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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

GUZz General use zone

LT Conch lip thickness

NTZ(s) No-take zone(s)

ouT Marine areas close to but outside PHMR
PCNP Payne’s Creek National Park

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 414 km? of nearshore habitat
including mangroves, seagrass, coral reefs and sandy cayes, is managed by the Toledo
Institute for Development and Environment (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 commenced in 2009 and includes both fisheries dependent
and fisheries independent surveys. Over the years, the methodology has been modified
and improved to adapt to changes in legislation, such as the implementation of Managed
Access in 2011 in the PHMR. The methodology continues to be modified in order to
strengthen the fisheries assessment with the final goal of assessing the stock levels of
commercial species 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 © and size frequency 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 of Managed Access, with overall slight improvement after Managed
Access began. Additional data is needed to confirm Managed Access as a driver of
improvement, but early signs are that compliance with seasons, size limits, gear
restrictions and no-take zones may have generally improved since, but 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 masked by the current shell length
based legal minimum size limit. Effectiveness of Managed Access and other management
tools including season closures, no-take zones and minimum conch and lobster size
limits, are discussed and recommendations for research, monitoring, management,
education & outreach and policy are made. These will be crucial for informing the
effectiveness and adaptive design of Managed Access and the establishment of
sustainable catch quotas, to ensure that it becomes an effective management tool for
sustaining fisheries and livelihoods in the region.

The data analysis also suggests that an increase in size of no take zones to one contiguous
area encompassing the Snake Cayes could further improve the fishery by reducing illegal
extraction, increase reproduction, protect nursery grounds and maximize replenishment
of the general use zone via spillover. Other management recommendations include
changing the legal definition minimum size conch from being a length-based to a lip
thickness-based limit as a result of the rapidly decreasing overall maturity, and thereby
fecundity of conch stocks. TIDE is currently working along with the Government of
Belize to improve the fishery in PHMR by expanding the no-take zone.

This analysis has been critical to highlighting the strengths and weaknesses of the
zonation, the fisheries assessment and the Managed Access programs.
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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 implementing Managed Access as 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 vyears, if deemed successful, Managed Access will 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 access fisheries in Belize.

In 2007, prior to the formation of the idea for Managed Access, a 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 determine optimal 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 fisheries assessment 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 anthropogenic
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.

TIDE’s fish stock assessment, coral reef and reef fish monitoring surveys and underwater
conch and lobster surveys were designed separately and implemented before it was
known that Managed Access would be operating in PHMR. However, TIDE’s Research
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 caught populations.
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 crucial for informing
the effectiveness and adaptive design of Managed Access.

The aim of the fisheries assessment is to inform adaptive management of Managed
Access, currently in its second year of implementation in Port Honduras Marine Reserve.
It is a comprehensive 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 (PHMR), 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 TIDE’s lobster and conch underwater surveys, fish stock assessment and
MBRS coral reef and reef fish monitoring surveys, covering a four-year period between
2009 and 2012, are presented and discussed here, with emphasis on informing the
effectiveness to date of Managed Access as 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
scattered 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 communities
and to the wider economy of Belize, such as the queen conch and the Caribbean spiny
lobster.

PHMR was established in 2000 and is co-managed by the Toledo Institute for
Development and Environment (TIDE) and the Fisheries Department. PHMR is
composed of three zones (Figure a): 95% is a General Use Zone or GUZ (regulated
extractive activities allowed), 4% is a No Take Zone or NTZ (non-extractive activities
only) and 1% is a Preservation Zone or PRZ (research activities only). As such, only 5%
of the reserve is “no-take”. An extensive baseline study of the ecosystems and
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 marine resources of PHMR for commercial and
subsistence purposes. Known as the “buffer communities”, these are Punta Gorda, Punta
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 moving eastward 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 cayes) and reef banks are 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 accumulations of finger coral rubble (Sullivan et
al. 1995).

Species of interest:
Conch

Strombus gigas (queen 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
product. 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 (Glazer and Berg
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 countries,

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
FISHERIES ASSESSMENT STUDY 6



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 minimum shell
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 period (CITES 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 the number 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 annum, with an extra 12mt per annum for
“local consumption”.

A paucity of catch and effort information, illegal harvesting (in closed season or in
NTZs) and poaching by illegal transboundary fishers from Honduras, Guatemala and
Mexico continue to hamper efforts to estimate national-scale landings figures (Acosta
2006). Also, conch continue to be harvested once quotas are met, resulting in harvested
conch being sold on the domestic market for a much 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 quotas have been met (pers. comm. 2013)

In PHMR, conch fishing is concentrated in relatively shallow water <10m deep in
seagrass meadows, sand-algal flats, and near shallow coral reefs. Conch populations have
been monitored with varying consistency since 2004, and consistently 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 without the threat of being caught.
According to the theory, populations in NTZs over time 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 four 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. 1t is harvested extensively 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) for tail-only
landings. A closed season from 15 February — 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 effectiveness of the 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 of Managed Access (March 2009 to July 2011), and to 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 the February 14™ 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.

Reef Finfish - White grunt:

While the purpose of the MBRS AGRRA surveys was 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 suitable species to represent finfish stock health because
they are among the few species which are frequently seen in both in-water surveys and
boat/market catch surveys. White grunt is also considered useful in assessing localized
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, comparisons of finfish catch
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 finfish in this 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 was a very lengthy task for lobster and conch.
Currently these issues limit data analysis for other finfish species.
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METHODOLOGY

Data on population density, size frequency distribution and maturity of conch, lobster and
finfish species were collected and analysed. 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 data has come from TIDE’s MBRS AGRRA surveys. These species were
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 2009-2010, 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 closed, in order
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 and four outside the reserve. At each site, where possible, five
50 x 2 meter belt transects were laid parallel to one another and at least five meters apart.
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 conch 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 in-shell (and out for weight) were also compared to assess variations 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
shell length but with lip thickness below Stoner’s et al. (2012) lip thickness based
maturity estimations of LT >9mm for males and LT>12mm for female conch.

Lobster:

Caribbean spiny lobster populations 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 each site, 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 length are recorded. The number of sites surveyed in each may 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 transects described
in Method 1 of the MBRS AGRRA protocol for coral reef fishes (Almada-Villela 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 reef fish encountered

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 measured using the following protocols:

Conch:

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

e 0% processed: unshelled

e 50% processed: shelled, not gutted
e 65% processed: shelled, gutted, some appendages remain (“market clean”)
e 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 thickness are recorded.
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, along with weight 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. White 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
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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 density from 2009 — 2012 is shown in 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. There was no
discernible recovery in conch numbers during the closed season throughout the
monitoring sites, except at Middle Snake Bank. Barring unreported mass migration,
closed season compliance in the GUZ and NTZs in 2009 appears low, except in the PRZ.

In June 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 observed at East Snake Caye. These trends suggest that NTZs were largely
being respected during 2010.

July 2011 yielded the lowest overall population densities of all monitoring periods
between 2009 and 2012. This coincides 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 2011-12 open season than during pre-Managed
Access times.

