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ACRONYM KEY

AGRRA Atlantic and Gulf Rapid Reef Assessment

BFD Belize Fisheries Department

EDF Environmental Defense Fund

GRMR Glovers Reef Marine Reserve

GUZ General use zone

LT Conch lip thickness

NTZ(s) No-take zone(s)

ouT Marine areaclose to but outside PHMR

PCNP Payneds Creek National Par k
PHMR Port Honduras Marine Reserve

PRZ Preservation zone

SL Conch shell length

TAC Total Allowable Catch

TIDE Toledo Institute for Development and Environment
TNC The Nature Conservancy

WCS Wildlife Conservation Society
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EXECUTIVE SUMMARY

The Port Honduras Marine Reserve (PHMR), encompassing 44 dfkmearshore habitat
including mangroves, seagrass, coral reefs and sandy cayes, is managed by the Toledo
Institute for Development and Einonment (TIDE).In 2007, The Nature Conservancy
(TNC), in collaboration with the Louisiana State University and TIDE, developed a
methodology for the assessment commercially important species in the PHMR. Data
collection for the assessment commence@(d@9 and includes both fisheries dependent
and fisheries independent surveys. Over the years, the methodology has been modified
and improved to adapt to changes in legislatguch as the implementation idbnaged
Accessin 2011in the PHMR. The methodtmgy continues to be modified in order to
strengthen the fisheries assessmetth the final goal of assessing the stock levels of
commercialspecies and enable sustainable catch quotas to be determined for PHMR.
This report represents the first analysis of fisheries dependent and fisheries independent
data gathered from 2009 to 2012.

Population density and size data for commercial species (conch, lobster and finfish) are
compared using Ocean Data View © ancedizquency distribution curves, to improve
understanding of the complex relationships between fish, fishing and the environment.
Both lobster and particularly conch showed signs of overexploitation before
implementation ofManaged Accesswith overall slight improvement afteManaged
Accessbegan.Additional data is needed to confiriMlanaged Accesss a driver of
improvement, but early signs are that compliance with seasons, size limits, gear
restrictions and ntake zones may have generally improved siboé with illegal fishing
thought to have increased at the remote East Snake Caye no take zone. Conch are of
serious concern as overall maturity of the stock is decreasing rapidly based on lip
thickness (Stoner et al. 2012), yet this trend may be mdskéde current shell length
based legal minimum size limit. EffectivenessMzinaged Accesand other management
tools including season closures,-taie zones and minimum conch and lobster size
limits, are discussed and recommendations for research, amnogjt management,
education & outreach and policy are made. These will be crucial for informing the
effectiveness and aptve design of Managed Accessand the establishment of
sustainable catch quota® ensure that it becormean effective managementaiofor
sustaining fisheries and livelihoods in the region.

Thedataanalysis also suggeaghat an increase in size of no take zones to one contiguous
areaencompassing the Snake Caygesld further improve the fishery brgduéng illegal
extraction,increase reproduction, protect nursery grounds and maximize replenishment
of the general use zone via spillové@ther management recommendations include
changing the legal definitiominimum sizeconchfrom being alengthbased toa lip
thicknessbasedlimit as a result of theapidly decreasing overall maturjtgnd thereby
fecundity of conch stocksTIDE is currently working along with the Government of
Belize to improve the fishery in PHMR by expanding theai@ zone.

This analysis has been critical toghlighting the strengths and weaknesses of the
zonation, the fisheries assessment andvtheaged Accesgrograms.
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INTRODUCTION

The Belize Fisheries Department (BFD), in partnership with the Environmental Defense
Fund (EDF), the Toledo Institute for Development and Environment (TIDE) and the
Wildlife Conservation Society (WCS), under the Sustainable Fisheries Initiative (SFI) in
Belize, is implementingManaged Accesas a pilot program in Port Honduras Marine
Reserve (PHMR) and Glover's Reef Marine Reserve (GRMR) as a first step towards the
implementation of Catch Shares as a national fisheries management policy for Belize.
After two years, if deemed successfiNjanaged Accesswill be considered for
implementation in other marine reserves in Belize, with a long term plan to apply this
management approach to the entire territorial waters of the country, effectively ending
open acceshlsheries in Belize.

