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Executive Summary

Thisassessment summarizes and analyzes data fraollowing the Montserrat (MNI)
Fisheries Division catch database from 1994 to 2015, fishery |elaggicollected from June
2015 to August 208.by the Waitt Institute and the Sustainable Fisheries Graaml fish
length data from the Blue Halo Scientific Assessment surveys condaddedober2015

Montserrat has a small, artisanal fishery that targets coral reef, demersal, coastal pelagic,

and pelagic species with most effort concentrateihin 3 miles fom shore.The vast

majority ofboats are small, open pirogues and less than Edemsin length.Fish pots are

the most common fishing method used and account for the largest portion of total landings
NEO2NRSR Ay (GKS a2y iaSddhdaseFishersiakcubkiathd 5 A A & A 2
seineshook andline, and spears.

The MNI catch database includE86 species from 62 familieBhe largest portion of the
total annual catch by weight @omposed ofish from the family Belonidae, mainly g&ed
hind and old wifeform the next largest portions of catdyy weight. Reef fishes from the
familiessurgeonfish(Acanthuridaeand snapper (Lutjanidae)s well asdngjaw squirrelfish
andbutterfish make up substantial portions of the total catak well

On aerage,recorded catch in Montserrat has been 28,000 kg per year since. Tegl
catch recorded in 2015 was slightly below averageshingeffort (based on number of
fishingtrips) has been relatively stabtaver the last 10 year$n 2015 the catchdatabase
identified 34 active fishers and 29 active vesseélstal catch per unit effort{PU)-appears
to have been relatively stabkince 1994with a highof 67 kg/tripin 2005and a lowof 37
kg/trip in 2013 In 2015, the average annuaPURvas58 kgtrip.

data show that most doctorfish, red hindnd silk snapper landeate
beingcaught before thg reachmaturity, i.e. they are not able to reproduce.

Ourlengh-basedfisheriesassessmerstof five key coral reef fishery speciesggesthat

of blue tangand dctorfishis likely occurring; of silk :#appermay be
occurring,and of old wifeand red hnd islikely not occurrindFigure 1)A catch
based assessment of gar suggehts species may be experiencing slight overfishing (Figure
1).
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Figure 1 Estimated relativeto {fhsy from the
LBAR lengtibhasedassessmentor reef fish, and catclbased assessment for gdtrror bars indicate upper and
lower 95% confidence intervals. The dotted line indic&¥émsy=1.0 (> 1.0 indicates and < 1.0

indicates sustainable fishing pressure).

T ¢KS NBadzZ 6a 2F GKAa | aasaa YvwouldberefitAfomsS & (
management measures to hegmsue sustainable harvestdlanagementegulations for
the trap fishery to reduce theatch ofjuvenile fishcouldimprove the sustainabilitpf the
fisheryand result in higher longerm yields

 Toensure MOorsS NNJ 4 Q&4 FAAKSNASA INB adadl Ayl of
it is recommended that fishery management objectives are clearly defined and that an
adaptive approach tdisheries management is implemented that includes continued
monitoring of fishery catcincludinglength data, conducting annual dalianited
assessments, and implementing appropriate hataemtrol rules to achieve management
objectives.
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Introduction

¢CKA& NBLEZNI LNROGARSa |y I,am Bdudes Snestimacfoftlre2 y (i & S N.
status of six species targeted by the fishery

Montserrat is a smallolcanic island located in the northeastern Caribbean Sea, forming part of
the Leeward Islands in the Lesser Antilles island chain (Cook et al. 1981). Montserrat has a
small artisanal fishergomprised of small, openvood or fiberglass boats fro@to 10m in
length(Ponteen 2014)The fisherytargets coral reefdemersal coastd pelagic, and pelagic
species Al catch is @her sold at local markets or utilizedrfsubsistence. Ninety percent of
fishing in Montserrat occurs withih.8 km (3 milespf shore (Ponteen 2014).

Pots(also called fishing trapsjpited with

coconut husks are the most common fishing
gearusedPotst NS &S0 ft2y3 GKS A:
at depths of 15 to 100 m and marked with
buoys(Figure 2)Blue Halo Montserrat
conducted a 8entific Assessment in October
2015. During the assessmettiie dive teams
observed 15pots (Figure2). Potsare onlyfully
removed from the ocean when repair is needed
Typicallypots soak for a minimum of 3 days
before being pulled upo harvest the fisHWwild

et al. 2007)Once the fish are removed, the trap
is baited and returned to the seH.ocean
conditions are not favorablgots may be left
soaking in the ocean for several weeks.

