activity) was summarised by year and port in diuténeoraise
the catch to reflect total annual activity. The resulting table included the following variables:

year. the calendar year

port: the port identificatioffname or code)

boat activity kgthe value of the catch in kg, raised to reflect only total boat activity
annual activity raising factorthe factor used to calculate the annual activity kg
annual activity kgthe value of the catch in kg, raised to refletal boat activity and total
annual activityThis is essentially the total estimated catch for that port for thatWeiar.
value was calculated asoat activity kg annual activity raising factor

= =4 -4 -8 -9

UNU i Fisheries Training Programme 2C



Theophille

Theannual activity raising factois a fractionof thetotal sampled day&um of days for each
year when sampling was done for each pagginst theotal expected fishing day$hetotal
expected fishing dayer ports wereobtained fronthe FIC 2008 and FIC 2011 values, which
alsoprovided a base fdinding the anchor points at 1994 and 2014. Again, interpolation was
usedto estimate the missing values

Total Port Activity

Additional rows were added to the total annual activity table to account for total port activity
that is sampled portplus nonsampled ports for the entire counthesenew rows of data
included estimated values for neampled ports for each ye&falues forboat activity kgand
sampled daysvere determinedor each norsampled port for the anchor years of 1994 and
2014. These values were borrowed, based on local knowledge, from the information of a
sampled port thasharedsimilar characteristics as the reampled portThe FIC results
provided values for thtal expected fishing daySheannual activity raising factowasthen
calculated tpotal sampled dayktotal expected fishing day$-inally, theannual activity kgvas
calculated lfoat activity kg annual activity raising factgrfor each norsampled port for each
year.

The nonsampled ports include Jimmit, Merd’ointe Michel, Soufriere, Toucarie and
Woodford Hill. These ports were assumed compartbtbe sampled podf St. Joseplifor this
study.Glanvillia was accounted for by increasing catch for Portsmouth by 50%.

3.3.4 DeterminingAnnualEstimatedor Species

The relative poportion of valuesfor species caughwithin thesampled catch and effadtita

for a particularyearwas applied to the total annual estinsate derive the estimatexhnual
valuefor that specieg~or example, dolphinfish represented 24.af the total samplechtches

in 1994. This proportion, when applied to the total estimated catch for that same year, amounted
to an estimated 154nnesof dolphinfish caught.

3.3.5 Determining CPUHor Dolphinfish

Dolphinfish isone of themost importantishery species for Dominicanaking up more than a
third of the catch in 2014Figure 10 and Table 10 at APPENDIX 3: TABLES FOR
ESTIMATED CATCH). Despite the importancéierewasno prioranalysis for his species
locally. Therefore dolphinfishwaschosen as a species of interestGRUE analysis

Data

A table named Atrips.dol 0 was preparE s in or
table includes 16,624 rows of sampladitch and effortdata The data showsatch (in

kilograms) andrips for dolphinfish summarisedby date, port, boat type and gear between the

years 2001 and 201%rips where dolphinfishvas not caughivereexcluded The variables in

this table include:

year. the yeawhen the dolphinfish was caught
month the month when the dolphinfish was caught
date the date when the dolphinfish was caught
port: the port where the dolphinfish was landed

= =4 -8 -9
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boat type the boat type which caught the dolphinfish

gear. the gear used for tzhing the dolphinfish

kg: the sum of weighin kilograms for dolphinfish caughon that date for the port
boat type and gear

1 trips: thenumberof trips wheredolphinfishwas caught on that date for the port
boat type and gear

= =4 =

A new variablefi s e & was added describinghether the date was in the first or second half
of thecalendaryear, reflectinghe high and low season characteristic of the doltirffshery

for DominicaAnot her variabl e, Arateo, kgitripss adde d,

Nominal CPUE Analysis

The nominabr rawCPUE represents a simple calculatiothafsum of catchedivided bythe
sum of trips for each yearhis resultsn a useful indicator of performance aslitows how
much fish is caught fagachunit of effat over a period of timéBrander, 1975)

CPUE Regression Analysis (Models)

The purpose of CPUE regressimodels is to isolate the yespecific variation in catchates,
after taking into accounhe effect of other factor# linear model (LM) is used to predict the
catchratesas a function oexplanatory variables, where there explanatory variable is the
year. Modelling followed this regression approadine introduction of additionafariabkeswas
done one variable at a timegonsideringthe improvemenusing the Akaike Information
Criterion (AIC) value. The AIC valuas based orthe sum of squares and the number of
parametergstimated in a modeEach parameter adds complexity to the model, which can
make it more difficult to explain the variatiomherefore, lte lower the AIC value, the better
the model fis or explainghe data without being too complex starting index value of 1.00 in
2001 was applied to all modelsThe R commandsused for the models are available in
APPENDIX 7: R COMMANDS USED FOR MODELLING DOLPHINFISH CPUE

4 RESULTS
4.1 Effort
4.1.1 Total Effort and Effortby Port

There was an averageaifout123 thousandrips each year for the period 1994 to 2(Rijure
4 and Table6 at APPENDIX 2: TABLES FOR ESTIMATED EFFORT The year with the
highest accumulative effort was 2009 wathout B2thousandrips and the yeawith the lowes
effort was 1999with about 93housandrips. The most active ports wePertsmouthMarigot
andSc ot t 6Kgurel®saed mapof all portsat APPENDIX 5: MAPS andtabulated data
on effort by portis available inTable 7 at APPENDIX 2: TABLES FOR ESTIMATED
EFFORT). A mean of 17 boats fished from a given port each yearells a mean of 227
fishingdaysfor each port per yeaEffort increased for Marigdtom 2006. This coincides with
the construction of the Marigot Fishing Port Facility (completed andeapeyn 2005) after
which nearby portsuch as Wesley, Atkinson aisalybiawere closed, consolidatingost of
thefishing activity in the North East to Marigot.
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Figure4. Estimated effort for Dominica from 1994 to 2014.