In 2007, prior to the formation of the idea fdanaged Access concept for a fisheries
assessment of PHMR was devised by TIDE and The Nature Conservancy (TNC) with
guidance from Louisiana State University, in order to determirianap exploitation

levels for commercial and sport fishing activities. Various methodologies were
considered and discussed during 2008, and in January 2009 the first funding was received
from TNC to collect boat and market data for a comprehensive fishesgessment of
PHMR. Data has been collected since January 2009 up to the present.

In addition, TIDE has been conducting ongoing coral and reef fish monitoring, which
provides further invaluable information on the impacts of fishing and other anthrapogen
activities on coral reefs and reef fish, as well as natural phenomena affecting the
distribution and demographics of multiple species.

TIDE has also been consistently conducting underwater conch and lobster surveys of
uncaught stock since 2009 to the present, providing information on population
density/abundance, size, maturity and gender ratio of the two most important commercial
species lobster and conch.

TI DEGs fish stock assessment, cor al reef anc
conch and lobster surveys were designed separately and implemented before it was

known thatManaged Acceswould be operating in PHMR. However TI| DE6s Resear
and Monitoring team have developed and implemented ways to enable data collected

from each program to be compatible, using fisheries dependent and fisheries independent

data to compare population dynamics between uncaught and caughttiomgul

Collectively, the combined analysis and reporting of these programs is known as the

TIDE fisheries assessment. This is necessary to improve understanding of the complex
relationships between fish, fishing and the environment, and will be cruciafdéoming

the effectiveess and adaptive designvénaged Access

The aim of the fisheries assessment is to inform adaptive managembfanafed
Access currently in its second year of implementation in Port Honduras Marine Reserve.
It is a comprehesive assessment of the health of commercially exploited species in
PHMR. By comparing fisheries dependent catch data from market and boat surveys with
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fisheries independent data from underwater surveys and from fishers of Port Honduras
Marine Reserve (PHR), a long term goal is to be able assess stock levels of commercial
species and enable sustainable catch quotas to be determined for PHMR.

Results of TI DEOGs | obster and conch under w.
MBRS coral reef and reef fish miboring surveys, covering a foyear period between

2009 and 2012, are presented and discussed here, with emphasis on informing the
effectiveness to date dlanaged Accesas a fisheries management tool for Belize.
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BACKGROUND

Port Honduras Marine Reserve

The Port Honduras Marine Reserve (PHMR) lies off the coast of Southern Belize,
starting from the mouth of Monkey River it extends south to 8km north of Punta Gorda
Town and 25 km east to include the Snake Cayes (Robinson et al. 2004). The Marine
Reserve covers an area of 414 kmz2, incorporating coastline, mangrove cayes, submerged
banks and a number of ecosystems of critical importance to local coastal communities
and to Southern Belize as a whole. Extensive seagrass meadows cover the shallow coastal
areas and surround an intricate network of mangrove cayes. Thick mangroves cover
nearly all of the 138 Cayes within the reserve and border the coastline and estuaries of
PHMR. Fringing coral reefs encompass the offshore Snake Cayes and patch reefs are
scatered throughout the reserve. These ecosystems are home to a myriad of flora and
fauna, which live in delicate balance with one another and their surrounding environment.
Some of these organisms are of considerable commercial benefit to the local coesmuniti
and to the wider economy of Belize, such as the queen conch and the Caribbean spiny
lobster.

PHMR was established in 2000 and is-ncanaged by the Toledo Institute for
Development and Environment (TIDE) and the Fisheries Department. PHMR is
composed Dthree zones (Figure a): 95% is a General Use Zone or GUZ (regulated
extractive activities allowed), 4% is a No Take Zone or NTZ {axtnactive activities

only) and 1% is a Preservation Zone or PRZ (research activities only). As such, only 5%

of the rese v e i-tsa kfemo An extensive baseline stu
commercial species within PHMR was undertaken in 2003 by Robinson et al. (2004) and

since then a comprehensive monitoring program has been in place.