Beach seines, lines, and spearguns are the other
YIAY FAAKAY3I 3ISIENBR dzASR AY
fisheries. Almost all fish are landed at Little Bay

FyYyR INB GF1Sy (G2 YAy3aQa al
be soldfresh

Exril Deliorme) GEBCE) HOARHGOGHEnd)

Figure 2 Location of fish pots (green points) Fourkey Compgnents to fisheries management
observed around Montserrat during a Scientific ~ includemonitoring, assessmensettingharvest
Assessment conducted by the Waitt Institute in ~ control rules i.e.,fisheries regulations and
October 2015. 20 m (grey) and 100 m (black) engaging irenforcement to ensure compliance
contour lines are shown. with harvest control rulegSainsbunet al.

2000, Punet al. 2002, Dowlingt al. 2015).The
first step in managing any fishery is to define management objectives. Examples of objectives
could be maximing conservation of a certain specigaaximiingeconanic yields over timg
or balan@ng conservation and economic gairfdsheries ranitoring enables managers to
obtain dataand informationthat can be usedo assess theustainability of fishing pressure,
evaluatethe current health of thestock andor to predict future trendsManagers cathen



compareassessment resulte management objectives in order to determine the most
appropriateand efficient methods to regulate the fisheffgutterworth and Punt 2003)deally,
monitoringand enforcement ar@ngoing and assessments are regtedregularly (e.g.,
annually)to allow for adaptive managemeiiHartford et al. 201B(Figure 3. An adaptive
approach carenable theadjusiment ofallowablecatch in response to stock recovery or
decling andcan ultimatelyhelp ensuremore sustainable use of marine resources.

1. Define management objectives Scientists have developedt-limited
assessment methods in an effort to
improve fisheries management in

4 \ smallscale fisherieghat lack
sufficientresourcedor datacollection

and assessmen{seviewed in Honey
et al. 2010, Fujitet al. 2013. Data
limited stockassessments use

\ / information about a fishery as well as

life historyinformation abouttarget
species taestimatethe sustainability
of current fishing pressure or

5. Management

eyl determinestockstatusat a given
point in time.
Figure3. An adaptive fisheries managemdramework There are a number of assessment
(adopted from Hartforcet al. 2016). techniques available for fisheries

where full stock assessments are not
feasibledue to thar data requirements and associated high costs (Carruthers et al. 2014}. Data
limited assessment methods typically rely on eitbatch data from the fishery dength
frequencydataof the population Lengthfrequencydata may be collectethrough measuring
the size of individual fish landed in the fisherythrough collecting data on fish lengths during
dive surveys.

Results oboth catch and lengthbaseddata-limited assessmentare typicallyexpressed in

terms offishing mortality ) relative to thefishing mortalityat maximum sustainable yield

(Fusy. MSYfor a given fish stock is the highest possible annual catch that can be sustained over
time by keejngthe stock at a level that is producing maximum growth. Harvesting a stawk at
belowMSYensures that fishing can continue into the future without causing negative impacts

to the population though there may still be negative impacts on the ecosysemnomy, and
society Catchbased methods also provide estimates of thel 2 O Q a4 B) relativevto thea 0
alti201Qa oA2YlFaa i WBhksEAYdzy adzadlAylrofS @ASER

Catchbasedand lengthbased assessment methods each require different data inputs, and rely

on different assumptions. The most appropriate assessment method will depend on

characteristics of the fishery, species being assessed, and data collection mé&btidsatt-

basedand lengtho 8 SR YSGK2Ra INB dzaSR Ay GKAA& NBLIZ2 NI
fisheries.The data requirements and major assumptions of each assessment approach are
described below.



