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EXECUTIVE SUMMARY

In 1992 Belize signed the United Nations Framewbokivention on Climate Change. As a Party
to the Convention, Belize pledged to work with timternational community to take the
necessary steps that would allow ecosystems tot adagpmate change. Belize is required to
report regularly on measures it has taken to nieeptovisions of the Convention. Belize made
its first report to the Conference of the Partiésthe United Nation framework on Climate
Change in 2002. Belize In now in the process ofigleting its second National Communication
Report.

In the First National Communication, certain areasectors were not addressed. Vulnerability
and adaptation assessments for example were lirtotede agriculture sector only, primarily
because of the availability of data. Other impartsgctors such as health, tourism and water
resources were also not addressed. In particwarpf Belize’'s major development sectors, the
coastal zone and the Fisheries and Aquaculture re wet addressed. The second National
Communication Report therefore seeks to addresg tissues.

This present document focuses on the fisheries amgbaculture industries as important
contributors to the continued economic growth ofiZe A substantial and growing proportion
of the population is engaged in these industri@s. such, the vulnerability of these industries
need to be assessed in order to determine whatatidmpmeasures should be formulated to
avert the adverse effect of climate change.

The assessment indicates that, in respect of thea@dture sector, Belize has a tremendous
potential for aquaculture development. This inchit@th inland freshwater and coastal land-
based impoundment production systems, as well &$idali sea-based production system.
Although only three (3) species are currently baintjured in Belize, the potential exists for the
husbandry of a wide range of finfish and macro-itelerate species. The full scope for
aquaculture development has been estimated atZEDB800 per annum.

The records show that the aquaculture industry grem modest beginnings in the early 1980’s
to a BZ$60 million industry by the end of 2006. Jisubstantial growth has elevated the Sub-
sector to the third largest foreign exchange eamére country. The main focus of the industry
has been shrimp farming. However, over the lasteth{B) to four (4) years Tilapia production
has become relevant and the first harvest of Cfusidhe export market was realized in mid-
2007.

Shrimp farming production is based on the culturofgthe Pacific White Shrimg?enaeus
vannamei Although attempts have been made to culture ogpecies, including the locally
occurring White Shrimfenaeus schmittthe production performance BEnaeus vannaméias
been superior to the extent that it has been thee foimp species in production in Belize for
some time now.



The engineering containment technology for bothnghirfarming and commercial-scale Tilapia
culture in Belize are land-based embankment earnmerls. These ponds are situated on the
lower coastal plain immediately behind the mangraeee for the shrimp farms. The pond
systems for the Tilapia farming operation, is lechain inland Belize, above the flood plain.

The ancillary infrastructure for shrimp farming amdapia culture includes in large measure:
hatcheries, processing houses, feed stores, labesatnd office space. These infrastructure are
generally located landward of the primary produtiond infrastructure.

The primary engineering containment infrastructoreCobia culture is sea-based floating cages.
Apart from the cage site security base, the amgiliafrastructure for the Cobia production is
based on mainland Belize above the high tide line.

Thus far the major threat to the viability of trepuaculture industry has been perceived as market
forces. The contractions experienced in the shfammping industry over the last two (2) to three
(3) years has been a function of the steep dedalimaarket prices resulting from increased
production volumes in south-east Asia. The depoesisi prices has been relevant to all three (3)
major market destinations for farmed shrimp, vize tJS market, the EU and the Japanese
market.

The advent of the threat posed by Climate Changk Gimate Variability (CCCV), is not
perceived as an issue of relevance by the shrinmpirig and in general aquaculture community.

The potential impacts of CCCV on aquaculture ardewanging and potentially macroscopic in
magnitude. These impacts may be positive or beagfias well as negative or deleterious in
orientation. The impacts from CCCV may also be wage or indiscernible. The CCCV Effects
or ‘Primary Drivers’ that are relevant to Belizeeachanges in sea surface temperatures (SST),
rising sea level, higher inland water temperatuteanges in precipitation and water availability,
and increase in the frequency and intensity ofibaines and other storm events.

The aquaculture production system that would bgestdd to the greatest risk from CCCV

impacts is Cobia cage culture. This is a functibgeography and the impact of the change of
various water quality parameters on the migratioth @nsequent availability of broodstocks for

hatchery seedstock production.