Three communities depend on the mariresources of PHMR for commercial and
Subsistence purposes. Known as the #fAbuffer
Negra and Monkey River. Fishers from these communities fish for conch, lobster and

various finfish species from within PHMR.
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PHMR Habitat:

Reef habitats and their constituents make up essential fish habitat for many species in
PHMR, especially finfish such as snapper and grunts, as well as lobster and conch. The
reef habitats of PHMR transition in composition and structure mowastyward from the

coast. Most reef areas adjacent to cayes within the lagoonal area are patch reefs or algal
dominated hardbar habitats, such as the reefs of the Frenchman Cayes and Wilson Caye.
The Snake Cayes reef areas (on the east side of the caglegehbanksare spatially
complex with unique hard and soft bottom communities that host a diverse assemblage of
coral species. These cayes and many of the mangrove islands of PHMR are described as
coral rampart islands. They have thick accumulationngkr coral rubble (Sullivan et

al. 1995).

Species of interest:
Conch

Strombus gigagqueen conch) is one of the major commercial fisheries species harvested
from within the general use zone of PHMR, and is very important nationally as an export
produd. Belize ranks as the seventh largest exporter of processed conch meat, with
conch exports to the United States and Europe estimated at $60 million USD in 2001
(CITES 2003). Intense fishing pressure throughout the Caribbean has led to considerable
declines in most populations over the last three decades (Acosta 2006). Overexploitation
led to the collapse of the Florida conch fishery that did not recover even after a 20 year
conch fishing moratorium and a comprehensive reintroduction program (Glazeeand B
1994).

These trends led to conch being listed on Appendix Il of the Convention on International
Trade in Endangered Species (CITES) in 1990. CITES now require regular stock
assessments and conch fishery management plans from 13 conch exporting@s;ountri
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including Belize (Acosta 2006). In response, the Belize Fisheries Department has
established conch fishery regulations including a closed season from 1st July to 30th
September intended to protect the peak period of reproductive activity, a minimiim she
length of 17.8cm or processed meat weight of 85g, and a total ban on harvesting conch
using scuba equipment.

A record 1200 metric tons (mt) of queen conch was reportedly landed in Belize in 1972.
However, landings declined quickly after this periodT&S 2003; Camillo 2004), with
national mean annual catch reported by fishery managers in Belize to hover around 200
mt between 1990 and 2004. While estimates verified by CITES were considerably lower,
landings a fraction of what they used to be, and thvaber of licensed fishers had
increased by 30% between 2004 and 2008 (Wade et al. 2011), FAO considered the Belize
conch fishery to be sustainable based on exports (FAO 2004), and the Belize Fisheries
Department set the export quota to 228mt per annurh,amitextra 12mt per annum for

Al ocal consumptiono.

A paucity of catch and effort information, illegal harvesting (in closed season or in
NTZs) and poaching by illegal transbounddighers from Honduras, Guatemala and
Mexico continue to hamper efforts to estimate natiscale landings figures (Acosta
2006). Also, conch continue to be harvested once quotas are met, resulting in harvested
conch being sold on the domestic marketafanuch lower price. It's been reported that it

has sold for as low as $2/Ib. The Fisheries Department is currently assessing the quota
system and there has been some discussion that perhaps temporary closures will be
needed each month after the quotashzeen mefpers. commz2013)

In PHMR, conch fishing is concentrated in relatively shallow water <10m deep in
seagrass meadows, saaldal flats, and near shallow coral reefs. Conch populations have
been monitored with varying consistency since 2004,candistently between 2009 and
2012. One objective of the NTZs and PRZ within the reserve is to provide a refuge for
species free from fishing, including queen conch. In theory these areas enable populations
to reproduce and reach reproductive maturity euththe threat of being caught.
According to the theory, populations in NTZs oueane become large enough that
spillover takes place into the surrounding GUZ, restocking it with new recruits (Guénette
et al. 1998). It can take an average of three to years for a queen conch to reach
maturity and reproduce.