Due to the number of ports accounted for in this exercise, only the main ports are shown and
the remaining ports are grouped iatoategory calletbther'( Tablel). Those portsvithin the

ot her 0 Agse duuMe, Calibighie, Capuchin, Jimmit, Massacre, Mero, Point Michel,
Salisbury, Soufriere, Stowe, Toucarie, Vielle Case and Woodfordddd map of all ports at
APPENDIX 5: MAPS.
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Figure5. Estimated annual effort by port from 1994 to 2014.
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Ports in Dominica are mostly located on the west coast (Caribbean Sea), due to calmer waters
that allow forsafe mooring and landindrigure6). Few ports are located on the Atlantic side,
which is less favourable to safe mooring and landing due to the turbulent seafauodt dif
terrain.Fishers from the west coast are known to fish in the Atlantic and return the catch to their
home port.
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Figure6. Map showingneanannualeffort by port forthe period 1994 to 2014

4.1.2 Effort by Species

Cumulatively, over theentiretime series, most trips are attributed to the catch ofix of
demersalgreferred to inFigure7 belowasfi Ot h e r D anchamoanting sabout 2.9
million trips), snappers (1.1 million trips) aracks ( million trips) (Table8 at APPENDIX 2:
TABLES FOR ESTIMATED EFFORY If the mean annual trips are considered, however, the
specieswith the highest efforare skipjack tunaapout35 thousandrips), blackfin tuna 34
thousandrips) and yellowfintuna @0 thousandrips).

The multispecies nature of the local fishery means that on a single trip different species may
be caught. Between 77 and 157 different species (or sggoiggs)occur in the catch record
annually. A mean of 20 different spesiwere caught on any given day between 1994 and 2014.
Each boat caught an averagéwd different species per trip. There are also twpgre no fish

was caughtThere appears to be less trips where no fish is being caught in recent years
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Figure7. Estimated effort by selected species gralips froml994 to 2014.

4.2 Catch
4.2.1 Total Catchand Catch by Port

There was an average qfl24 tonnedanded each year for the period 1994 to 2(0lable9 at
APPENDIX 3: TABLES FOR ESTIMATED CATCM The year with the highesatchwas

1994 with 184 tonnesand the year with the lowesatchwas 2014, whe®03 tonneswere

caught There appears to be a decline in catctine long termEach port haé mean catch of

41 tonnes per year. The three highest producing ports were Portsmouth, Marigot and
Pottersville(Figure8).
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Figure8. Map showingneancatch by porfor the period 1994 to 2014

The estimated catch prepared for this study was compared with catch data repbA€xd
(FAO, 2016)and reconstructed catch d&ty Ramdeeret al. 2014for the period(Figure9).
There was no FAO data available for 2014 and Ramdageal 2014 did not prepare
reconstruction data beyond the year 2010. According to FA@imeca reported a mean of
872tonnesannually for the period 1994 to 2013. This was a mean differendg@2ef dnnes
annually when compared with this study. The estimated values from this study were on average
30% higher than what FAO had on record. Byntast, thevaluesfrom Ramdeeret al

E 2 Ovkrd 258.1tonnes(or 23%) higher ttan those prepared in this study (Sesble 9 at
APPENDIX 3: TABLES FOR ESTIMATED CATCH Note that the method of estimation
used by Dominica ovehose years was inconsistent and neglected to consider adbnqgried
ports; therefore, there is not much confidence in the values reported to FAO.

15004
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Figure9. Comparison of total catch estimated for Domirircan this study, FAQ2016)and
Ramdeeret al (2014).
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4.2.2 Catch by Species

Dolphinfish (Coryphaenidae) ballyhoo (Hemiramphidae) yellowfin tuna {Thunnus
albacare3, marlins (stiophoridag, flyingfish (Exocoetidag and jacks Carangidag are

among the most commonbgcurringspecies and species groupings in the ogigure10and

Table12 at APPENDIX 3: TABLES FOR ESTIMATED CATCM Catch of small pelagics,

such as ballyhoo and flyingfish, appear to be on the decline as catch in large pelagics, such as
dolphinfishand yellowfin tunais increasingln generaldemersatatcheshow a declingince

before 2000, however, catches for snappers have remained fairly statmlectoiof the time

series
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Figurel10. Estimated catchy slected species and groups fra894 to 2014
4.2.3 Catch by Fishery

Pelagics accounted for 78.5% (1998) to 93% (2010) of total catch an(kigllye1l). Demersals
accountedfor 8% (2010) to 17.7% (1999). Guiste, Gobert, & Doma{aBp6)found that between
1990 and 1992 pelagics made up 83% of annual landings and 65% of total fishing effort.
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Figurell Estimated catch by fishefsom 1994 to 2014
4.2.4 Seasonality of Catch

The mean monthly landings shows some clear seasons for certain gjfegies 12).
Dolphinfish, for example is caughtmostly in the first half of the year (January to June).
Skipjack tuna, ballyhoo, triggerfish and wahoo seenalsw share this characteristi®y
contrast, gllowfin and blackfintunaappear to be more prevalent in the latter half of the year
(July to Decemberatchedor marlin and flyingfishshowtwo peaks within ne calendar year.
Demersalsre caughin greater numbers during the second half of the year, beginning in June
or July. Anecdotally at some portdemersal catches incredsgith theend of thedolphinfish
season.
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Theophille

Effort appeasto be fairly stable in the long ter(Rigure13). Catch is showingdeclinein the
time seriesnever again meeting its 1994 levehere is a drop in both efforhd catch for the
last three yeardiowever, indicatingraoveralldecline in productivityfor the fisheries sector.
The catchrate (CPUE)is showing a general decline after 200al§le2). There appears to be
an improvement in the catehte for 2014, but both catch and effort declined for that year.
Effort remained below its 1994 level ur2i006 and the@008, where it remaed high until it
declined again from 2013.
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Figurel3. Catchescatchratesand trips for Dominica from 1994 to 2014.

Of particular interest are the years where hurricanes or other natural disasters affected the
sector. Eight major hurricanes affected Dominica between 1994 anqR0ddrds, 2015)A
category 5 hurricane named Dean (maximustaned winds of 280 km/h) hit Dominica in

2007 causing about $330,000 USD in damage to the sector. Total effort declined in that year,
but total catch increased from the previous year. Thecatelimproved from 7.2Bg pertrip

in 2006 to 9.66kg pertrip in 2007.In the following year2008§ both catch and effort increased
(althoughthe catckrate lowered). Hurrican®maraffected the islanth 2008, causingabout

$1.5 million USD in damage to the fisheries sector and extensive coastal degratiatioane
Ophelia, in 2011, caused only $45,000 USD in damage to fisheries infrastructure. However,
there was also widespread flooding which caused further damage to the coastal ecosystem. The
catchrate reduced after 2011 and remained leg pertrip until 2014, when it improved to 6.6

kg per trip. In December 2013an unexpected storm brought torrential rains which caused
flooding and massive damage to public and private infrastru¢Roeinica News Online,

2013) Again, there was widespread impact oe ttoastal ecosystem. Perhaps in response,
catches and effort declindéar 2014.
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Table2. Catch, trips and catetates for Dominica from 1994 to 2014.