The primary drivers with the greatest deleterioogacts as a function of CCCV induced
changes on Cobia cage culture are the loss ofdaddnangrove as a function of sea-level rise,
with the consequent loss of sheltered locationsyels as impacts from hurricanes and other
storm events. The impacts of these phenomena amgard to the destruction and damage to
both the primary cage infrastructure as well asstbeks being husbanded from heavy sea-states.
The greatest deleterious impacts on Cobia cagerreulis a consequence of CCCV induced



changes has been characterized as ‘major deleséridhis has been in relation to the wind
damage and heavy sea-states associated with tlagtsrfpom hurricanes and other storm events.

The primary CCCV drivers with the greatest benafiagnpacts on Cobia cage culture are: the
increase in metabolic rate and growth performarge dunction of increase in sea surface
temperature (SST), and Saline wedge penetratiotitegps as a consequence of sea level rise.
The rationale for the latter is that as oceaniduerices increases with sea-level rise and
decreased estuarine outflows, the quantum of spaadable for Cobia cage culture should

increase.

The extent of the deleterious impacts to be sustiloy shrimp farming in the short-, to medium-
term future as a consequence of CCCV driven chargegynificantly less severe that those
predicted for Cobia cage culture. This again iaracfion largely of geography. Both the primary
production pond infrastructure and ancillary infrasture associated with shrimp farming is
located landward of the mangrove zone, on relatiliedh ground.

The most severe impacts to be sustained by shfiamping as a consequence of CCCV driven
changes has been characterized as ‘minor deletéribloe more notable primary CCCV drivers
are: the loss of land as a consequence of sea liseglthe loss of mangroves and seafront
protection also as a consequence of sea levelaigkthe impact from large waves and storm
surges that are a consequence of the predictegbselin frequency and intensity hurricanes and
other storm events.

Beneficial effects from CCCV driven changes are gisrtinent to shrimp farming. The most
beneficial change in this regard is the increasm@tabolic rate and growth performance as a
result of the increase in sea surface temperature.

The most severe impact as a consequence of CC@®@¥ndchanges on Tilapia culture in Belize
has been characterized as ‘moderate deleteriotss. r€late to the increase in stratification of
pond water as a consequence of higher inland viesteperature, and the decline in lagoon and
river levels as a consequence of decrease in [iscD.

The most significant beneficial effect in relatiom CCCV driven changes is the increase in
metabolic rate and primary productivity as a congege of higher inland water temperature.

Three (3) of the more significant adaptation measprescribed for shrimp farming are: the

integration of adaptation measures into EIA procpesservation of the mangrove zone between
sea and farm infrastructure, and the definition mmplementation of national zoning scheme to
demarcate the areas suitable for shrimp farminguding accommodations for the landward

retreat of shoreline over time.



Three (3) of the more significant adaptation measrescribed for Tilapia culture are: the Shift
to embankment ponds that are shallower and thanarked by improved engineering design to
promote improved mixing of pond water and consetiyedecrease in stratification, the
judicious monitoring and management of water quadarticularly dissolved oxygen (DO) and
nitrogenous wastes, and decrease pumping cost bptiad recirculation technology and
decreasing water exchange rates for semi-intefslapia farming systems.

Three (3) of the more significant adaptation measyorescribed for Cobia cage culture are: the
definition and implementation of research programme the impacts of sea level rise on Cobia
populations and availability of broodstocks, thearporation of more heavily engineered stock
containment technology such as more robust oceeages to withstand the ravages of
hurricanes and other storm events, and Developrokstorm risk insurance for husbandry

stocks and primary containment infrastructure foecaith the losses from storms.

The assessment indicates that, in respect of tigu@aFisheries sector, significant economic
contributions accrue: BZ24 million dollars in fagaiincome was earned and in 2006, more than
2,100 fishermen were engaged in the sector.

The spiny lobster, the queen conch and the pin&™sarimp are important species harvested
with respect to production and economic value.ctrrally all the fishing is done in the shallow
waters of the Belize Barrier Reef (reef flat anefrdope) and the shallow waters of the Turneffe
Islands, Glovers Reef and Lighthouse Reef (Thredisatvhich lie east of the Belize Barrier
Reef). Fishing occurs within an estimated 4700 kinsea space to a depth range of 1.5 to 10
km.