Lobster

Panulirus argus (Caribbean spiny lobster) is the most economically important
commercial fisheries species harvested in Belize, netting US$10.8 million nationally in
2010. It is harvesteextensively from the general use zone of PHMR. The Belize
fisheries department has set the legal minimum carapace length at 3 inches (7.62cm) for
harvested whole lobster, and a minimum tail weight of 4 ounces (113.4g) fonlail
landings. A closed seasofrom 15 Februaryi 14 June each year has also been
established, and no fisherman may have diced lobster tail, soft shell, berried lobster (with
eggs) or with tar spot in their possession.
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To assess population numbers and determine the effectivendgs NTZs and PRZ on
lobster abundance, size, maturity and gender ratio, monitoring of populations began in
2003. The scope of this assessment is focused on the three year period prior to the
implementation ofManaged AccesgMarch 2009 to July 2011), and the present
(December 2012) subsequent to implementation.

Eleven sites across the reserve are surveyed using two 30 minute timed swims conducted
simultaneously by two diver pairs. In 2009 and 2010, surveys were conducted in early
February, prior to thé&ebruary 1% season closure, and in June just prior to the open
season. For each lobster encountered, data regarding carapace length, sex, presence of tar
spots and eggs were recorded.

ReefFinfish - White grunt:

While the purpose of the MBRS AGRRA suygewas originally to assess dynamics in
overall fish species composition at reef sites in PHMR, it has been possible to isolate
threads of data relating to reef finfish species of commercial interest, such as white grunt.
White grunt were chosen as a abie species to represent finfish stock health because
they are among the few species which are frequently seen in batiten surveys and
boat/market catch surveys. White grunt is also considered useful in asdesalizgd

trends due to its limited mobility compared with other commercial finfish species. Other
species such as groupers are of limited value for comparison between caught and
uncaught stock, owing to the difficulty of encountering them underwater in PHMR. Other
species, such as snook, are usually found around river mouths where water visibility is
often very poor (Foley 2013), and so it would be virtually impossible to do underwater
fish counts without specialist sensing equipment. Generally, comparisonsisif iafch

data with underwater surveys is of limited value because the MBRS sites are focused on
areas of coral reef, whereas the majority of finfish caught for commercial use comes from
areas of mudflats, seagrass or outside the reserve. Work on iinfigk study is limited

to date due to difficulties with comparing fisheries dependent and fisheries independent
data for target species associated with database design. Further work is necessary to clean
up these data sources for analysis, which wasyaleagthy task for lobster and conch.
Currently these issues limit data analysisdibrer finfish species.

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
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METHODOLOGY

Data on population density, size frequency distribution and maturity of conch, lobster and
finfish species were collected and ars&ly. For conch and lobster, this involved
comparison of morphometric data from underwater surveys with lobster and conch catch
data from market and boat surveys under the fish stock assessment program. For finfish,
uncaught stock dat MBRBE AGRRA sunveys. These specied ware 0 s
selected as key indicators of fishery health, population structure, spatial and temporal
distribution, and overall sustainability of commercial fisheries in and around PHMR.

Fisheries independent surveys:

Conch:

In the years 2002010, conch monitoring took place twice each year, just before the
conch season closes in June, and shortly before it opens again in September. In 2011 and
2012, the first monitoring was moved to July, just after the conch season clogedgrin

to capture the impact of all open season extraction.

Queen conch populations were monitored at 12 sites strategically placed throughout
PHMR from 2004 to 2008. Since September 2011, 20 sites have been monitored; five in
the NTZs, 11 in the GUZ anidur outside the reserve. At each site, where possible, five
50 x 2meterbelt transects were laid parallel to one another and at leashétersapart.

At some sites, only three or four were possible due to habitat and depth constraints. Shell
length and lip thickness were recorded for all queen conch encountered. The specific
number of sites surveyed in each monitoring trip varied slightly due to weather,
resources, and underwater visibility. Population density (conch per hectare or cdjch ha
lip widths (cm) and lip thicknesses (mm) were compared immediately before and after
the conch closed season.

Mean shell lengths, mean lip thickness and mean weight per month of all caught conch
measured irshell (and out for weight) were also compared to asgasations in overall

stock maturity over time between 2009 and 2012.