Year | Catch (tonnes) | Thousand trips Catch-rqte
(kg per trip)

1994 1387 134 10.3
1995 1348 122 11.0
1996 1152 108 10.7
1997 1145 98 11.7
1998 1201 93 12.9
1999 1202 93 12.9
2000 1266 98 12.9
2001 1316 101 13.1
2002 1253 111 11.3
2003 1110 107 10.4
2004 1063 104 10.2
2005 1094 112 9.8
2006 1023 141 7.2
2007 1183 122 9.7
2008 1193 154 7.8
2009 1118 162 6.9
2010 997 146 6.8
2011 1180 155 7.6
2012 935 155 6.0
2013 860 144 6.0
2014 801 122 6.6

4.4 Analysis of the Dominican Dolphinfish Fishery

Dolphinfishcatch appears tioe slightly increasing in the long termhile thenationalcatch is
declining(Figure14 and Table10 at APPENDIX 3: TABLES FOR ESTIMATED CATCM

On average, 205 tonnesof dolphinfisharecaught each year over that period. The years with
the hidhest dolphinfish catch were 200816.9tonne$, 2007(314 tonne3 and2011(290.4
tonnes. In 2014 2133 tonneswerecaught.

In 2011, the mean price pleg of dolphinfish sold on the local market w28t XCD (Eastern
Caribbean Dollars) or1$20 USD (US DollarsXE.com, 2016) The mean price of other fis
(excluding dolphinfishyvas $275 XCD or $1.02 USD(Theophille, 2012)Using the mean
price per pound from 2011, dolphinfish catsialued at about 1.18 million USD annually, or
about 21% of the annual estimated value of the total catch.
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There arel16,624 observations in tliataset used for the analygiable3).

Dolphinfish
_4 Remaining
Catch

Theophille

Table3. The first £n rows of dataised inthe CPUE analysis for dolphinfish for Dominjca

describing the table structure.

year | month date port type gear kg trips | season rate

2009 12 | 200912-09 | DBL FRP | HLIN 10.88 1| low 10.88
2011 10| 20121010 | PMH FRP | HLIN 9.51 2| low 4.75
2013 5] 20130520 | MGT FRP | TROL | 105.22 3 | high 35.07
2014 12| 201412-29 | MGT FRP | HLIN 80.27 2| low 40.13
2008 1| 200801-03 | SSR FRP | HLIN 8.61 1| high 8.61
2012 4| 20120409 | SSR FRP | HLIN 72.57 1| high 72.57
2009 7 | 200907-03 | SSR FRP | TROL 6.80 1| low 6.80
2012 6 | 20120629 | FSJ FRP | HLIN 49.89 1| high 49.89
2014 3| 20140321 | SHD FRP | HLIN 81.19 1| high 81.19
2009 2 | 200902-13 | FSJ Keel | TROL 14.51 1| high 14.51

€ e | é é é é e e | é e
NominalCPUE

The catchrate for dolphinfisdfrom 2001 to 2014 sbws a mean of 37.7 kg per tripableb).
There was a dropf 40%in the catchratebetween2001and2005 The catckrate recovered
over the next two years and bedhuttuatingevery other yeafFigurel5).
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Modelling

The dolphinfish stock appears be stable angerhapsncreasingn recent yeargFigure 16
and>5). Five models were prepargual determine the indices of abundaméelolphinfish from
the Dominican dataseéfhe models and their resulisedescribedelow:

Model 0: The minimal model. This is a starter model contairunty the core variablesf the
dataset, that is, log trips and ye@he log of catch (kg) is predicted againstsinexplanatory
variables.

Model 1: The intermediate model. Thimodel contains log trips, year, month and past
explanatory variable§ he variables month and paddedsignificantimprovement over model
0, making this a better model for describing the catch

Model 2: The CRFM 2010 model. This model attempts te te variables as described at the
2010CRFM Annual Scientific MeetingCRFM, 2010) Explanatory variablemcludelog trips,

year, boat type and seasdn.this study, easons are based on catcl@sdolphinfishin
Dominicaonly, which tend to be higher from January to June and lower from July to December
(Figurel1?2). Therefore, there were two seasons, the high seasaheaialv season. The other

variable used in theriginal CRFM model was #Aislandod, but the
from three island nations, unlike the one used in this study, which contains data only for
Dominica.The addition of season with this modieles not show an improvement over model

1 as the variations afforded by the variables port and month were not available.

Model 3: The full model. This model contains alkplanatoryariablesfrom the datasetiog
trips, year, month, port, boat type agear in this order of significanceBoat type and gear
added marginal improvemeavermodell.

Model 4: The full model using catehatesas theresponsevariable The explanatory variables

are listed inrable4 below, with the surof-squares column indicating how much of the catch
rate variability is explained by each regression teFive model diagnostics and data fit is
similar to model 3, but this modelas choseias the base modas it is easier to diagnose and
explain the results. The resulting CPUE index is almost identical to moBe)B€16).
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Df Sum Sqg Mean Sq F value Pr(>F)
Year 13 151 11.62 14.40 < 2.2el6
Month 11 1388 126.15 156.40 < 2.2el6
Port 17 588 34.60 42.89 < 2.2el6
Boattype 4 76 18.96 23.51 <2.2el6
Gear 12 79 6.62 8.20 < 1.3el5
(residual¥ 16566 13362 0.81
1.25
1.001 4
g
0.75- . model
model0
% modell
% - model2
0.50 —+ model3

maodeld

2005 2010

Years

Figurel6. CPUE indics for dblphinfish for Dominica from 2001 to 2014
The line for mode#, thebasemodel, is emphasised

Table5. Estimatectatch effortand CPUE for dolphinfish for Dominica

CPUE
Year Catch Trips Nominal | Model 4
(tonnes) .

(kg/trip) Indices
2001 192.3 1117 51.4 1.000
2002 204.2 1769 38.1 0.863
2003 143.6 1162 33.6 0.787
2004 149.8 1282 33.1 0.876
2005 134.1 1352 30.6 0.823
2006 253.7 2560 39.1 0.969
2007 314.0 2669 43.7 1.029
2008 214.6 2341 34.4 0.911
2009 285.6 2833 39.8 0.933
2010 168.1 1962 31.2 0.794
2011 290.4 2868 38.9 1.115
2012 241.3 2714 35.7 1.020
2013 214.0 2233 41.4 0.986
2014 213.3 2380 36.8 1.084

UNU i Fisheries Training Programme 34



Theophille

5 DISCUSSION
5.1 Data Quality

The fish cé&ch and effort data of Dominicaas faund to beuseful for analysisand future
fisheriesmanagement needs Dominicaand across the Caribbean. The quality of the data
appears reasonable, for the most part, and so iadheocdata collection scheme that is
currently in place. The sampled ports represent a significant portion ofdhpadds (13 of 29

total ports).Geographically, they are weflituatedaround the island and include ports of
varying levels of catch, effort and infrastructural development. Additionally, species which
appear in the catch record are often disaggregated, which allows for future anfadysesntly

less important species. The database used for data entry and storage is regularly miayntained
competent stafand featuresan beadded as needed.