The inland freshwater fisheries activities are pnitly subsistence in nature. The total volume
and value of the fishery remain undocumented. vA dechlids species are known to be targeted
in rivers and lagoons and includes the Baysndtiétgnia splendida the Cranaichlosomas
urophthalmu} and the Tilapia@reochromis niloticus) The tarponl. atlanticug, two species

of catfish (ctalurus furcatusandictalurus sp) and the freshwater turtle or hicat&efmatemys
mawii) are also important species in the fishery.

Worldwide, capture fishery production is increasifipwever, low growth rates persist, which
indicates that wild fish stocks are increasinglyngefully exploited or overfished. Apart from
concerns about declining global fish stocks theme growing concerns about the potential
impacts of climate change on the long term sustéihaof wild fish stocks through the 21
century. Concern largely relate to the impacthaf increase in sea surface temperatures on the
fisheries and the predicted sea level rise andhiigcts on the sensitive coastal ecosystems such
as mangroves, sea grasses and coral reefs whichitégal to the survival of many fish species.
Coral reefs, seagrass beds, mangroves, and littorast are all vulnerable to and may be
negatively impacted by severe weather events ingustorms and sea level rise and increases
in temperature which are attributed to climate ggan



Climate variability is extremely important to Bediz fisheries resources given the nature and
extent of its fisheries dependent ecosystems.drstinface layer, several components of climate,
including solar radiation, wind and temperature nmapact negatively on the distribution and
abundance of fish, fish stock production and, kesaer extent, catchability.

Coral reefs provide the habitat for a wide varietyeef fishes that are exploited in Belize. The
Belize Barrier Reef is the focal point for the innfamt spiny lobster, conch and fin-fish fisheries.

Over the past two-three decades the evidence idhee has been widespread deterioration of
coral reefs locally and internationally (Peckol &t2002; Allison et al 2004). Much of the

deterioration has been attributed to exploitatipallution, disease, coastal development and
more lately, coral or thermal bleaching (Crabbe7)0Coral bleaching is associated with the rise
in Sea Surface Temperature (SST). Increase iteggaeratures may also affect Seagrass beds.

Climate Change is also associated with increasgdala Increase in rainfall may result in
increases in freshwater runoff, which could alsgatieely impact important fish habitats.
Seagrass beds for example, are important nursegsdor many reef species, including the
commercially important spiny lobster and the queench. Manatees and sea turtles in Belize
also feed in seagrass beds. Any loss in the abgedafrseagrasses or reduction in their biomass
can lead to losses in the biodiversity of spedias depend on this resource.

The mangroves in Belize that are most vulnerablset level rise are the fringing mangroves
along the mainland coast and those that occur ®ercdlges. Mangroves are an important habitat
for many species. They provide spawning areas doersl species of reef fishes, and nursery
habitats for reef fishes and lobsters.

In addition to mangrove vegetation, littoral fosesire also important areas for shoreline
protection, prevention of coastal erosion and lviediity protection.

The ecosystems on which the Inland Fisheries depgaa would be influenced by climate
change through altered temperatures, flow regimedsnater levels. Belize however, lies in the
subtropical geographical belt where its climatgaverned more by variations in rainfall than
temperature, evaporation, insolation, wind or hutyi(Esselman and Boles 2001).

Changes in precipitation and water availability nmagult in changes in ponds/lake levels and
altered distribution and abundance of fish stocks.

The effects of climate change on freshwater andinmaecosystems in the long term, will
definitely impact fish stocks. In the document,ioas adaptation measures to climate change
have been provided particularly measures thatatspon fish habitats, fish stocks, cost of



fishing and revenue flows, and those that impactfishing communities and shore based
facilities. The strategies proposed includes imngirepthe country’s understanding of how and
why climate change will affect the fisheries andiaculture sectors. Further strategies proposed
include focusing strongly on building capacitieattiwill help to better inform decision makers
and encourage the use of credible informationwhihienhance the public’s ability to cope with
changes associated with climate change.