There was generally better recovery in the GUZ areas after the closed season in
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 2011-12 open seasons.
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Conch shell lengths for 2009 — 2012 are shown in Figure 2. Conch 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 for
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, which may
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 to Managed Access with any certainty, implementation
of Managed Access in 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 appears there has been improved
compliance in the GUZ areas since exclusion of illegal transboundary fishers under
Managed Access, but that NTZs have been increasingly targeted, especially East Snake
Caye, which is more vulnerable than the other NTZs due to being (a) more 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 Middle Snake 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 sustainability in the 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 in 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 shows the lip thickness (LT) distribution maps for conch from 2009-2012 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 Access 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 recommended 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 conch spawning ground. In September 2009 at East Snake Caye, there were
only small conchs. This 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 therefore 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 many sites 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 this can be attributed to the coinciding implementation of Managed
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 were 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 because
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 larger in areas
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 shows the length frequency distribution for conch in the GUZ and NTZa. In
June 2009, the majority of conch measured during underwater surveys fell into the 20-
25cm size category in both GUZ and NTZ areas. NTZs had a slightly more spread out
distribution. This supports the theory that the NTZs serve as important nursery grounds
for conch, with both adults and juveniles being present. In September 2009, conch in both
the NTZ and GUZ areas became increasingly restricted to the 20-25cm size category,
with little difference in size frequency distribution between the two.

By June 2010 however (Figure 4), there was a marked difference between GUZ and NTZ
areas. In the GUZ the majority were in the 15-20 cm size class indicating heavy
exploitation of large conch in the GUZ in the 2009-10 open seasons. In the NTZ most
conch were larger than before at 25-30 cm long, indicating good compliance with NTZs.
In September 2010, there was almost no difference between NTZs and the GUZ. There
were more juveniles in both zones compared with September 2009, indicating that the
closed season was more respected than in 2009, which may have enabled better
reproduction.

Size frequency distributions in 2011 are unlike other years. In July 2011, sizes fall into
two distinct groups in the NTZ, around half being 10-<15 cm and the other half being 20-
30cm. There is a notable absence of conch in the 15-<20 cm size class in the NTZs. This
may be due to heavy exploitation of NTZs during the open season. Juveniles are now a
much greater proportion of the population. Sizes are more evenly spread out in the GUZ,
with equal proportions (30% each) in the 10-<15 cm, 15-<20 cm and 20-<25 cm size
classes.

In September 2011, four new sites were added outside the reserve, and are shown in
green on the size frequency distribution graphs. In September 2011, size frequency
distribution remains double-peaked in the NTZs, suggesting extractive activity of large
conch in the NTZs. The OUT sites show a similar pattern, with again noticeable absence
of conch in the 15-<20 cm size class. There were few large individuals in the GUZ, the
majority being at or under the legal shell length limit of 17.5cm. This may indicate heavy
exploitation in the GUZ.

In Jun 2012, trends are more similar to 2009 and 2010 again, with the majority being in
the 20 - <25cm size class in all zones and outside the reserve. This has coincided with
the first anniversary of the implementation of Managed Access, and may suggest that
Managed Access is having a positive effect, although it is too early to say with
confidence. In the GUZ in June 2012, there were no conch larger than 20-<25cm,
indicating that large conch have been extracted. September 2012 is very similar to July
2012, but there are some large conch now in the GUZ, indicating improved compliance
with season restrictions. This again could be a positive effect contributed to by Managed
Access.

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
FISHERIES ASSESSMENT STUDY 18



g

3

Jun 09 GUZ vs NTZ Conch Lip Thickness (mm) Sep 09 GUZ vs NTZ Conch Lip Thickness(mm)

3

&

8

8

% of sampled conch

80
70 @
60
Y
g
3 n
vz £ \ -=-NTZ
3
- Uz g \ —GUZ
—\ "ol W\
-A_ \\/AY\ 10 \/ < 7 \\-\
0-<5 S.<10 10-<15 15.<20 M-VQE 25.<30 30-<35 35-d0 m.-ds (E-dﬂ S;I» 0-<5 5.<10 10-<15 15-<20 20-<25 25-<30 30-<35 35.<30 40-<45 45.<50 50+
Size Classes (mm) Size Classes (mm)
Jun 10 GUZ vs NTZ Conch Lip Thickness (mm) Sep 10 GUZ vs NTZ ConchLip Thickness(mm)
80
70

A

—_—
/;‘
w o
& 8

=

—

\

=

IA e

% of sampled conch

~
S

‘___
[
z
N
% of sampled conch
a
8

/A

-
5}

| —
\
//

3

3

0 —
0-<5 5.<10 10.<I5 15.20 2025 25-<30 30-<35 35-cAD 40-<dS d4S-<SO 50+ 045 5-<10 10-<15 15-<20 20-<I5 25-<30 0-<35 35-<40 40-<A5 45-<50 SO+
Size Classes (mm) Size Classes (mm)

Jul 11 GUZ vs NTZ ConchLLip Thickness (mm) Sep 11 NTZ vs GUZ vs OUT Conch Lip Thickness(mm)
80

2

/'
3

£y

B
8

w
5

% of sampled conch
8

g

[
S

=
o

% of sampled conch

g
]
-&-NTZ 340 -=NTZ
/ \ \ —GUZ 5 ’.‘\ Uz
\ \ ; 30 /r .‘\ —0uT
20 - .f \‘\.
\ / \
© p— 7 T
o [ -— . ./:—.
0-<5 5-<10 10-<15 15-<20 20-<25 25-<30 30-<35 35-<40 40-<45 45-<50 50+ 0-<5 5-<10 10-<15 15-<20 20-<25 25-<30 30-<35 35-<40 40-<45 45-<50 50+ N .
Size Classes (mm) Size Classes (mm) Flgure 5 ConCh
Jul 12 NTZ vs GUZ vs OUT Conch Lip Thickness (mm) Sep 12 NTZvs GUZ vs OUT Conch Lip Thickness(mm) lip thickness
0 frequency
70 distribution
ol graphs comparing
.‘\ conch size in the
N 7 s GUZ vs the NTZ
/\ w2 Lo -z (2009-2102) in
/ \ E
/oA ~euz g 6uz Port Honduras
| / \ —~0uT 530 ——0uT .
x /) # — \ Marine Reserve

e
S

based on fisheries

\\/\ \ \ \ [/ >\ independent data

\!

»
"
5}

\/ (underwater
— 7 — e 0 & . l/._":—
0o 5 s 10-<15 15420 20 <25 2530 30 <35 3% w40 40 w45 45 50 s0r 0o 5.0 10-as 1-a0 2.5 B.a8 Woas B0 w0 a5 45 51 0r surveys)
Size Classes (mm) Size Classes (mm)

AN ANALYSIS OF THE DATA COLLECTED BETWEEN THE YEARS 2009-2012 OF THE
FISHERIES ASSESSMENT STUDY 19



The size frequency distribution for conch lip thickness (LT) from 2009 — 2012 in the
GUZ and NTZ were recorded during underwater surveys (Figure 5). In January 2009,
LTs were thicker in the NTZs. Most of those sampled in the GUZ had LT less than
15mm, signaling possible overexploitation in the GUZ but good compliance in the NTZs.
In September 2009, the NTZs and GUZ each have many juveniles, suggesting good
recruitment throughout the closed season. A small second peak in the LT 20-<25mm size
class indicates healthy reproductive capacity.

In June 2010, over 60% of conch sampled in the GUZ had LTs less than 15 mm,
signaling heavy exploitation of the GUZ in the 2009-2010 open season. In NTZs at that
time however, over 30% were in the 20-<25mm LT size class, indicating that
reproductive capacity was good in the NTZs despite overexploitation in the GUZ. In
September 2010, trends in the GUZ remained similar, with smaller conch now prevailing
in the NTZs. This suggests new recruitment in the NTZs, highlighting their possible
importance as conch nursery grounds.

In July 2011, the same month that Managed Access began, over 70% of conch in the
NTZs had LTs less than 5 mm. If this had been after the closed season this might indicate
many new juveniles in the NTZ and good recruitment. However, this is just before the
closed season, indicating serious overexploitation of NTZs at this time. LTs in the GUZ
are also mostly thin, which supports indications from other parameters that the period
leading up to July 2011 experienced heavy exploitation, including in the NTZs and
during the closed season. In September 2011, both NTZs and the GUZ exhibited poor
recovery, meaning there were still mostly immature conch in the reserve after the closed
season. There may have been good recruitment prior to heavy exploitation of adult conch.
Outside the reserve, there were some larger conch.