Lengthbased assessmenttengthbased assessmentsquireat least one year of species

length composition dat#hat are representative of the populatian addition toinformation on

0 KS a lifiShStbr$ such as growth, maximum age, and age or size at which sexual maturity
is reachedLengthbased asessments assume that the length data from the fisheries catch or
divesurvey$ NS NBLINBASY (il G§A GBS 27F A& advantage pfleagtht Sy 3 G K
based assessments is that theyma require a long time series of data samples from each

day. To ensure that thdength dataarerepresentative of the length structure of the stqck

length data should be collestl from all gear typesll areas exploited by the fishergnd across

all seasonshonths Randomly measuring lengths of fish acrtiessedifferent sampling strata

will reduce bias in length data associated wtlstors such agear selectivity, recruitment

pulses, and lengtor agebased movemen(Pauly and Morgan 1987

Lengthbased assessment methods adealfor specieswith growth patterns that allow length
classes to be categorized as juvenile, adult, or rreggawvner However, theyare not
appropriate for species that that show little difference inesbetween agelasses (Cope and
Punt 2009)Lengthbased assessment mettle have frequently been applied to coral reef fish
to estimate the sustainability of fishing pressure (Ault et al. 2008; Nadon et al. 2015).

Catchbased assessmentgCatchbased assessmentsquire a time series of at least 10 years
of catch data fronthe fishery the species resilience score (based on life histbgracteristick
(Musik 1999), and estimates of relative stock size in the first and final years of edtch d
Catchbased methods assuntbhat the catch data represent all individuals tha¢ne removed
from the population by fishingand that the ,Jandecosystem

has not changed over time (Martell and Froese 2012)

Catchbased assessments are only appropriate for fisheries that aredeMgloped(i.e., have
not experienced a continuous increase in catch). A chtded assessment approach may be
preferred over a lengtibased approacwhena time series of overQyears of catch is
available Jimited information is known about the speci@ge history, and/or if differences in
lengths between age classes are snal)(for fast growing species).

Methods

DataDescription

Montserrat Fisheries Divisi@atch Database

The Montserrat Fisheries Division Hesl a catch monitoring program tmllect fisheries catch

datasince at least 1976 (Jeffers 1988ince 1994 e Division has collectathta that includes

information onestimates of landed weight by species, fishing gear usedd#te, and vessel

name stored in arelectronic databases I G O2f f SO0 2 NE Bag®M8Bnday T A & KS N&
Friday from 8 aml pm to record data as catch is being sélhersvho sell their catch

typicallylandtheir catchin Little Bayr Y R G KSy & St Somdikh landgd af LittiNBER & . | &
YIe 0SS az2ftR Ff2y3 (kBaahRHuRknocgptuiedby theésdateh G 2 / | NN
monitoring program. Additionally, subsistence and recreational fishing, which occurs in other
locations around the island, and fishing thatacs on the weekends and eveningsnot

captured by the catcmonitoringprogram. Overall, an estimatetb% ofthe total landed

volumeof catch in Montserrats captured by the monitoring program (Ponteen 2014).



This reportsummarizethe data inthe Montserrat Fishees Division catch databas®m 1994
2015.1t presens aninventory of all species landed the fisheryand summarizethe relative
contribution to total landings of each species and famiie also summarize data examine
annual and sasonal trends in the number of fishers, catch, effort, and

FishernyLength Data

In June 2015, in collaboration with the Waitt Institute and Montserrat Fisheries Div&ia,
identified twelve fish speciepresent ona 2 y i & Schidlteéfsd focus onfor a oneyear
lengthrmonitoring programWe identifiedspecies based on historicabundance inandings
andavailability of life history information. The purpose of the prograas to obtain an
accurate representation of the size structure of the stock being targeted by the fidvery.
collecedlength data ofcoral reef fishesandedat Little Bayfor several days each month (in
addition tothe Fisheries Divisiotatch monitorng)from June 2015 to August 201%/e
measured the lengthef individual fish using a measuring board and recoraktngths to the
nearest 0.5 cm. We took measurements of for all parrotfish (Scaridae) and grouper
(Serranidae) species anu measurementgor all other species.

Dive SurvelengthData

During the October 201Blue Halo Scientific AssessméBA)surveysscientific divers
conducted fsheryindependent surveys. Usirgobal Coral Reef Monitoring Network survey
methods, divers collected data on fish species abundance and |eRgthreport incorporates
the length datafrom the SA with fisheries monitoring datkescribed abovéo conduct length
based assessmentSsor more information on dive survey methosise theBlue Halo
Montserrat Scientific Assessment Report.