Effectiveness of the shell length based size restriction of 17.8cm in protecting juvenile

conch is also assessed by determining the proportion of catch per year that is of legal

shelll engt h but with | ip thickness Dbelow Ston
maturity estimations of LT >9mm for males and LT>12mm for female conch.

Lobster:

Caribbeanspiny lobsterpopulations are surveyed at 18 sites within and adjacent to
PHMR twice a year, immediately before and after the closed season (15th February to
14th June). Sites are located in the NTZs (8 sites), GUZ (7 sites), and outside the reserve
(3 sites). At eaclsite, where possible, either two 30 minute timed swims are conducted
simultaneously by two diver pairs or a 60 minute timed swim is conducted by a single
diver pair. For each lobster located, species, gender, maturity (tar spot, eggs) and
carapace lengthra recorded. The number of sites surveyed in eaaly zone vary
between monitoring periods and years for a number of reasons (resources, weather,
visibility).
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Reef finfish:

Reef fish surveys were carried out between 2003 and 2012 using belt transettedes

in Method 1 of the MBRS AGRRA protocol for coral reef fishes (Alm&agela 2003).

At six of the sites used for the accompanying coral reef monitoring, a minimum of six 30
X 2metre transects were surveyed and the sizes and numbers of all reetéshtered

were recorded. Species relative abundance and biodiversity for PHMR is presented here

Fisheries dependent surveys

During all surveys, both on boats in PHMR and at landing sites, conch, lobster and all
finfish species are recorded and meaduwrsing the following protocols:

Conch:

Measurements recorded depend upon level of processing undertaken. There are four
levels of processing recorded.

1 0% processed: unshelled

1 50% processed: shelled, not gutted
1 65% processed: shelled, gutted, some agprery e s r emai n ( Aimar ket cl e
1 100% processed: shelled, gutted, filleted, white meat only.

For conch removed from shell, meat weight and level of processing is recorded. For
conch still in its shell, shell length, shell lip width and shell lip thicknessemarded.
Measurements are taken only for queen conch as other conch species are not harvested in
sufficient amounts to be regarded as commercial extraction.

Lobster:

Measurements recorded depend upon level of processing undertaken. For whole lobster,
measurements are made of weight, sex, maturity (male, female, eggs, tar spot), carapace
length, total tail length, segment width, and weight type (whole or tail). If the lobster has
been headed then the weight and length of the tail are recorded, alongeigth type

(tail only). Measurements are taken only for Caribbean spiny lobster, as other species are
not commercially harvested.

Finfish:

Only whole fish are measured. Parameters (where possible) include species, total length,
fork length and weight. \Wte grunt and lane snapper population density and size
frequency distribution comparisons between fished and unfished stocks will provide
invaluable information on the impacts of extraction pressure over space and time in
PHMR.

RESULTS
Conch

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
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Figure 1: Conch
population density
maps 2009-2012 in
Port Honduras
Marine Reserve.
The colored
bubbles used to
represent data on
the maps is sized
to reflect the
typical range of
transects
conducted at each
site. The dots on
the maps
represent
monitoring sites.
Color scales are
to the right of
each map with
blue depicting the
highest density
while red and
black denoting
very low density.
The black circular
outlines within the
reserve boundary
is showing the
location of the
NTZs and PRZ.
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Conch population densitfrom 20097 2012 is shownin Figure 1. In 2009, conch
population density was generally very low both before and after the closed season in
2009, being marginally more in NTZs and in the PRZ than in GUZ areas. Ther@was n
discernible recovery in conch numbers during the closed season throughout the
monitoring sies, except at Middle Snake BankBarring unreported mass migration,
closed season compliance in the GUZ and NTZs in 2009 appears low, except in the PRZ.

In Jure 2010, conch populations were generally very low throughout the GUZ, but much
better at West Snake Caye, although East Snake Caye looks harvested and is thus an area
of concern at this time. However, there was notable improvement at most sites, after the
September 2010 season closure, indicating good compliance with the closed season by
fishers in 2010. Very high population density was seen in the PRZ and reasonable
recovery was oleved at East Snake Caykhese trends suggest that NTZs were largely
beingrespected during 2010.