In July 2012, the situation was similar to 2011, with mostly immature conch throughout
NTZs and the GUZ, and some large specimens outside the reserve. In September 2011 in
all areas in the reserve there were many juveniles (NTZs >65%, GUZ 55%) yet almost
none anywhere in the 5 - <10 mm LT size class. Some larger conch were present
however, with a moderate proportion (~30%) being in between 10 and 25mm LT in each
zone.

While shell lengths recovered to some degree in 2012, LTs did not, with the vast
majority of conch having LTs less than 10 mm throughout 2012 and in all zones. This
suggests that while conch have grown larger again in 2012, that they are young adults
that have reached adult size and have yet to increase in lip thickness. This reinforces
concerns over using shell length as the metric upon which size limit laws are based.
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Figure 6: Shell length frequency distribution (2009-2012) for Queen conch in Port Honduras Marine Reserve. Data
represented in green (unfished) is gathered underwater during the fisheries independent surveys. Data represented
in red (fished) is based on landings data recorded during fisheries depending surveys

Based on size frequency distribution, conch is showing some serious signs of
overexploitation in PHMR, and is currently of greater concern than lobster (Figure 6).

Shell length has been shown (Stoner et al. 2012) to be an unreliable indicator of sexual
maturity in conch, due to regional and local differences in, water temperature, diet, and
water acidity (Alcolado, 1976; Martin-Mora et al., 1995). However many conch over
20cm in length are likely to be mature, and those over 25cm are very likely to be mature.
This indicates a big problem with stock health in PHMR, as the percentage of the over 20
- <25cm  fished population has increased markedly over the last 3 years, while
percentage of the 25 - <30cm fished conch population has dropped from almost 45% in
2009 to 14% in 2011 and then to only 3% in 2012. This means that conch in the water are
getting younger, while what catch is becoming increasingly restricted to one size
category, the 20 - <25cm range — young adults. Those with most chance of being
megaspawners are constituting a far lower percentage of the caught population than 3
years ago. While shell length is not a reliable indicator of maturity, it is clear that the
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largest most mature conch are becoming very scarce, below the ~20% threshold of large
old stock in the catch estimated to indicate good health of a fishery (Cope & Punt 2009).
In 2012, there were very few smaller conch found underwater, possibly because not
enough adults were left to spawn the previous year. Years of overexploitation may now
be showing signs of affecting recruitment. However, these results should not be
interpreted in isolation from the lip thickness data.
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In 2009 over 20% of fished conch that could be measured in their shells had LTs greater
than the 15mm threshold recommended by Stoner et al. (2012) to indicate maturity. The
threshold recommended by Cope and Punt (2009) was that at least 20% of the catch
needs to be in the “megaspawner” category to indicate a healthy fishery. Over 20% of
the 2009 unshelled catch had LTs larger than 20mm, considerably higher than Stoner’s et
al. (2012) recommendation. Only 10% of the 2009 unshelled catch had LTs in the 0 - <5
mm size class, indicating that the fishery was able to sustain extraction of mature conch
and that fishers were not driven into fishing juveniles (Figure 7).

It is interesting that the shell length of the caught conch never dropped below the legal
size limit of 17.8cm, but that based on lip thickness, juveniles with <15mm LTs are
becoming an increasingly large proportion of the catch. This supports the notion that
conch reach adult size before maturity, and that shell size slows dramatically during the
subsequent year lip thickening and sexual maturation phase, between the ages 1-2 years
and 3-5 years.

It is possible that fishers are able to maintain 25+cm shell sizes in their catch by fishing
conch of legal size but with thinner and thinner lips. This would explain the drop in the
number of juvenile uncaught conch in 2012 (Figure 7) as general fecundity of the
unfished stock reduces with decreasing average age. This is of concern as it may show
that the currently shell length based regulations are serving to mask the decreasing
overall maturity of the stock, despite shell sizes in the catch staying above 20 cm (yet
with increasingly thin LTs).

Proportion of total caught conch per year above legal shell length limit
(17.8cm) but with lip thickness less than Stoner's et al. (2012) 9mm (male)
and 12mm (female) LT maturity thresholds
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All conch measured during fisheries dependent surveys between 2009 and 2012 were of
legal shell length (>17.8cm), except one individual measured on 20™ April 2010 (SL:
17.5cm). Stoner’s et al. (2012) Exhuma Cayes (Bahamas) study estimated maturity to be
reached at LT 9mm for males and LT 12mm for females in habitat and latitude
comparable to PHMR. While the LT: maturity ratio is known to vary between regions in
the Caribbean (Stoner et al., 2012) no gamete study has been conducted on conch in
PHMR to confirm local LT maturity thresholds. Application of Stoner’s et al. (2012)
thresholds to this study suggests that the percentage of legal sized (<17.8cm) caught
conch likely to still be juvenile has dramatically increased in the period 2009-2012.
While no gender data is available in this study, a similar trend is seen using both the 9mm
and 12mm thresholds (Figure 8). Using the 12mm threshold, the proportion of the legal
catch consisting of juvenile conch increased consistently from 33.1% in 2009 to 42.3% in
2010, then 81.1% in 2011 and 90.9% in 2012. The proportion of legal catch with LTs less
than 9mm exhibited a similar increasing trend: 25.4% in 2009, 21.8% in 2010, 56.8% in
2011 and 87.9% in 2012. Despite the lack of gender data, the proportion of harvested
conch that is juvenile based on lip thickness but of legal size to harvest has increased
from between 25.4% and 33.1% in 2009 to between 87.9% and 90.9% in 2012.
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In general throughout the study period 2009-2012 (Figure 9) there were fewer and
smaller lobster in the GUZ than in NTZs. There was greater spatial variation in
abundance at different sites throughout the reserve with each passing year. This may be
indicative of greater mobility in lobster stocks compared to conch.

In February 2009 (before closed season), NTZs were looking good after a whole open
season. Most of the GUZ looks overexploited, suggesting that NTZs were effective in
2009, but extraction pressure during the open season in the GUZ is of concern. After the
closed season NTZs do not seem to be replenished. There is some replenishment in parts
of the GUZ. The closed season and NTZs may not have been observed. In February
2010, before the closed season, lobster abundance in the NTZs is poor, although the
GUZs have greater abundance than in 2009. This indicates possible targeting of NTZs
during the open season. After the closed season, in June 2010 a similar situation to May
2009 is seen, although post-closed season increases in abundance are smaller. After the
closed season, lobster stocks have replenished to a similar degree as the previous year,
but from a worse starting point. There is little difference between GUZ and NTZ areas
either before or after closed season. This means either the reserve (especially NTZs) is
not functioning well or that the current size and shape of the NTZs is not sufficient to
encompass the geographical range of lobsters during their lifecycle.

In 2011 some GUZ sites have high abundance. NTZs are not providing any clear function
for increasing abundance. This could be because they are too small to encompass range
of individual lobsters, so they have high chance of getting caught while roaming if they
step outside the NTZs while foraging. Of sites outside the reserve, L-OUT-1 and L-OUT-
2 (Annex B) typically had higher abundance. L-OUT-3 and L-OUT-4 were less
productive. L-OUT-4 consistently had no lobster since surveying began there in 2011.
Probably it is unsuitable habitat for lobsters due to high freshwater input and low water
quality. After the closed season, abundance has not increased in most NTZs, but Wilson
Caye (C-GUZ-4) is very productive. There is little difference in abundance between
NTZs and the GUZ, except East Snake Caye which looks quite healthy.