That said, it is important to remember the current local deficiencies that exist in datfiaol|

and data managementhe biases that arise from a loosely structured data collection system
with limited supervision needto be considere@nd addressed-isher cooperation in data
sharing is another issue of concefhe collection system negledtscapture any information

on the biology of species caught. A feecordsof length sexand stomach contentere
collected for lionfish, but there is no regular programme to adtresgical data collection in

any meaningful wapn a nationbscale.The gaps in knowledge about ports and their fleets are
still present as no regular frame surveys are done. Data collectors still have difficulty properly
identifying juvenile fish andtilizing the collection form and in many caseatalis brought to
theoffice after the monthly deadlinaegatively affecting data entr&ll of these problems will

have to be addressed and the Fisheries Division is already making progress to solve them; data
collectors are being trained to improve the quality of their vamidk fishers are being educated

to appreciate the work of data collectdglidelinesfor improvingsome of the problems with

data quality can be found Btamatopoulo§2002)

5.2 Status ofthe Dolphinfish Fishery

The 2010CRFM analysis for dolphinfish in the Eastern Caribbean found that the stock was
abundant and not overfishethe CPUE analysis for Dominica, presented in this study, seems
to agree withthe CRFM findings, indicating that trebundancef the dolphinfish sock is
stableat the current harvest levékeeFigure16). However,analyticalstockassessmemtf the
dolphinfish datas required teevaluate whether the stockaisa level where it is most productive

in terms of annual yield.

The main weakness of tHeéPUE analysisn this studyis that it does not cover the entire
multinational dolphinfish stock; therefore,it cannot accurately be used as a measure of
abundancéor that stock Only a smallportion of the stocks accessible to Dominican fishing
vesselsThe results of this analysis are still usdétuldescribing the local trends, and the catch
and effort data are ready b@ combined with datasets frothe restof the regionfor a more
comprehensive analysis covering the entire statthat level, more useful management advice
can be producedrortunately, there is now some local capacity for Dominica to participate more
fully in regional stock assessments.

This study did not examinghether FADs have an effect on cateltesfor dolphinfish locally
and if they do, to what degree. FADs are important to the capture of large migratory pelagics
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such as dolphinfishThe aggregating function of FADs can resulhigh catchrates while the
population declines, giving a false sense of the stock stdtwgever, the available data was
not sufficient to make any oalusions in that regard as FAdatches were onlgddedto the
data collectiorprogramme after 2012.

5.3 Status ofthe Fisheries Sector

Productivity in fisheries is etlining since 2012; both the catch and effort are redudihg.
catchrate is improving slightly, however, which might mean the sector will improve in the near
future. Thefisheriessector has wimessed many changes within the study penotiably,the
construction of major facilities at Roseau, Marigot and Portsmouth, devastating, dteems
introduction of Fish Aggregating Devices (FADs) andinflux of new but pastime fishers.
Persons who fully depend on fisheries have been the ones most affected by those changes and
they will be the ones most at risk with the next major change. Avenues exist for growth in
fisheries, especially for underutilised, but high value spelliealy exploited speciessuch as
diamondback squidThysanoteuthis rhomb)scan potentially redefinéisheries and open
export markets. However, there is a distinct lack in information available to management for
fisheries such as this and the sector in genéradlitionally exploited, higtvalue species such

as dolphinfish need to be better understood before any major development of the fishery can be
implemented. Further advances will have to be made in data collection and data management
and the capacity fatata analysis and reporting within the Fisheries Division.
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6 CONCLUSIONSAND RECOMMENDATIONS
6.1 Data Collection

A future studyof the Dominican fisheries sectshouldbe conducted tassesshe accuracy
and precision of the current data collentsystemThe results of this activitgan help further
improve the sampling methodology.

A field sampling manualwith improved sampling methodologyeeds to be developédat
clearly describeshe objectives of data collection and the means by which data sheuld
collected.Job descriptionspfficially recognised by the governmeshould be prepared for
data collectorsbased on the field sampling manuBdaining for data collectors is encouraged
and should continue as a regular activity of the FisheriesiDiviln general, rore resources
should be devoted towardsata collection andegularsupervision

The feasibility of collecting biological data should be explored, especially easily obtainable
data such as length. This can be done for important spsaigs,as dolphinfishhallyhoo,
flyingfish, lionfish and yellowfin tuna a few times in the ydaata collectors should be trained

to collect this information effectively and a new data collectaym will have to be prepared

for that activity.

Fishersshould continue to be educated as to the value of data collection in fisheries and thei
role in sharing reliable data and-ocwnaging the fishery resourcdsis is in support of the
Fisheries Division, which has limited resources available for manaugnggector.

A frame survey should be done annually to account for changes in the industry and provide
more accurate information for estimating catch and effort.

Estimating historical catches was a challefogehis studyas there was limited informati@m
what the sector was like for many years in the time séftesrefore, historical changes in the
fisheries sectoshould be documentedhis can includenformation on changes in fleet size
and structure, catch, effort, storm damageiafrdstructuraidevelopments.

6.2 Database Development

Currently MS Access presents the best database solution for the Fisheries Division of
Dominica. However, future database development shinaldde free and extensible solutions
such as PostgreSQIhe current databashowever,can be improved to reduce data entry
errors.

6.3 Data Analysis and Reporting

Preparing quality data quickly and in a fashion that is useful to fishers and fishery managers
(such as the Fisheries Division), is a goal that should be pursued feostuidly. This can help
bolster the case for fisher cooperation in sharing information and better understanding resource
management measures. Fisheries managers will receive the information they need in a timely
manner for making decisions. Therefore,rargj case can be made for reproducible reporting

of fisheries data. The R statistical software was essential to understanding and manipulating the
data and producing the results for this study, all as a reproducible report. This framework makes
it easy toanalyse many speciesansimilarway.
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The methodusedfor estimating catch in this study was not comprehensive and therefore needs
to be reviewed, improved, documented and made standard for each year. This will make future
estimation tasks easi€Fhe FAO reports for Dominica should be updated to reflect the new
estimates.

Further trainingon the analysis of fisheries dasarequired for local staffThis study provided
an opportunity for developing core skills for fisheries analysis. However, it srampthat
more training is necessaiy allow foradditionalanalysis of the sector.