The development of monitoring programmes and, theléementation of policy prescriptions,
supported by a strong communication strategy ageieat for. These, it is postulated, will
enhance Belize’s ability to mitigate climate vulagitity and enhance its ability to have its
fisheries and aquaculture sectors cope with thdertgees that will be brought about by global
climate change.



BAHA Belize Agricultural Health Authority
CCC Climate Change Centre

CCCcCC Caribbean Community Climate Change Centre

CCCv Climate Change and Climate Variability
CPACC Caribbean Planning for Adaptation to Clim@akange
DO Dissolved Oxygen

ENSO El Nino Southern Oscillation

EEZ Exclusive Economic Zone

EIA Environmental Impact Assessment

GEF Global Environmental Facility

HABs Harmful Algal Blooms

IPCC Intergovernmental Panel on Climate Change
ITCZ Intertropical Convergence Zone

NAO North Atlantic Oscillation

SST Sea Surface Temperature

UNCLOS United Nations Convention on the Law of 8ea
UNFCCC United Nations Framework Convention on Cten@hange

UNDP United Nations Development Programme



1.0 INTRODUCTION
1.1 Background and Objective

In 1990, the international community respondechtodoncerns raised about climate change and
convened an Intergovernmental Negotiating Commititf€) to draft a convention to address
climate change. Belize signed the United Natiorearf@work Convention on Climate Change
(UNFCCC) at the United Nations Conference on Emrment and Development (UNCED) in
Rio de Janeiro, Brazil in 1992 together with thadiers of the other Central American nations.
This was done to show that Belize recognized thatdhallenges of climate change were an
international matter that required concerted act@elize ratified the Convention in 1994.

As a signatory to the Convention Belize, like otlRarties to the United Nations Framework
Convention on Climate Change (UNFCCC, is expeatepr¢pare a National Communication in
partial fulfilment of its obligation to implemenhe Convention as was stipulated in Articles 4.1
and 12 of the Convention (United Nations 1992). Twnmunication is expected to provide
information on the country’s vulnerability to theegative impacts of climate change and the
adaptation measures being considered to reducatrezse effects of climate change.

In an effort to fulfill its obligations Belize, in1994, undertook a Climate Change Vulnerability
Assessments in Agriculture, the Coastal Zone andeWResources under the US Country
Studies Program. That same year, Belize implemdaht&tEnabling Activity Project” and began
preparing, in accordance with the Convention, iisstFNational Communication to the
Conference of the Parties of the UNFCCC. In 199bzBédbecame one of the first countries to
host a project under the pilot phase of Activitiegplemented Jointly (AlJ) by the Rio Bravo
Carbon Sequestration Project. In 1997, Belize ldbsteegional conference on “Climate and
Health in the Intra-American Region”. Later thatageBelize began implementation of the
regional “Caribbean Planning for Adaptation to Glbklimate Change” (CPACC) project. In
1998, the Global Environmental Facility (GEF) pmed funds through the United Nations
Development Programme (UNDP) for an enabling dagtito assist Belize in preparing its
National Communication.

Belize’s First National Communication on climateanlge was presented to the Conference of
the Parties of the United Nations Framework Conweendn Climate Change in 2002. As a result
of this, Belize feels that it now has a better grakthe country’s vulnerability to climate change.
The country is now cognizant of its contributiontt@ global greenhouse gas emission cycle,
and has some appreciation of what further workeguired for Belize to make informed
decisions on what it can do to adapt to climatengba

Belize is now in the process of preparing its Secdational Communication. In this regard, the
Caribbean Community Climate Change Centre, under S3econd National Communication
Project (SNC) and on behalf of the National Metémgiwal Service and, with financing



provided through the United Nations Developmenidto(UNDP) has contracted the Strategic
Studies Consultancy Group, to conduct a Vulnergblssessment study of the Belize Fisheries
and aquaculture Industries. The goal of this assessis to evaluate, under various climate
change scenarios, what impacts climate change rasg bn the Fisheries and Aquaculture
industries of Belize.