LifeHistory Information

We created a life history database Excelfor the target coral reefishesincluded in the length
based analyses. The database includésrmation frompublished andyrey(unpublished or
not published ira scientific journalliterature. We conducted the literature search using
FishBaseGoogle, andGoogle Scholar. We compiled dtaonii K S & ha@nvdhAldBgewity, and
depth rangeusing the species nhame and the parameter name as search tgvegrioritized
studiesfor inclusionbased on proximity to Montserrand reliability of the source

for each species was calculated based on longemjtarid assuming%
of the population survives to the maximum age (Alagaraja 1984; Hewitt and Hoenig 2005):
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LengthBased Assessment of Coral Reef Esh
We conducted théength-based assessment for species that had a minimum offis&ery
length observations by the end of August 2016.

We used the length and life history data of each
5 ‘ ‘ speciéé & AyLlLdzia G2 GKS W[ .!w
: | —Predicted Unfished and Ault 1992: Ault 2008; Nadon et al. 2016). The
Size Frequency LBAR methodses life history parameters to
simulate the length and age structure af a
unfished population. The observed length
Observed Size frequency distribution of the population
Frequency experiencing fishing pressure is then compared to
the simulated population experiencing no fishing
pressurein orderto estimate the current level of
relative to the estimated

“[Hlllmml.,.,.._ (Figure 4. The major assumptions of this
method are that the stock is a&gquilibrium (i.e.,
Figure 4 Hypothetical example of a not experiencing large variations in natural

'a_ﬁ; _'E)J‘:_Zf ) ‘fj"bz VQdé_ éf" Ydzt | U< mortality or recruitment) and the lemth data
'Stribtion and observed size frequency represent thefull sizestructure of the exploited
population.

CatchBased Asessmenbf Gar

¢KS Y2aid lFodzyRFIyd alLSOASa o0& ¢SAIRyosuius YRSR Ay
crocodilu$, whichthe Montserrat Fisheries Divisiodentified as a species of interesbar are

found in waters over lagoons and seaward reefs in depths up to 13 kn{fR@nd Roberts

1993). No published information is available on the species growth rates or londexitgver,

other species in this family grow rapidly, reaching maximum size within the fgstears of

life, with an estimated life span of foyears (Kalayci and Yesilicieck 2012).

We applied a datdimited catchbasedassessmentCatchMSY) Martell and Freese, 2012)to

estimate a for gar. Thismethod usesa score (FishBase,

Musidc 1999) general life history characteristics of a speca®d historical catch data to

estimate a range of potentiat andecosystem values

for the stock.Thesevalues are used ia togetherwith the

historical¢ G OK G2 SadAYl (S G KfShb@rbads@y Qzandisdzagd I Ay of S
at / Catch levels are compared to the estimatktt Yto determine if the stock

has been overfishe(Froese and Pauly 2016)

Catch Projection®f Silk Snapper

We employed a spatial, agtructured fisheries moddlLester et al. 201d0 evaluate and

compare how management actiomsuld impact population biomass and fishery yield of silk

snapper over timeManagement scenarios evaluated includedationof a marine reservea

minimum size limit, and/oa catch limit Results from these scenarios we@mparedto no

YEYEF3ISYSyld AYyUGSNBSYGA2y I 2N The ayestdeivkey Saleél | & | &
9



includespopulation growth, reproduction, dispersal, movement, and natural mortality of silk
snapper. Fishing mortality is applied to the populatiangd under the BAU scenario, the total

is distributed equally across size classes in the population thétaye to the fishery
Under each management scenario, a portion of the fishing mortality is removed from the
population, resulting in anverall lower totalF. The portion ofthat is emoveddepend on

the management scenari@able 1)Our model is able to project relative biomass and yield
under any management scenario or combination of management scenarios listed in Table 1.

Table 1. List of potential management scenaridsat can be modeled using tleatch projection model. The
parameter value that is changed, and the change in the distribution of Eiagsgdwith each management change
is listed.