The dolphinfish CPUE data for Dominica needs to be combined with similar datasets!Hier
countries in the region, producingamprehensive CPUE index that covers the distribution of
the dolphinfish stockhat carbe used in an analytical stock assessmemally, annual CPUE
analyses for dolphinfish should be prepared so that the lessons lfametis studycan be
utilisedand improvements can be made in the analysis and management of thelfesssrgs
learned from this study should be extended to other CRFM member states.

6.4 Fisheries Management

It is recommended that fisheries managenndemtify which stocks may req@rmanagement
actions, CPUE analysis should be conducted$arany stocks as possiblor many domestic

stocks, the catch and effort data are ready to be analysed in the same way as was done for
dolphinfish in this studyi-or example, theatches of bajhoo andflying fish have declined in

recent years, whichcalls for attention from the scientific and management perspective.
Additionally, management objectives for each stock needs to be specified.

Given the current use of FADs it is likely that thecbatates could remain high while the
population is declininglherefore, the use of FADs increases the need of independent scientific
surveys.

Dolphinfish catches should continue to be monitored. Expansion of the fleet which targets the
species should bdone with cautionFleets which target important species should be defined
clearlyand monitored, to quantify the effort directed towards each stock.

Fishers should be encouraged to participatejvidually and through their groups and
cooperativesin the management of the national fish resources. Rapport between fishers and
the Fisheries Division should be encouraged, along with educational and empowerment
programmes.
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APPENDICES
APPENDIX 1: FISH CATCH AND EFFORT DATA COLLECTION FORM
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Figurel7. Field collection form for fish catcand effort data (2015 revision)
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Description of the data collection form by sections:
a. Title: This section shows the title of the form and gives contact details for reaching the Fisheries
Division.
b. Date, landing site and data aadtor
9 Date: date of sampling or data collection
1 Landing site: the code for the landing iteportbeing sampled
1 Data collector: the code for the data collector who did the sampling
c. Boator vessehctivity at site
9 Sampled: the total boats sampled at #itat for the day
1 Not sampled: the total boats not sampled for that day
1 Fished: the total boats which went out fishing on that day
1 Not fished: The total boats which did not go out fishing for that day
d. Sampling records by boat sampléthch data collection form/sheet can accommodate at most three
sampled vessels.
e. Vessel and trip information:
1 Boat ID: The registration number for the sampled vessel
9 Captain: This is the Fisher registration number of the vessel captain
1 Crew: The number gersons who were on the vessel for the trip
9 Departed: The month, date and time (24 hour or 12 hour) when the vessel left shore for
fishing
9 Returned: The month, date and time (24 hour or 12 hour) when the vessel returned to shore
from fishing
1 Boat type: Theype of boat which was sampled
9 Engine: Whether the boat used an engine for fishingpt If not, it is assumed oars or sails
were used.
9 Expenses for the trip. All values Bastern Caribbean Dollars (XCD). Expengedude
fuel, bait, al, food iceandfiothero.
f. Catch or lanohgs information for the vessdfive differentspecies (or species groupings) can be
accommodated per vessel. If more than five different species were caught, the list may be expanded
by using those below (assigning the same Boat ID
1 Fish: the code for the fish species (or species grouping) landed by the vessel
1 Wt.: the total weight for the species (or species grouping) landed. This is in pounds (Ibs).
1 Qty.: the number of individuals comprising that species which was landed
9 Statusthis denotes the landing state of the fish (e.g. whole, gutted, head removed)
1 Price: the pricdin XCD) for the species (or species grouping) at the site for that day
1 Type: whether the price is per pound or per individual fish
1 Area: where the fish was cautg(using the map gridhown at=igure19. A grid map used
in field samplingto identify fishing locations
1 FAD: whether the fish was caught near shFAggregating Device
9 Gear: a code denoting the gear used for catching the fish
1 Units: the number of units of gear used to catch the fish
1 Soak time: how long the gear was left in the water before hauling
g. Pages for datéhis portion of the form allows farounting how many pages of data is available for
the sampling date at that site.
h. Signatures:
9 Checked by: signature of the Fisheries official who checked the information on the data
form
9 Data collector signature: signature of the data collector who protidethformation on
the data form
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Table6. Effort for Dominica from1994 to 2014: estimatexhnualtrips for allports

meanactivefishing boats per port and mean fishing days per port.

Year | Trips Bos(t)srtper F';@Pgodr?ys
1994 | 134108 18 237
1995 | 122480 17 240
1996 | 107862 15 236
1997 | 97560 14 231
1998 | 92984 14 226
1999 | 92966 14 224
2000| 98275 14 233
2001| 100747 14 235
2002 | 110535 15 235
2003 | 106937 16 227
2004 | 104063 15 224
2005| 112013 15 230
2006 | 141471 19 230
2007 | 122383 17 226
2008 | 153652 20 232
2009 161819 22 223
2010| 146226 20 218
2011| 155234 20 215
2012 | 154784 21 218
2013 | 143922 21 218
2014 | 134108 18 218
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Table7. Estimateceffort by port by year.

C f
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. () 8 < (0] C|>) -%
Trips = % = - = = 5 o S
= n Q o @] > ()
by o | 2| E2|lcs|o|a| S| 5| 8] 2 E|l 2| v | 45| &
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Qe = = o c c S = = = < £ E=] £ I} -
Q o o > o o ] ] [ (] S o ) © 3] W
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1994 5838 | 5301 | 3510 | 3731 6325 | 5004 | 3582 | 6100 4500 | 11514 | 29922 | 15877 | 11322 8745 | 11076 | 1759
1995 7475 | 4914 | 3337 | 3724 5819 | 4488 | 4118 | 5810 5819 | 14880 | 23648 7902 8802 8160 | 11424 | 2160

1996 6321 | 4777 | 3397 | 3900 55637 | 3936 | 3106 | 5775 4400 | 12669 | 22740 | 6880 6600 6448 | 10296 | 1080

1997 5526 | 4272 | 3211 | 3456 5049 | 3307 | 2083 | 5490 4300 | 10507 | 21611 | 6716 4947 6750 8948 | 1387

1998 5340 | 3185 | 3770 | 3036 4961 | 3855 | 3142 | 5208 5211 8296 | 20778 | 6552 3698 5992 8368 | 1592

1999 4914 | 2708 | 2812 | 1972 4809 | 4200 | 2897 | 5175 8774 6687 | 20188 | 9412 3979 5481 8158 800

2000 4968 | 2964 | 2860 | 3627 4847 | 5586 | 4502 | 4898 6709 9238 | 19183 | 8471 4260 6786 9176 201

2001 5083 | 2976 | 2643 | 5236 4602 | 6762 | 5859 | 4866 4914 8671 | 19404 | 8308 4541 6575 8288 | 2017