The expressed objectives of the consultancy are to:

Determine the nature and level of vulnerabilitytioé Fisheries and Aquaculture
Industries to the threats posed by Climate Change.
Increase the awareness of the impacts of Climasa@hand enable stakeholders
to participate in the formulation of projects demd either to mitigate the impacts
or to build capacity to adapt to the changes.
Allow for more effective national planning to dealth adaptation to climate
change by enabling a wider range of stakeholders.
In consequence, it is anticipated that, at the losmn of the exercise output (s) will include
documentation which:

Highlights the effect of climate change and se&lleise on important fish stocks
in Belize and the ecosystems upon which they dep&hd highlights will be
supported by quantitative data including crop \selcclimate change &
productivity measurement, season lengths, effgdl$eand ecosystem health;
Project the economic consequences and implicatbosmate change; and
Suggest recommendations for adaptation measureh wbuld reduce the impact
of climate change on the fisheries and aquacuihdestries.

1.2 Approach
The process began with a literature search andatmh of key materials on global warming and

climate change. This first strategic interventioaswmportant as it provided credible contextual
information that was critical to understanding amgpreciating the vulnerability assessment
processes and impacts of climate change. This wasspecially critical step taken in the
process of developing the document in light of imbent to look at impacts at a National level
and an even more critical examination of impacts aticro-sectoral level. This search therefore
sought to inter alia, accumulate an understandinthe state of the physical science basis of
climate change, identify existing issues, examinmgmjonal and sectoral strategies, and assessing
the importance of natural ecosystems, food prodociind sustainable economic development.
Considerable effort was directed at acquiring andewustanding vulnerability and adaptation
issues as wide variation in the vulnerability ahsar sectors or systems was expected to be
encountered across regions, as a consequence iohakglifferences in local environmental
conditions, pre-existing stresses to ecosystensquree use patterns, and the framework of



factors affecting decision making including goveemnpolicies, prices, preferences and values.
These latter factors encouraged us to, importafdate and review as many of the local or
regional documents on climate change as it wasilest® locate, especially if the discussion

included fisheries and or aquaculture.

Discussions were also held with government, noregawent, private sector and stakeholders’
individuals within the community. Inputs sought gad from soliciting ideas on what approach
should be used in developing the document to theesand concerns which should be addressed
in the document. Telephone discussions and onasemteetings were held with persons who
had interest in, or whose activities were in sonag velevant to the issues. A public forum was
organized to which key technical persons havingnkadge of the issues surrounding climate
change or who have conducted research on relapgcstom Belize were invited. Invitees were
drawn from the public sector and the private seatut also included those technical officers at
the National Meteorological Office and the Caribbg&@ommunity Climate Change Centre in
Belize. The public discussion provided a wealth information and ideas contributed
substantially to a more focused document.

1.3 Organization and Structure of the Document

The document is presented in two pavig, 1. a project brief and executive summary andn2. a
expansive narrative. The latter deals with the wuttive issues relative to the construction of the
Vulnerability Assessment document supplemented byumber of annexes which provide
further details to issues covered in the main phthe narrative.

The main part of the narrative is broken down iatoumber of sections. The first, Section 1 is
an introductory overview of project genesis, hist@r background and approaches used in
preparing the document. An expansion of issuesvallin sections two (2) through four (4).
These include a substantial description, in sedinm of profiles of the fishing and aquaculture
industries followed by descriptions of anticipatud projected climate change impacts on the
industries (Section 3) and adaptations within titustries to climate changes (Section 4). These
latter two sections are essentially the main boflyfhe document which set the stage and
provides prescription for the necessary actionkrotigh each of these two sections marine and
fresh water resources are examined along withdhgtementary socio-economic components.

A conclusion with recommendation is presentecktion 5. Here an attempt is made to link the
issues and to present some recommended actionsdhétt enable the fisheries and aquaculture
industries to remain economically in spite of theti@pated, continued and exacerbated stress
they will endure.

The document concludes with the reference sectiwh the annexes. This latter contains
summaries of relevant documents, maps and statiskita and charts.