July 2011 yielded the lowest overall population densities of all monitoring periods
between 2009 and 2012. This codes with the implementation of Managed Access
The situation was marginally better in the PRZ, but still very poor. These trends point
towards severe overharvesting both in NTZ and in the GUZ during the 2011 open season,
leading to almost total depletion and poor recovery after the closed season.

There was extremely poor recovery in conch numbers after the 2011 closed season,
except at the PRZ and at the sites around South Snake Caye. West Snake Caye and East
Snake had very low populations. Numbers were slightly better throughout the reserve in
July 2012 than July of 2011, although still quite low. This indicates that exploitation
pressure may have been less during the 2@Ldpen season than during {Managed
Accesgimes.

There was generally better recovery in the GUZ areas after the clossuh sea
September 2012 than the same time the previous year. This may indicate that greater
replenishment was possible during the 2012 closed season than previous closed seasons
due to less exploitation in the 2012 opernseasons

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
FISHERIES ASSESSMENT STUDY 12



Conch Mean Shell Length Jun 09 [cm] @ Depth=1 Conch Mean Shell Length Sep 09 [cm] @ Depth=1

{ |
16.1°N, §
|_ . ]

RRTW RREW AREW RRLW

Conch Mean Shell Length Jun 10 [cm] @ Depth=1

o !
0 . | _. — — _Is

AW TREW
Conch Mean Shell Length Sep 10 [cm] @ Depth=1

It%/ Figure 2: Conch
" " shell length
. | . | distribution maps
s ; 2009-2012 in Port

Honduras Marine
Reserve. The
colored bubbles
used to represent
data on the maps
is sized to reflect
the typical range
of transects
conducted at each
site. The dots on
the maps
represent

) monitoring sites.
Color scales are

s to the right of
each map with

¥ blue depicting the
longest length
while red and
black denotes
small size (short
length). The black
circlular outlines
within the reserve
boundary is
showing the
location of the
NTZs and PRZ.

N, i
) . __J

2 .] 887w 8s8.6'w 88.5°'W 88.4°W
Conch Mean Shell Length Sep 11 [cm] @ Depth=1

3
e 1 1 1 )
88.7°W 88.6°'W 88.5'W 88.4'W

Conch Mean Shell Length Jul 11 [cm] @ Depth=1

15

16.1°N | — 5 Ji

88.TW 88.6°W 88.5W B8.4W
Conch Mean Shell Length Jul 12 [cm] @ Depth=1

o
_
9 e 88.7°wW 88.6°'W 88.5'W 88.4°W

Conch Mean Shell Length Sep 12 [cm] @ Depth=1

15

88.7W 88.6°W 88.5W 884w 8TWw as6w 85w 8B4W

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
FISHERIES ASSESSMENT STUDY 13



Conch shell lengths for 20092012 are shown in Figure Zonch shell lengths were
usually smaller in the PRZ throughout the time scale of this study (perhaps explaining
consistently higher abundance if the PRZs are important as nursery ground), except fo
July 2011 when very large conch were found in the PRZ (possibly to mate; this was the
beginning of the closed season which is intended to protect conch spawning activity).

NTZs may serve a crucial function as nursery grounds for juvenile conch, wiigh m
then populate large areas of the GUZ as they forage for food and mature. NTZs may also
be important spawning grounds for large spawning conch in the early stages of the closed
season.

While it is too early to link trends telanaged Acceswith any cetainty, implementation

of Managed Access July 2011 has coincided with a slight improvement in abundance
overall ever since, with good recovery in many parts of the GUZ in Sept 2012. NTZs
however (except the PRZ) are of increasing concern. It appeaeshi&e been improved
compliance in the GUZ areas since exclusion of illegal transboundary fishers under
Managed Accesdut that NTZs have been increasingly targeted, especially East Snake
Caye, which is more vulnerable than the other NTZs due to beingadie) distant from

the other Snake Cayes and from PHMR Ranger Station on Abalone Caye, (b) very close
to the outer boundary of PHMR, and (c) the closest Caye in PHMR to the international
border with Guatemala.