February 2012 was the first time in this study that NTZs had noticeably higher abundance
than the GUZ. However, there was little difference between before and after the closed
season in NTZs. There is a different pattern from before, with a stark difference between
the GUZ and NTZs. The GUZ looks heavily exploited, but the NTZs exhibit better
recovery than any other year since 2009. It appears that since Managed Access was
implemented, lobster extraction has increased in GUZ areas and decreased in NTZs.
Outside the reserve, sites C-OUT-1 and C-OUT-2 appear either heavily depleted or
lobster happened not to be there. After the closed season, there is noticeable recovery in
the GUZ and sustained good abundance in NTZs (except East Snake Caye). Compared
with 2010, the GUZ exhibited better abundance but may have been unable to recover
during the closed season. Possible improved compliance with NTZs may have resulted in
GUZ areas being more effectively repopulated via spillover from NTZs, even after
heavier exploitation during the open season. Increasing the size of the NTZ to one
contiguous zone encompassing all four Snake Cayes is likely to enhance this trend.
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Figure 9:
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Figure 9 shows that lobsters in NTZs were of a reasonable size, although GUZs showed
heavy exploitation in southern areas of the reserve. At some southern GUZ sites no
lobster could be found. In May 2009 there was a clear increase in carapace length in
NTZs. It seems that NTZs may provide good habitat for large lobster, but might not be as
important as a nursery. Small lobsters only were found mainly at Wilson Caye and
Abalone Caye, coinciding with low abundance. NTZs do not have higher abundance than
the GUZ, but do have bigger lobsters. Large lobsters were found in the NTZs, which may
improve spillover into the GUZ.

During February 2010, carapace lengths were generally smaller in the NTZs than in
2009. None were found at East Snake Caye. The NTZs show sign of harvesting during
open season, supporting the findings from the abundance data. This may be due to low
compliance with NTZs and seasons at this time. By June 2010, there was limited
recovery in both NTZs and the GUZ. Possible harvesting of NTZs may have limited the
spillover effect into the GUZ. The Snake Cayes may act as a spawning ground for large
lobster, with the central GUZ acting as a nursery. Greater protection of NTZs is needed to
maximize spawning capacity and spillover effect.

Carapace sizes in NTZs have been getting smaller over time from 2009 to 2011. Lobsters
in the GUZ were generally smaller, suggesting possible overharvesting because
abundance is also low. The exception is Wilson Caye, where abundance is high. By 2012,
NTZs showed slight improvement. Outside the reserve, site C-OUT-3 had large lobsters
but low abundance. These are encouraging signs since the implementation of Managed
Access. By the end of the closed season in 2012, NTZs showed signs of recovery. Some
centrally located GUZ sites also had small but noticeable increases in carapace length.
Compliance with NTZs shows improvement since Managed Access commenced. Outside
the reserve, sites close to Monkey River had large but few lobster.
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Figure 10 shoes a relatively healthy size frequency distribution curve in 2009 with up to
40% of NTZ lobsters having carapace lengths greater than 10 cm. This is encouraging,
but a greater proportion in the higher size classes is needed to allay concerns about stock
sustainability, and larger lobster were therefore possibly being exploited at this time.
There is evidence of heavy exploitation in the GUZ, with few larger than 10cm (GUZ
February 2009: 10 - <12 cm: 15%, <12cm : <1%). By the end of the closed season in
May 2009, lobsters were slightly larger in the GUZ, indicating that there may be a
spillover effect occurring from NTZs to the GUZ. It seems there has been fairly good
compliance with season and zoning restrictions.

For the 2010 season, NTZs had a narrower size distribution than February 2009, but the
greatest proportion still fell in the 10 - <12 c¢m size class. There were none larger than
14cm however, indicating extraction of large lobster in the NTZ during the 2009-10 open
season. A double peak in the GUZ data indicates absence of lobster in the 4 - <8cm size
class in February 2010, possibly due to exploitation of spawning stock in the 1-3 years
prior, resulting in poor reproduction just now being reflected in the older juvenile
population. In June 2010 there are signs of new recruitment with ~45% of GUZ lobster in
the 4 - <6cm category. However, no young juveniles (0-4cm) were found. NTZs are
looking healthy with over 20% in the 10 - <12cm category, and a broad representation in
all but the smallest and largest size categories. This indicates good compliance with NTZ
restrictions for lobster in 2010.

In February 2011, the greatest proportion of NTZ lobster are no longer in the 10 - <12 cm
range (~18%) as in February 2010, having shifted to the smaller 8 - <10cm range (~36%).
There is minimal difference in population size structure between NTZs, the GUZ and
outside the reserve, suggesting that enforcement of NTZs was not being as effective at
this time. By June 2011, the GUZ peaks in the 6 - <8 cm category, larger than June 2010,
suggesting that the 2011 closed season had better recruitment than 2010. Lobster are
generally smaller in NTZs post closed season in 2011 than in 2010 though, raising
concerns about targeting of NTZs since Managed Access implementation.

Size distribution in February 2012 in the NTZs are well spread across size categories,
hinting at good recovery of the NTZ stock after likely being harvested in 2011. Lobster
are more mobile than conch and so it is possible that recovery took place by outside
lobsters filling vacant niches in the NTZs rather than recruitment on site. GUZ areas have
maintained lobsters up to 10 - <12cm, but none larger. There is an increase in proportion
of small lobster in June 2012 coinciding with maintained large lobster in the NTZs
suggests good recruitment in GUZ areas through spillover from NTZs, and good
compliance from fishers with season restrictions, size limits and NTZs.
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Figure 11: Caribbean spiny lobster carapace length frequency distribution (2009-2012) in Port Honduras Marine
Reserve. Datarepresented in green (unfished) is gathered underwater during the fisheries independent surveys.
Data represented in red (fished) is based on landings data recorded during fisheries dependent surveys

Size frequency distributions (Figure 11) remained relatively static in both the fished and
unfished lobster sample groups from 2009-12, indicating that this fishery may currently
be stable and sustainable. The majority of fished lobster always fall within the 8 - <10 cm
carapace length category (2009: 58.5%, 2010: 48.2%, 2011: 62.6%, 2012: 52.7%), with
few larger or smaller. Uncaught lobsters remain more broadly distributed across size
classes, with a good spread above and below the size range of caught lobster. This
indicates continuing good reproductive capacity among the adult population and
sufficient new recruits each year to sustain current fishing pressure. There is some
concern however in 2010, when despite the majority size class being 8 - <10 cm as with
other years, a large proportion (35.9%) lie in the 6 - <8 cm size class (Fig. 13b). 2011
shows a similar but less exaggerated trend, with 29.6% of the catch being in the 8 - <10
cm. In 2012, things improve again, with only 9.3% of the catch being in the 6 - <8 cm
size class and over 33% now also in the 10 - <12 cm size class.