Potential Management Scenarios Parameter Value Change Change in F Under Management Scenario
Business As Usual (BAU) None None

1. size is set to model the impact of a specified F=0is assigned to individuals equal to and less than

Minimum Size L. i . . X
minimimum size the specified minimum size

Similar to the minimum size scenario, F=0 will be

L, is recalculated based on a different X X L i
applied to all sizes below the minimum size the

ified h size. Th L. is calculated .. .
speced mesh size. The new L 15 calculate species is fully selected for that mesh size (L_). L fora

specified mesh size is calculated using average length
to width ratios of specific species

Minimum Mesh Size : - - )
using assumed species-specific length to width

ratios

Seasonal Closure Months for a fishery closure are specified F = 0 for months during the seasonal closure

% of total habitat for the species that will be
closed to fishing is specified F is set to O for the specified % of total area of reserve

size

Marine Reserve

A % decrease from the current annual F (or catch) is
specified, and the total F is reduced to that level and
evenly distributed across sizes, months and areas

Catch Scenario % reduction from F under BAU is speciried

As illustrativeexanples, we modeled the fdlowing management scenarios: 1) BAUAZpatch
limit that is20% lower than the current catch ley@) A minimumsize limitof 38 cm, wich is
above the size at which00% of individuals have reached matur#y20% of silk snapper
habitat in a marine reserve)30% of silk sngger habitat in a marine reseryand § 20%
marine reserve size and minimum size regulation.

The modeincludes severassumptions about fish population dynamics, fishery fleet dyngmics
and spatiainteractions. One of the major assumptions is thdtis set to zerdor a specific

size, season, or place through a management interventios fishing pressures removed, not
redistributed to other size classes, time periods, or arefthe fishery This essentially says

that total fishing effort will be reduced, e.g. some fishers will leave the fishery or there will be
an overall reduction in catch in the shadrm. The purpose of this model is to provide a

relative comparison of gential performance across model measures, andtoqgtredict

absolute changes in biomass and yield.

10



Results

Catch Database Summary

The Montserrat Fisheries Division catch database contaitth (kg by specigsand effort (#
fishing trips)datafrom 83 vesselacrossl3,224fishing trips from 19942015 with the daysof

monitoring increasing over timg@g=igure 3.

300

*]
=1
o

No. of Catch Monitoring Days
o
o

1995 2000 2005 2010 2015

Year

Figure 5 Total number of days per year of catch monitoring effort in
Montserrat from 19942015.Source MontserratFisheries Division Catch

Database

On average, catch monitoring has been conducted 217 day< 2

year since 1994=rom 19941996 approximately half of the
catch was repoed as landed in Plymoutndthe other half
gla t1FyRSR Ay [/ | BxBrajorityod @

NBLZ2NISR OFGiOK ¢l a fFyRSR

small portion of catch landed at Old Road, Isles Bay, and
Bunkum BayFigure 6)

Following a peak of 48 vessels in 1995, the number of acti
vessels in the fisheryedlined dramatically until 200@hen
only 15 vessels were active the fishery (Figure)7The
decline inactivevesselstartingin 1995coincides with the
eruption ofthe Soufriere Hillwolcano, which caused
extensive damage to the island. Additioyalh 1995,
Hurricane Luis caused an estimat26 millionUSD in damage
to Montserrat (IDD 2008)A decline ircatch andishing effort
beginning in 1995 has been attributed to the Soufriere Hills
eruption Ramdeen 2012), but it is not clear if thiay be
attributed to damage associated with the hurricaag well
Over the last 10 years, the numbermrticipantsin the
fishery has gradally increasedwhile thepopulation on the
island has remained relatively stabénd in 2015therewere
34 active fishersecorded in the catch database.

@ Little Bay
® Carr’s Bay

® Bunkum Bay

@ Old Road Bay

® [sle’s Bay
Montserrat

O Plymouth

Figure 6 Fisheries landing sites
on Montserrat. Plymouth has
been off limits since the Sdriere
Hill volcano eruption.
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Figure 7.Total number of vesselger yearactive inMontserratQ fisheryfrom 1994
2015.Source Montserrat Fisheries Division Catch Database

An average 027,864kgof catch, and 575 fishing trips have been recorded each year in

Montserrat from 19942015. Total annual catch and effort both peaked in 1995 at 45633

and 129 trips (Figure8a and ®). We calculated catch per unit effor£ P U):as total catchig)

per fishing tripOn averageCPUR Y a2y G aSNNF 6§ Qa4 FAAKSNRASAE KIFa N
time andthe averageover the periodl9942015 was 4kgtrip (Figure 8). peaked in