A close up view of West, South, and Mid@aake Cayes, reveals that it is currently easy

for fishers to be positioned legally between cayes and enter NTZs when no patrol is
present. Given the clear conch spawning and nursery functions of all the Snake Cayes,
the key to conch stock sustainabilitythe GUZ could be to increase the protection level

of the existing NTZs to PRZ status, and create one contiguous NTZ encompassing all
four Snake Cayes. Special attention should be given to East Snake Caye, which has been
shown to be the healthiest reef the entire Mesoamerican Barrier Reef and serves
critical functions in the life cycle of conch, yet is highly vulnerable to illegal extraction.
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Figure 3: Conch
lip thickness
distribution maps
2009-2012 in Port
Honduras Marine
Reserve. The
colored bubbles
used to represent
data on the maps
is sized to reflect
the typical range
of transects
conducted at each
site. The dots on
the maps
represent
monitoring sites.
Color scales are
to the right of
each map with
blue depicting the
greatest thickness
while red and
black denotes the
least thick conch
lips. The black
circular outlines
within the reserve
boundary is
showing the
location of the
NTZs and PRZ.
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Figure 3 shows the lip thickness (LT) distribution maps for conch from-2009 in

PHMR. LTs stayed relatively thin throughout 2009. LTs are generally greatest
throughout 2010. There was better recovery in LT in 2012 than 2011, possibly due to
Managed Accss reducing illegal fishing activity. A small recovery in LTs was seen
through 2012, which exhibited the best recovery between June and September of all the
years. In 2009 LTs were generally small, hovering at or just below the minimum size
limits recommeded by Stoner et al. (2012). At many sites no conch were found. These
factors combine to indicate possible overharvesting in the reserve. In June 2009 there
were mature conch at East Snake Caye supporting the theory that East Snake Caye is an
important coch spawning ground. In September 2009 at East Snake Cayewtrere

only small conchsThis indicates that this site may also be important as a conch nursery
ground soon after the spawning season. However conch population density has remained
low, and tlerefore the site would appear overharvested. Shell length is large at East
Snake Caye but lips are generally thin. In 2010 there were generally more mature conch
throughout the reserve with less variability between sites than before the closed season.
While some sites had no conch in June (indicating harvesting) most sites had reasonable
sized conch in September 2010. There was good recovery during the closed season,
indicating a healthier fishery than the previous year.

There were juvenile conch at masijes after the 2011 closed season, and there was good
recovery in population density in NTZs after the 2011 closed season. This suggests that
the spillover effect has been increasingly effective since 2011. Further monitoring will
determine whether thisan be attributed to the coinciding implementationvighaged
Access but it is an encouraging sign that the program may be contributing positively to
fisheries sustainability. At sites outside the reserve, there were few or no conch found,
but those that @re found were large, suggesting that density decreases with distance
from NTZs but age can increase as adult conch forage increasingly far from their birth
and nursery sites. In July 2012, there were conch at more sites than in the previous year,
indicating reduced fishing pressure. Small LTs after the open season however, indicate
that fishing pressure has still exceeded carrying capacity. East Snake Caye has large LTs
at this time, suggesting its importance as a spawning ground for conch. In September,
conch had bigger LTs and were more abundant in the GUZ than during the previous year.

Large and small LTs in the NTZs again support the theory that these sites are important
for both spawning and as nursery grounds for juvenile conch. NTZs exhibit the best
recovery each year. Abalone Caye is not a NTZ but essentially functions as one becaus
fishers avoid it, probably due to the presence of the ranger station. West Snake Caye is
showing signs that enforcement and compliance are effective, but thin lips only in the
PRZ could be cause for concern over illegal harvesting. LTs are mostly largesas
between West and South Snake Cayes. These and East Snake Caye may therefore be
important spawning grounds for conch.
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Figure 4: Conch
shell length
frequency
distribution
graphs comparing
conch size in the
GUZ vs the NTZ
(2009-2102) in
Port Honduras
Marine Reserve
based on fisheries
independent data
(underwater
surveys)
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