2002 7803 | 1984 | 2149 | 6512 | 4573 | 5358 | 5088 | 4594 | 7364 | 6804 | 19180 | 9821 | 4821 | 6408 | 15847 | 2229

2003 5713 | 4750 | 2730 | 3857 | 5480 | 5733 | 6733 | 4564 | 7657 | 3520 | 18817 | 11337 | 5101 | 4920 | 11956 | 4070

2004 5808 | 4156 | 3328 | 5715 2600 | 5664 | 5687 | 4296 | 6318 | 4800 | 18871 | 12857 | 5380 | 4902 | 12454 | 1226

2005 4714 | 5102 | 4225 | 4199 1897 | 6670 | 3812 | 4268 8988 2949 | 18972 | 21252 | 5659 6312 | 11763 | 1232

2006 6221 | 5591 | 6292 | 5832 | 5615 | 8112 | 6845 | 4005 | 15043 | 3164 | 18854 | 27435 | 5937 | 6939 | 13525 | 2062

2007 6557 | 4446 | 2903 | 2945 | 4614 | 6264 | 6882 | 4446 | 16642 | 3379 | 19235 | 23184 | 3955 | 5697 | 10611 621

2008 6407 | 6581 | 3241 | 8653 6664 | 9019 | 6643 | 4649 | 21648 | 3595 | 19461 | 25854 | 5081 | 12408 | 13124 624

2009 7242 | 4507 | 2288 | 6877 9479 | 6919 | 6308 | 5927 | 23408 | 2924 | 19373 | 33334 | 7676 | 10578 | 13181 | 1797

2010 5075 | 4745 | 1924 | 6216 | 4373 | 5630 | 7716 | 7058 | 22933 | 2269 | 19627 | 30420 | 5727 | 8814 | 12743 956

2011 5019 | 3502 | 1387 | 3971 | 10423 | 5256 | 4934 | 8553 | 21024 | 1629 | 19657 | 36498 | 12111 | 8092 | 12081 | 1097

2012 6844 | 3795 | 1742 | 4641 9930 | 5544 | 7016 | 8597 | 19584 | 2870 | 22382 | 19527 | 16092 | 10542 | 13435 | 2245

2013 7744 | 4314 | 2779 | 3754 | 9436 | 6006 | 4978 | 8627 | 15067 | 4125 | 25809 | 18396 | 10595 | 9804 | 10194 | 2295

2014 7290 | 2646 | 2808 | 7252 | 9597 | 5280 | 5117 | 4321 | 11913 | 5783 | 19234 | 9048 | 10557 | 10086 | 9191 | 1564
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1994 35564 4917 | 30465 | 34955 1638 | 47112 455 24 | 79192 | 32839 | 125336 | 24053 | 36846 | 23184 | 63093 | 17027 1614 4908
1995 26515 | 19052 | 37966 | 28466 3266 | 53070 604 53156 | 32887 | 43496 182618 | 11932 34319 30419 66645 | 13897 19870 6841
1996 18765 | 16085 | 31013 | 16019 546 | 36666 79 | 68996 | 23961 | 11981 | 103128 | 12721 5809 | 28729 | 43846 3296 | 11507 7129
1997 13739 | 16585 | 23546 9641 700 28595 107 45735 | 12501 | 15612 130098 | 18327 11581 9456 51267 6966 12281 3752
1998 25644 | 11688 | 10536 | 10022 591 | 35581 394 | 24688 | 16613 | 15817 | 130291 2835 15587 7043 | 41901 7753 6408 407
1999 22994 | 30820 | 19532 | 10821 3486 | 35271 1957 | 47751 | 15244 | 12019 148407 | 21344 282 17746 45624 9500 13296 4825
2000 18312 | 31081 | 26282 9016 2578 | 42526 5866 | 44077 | 14626 | 11366 144949 | 14428 4989 26465 40956 8250 11868 9479
2001 14881 | 33541 | 24447 7910 2963 | 46951 8149 | 39464 | 14098 | 11714 | 145706 | 13819 8119 | 31654 | 43085 7148 | 11367 | 12548
2002 19290 | 27217 | 35824 | 13220 465 35703 | 20034 | 51542 7790 4481 154342 | 13146 4434 45349 31877 6454 17934 | 34957
2003 21049 | 18020 | 26295 7294 531 | 35741 | 10801 | 47334 4359 6750 131317 | 13153 906 27717 | 34102 3938 | 11732 | 28850
2004 15892 | 30860 | 32944 2567 1384 | 30345 | 15983 | 40579 3990 4476 116374 | 19286 13514 35551 39780 4411 13691 | 29954
2005 14080 | 40755 | 35542 2740 1150 | 46682 | 20621 | 40228 6002 5817 145465 | 24523 | 19345 | 33133 | 59261 8443 | 20184 | 38565
2006 23829 | 40220 | 41387 3491 1114 | 58347 | 20467 | 50592 6267 | 13790 | 213754 | 24578 1081 | 40263 | 71623 8932 | 22456 | 26549
2007 17654 | 33717 | 51201 3929 520 49794 | 25835 | 44862 5514 4806 132639 | 20245 1187 34917 40367 9443 26129 | 42990
2008 16796 | 46866 | 62153 5330 1013 | 50176 | 38712 | 61935 8258 | 10635 | 164271 | 37668 4193 | 53207 | 60659 | 16660 | 29078 | 57592
2009 16613 | 60772 | 73991 3832 2099 | 66666 | 32861 | 55761 7246 15001 156268 | 40319 9289 57116 58328 | 26256 | 33849 | 57518
2010 14345 | 53623 | 58187 6334 1337 | 61676 | 36759 | 55024 3689 | 11914 | 127191 | 43814 4100 | 55366 | 56036 | 11861 | 36386 | 66903
2011 6335 | 65215 | 72439 2379 5547 | 91013 | 33246 | 45979 7833 7878 151172 | 50853 1135 | 52393 | 57348 | 15350 | 34802 | 71992
2012 12944 | 55246 | 73205 2044 4342 | 91548 | 33845 | 37291 8068 11481 150976 | 40265 571 42120 60170 | 19736 23019 | 54726
2013 11397 | 26310 | 54770 7700 3795 | 46770 | 19355 | 39200 | 13691 5076 110887 | 23412 | 32471 | 40608 | 46132 | 10911 5259 | 29487
2014 7961 | 41380 | 55887 2836 7069 | 50116 | 20340 | 28630 6730 3394 128209 | 31234 1441 39555 46949 | 13341 19535 | 47377
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APPENDIX 3: TABLES FOR ESTIMATED CATCH
Table9. Comparison of estimated catidn Dominica fromthis study,FAO (2016)and
Ramdeeret al (2014)