Finfish
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Figure 12 shows the density distribution for white grunt in and around PHMR from 2009-
2012. In April 2009, white grunt were almost absent from all sites, except for East Snake
Caye (194. Ha™). Notably more were seen throughout the reserve in November 2009,
with notable high abundance at Bank 3 (395.8 Ha™) in the southeast corner of PHMR,
and consistent but low presence at most other sites. This trend continued throughout 2010
and the first half of 2011, with high abundance being maintained at Bank 3 (May 2010:
500 Ha™; April 2011: 361 Ha™). In November 2011 and May 2012 however (the first
two monitoring events since the implementation of Managed Access) trends are quite
different, with almost no white grunt at Bank 3, yet much greater abundance at some
NTZ sites. New monitoring sites outside the reserve as of November 2011 reveal marked
abundance in these offshore areas also. It appears some sites close to the boundaries of
PHMR which previously exhibited high abundance had much lower abundance in
November 2011 and after, while NTZs are fostering high abundance in white grunt in the
post implementation phase of Managed Access.
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Figure 13: Mean fish per hectare for all sites within PHMR.
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In May 2012, there was considerable variability in fish community structure and fish
biodiversity between sites (Figure 13 & Annex A). NTZ sites (Snake Caye sites) typically
exhibited greatest abundance and biodiversity. Striped parrotfish were by far the most
abundant species at all NTZ sites, and all but one site (Frenchman Caye where is was
second to schoolmaster) in the GUZ, ranging from 1,666 Ha-1 at Daly Bank to 3812 Ha-
1 at South Snake Caye, and an overall average of 2560 Ha-1 for the reserve, almost three
times the numbers of the next most common fish; the slippery dick.

Other widely abundant species in May 2012 include slippery dick, schoolmaster,
yellowtail snapper and Bermuda chub, with lesser abundance but still widespread
presence of French grunt, foureye butterflyfish, yellowtail damselfish, doctorfish, blue
tang, bar jack, queen angelfish, queen parrotfish, rock beauty and puddingwife. This was
a similar pattern seen in November 2011, although there was much less abundance of
most species at that time. This may have been due to weather conditions creating sub-
optimal conditions for reef fish. Whatever the cause, abundance is generally much greater
in May 2012 than November 2011, indicating that productivity and resilience against
stressors is relatively high in PHMR.
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DISCUSSION

Queen Conch

The conch population density data indicates that conch may have been overexploited
before the implementation of Managed Access in July 2011. There are some encouraging
signs of improvement since this time, with marginally improved overall recovery in
population numbers in many parts of the GUZ after the closed seasons of 2011 and 2012,
despite evident continuing heavy exploitation during the open seasons since Managed
Access implementation. Caution should be taken however in connecting this
improvement to Managed Access until at least five years of post-implementation data is
collected. It is important to note that there still needs to be a much greater improvement
before conch sustainability is no longer a concern. It is feasible though that the exclusion
of illegal transboundary fishers as a result of the stricter regulations associated with
Managed Access may have contributed to reduced exploitation pressure in GUZ areas
during the open season.

Concerns exist over the apparent heavy depletion of conch in most of the NTZs after the
2012 closed season, which may indicate a drop in compliance in NTZs by fishers in
2012. This is especially the case at East Snake Caye (C-NTZ-1), which had very low
post-closed season conch population numbers compared with previous years. This may
support the notion that there is illegal fishing in the NTZs during open and closed
seasons, especially at East Snake Caye. The PRZ however, maintained high population
density in 2012, indicating this is not an issue there.

Replenishment of the GUZ after closed seasons tends to be greater in years when
compliance with NTZs seems to have been better. Further study is needed to compare
enforcement data with underwater survey data, but these findings support the concept that
Managed Access may be having a positive effect on the sustainability of the conch
fishery in PHMR, by making the existing closed and open season restrictions more
effective at ensuring stock replenishment.

The percentage of fished conch in the 20 to <25cm shell length range (young adults) has
increased markedly over the last four years, while percentage of the 25 to <30cm (older
adults) fished conch population has dropped steadily each year, from almost 45% in 2009
to around 3% in 2012. Conch in the water are getting younger, while fished conch are
becoming increasingly restricted to one size category, the 20 - <25cm shell length range
(young adults). Those most likely to be megaspawners constitute a far lower percentage
of the caught population than three years ago. Shell length is not considered by
contemporary studies to be a reliable indicator of precise maturity (Stoner et al. 2012).
Nonetheless, it is clear that the largest, most mature conch are becoming quite scarce,
below the ~20% threshold of large old stock in the catch required to indicate good fishery
health (Cope & Punt 2009, Fujita et al. 2012).

The proportion of harvested conch that is juvenile (based on Stoner’s et al. (2012) study
on minimum lip thickness for reproductive maturity (females 12mm, males 9mm)), but of
sufficient shell length to be harvested legally, has increased from between 25.4% and
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33.1% in 2009 to between 87.9% and 90.9% in 2012. Shell length of the fished conch
was always above the legal size limit of 17.8cm between 2009 and 2012 (except one
individual in April 2010 measuring 17.5cm). However, juveniles with lip thicknesses of
less than 15mm constitute an increasingly large proportion of the catch, supporting the
notion that conch reach adult size before maturity at 1-2 years, and that shell size slows
dramatically during the subsequent years of lip thickening and sexual maturation at 3.5
years (Stoner et al. 2012).

It is possible that fishers have so far been able to maintain 25+ cm shell lengths in their
catch by fishing conch of legal size but with increasingly thin lips. High extraction
pressure on conch in the Bahamas also resulted in increasingly thin lip thicknesses
(<5mm) in fished populations before average shell length declined (Stoner et al.,
2012a).This would explain the drop in the number of juvenile unfished conch in 2012
(Figure 6) as general fecundity of the unfished stock reduces with decreasing average
age. Current shell length based regulations may therefore be masking the decreasing
overall maturity of the stock, despite shell sizes in the catch staying above 20 cm (yet
with increasingly thin lips). It is known that population growth in large gastropods such
as queen conch can be maintained simply by protecting large old “megaspawners”
(Rogers-Bennett and Leaf, 2006).

The minimum size limit for legal harvest of conch urgently needs to be changed and
based on lip thickness instead of shell length to allow maturity to increase among the
unfished stock before potential population collapse. Shell length is not a reliable
parameter upon which to base the legal minimum size limit for extractable conch (Stoner
et al. 2012). The existing legal minimum shell length for fished conch of 17.8cm does not
adequately protect juvenile conch from being harvested. There may also be conch under
the legal minimum shell length with lip thicknesses greater than Stoner’s et al. (2012)
recommendation of LT 9mm for males and LT 12mm for females, meaning that the
existing legal framework is allowing both immature conch to be harvested legally, while
denying fishers access to smaller conch which have reached sexual maturity (e.g. shell
length of one fished conch in 2010 measured 17.5cm, but had a lip thickness of 10mm).
Furthermore, current shell length based regulations may mask a decreasing overall
maturity of the population despite shell sizes in the catch staying above 20 cm (yet with
increasingly thin lips).

A change to a lip thickness based minimum size limit will meet resistance among fishers
because it will a) reduce the number of queen conch available for harvest in the short
term (1-2 years), and b) it would also require conch to be landed in the shell, reducing the
amount of product a fisher can land and raising the price of conch to compensate for the
higher transport and effort expenses (Stoner et al., 2012). This will require stakeholder
consultation and outreach nationally, and it is recommended that it be implemented in
existing Managed Access pilot areas first and assessed after at least two years before
being rolled out at the national level.

Managed Access may be starting to contribute positively to conch fishery sustainability
in PHMR, allowing co-managers to learn by experience and develop adaptively as a
foundation upon which to strengthen existing management tools. These include a
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restricted number of licensed fishers, control over the total fishing effort and size limits,
quotas and closed seasons determined by the best and most contemporary scientific
research available. Effective law enforcement is also essential in ensuring the
effectiveness of these management tools (Valle-Esquivel, 2003; Mayfield et al., 2011).