2005 at 67g/trip, and hit a low in 2013 at 3Kg/trip . It hasincreased to 58 kg/trip in recent

years

12
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Figure &-c. (a) Total annual catch (kg), @fort (fishing days), and (GPUBNBE O2 NRSR Ay a:
fisheries from 1994£2015.CPUE was standardized using the total number of monitoring d&esdashed
line in panel a and b, and dotted line in panegkpresent the 1992015 average valueSource

Montserrat Fisheries Division Catch Database 13



To ensure that trends i PURvere not biased by the number of days of catch monitoring,
annual averag€ PURvas standardized by monitoring daysheCPUE and standardized CPUE
showed similar trends (Figure&BWe were not able toaculae CPUE for individual species
because of the nowselective nature of fishing with pots, the dominant fishing method used in
Montserrat.

Fishers in Montserrat will often use multiple gear types on a single trip. For example, hand lines
may be used while transiting from port tshing pots, or a beach seine may be set if schools of
ballyhoo or gar are observed while trolling. Historicgllgts and nets have accounted for 47%

and 45% of total landings, respectivéijigure 9)

40000 -

30000

7 Fishing Gear
2 [ Pot
= [ Net
% 20000 Bl Line
Q || spear

10000

0
1995 2000 2005 2010 2015

Year

Figure 9Totalannualcdd K o6& 3ISI NJ G LIS Ay a2 yilsaSoNdeMdinBeratC
Fisheries Division Catch Database.

Line fishing has accounted for @¥atotal landingsand spearfishing accounts for less than 1%

of total landinggFigure 9. Over the last 10 yearppts have accounted for a smaller portion of

the total catch.lt is not clear if the low number of trips recorded in the database from line and

spear fisherss because few trips are made using thegear typeor if fish landed using these

gear types are more spatially dispersed around the island @radlefore,not recorded by the

catch monitoring program, and less likely to be sold at the market. Genedtadhg have not

been any major changes in gear types used in the fishery over the past 20 years (Fighees 9).
OFrGOK RIGFrolFasS tAada mpe aLISOASa +a fFyRSR Ay
that are listed in Appendix 1,Table Al

Severfamiliesaccountforover7s 2 F a2y GaSNNJ G§Q&a (2 (FigirelGLA & ( 2 NR
The relative contribution of landings from each family has remained relatively cormstant

time. The Belonidae family accounts for the largest portion of catchismdmprised of mostly

ga caught in beach seine nets. In 1995, a large volume of ballyemifamphidag were

landed in the fishery resulting in a peak in cafthe grouper family (Serranidae) accounts for

the second largegtortion of catch, ands daninated by red hindEpinephelus guttatysand
coney(Cephalopholis fulyayroupers.

14



50000+

40000+

Family

Belonidae
300001 Serranidae
Acanthuridae
Lutjanidae

Balistidae

20000+ Carangidae
Other

Catch (kgs)

10000 -

1995 2000 2005 2010 2015
Year

Figure10¢ 2 G € | yydzZl £ OF 6 OK o0& 7Tl YA t2815./S¢urcaMoytserdias NNJ
Fisheries Division Catch Database.

Average catch, effort, anGPUE (Figure &&) in the fishery are relatively stable across months. On
average, total monthly catch was highest in March (2,689 kg) and lowest in July (2,058hkagyg. effort
was highest in May (57 trips) and lowest in December (42 trips), butigreest average CPUE values
were in December (52 kg/trip), with the lowest in May (43 kg/trip).
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Figure 1B-c. Longterm average monthly (a) catch (kg), (b) effort (fishing days), and (c) nofiinaifecorded
Ay a2y iidaSNNI iQa20BBaukcéEWitseriEiat FisheBey Divisipup@atch Database.

LengthBased Assessment of Coral Reef Fishes

DataSummary

We hadsulfficientfish length samples and life history information to conduct leAggised
analysis foriffe species: doctorfisAcanthurus chirtgus) blue tang/Acanthuruscoeruleus,

old wife (Balistes vetula), silk snappe(Lutjanus vivanusind red hindEpinephelus guétus)
Life history parameters used for each species in the lebgded assessmerdand depth
distributionsfor these specietound inFishBasare presented in Table. Age, growth, and
maturity of a fish species may vary by region depending on environmental factors such as
temperature, food and habitat availability, and predation rates, and thus we useahEers
based on studies conducted as close to Montserrat as possible.
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