Year Estimated catch (tonneg

This study FAO Ramdeenet al
1994 1384 882 1498
1995 1348 950 1503
1996 1153 1030 1503
1997 1144 1079 1499
1998 1198 1212 1491
1999 1199 1200 1492
2000 1265 1200 1480
2001 1317 1200 1473
2002 1252 1198 1472
2003 1112 950 1475
2004 1062 700 1482
2005 1098 579 1478
2006 1025 694 1479
2007 1185 676 1465
2008 1193 696 1462
2009 1115 790 1452
2010 996 700 1450
2011 1177 664 NA
2012 937 561 NA
2013 860 479 NA
2014 803 NA NA

Catch (tonneg Value (million USD)

Year - Remainin - Remainin

Dolphinfish Total Catc?q Dolphinfish Total Catc%
1994 155.4 1249.8 0.90 6.24
1995 204.9 1162.7 1.19 5.80
1996 203.5 948.2 1.18 473
1997 215.2 938.9 1.25 4.68
1998 57.7 1143.2 0.34 5.70
1999 142.4 1059.1 0.83 5.28
2000 316.9 948.8 1.85 473
2001 192.3 1124.1 1.12 5.61
2002 204.2 1048.5 1.19 5.23
2003 143.6 966.0 0.84 4.82
2004 149.8 912.8 0.87 455
2005 134.1 959.6 0.78 4.79
2006 253.7 769.8 1.48 3.84
2007 314.0 869.9 1.83 4.34
2008 214.6 991.7 1.25 4,95
2009 285.6 852.6 1.66 4.25
2010 168.1 840.9 0.98 4.20
2011 290.4 901.8 1.69 450
2012 241.3 707.4 1.41 3.53
2013 214.0 648.5 1.25 3.24
2014 213.3 591.8 1.24 2.95
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Tablell Estimated catch by port
g 3 | o

Catch 2 ) 9 = 2 = 8 <
(tonnes = 7 o ° = - - 5 3 = 3 T S
by year % &g = 3 2 2 3 _fc% o ‘g ) 5 ,8 2 g2 g

Sls| 8|25 |5 |%|g |8 |8 |8 |2 |5|5|¢]|sz

m O O [a) [ [ — = = z e} o [ 0 (%} »n
1994 25.24| 78.38| 54.84 | 27.24| 35.37| 59.1| 56.89| 94.@0 64.38 | 84.39 | 476.43| 106.72| 91.17| 43.64| 55.13| 33.15
1995 21.93| 65.17 | 63.13 | 22.78 | 34.12| 48.49 | 56.04 | 77.92| 77.75| 60.16 | 499.61 | 133.85| 51.96 | 51.38 | 54.75| 29.24
1996 18.35| 69.03| 40.76| 22.78 | 33.01| 38.91| 4861 | 56.36| 30.76| 53.96 | 484.19| 95.15| 62.87 | 26.88 | 50.09 | 20.00
1997 18.23 | 49.60 | 20.45| 25.82| 32.01| 38.09| 36.18| 52.23| 35.91| 49.71| 468.49| 160.41| 61.29| 27.69 | 44.78 | 24.10
1998 21.03| 45.56 | 35.04 | 28.86| 32.28 | 37.08 | 45.61| 50.33| 43.82| 45.45| 452.48| 184.36| 81.48| 23.40 | 41.88| 32.26
1999 2154 | 49.49| 39.9 | 29.06 | 33.76| 36.42| 33.99| 49.16| 49.46| 78.47| 436.31| 123.38| 134.36| 19.11 | 42.04 | 25.44
2000 33.37| 61.78| 46.89| 35.99| 35.25| 59.26 | 63.3 | 48.31| 47.66| 26.10 | 420.62| 110.0 | 126.37| 37.41 | 85.14 | 27.56
2001 21.28 | 72.69 | 44.84| 47.08 | 36.74| 53.75| 65.10 47.64| 529 | 64.75| 404.54| 122.16| 117.34| 69.00 | 64.54 | 31.89
2002 17.69 | 68.85| 54.68 | 69.67 | 38.23 | 47.24| 45.21| 47.06| 99.83| 20.44| 388.36| 116.22| 107.05| 27.11| 80.31| 24.74
2003 13.63 | 48.78 | 54.59| 67.34| 41.98| 31.77| 60.01| 46.56| 64.24| 19.81| 371.71| 111.99| 95.22| 13.92| 45.74| 22.25
2004 16.34 | 57.8 | 61.12| 63.09| 29.33| 30.78 | 5200 46.10 69.3 | 20.45| 354.53| 108.84| 81.46| 18.21| 44.27| 8.97
2005 21.69| 58.03| 70.65| 36.80 | 22.80 | 39.14 | 27.13| 45.67 | 140.23| 15.77 | 336.81| 160.55| 65.26 | 14.63 | 23.97 | 14.57
2006 16.17 | 49.87 | 55.55| 48.33| 23.90 | 42.82| 41.52| 45.27| 123.29| 14.19| 318,53 | 121.11| 45.88| 23.36| 36.02 | 17.60
2007 18.78 | 45.91 | 65.95| 55.17 | 36.62 | 31.19| 61.80 50.19 | 157.54| 68.30 | 300.43| 117.11| 69.83| 25.12| 64.63 | 14.34
2008 19.55| 57.62 | 56.97 | 46.25| 61.31 | 46.68 | 39.02| 94.8) | 144.35| 33.0 | 281.® 95.28 | 101.06| 36.84 | 71.78 | 6.35
2009 10.45| 86.19 | 71.29 | 40.0 | 24.98 | 31.97| 45.42| 84.49| 167.33| 17.80 | 261.24| 96.18| 49.05| 42.88| 83.16 | 5.23
2010 11.17 | 60.62 | 59.64 | 36.42 | 23.02 | 23.53 | 46.43| 88.69| 143.61| 13.53 | 240.87| 130.47| 27.39| 21.38| 57.49| 12.33
2011 1431 | 82.74| 47.87| 33.02| 51.75| 32.64 | 4498 | 93.32| 141.44| 13.36| 220.34| 205.06| 64.22 | 31.12| 93.07| 10.32
2012 15.67 | 52.69 | 51.91 | 32.94 | 37.03| 34.79| 39.15| 90.74| 111.74| 10.53 | 198.57| 110.91| 33.72| 33.52| 65.40 | 15.94
2013 16.35| 60.00 | 12.8) | 26.01 | 37.00 | 40.82| 29.18| 88.21| 109.D 8.78 | 175.0 89.85| 55.68| 27.95| 73.43| 9.07
2014 23.01| 30.53| 39.83| 43.44| 41.20 | 23.92| 22.8 | 115.28 | 104.88| 8.52| 135.06| 60.54| 49.81| 47.23| 44.58 | 10.38
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Table12. Estimated catch by species group