Caribbean Spiny Lobster

Times of good compliance with NTZs are followed by greater repopulation of GUZ
areas, but NTZs may not currently be large enough to fully protect lobster spawning
activity. Possible improved compliance with NTZs may have resulted in GUZ areas
being more effectively repopulated via spillover from NTZs, even after heavier
exploitation during the open season. The GUZ may recover well from overexploitation as
long as NTZs are observed. Greater protection of NTZs and an increase in the size of the
NTZ to one contiguous zone encompassing all four Snake Cayes is likely to increase
spawning capacity and spill-over effect.

Lobster has shown signs of possible overharvesting in 2010, with signs of gradual
recovery afterwards. The fishery may have approached non-sustainability in the period
before the implementation of Managed Access, but has since shown signs of healthy
recovery and resilience to current fishing pressure. This is an improvement in a trend that
could have become a concern. While this coincides with the implementation of Managed
Access, at least 5 years of data is needed with Managed Access in operation before these
trends can be attributed to the program with any certainty. Signs are encouraging
however that before 2011 the lobster fishery appeared relatively stable but slipping
towards a decline path indicative of overfishing, yet since Managed Access, there are
clear signs of greater maturation of both fished and unfished lobster populations.

Finfish

In 2012, NTZ sites (Snake Caye sites) typically exhibited the greatest abundance and
biodiversity, warranting an increase in protection. Striped parrotfish were by far the most
abundant species at all NTZ sites, and all but one site in the GUZ, ranging from 1,666
Ha-1 at Daly Bank to 3812 Ha-1 at South Snake Caye, and an overall average of 2560
Ha-1 for the reserve, almost three times the numbers of the next most common fish; the
slippery dick.

Other widely abundant species in May 2012 include slippery dick, schoolmaster,
yellowtail snapper and Bermuda chub, with lesser abundance but still widespread
presence of French grunt, foureye butterflyfish, yellowtail damselfish, doctorfish, blue
tang, bar jack, queen angelfish, queen parrotfish, rock beauty and puddingwife. This was
a similar pattern seen in November 2011, although there was much less abundance of
most species at that time. This may have been due to weather conditions creating sub-
optimal conditions for reef fish. Whatever the cause, abundance is generally much greater
in May 2012 than November 2011, indicating that productivity and resilience against
stressors is relatively high in PHMR.
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Different fish species are filling the minority niches between November 2011 and May
2012 (Annex A), indicating that seasonal variations in environmental conditions are
favored by different fish species at different times of the year.

Further analysis needs to be done in order to determine what, if any are the trends for
finfish. Due to data entry, database design and data collection problems that only became
evident during the course of data collection in 2012, it would be erroneous to make any
interpretation of the existing data.

Other Observations

NTZ compliance:

There is evidence of good conch recruitment and reasonable compliance with closed
season restrictions since 2011, which may be partly due to Managed Access restricting
access to a limited number of licensed fishers who know the regulations. There is concern
though that since Managed Access began some fishers may be targeting NTZs, especially
for conch, and particularly at the remote East Snake Caye. This could have serious
impacts on the overall replenishment success in GUZ areas via spillover, as NTZs have
been found to be important nursery grounds for juvenile conch. It is possible that as
Managed Access excluded illegal trans-boundary fishers (and Belizean fishers not in
possession of Managed Access licenses) from having a legitimate reason to be present in
GUZ areas of PHMR, that these fishers are finding ways to supplement their previous
catch levels by targeting areas known to have high population densities of large conch
and located close to the boundary of PHMR (e.g. East Snake Caye) where they know
they can extract a large amount of product in a short space of time, probably at night, and
move away from the site and out of PHMR within minutes. While East Snake Caye is the
most remote caye in PHMR and the furthest of the Snake Cayes from the PHMR Ranger
Station, it is also one of the closest to Guatemala.

Furthermore, a close-up view of the current NTZ boundaries around the other Snake
Cayes (West, Middle and South), defined as “half a mile” (804.67m) from shore around
each of the Snake Cayes” demonstrates that it would be easy for Managed Access
licensed fishers to wait in areas between these cayes which are technically in the GUZ
(Figure B) . As defined by the law, the narrowest section of GUZ is less than 70m
(approx. 230 feet) wide, between the PRZ around Middle Snake Caye and the NTZ
around West Snake Caye (Figure B).
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Fishers might even reach conch and lobster grounds in NTZs by breath-hold diving from
boats located in the GUZ. The current NTZ design appears not to provide adequate
protection to the conch nursery grounds around the Snake Cayes. A contiguous NTZ
boundary encompassing all the Snake Cayes would empower PHMR rangers to
justifiably inspect all boats in the area for conch. Currently, a boat could feasibly enter a
NTZ, extract conch and/or lobster from the associated habitat and move out again in
minutes, so that PHMR rangers may find it difficult or impossible to prove that conch or
lobster found on boats during inspections in the vicinity originated in the NTZs. Another
possibility is that breath-hold or scuba divers could collect product from the NTZs, and
then transport it to collection bags outside the NTZs while remaining underwater, only
surfacing with product once in the GUZ, so that it appears as legitimate extraction.

NTZ expansion:

Scientists and conservation organizations have recommended that networks of no-take
areas should cover 20-30% of all marine habitats to be effective at sustaining fisheries.
Setting the outer perimeter of the contiguous NTZ encompassing the Snake Cayes at a
distance from these islands beyond that reasonable for a diver or snorkeler to reach a boat
without surfacing (Figure B) is critical for improving compliance and ensuring the
effectiveness of the NTZs for the purpose for which they were established. Contrary to
popular thought, this may actually make enforcement easier by eliminating access to
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people wanting to extract conch in suitable habitat in NTZs via breath hold diving from
GUZ areas, and by giving PHMR rangers legal power to halt boats in the Snake Cayes
area that currently may be exploiting this loophole.

NTZ expansion stakeholder engagement 2013:

There is major concern about illegal extraction of conch, lobster and finfish at East Snake
Caye NTZ in 2012. Some stakeholders have suggested sacrificing East Snake Caye in
favour of making Abalone Caye a NTZ in recent NTZ expansion public consultations,
basing justifications on the fact that the ranger station is also situation on this caye
making enforcement easier. However it is important to note that East Snake Caye was the
healthiest reef in the entire Mesoamerican Reef in 2010 (Healthy Reefs Initiative 2010),
and is a major attraction for conservation funding, as well as being the most popular
tourism spot in PHMR for scuba diving. East Snake Caye is also the only reef site in
PHMR at which lionfish have never been found, making it an invaluable protection and
research priority.

Habitat mapping of the banks surrounding Abalone Caye (Foley 2012) has revealed that
this area does not exhibit particularly remarkable coral density or biodiversity, and fishers
have also confirmed that they do not use this area because yields there are not sufficient
to warrant the effort required. Therefore, this option is nothing more than a weak
loophole because Abalone Caye is not only effectively a NTZ anyway, but taking focus
away from the unique East Snake Caye could threaten alternative livelihood options for
tourism if East Snake Caye is not given the protection status and enforcement to match its
value to fisheries sustainability and tourism.

As East Snake Caye is threatened by illegal extraction due to its proximity to the edge of
the reserve and to Guatemala, a better option would be to extend the south eastern portion
of PHMR’s outer boundary in a south easterly direction and continuing on with creating a
contiguous NTZ around all Snake Cayes. This should receive support from Managed
Access fishers because it would create a larger buffer between outside the reserve and the
no take zones, forcing illegal fishers to travel more distance through NTZs before
reaching desired habitat for extraction, and enabling rangers to more easily stop boats on
grounds of attempting to fish in NTZs well before they reach vulnerable and ecologically
important habitats. Fishers should also support this because it is in their interest to protect
the spawning, nursery and replenishment via spillover functions of the Snake Cayes, and
virtually all of the Managed Access licensed fishers support elimination of illegal
extraction by non-Belizean transboundary fishers.