0 8
] S
) 5
i ©
Qo v o
Catch a [ o «
© T 4 = < c
(tonne$ o 4 o > g 0 = 5
by year F |l 5| < | 8 g | E |l g | S| FE | ol % =
S = = 2 ] o a o = S g 5 ) S
< kv = =) £ ) < . = — o - @ & ] o
> 5] S c S X = 7] 0] 0] 7] ] o} S g < o
© i <3 = 2 ] ] = =S =S = = 7 c 2 S °
o o o T = Y = o) o o o) n n [= = >
1994 187.5| 24.6| 155.4| 313.3 1.9 | 1243 42| 1453| 409 | 864| 961| 535| 830 351 5.8 34| 445
1995 179.2 41.8 | 204.9| 225.7 25| 158.9 6.8 48.1 | 123.8 | 119.6 20.9 61.7 51.8 40.6 15.7 33.3 32.3
1996 170.0 | 43.3| 2035 147.2 1.0 | 150.1 2.2 647 | 580| 701| 266| 347| 56.4| 331 4.0 181 | 687
1997 122.7 65.8 | 215.2 78.6 2.7 | 103.3 1.1 39.0 66.7 94.1 | 144.2 50.3 51.1 42.6 22.7 33.3 20.9
1998 309.2| 79.4| 57.8| 1195 14| 1478| 102| 71.8| 781 | 1283 6.6 75.4 | 282 54.0 3.8 16.0 | 137
1999 260.5 | 106.6 | 142.4| 118.7 2.9 912 | 270| 181| 57.6| 139.4| 551 8.2 59.4| 51.6| 151| 28.1 19.8
2000 106.8| 72.3| 3169| 83.2 15| 1825| 50.6| 17.2| 60.2| 130.6| 354 | 27.4| 1042| 289 4.6 136 | 29.9
2001 1256 | 90.9 | 192.3| 103.4 37| 2136| 71.0| 180| 70.6| 1288| 399 | 31.6| 1253 379 5.5 17.0| 413
2002 109.5 95.4 | 204.2 89.1 0.7 | 120.2| 126.1 6.6 27.2 | 103.8 16.8 20.9 62.7 20.5 4.3 21.7 | 2231
2003 196.6 | 56.6 | 143.6| 513 0.8 | 146.0| 99.3 4.2 243 | 108.1| 157 2.0 67.1| 225 2.1 13.2 | 156.0
2004 154.2 53.3 | 149.8 20.4 1.8 68.3 | 105.6 6.0 23.3 71.7 18.6 20.3 79.6 36.8 35 15.1 | 234.7
2005 61.5| 934 | 1341| 126 1.2 | 107.4| 106.3 5.3 189 | 803 | 157| 289 | 484 | 376| 288 | 206 | 2927
2006 112.2 74.8 | 253.7 14.3 1.3 97.4 86.6 5.1 45.0 88.2 17.3 6.2 43.6 313 211 234 | 102.2
2007 144.7| 53.1| 3140| 216 0.7 | 108.7 | 105.9 3.3 16.2| 754 | 145 4.0 57.3| 259 | 284| 27.6| 1826
2008 107.2| 63.1| 2146| 421 1.1 77.4 | 183.1 3.9 209 | 60.0| 206| 11.9| 765| 301 | 442 269 2139
2009 82.3 70.8 | 285.6 25.2 1.1 | 100.3| 117.6 4.1 41.3 48.7 20.7 11.4 39.3 28.5 87.0 16.2 | 158.2
2010 81.8| 46.2| 168.1| 33.1 14| 718 1147 2.9 272| 37.1| 389| 123| 49.0| 282| 140| 27.7| 2545
2011 37.3 451 | 290.4 24.4 2.1 | 191.3| 104.1 5.6 25.3 40.4 47.2 2.7 20.9 29.7 33.0 25.3 | 267.2
2012 78.0 | 30.6| 241.3 7.1 1.9 | 139.6 | 108.1 6.2 27.2| 32.8| 29.0 0.9 20.1| 305| 185| 15.8| 161.0
2013 76.3| 20.3| 214.0| 25.9 35| 773| 620| 19.1| 165| 644 | 140| 464 | 481 | 313 210 54 | 117.2
2014 60.9 26.7 | 213.3 11.9 3.8 66.4 62.4 3.2 13.3 37.1 17.3 3.7 27.8 319 19.2 13.4 | 192.9
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APPENDIX 4: SPECIES GROUPS

Table13. Species grouwpused in this study

Group Species included
Ballyhoo Balao (Hemiramphus balag baIthoo_(Hemiramphus brasiliensisasnd common
halfbeak ballyhoqHyporhamphus unifasciatys
Blackfin Tuna Thunnus atlanticus
Dolphinfish Coryphaenidae
Flyingfish Exocoetidae
Invertebrates Conch (e.gStrombus giggds sea crabs, lobster (eRanulirus argusP. guttatu}
Jacks Carangidae
Marlin Istiophoridae
Other Eels, octopus, sharks, squid, turtles, cetaceansother species not elsewhe

included

Other Coastal Pelagics

Needlefish(Belonidag, sardineqClupeidag

Other Demersals

Angelfishes Pomachanthidae doctorfish Acanthurus chirurgus goatfishes
(Mullidae), groupers Dermatolepis Epinephelusand Mycteropercaspp.), grunts
(Haemulida®, parrotfishes $caridag, squirrelfishes Holocentridag,

sugeonfishesAcanthuridag and wrassed. @bridae

Other Offshore Pelagics

Barracudas $phyraenidag herrings Clupeidag, mackerels $combridag
swordfishes Xiphiida#),

Other Tunas

Bigeye tunaThunnus obeslisAlbacore Thunnus alalungg other tunas

Skipjack Tuna Katsuwonus pelamis
Snappers Lutjanidae

Triggerfish Balistidae

Wahoo Acanthocybium solandri
Yellowfin Tuna Thunnus albacares
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APPENDIX 5: MAPS OF LANDING SITES AND ZONES IN DOMINICA
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Figurel8. Landing ports and data collection sites in Dominica. The mapeoleftwas published 1996 showingdata collection sites in bold
caps (Guiste, Gobert, & Domalain, 1996 the right is a similar map from 2015 showiaja collection siteourded by a red rectangle.
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Figurel19. A grid map used in field samplirtg identify fishing locations
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