Fishing zones:

Spatial analysis of catch data was not possible due lack of standardization of clearly
defined fishing areas during the initial design of the fish stock assessment program in
2008-9. Fishers frequently gave arbitrary names of areas that are often misleading as to
their actual location, for example “south of PHMR” could mean the southern portion of
PHMR or all the sea south of the southern boundary of the reserve.

In order to address this, a new zonation map was produced in October 2012 (Figure C), of
which a laminated copy is shown to fishers when asked this question. The zones are
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designed to be small enough to provide meaningful spatial information on where product
is coming from, but large enough that fishers won’t feel like they are giving away secrets
about where the best fishing sites are. They are shaped to take into consideration the
general areas different people are known to fish, as well as habitats. For example, zone 1
is known as a popular area for fishing snook due to being directly outside the mouth of
the Rio Grande; while zone 7 is known to be popular for Monkey River fishermen. Zone
6 which encompasses the four Snake Caye NTZs is characterized by offshore coral reef
banks, and originates from the design by Foster (2010) that received most support during
early consultations in 2010 with fishers over NTZ expansion. Zone 3 was also included in
Foster’s (2010) most popular design. Zones 8, 9, 10 and 11 are outside the reserve and
extend indefinitely outwards from the reserve.
Use of this map during fish stock assessment surveys helps fishers become familiar with
the shapes, sizes and locations of the new zones, so that at such time that the new
extended NTZ boundaries are in force, fishers will already be familiar with the locations
of the boundaries. At the time of writing, it is anticipated that all or most of zone 6 could
be approved for NTZ expansion, and that in light of Graham’s (2010) Goliath grouper
study in Deep River Lagoon and Ycacos Lagoon zone 3 could be designated a special
management zone designed to protect goliath grouper nursery habitat function. The
establishment of zone 6 as a NTZ is a primary recommendation of this report. Trends
observed in this study indicate that this would reduce illegal extraction in existing NTZs,
make enforcement easier, less costly and more effective, and maximize the spawning and
nursery functions and replenishment capacity via spillover of new recruits from the
existing NTZs into the surrounding GUZ.
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ZONES OF THE PORT HONDURAS MARINE RESERVE

warw -arw e -wow
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become special
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CONCLUSION

There are encouraging signs that Managed Access is becoming an effective small scale
artisanal fisheries management tool not only in its own right, but by strengthening the
effectiveness of existing management tools in use, such as minimum size limits, closed
seasons, gear restrictions and NTZs. These generally seem to have been better complied
with since Managed Access began, although several years more data is needed to add
weight to this observation. However, Managed Access can only be as effective as the
regulations it helps to enforce, and could become more effective still by updating some
regulations according to available contemporary research. NTZs currently comprise only
5% of PHMR, while an abundance of research globally indicates this figure needs to be at
least 20% to perform desired spawning, nursery and replenishment functions effectively.
While ideal habitats for conch, lobster and finfish lifecycle functions are currently
encompassed by the existing NTZs, the close proximity of GUZ areas and the complexity
of small circular NTZ boundaries is making both illegal extraction easier, and
enforcement more difficult. A larger NTZ encompassing all Snake Cayes would enable
rangers to enforce NTZ laws before illegal fishers reach suitable habitat, and would also
eliminate confusion over precise boundary locations. A ban on possession of marine
product in NTZs should be in place to stop illegal fishers using popular loopholes such as
claiming product on board their vessels came from outside the NTZs even if they are in
or close to NTZs.

Conch overall maturity has decreased massively over the last four years, a trend that is
possibly being masked by the current shell length based legal minimum size limit for
conch. A size limit based on lip thickness has been shown empirically to correlate much
more closely to conch sexual maturity, and a minimum lip thickness of 15mm is
recommended to protect both male and female immature conch from being harvested,
while enabling smaller mature conch currently off limits to fishers to supplement
resulting losses in catch. Detailed habitat mapping would enable more reliable estimates
of total allowable catch (TAC) to be made with existing data sets, and is recommended as
a priority research topic in the coming 1-2 years. TIDE’s impending group volunteer
program could provide sufficient human and financial resources to accomplish this.
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i)

RECOMMENDATIONS

Research recommendations:

Establish conch gonad study to determine lip thickness at maturity by sex for conch in
PHMR

Create contemporary habitat map to increase understanding of distribution by habitat,
and improve commercial species population density estimates for PHMR. This will
enable more reliable TACs to be set.

Compare fisheries dependent and fisheries independent data presented here with
enforcement data to determine the relationship between NTZ stock health and illegal
extraction.

Compare enforcement data with underwater survey data to determine any correlations
between NTZ enforcement and NTZ recruitment and spill-over.

Establish conch mark and recapture study to assess spill-over effect from NTZs to GUZ
during closed and open seasons.

Further investigation into gender-specific lobster behavior and extraction techniques is
necessary to eliminate selective fishing or selective monitoring as possible reasons for
the apparent strong bias in favor of unfished male lobster from 2009-12. Although
reasons are currently unknown, it is clear this could have potentially serious
consequences for sustainability of this lobster fishery.

vii) Methods for capturing effort data need to be improved. While effort data was collected

viii)

in the fish stock assessment from 2009-2012, the data is of limited value because data
forms and Access databases were poorly designed and did not involve fishers in the
formulation of questions. Variables associated with fishing power (gear types, boat and
engine size, number of crew, diverse range of target species, lack of designated landing
site for measuring and weighing catch) need to be defined much more clearly. For
example, fishers need to know that “hours fished” is associated with the gear being
used more than with the fisher. For a hand line, the number of hours each hook is in the
water is required, but for traps, the number of hours the trap is in the water is required,
regardless of whether the fisher is present. The quantity of each gear type used and the
amount of time per piece of gear in the water is required to make meaningful
assessments of effort.

Upon implementation of the redesigned program, data should be evaluated very
carefully for the first few months to make sure gear usage has been defined correctly
and that fishers understand how to record effort for each gear type and for each fisher.
Effort will best be calculated by designing a formula that combines multiple variables
associated with each type of gear, number of fishers, boat size, and financial investment
in a given trip. Further study is required to achieve this.
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i)

X)

i)

Establish a pilot research project to be conducted by a researcher to assess effectiveness
of juvenile lobster attraction devices as a means to capture data on the smallest juvenile
lobster.

Monitoring recommendations:

Data collection from TIDE’s fisheries assessment and from Managed Access
licensed fishers should be merged into one program:

Data from TIDE’s fisheries assessment is crucial to informing the effectiveness of
Managed Access as a fisheries management tool for Belize because no pre-
implementation data collection was carried out under the Managed Access program, and
therefore the fisheries assessment data is the only baseline data available on the health of
commercial fisheries in PHMR before Managed Access implementation. Merging these
programs will eliminate duplication of efforts, improve mutual compatibility of the data
collected under each program so far, and will reduce interference by researchers with
fishers, thereby causing less frustration among fishers, which can reduce willingness to
participate.

Water quality monitoring should include monitoring of water currents to enhance
understanding of spill-over range of lobster larvae from NTZs into the GUZ,
enabling predictions to be made on likely GUZ replenishment patterns each year:

NTZs seem to be important as spawning grounds for adult lobster. This information could
inform a ““crop rotation” style of NTZ placement in the future, an idea that was popular
among fishers and tour guides in the 2013 NTZ expansion consultations.

Gender ratio data is needed for conch to determine whether drop in overall
maturity is related to fishing pressure selecting one gender more than another as
possible with lobster:

Record gender data for unfished conch underwater by turning the shell aperture up and
noting if a verge is present when the animal emerges to right itself (Stoner et al. 2012).

Management recommendations:

Lip thickness should be the principal parameter used to set legal size limits for
conch:

Many studies have shown that this provides a more reliable indicator of reproductive
maturity (Appeldoorn 1988, Stoner et al. 2012). More study is needed to compare lip
thicknesses with gonad development for male and female conch in PHMR, but
contemporary research recommends a minimum shell lip thickness of no less than 15mm
to ensure sustainability of the conch fishery (Stoner et al. 2012).

By monitoring conch lip thickness frequency distribution by habitat for unfished conch,
as well as for fished conch, population structure and productivity of the fishery could be
assessed according to habitat type. This would enable PHMR co-managers to set more
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i)

reliable and empirically based Total Allowable Catch (TAC) for conch in PHMR, using
an adaptive management approach that is responsive and flexible to the findings and
recommendations of future research and monitoring.

One contiguous NTZ encompassing the Snake Cayes is necessary to eliminate boat
access by fishers intending to exploit NTZs by positioning their boats in GUZ areas
close to these habitats:

This will make the job of enforcement easier as rangers will have a right to investigate
boats entering this new larger NTZ before they reach the habitats in the NTZ where
conch are found. Currently a boat can be positioned only a few meters from conch and
lobster habitat in NTZs and be loaded with conch and lobster without risk of arrest, as
there is no proof that the product has come from NTZs. It is recommended that no
fisheries products are allowed on board a vessel in NTZs.

Enforcement and compliance in NTZs need to be improved to ensure their functions
as spawning grounds and nursery habitats are protected and spill-over into GUZ
areas is sufficient to sustain present and future fishing pressure:

In general, small but notable improvements have been observed in the health of conch
and lobster populations since Managed Access began. It is too early to determine the
extent to which (if any) Managed Access has contributed to these trends, but early signs
suggest that enforcement and/ or compliance with PHMR regulations have improved
since that time. Logically, Managed Access should provide an overarching management
tool that strengthens the effectiveness of other management tools (such as enforcement)
already in place, because it makes them easier to implement. For example, enforcement
should be easier now that only Managed Access license holders have a legitimate right to
fish in the reserve. Those who were excluded were largely illegal trans-boundary fishers,
who were probably the ones more likely to disregard closed seasons, size and gear
restrictions and NTZs. Furthermore, pending permissions from land owners, TIDE plans
to have 24 hour ranger presence at TIDE’s sub-station on West Snake Caye by mid-2013.

Education & Outreach Recommendations:

Improve compliance and stewardship with PHMR regulations by raising awareness
and understanding of fishing pressure on marine resources.

Raising community awareness of long term threats to the environment and to people’s
livelihoods is at the heart of TIDE’s mission, to empower communities to take ownership
of the sustainable management of their own resources. Putting the right information in the
hands of those who need it is key to good decision making when it comes to multiple
stakeholders. If people feel well informed on the health of the fishery and can discuss
options based on contemporary research as well as traditional knowledge, they will be
more equipped to engage effectively in the process of deciding what action to take. It is
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then more likely that decisions on NTZ boundaries, size limits, gear type and season
restrictions can be reached that are acceptable to all.

Compliance can be improved and enforcement made more effective by explaining the
observed positive impacts of NTZs on stock replenishment over the last four years to
fishers during consultations. This is now taking place during stakeholder consultations
regarding NTZ expansion in the first quarter of 2013, with generally positive reception so
far.

Compliance with closed seasons can also be improved by improving restaurant owner
awareness of the closed seasons and other parts of the demand sector.

Policy recommendations:

National:

Revise size limit regulations for conch to be based on a minimum lip thickness of
>15mm, with an objective to phase out the >17.8cm shell length regulation over time if
proved successful in a two year pilot study in PHMR. EXxisting rules not only provide
inadequate protection for large juvenile conch, but also deny fishers access to mature
conch with shell length less than 17.8cm.

International:

The EU CITES Scientific Review Group is considering removing the long-standing
“positive opinion” for S. gigas (queen conch), for 12 Caribbean countries including
Belize, based on quotas of acceptable (non-detrimental to the population) exports
published by each country (pers. comm.). This would mean that each import request from
the EU would have to be reviewed by the CITES scientific authority of the importing
country prior to validation of import by the Management Authority. Although Belize
exports mainly to the US rather than the EU, it is important that Belize ensure
sustainability of the conch fishery through establishment of lip thickness based size
limits, NTZ expansion (to 20% of all marine reserves is recommended by the Belize
Fisheries Department) and using other management tools, and then publish a quota of
acceptable change to EU CITES to avoid export regulations being further tightened.
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LIMITATIONS OF STUDY

Statistical Analysis:

Due to time constraints it was not possible to conduct more in-depth statistical analysis
on the data presented. This study should be interpreted as preliminary findings of the first
attempt to collate and interpret holistically the findings from multiple monitoring
programs, using a large quantity and diversity of data.

Data on juvenile lobster:

Juveniles may be under represented because they are elusive and hard to find. Studies
outside Belize have successfully recorded even the smallest juveniles using specially
designed floating attraction devices attached to the substrate via a line. This information
is of increasing importance if pre-Managed Access size frequency trends repeat
themselves. A pilot research project would establish the effectiveness of this method at
minimal cost.

Weather related conch and lobster migrations:

Some fishers have reported seeing migrations of conch to deeper waters during very bad
weather or unusual events (such as the summer 2011 algal bloom event. More
information is needed to be able to take these into account when interpreting the results.

Data collection issues:

As explained in Fisheries Assessment Progress Report (Foley 2012), data collection for
TIDE’s fish stock assessment has been hampered both in Monkey River Village due to
the majority of landings now being taken directly to Jamaican exporters located on the
opposite side of the river from the village. Not only is it difficult for community
researchers to reach this location (there is no bridge across the river), but those running
this operation are not willing to allow community researchers to measure and weigh
individual catch. For most of 2011 there was no way to capture this important data and
TIDE has not yet been able to find a solution. A replacement for the data collector at Rio
Grande Fishing Coop has yet to be found.

In order to overcome this situation, TIDE has strengthened its lobster catch monitoring
capacity with rangers collecting length and weight data from boats during patrols. As
rangers are continuously in contact with the fishing community at sea, this provides good
opportunity for collecting data of a higher temporal resolution than previously possible.
Further training will take place in 2013 to increase the quality of data collection by
PHMR ranger staff. The regular fish stock assessment is still valuable though in
providing large sample sets, because the research team has more time to spend per boat
than rangers during a patrol, enabling all or most of the catch to be recorded while
rangers only have time to measure a subset. Combining the two datasets will provide
good temporal resolution with periodic large sample size data to assess reliability of
patrol data.

Data analysis issues:
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Difficulties sorting and analyzing the data arose from a database of inappropriate design.
These issues have since been addressed through the creation of the fishing zone map
(Figure C) and by changing the “area fished” box on the Access database entry form to a
drop down menu instead of open text entry. Further monitoring with these adjustments
will enable unfished populations to be compared with fished populations by fishing zone.
This will provide information on relative productivity and extraction in different parts of
the reserve.
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[ANNEX A] MEAN FISH PER HECTARE PER SITE
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May 2012 Mean Fish per Hectare:

May 2012 Mean Fish per Hectare:

3. Middle Snake Caye 4. South Snake Caye
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May 2012 Mean Fish per Hectare:
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May 2012 Mean Fish per Hectare:
7.Bank 3
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May 2012 Mean Fish per Hectare:
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ANNEX B: PHMR MONITORING SITES

A. Unfished conch monitoring sites
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B. Unfished lobster monitoring sites
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C. MBRS coral reef and reef fish
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