2.0 INDUSTRY PROFILE
2.1 Capture Fisheries Industry Profile

Fishing in Belize was conducted profitably by thecBaneers, the first fishermen of the colonial
period (Craig,1966), when they, on St. George's, Caypducted their business of smoking,
drying, and salting turtle and manatee meat ftg gapassing privateers, logwood cutters, and
the occasional bona fide pirafoday however, the product is not turtle or magédmet largely
conch, lobster, fish or wild caught sea-shrimp Whic 2006 collectively earned for the fishing
industry,$BZ24 million dollars from the sale of pgrects exported (Fisheries Department, 2007).
The industry is an important contributor to theioadl economy, accounting for 3% of Gross
Domestic Product (GDP) and, is a significant eaafdoreign income.

The coastal waters of Belize have been supportidgsistence fishing for millennia as i
evidenced at several Mayan archaeological sitespagdhistoric effects of fishing documented
by historians (Craig, 1966; Gordon 1981; Vail 198&ckson, 1997; Jacksat al., 2001).
Fishing as a commercial activity, however, did detelop until the mid 19th century (Price,
1984). Then, between 1920 and 1960, the Belizenfisindustry changed from a small scale
domestic fishery, with periodic incursions into tklexican market, to whole sale marketing of
lobster Panulirus arguy, conch Strombus giggsand fin-fish to the more lucrative U.S. and
Caribbean markets.

The industry has been described as a “highly comiadezed artisanal fishery” based generally
on simple technology and relatively low levels avestment. The exception to this is the
industrial trawl fishery for shrimp which has besmimportant fishery in Belize for the past six
decades.

2.1.1 Species targeted

Most of the fishing effort in Belize is focused tme capture of the Spiny LobstdPanulirus
argus and the Queen Conclsttombus giggs these represent the largest fisheries within the
industry. Lobster landings peaked at 1,000 MT i811,9ell to 222 MT in 2000 and in 2006 was
211.3 MT. Conch landings showed a similar pattatrdeclined from a peak of 562 MT in 1972
to 235 MT in 2000 and in 2006 production was estadaat 314.7MT (Belize Fisheries
Department,2007).
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The finfish species targeted for export include upers of the gener&pinephelusand
Mycteroperca snappers of the genetdautjanus and Ocyurus the hogfish Ilachnolaimus
maximu$, the king mackerel Jcomberomorus cava)la the great barracudaSyhyraena
barracudg; and jacks of the generslectis, Caranxand Trachinotus In 2006, finfish exports
were valued at BZ$21.25 thousand. The Species $taxvdor local consumption include grunts
(Haemulidae), snooks (Centropomidae), mullets (NMdeg), porgies (Sparidae), triggerfish
(Balistidae), and the tarpon (Megalopidae).

Various species of sharks, mainly of the Carchdaei and Rhincodontidae families, are
targeted. Catch commonly include the bull, blackfiammerhead, nurse, reef and lemon sharks.
No specific assessment has been conducted to de¢etine status of the shark fishery; however,
the available landings data, provided by the FiskeDepartment show evidence of a decline in
catches.

A small-scale fishery for the stone crdfdiieppe sp and the blue crakCgllinectes sapidys
also exists, but the production obtained from fiseery has not been consistent, hence the
activity has not been routinely monitored.

The shrimp fishery is conducted by both artisamal iadustrialized trawl fishers over the last six
decades. It is an important fishery in Belize. Marshrimp tails landings peaked at 145 MT in
the late 1980s (Carcamo, 2005) and has since didofmpapproximately 21 MT in 2006. The
fishery earned BZ$84.6 thousand in 2006 (Beliz&éties Department, 2007). Presently, four
(4) locally owned trawlers and two (2) foreign owlrteawlers ( Foreign trawlers operate through
joint venture agreements with the local cooperadiweork in the fishery. Pink shrimp¢énaeus
dourarun) is the principal species captured, Hat aztecusand P. schmitti also appear
occasionally in the nets.

2.1.2 Fishing practices

Fishing provides direct employment for 2,131 liahdishermen (Fisheries Department 2006).
More than 76% of licensed fishers in Belize are iiners of an established fishing cooperative.
90% of the lobster and conch harvested in Belidanded at one of these cooperatives where it
is processed for export. The fishing fleet consadtapproximately 652 registered small (5-10

meters) wooden or fiberglass fishing vessels fittatth outboard engines (15-75 hp),sail sloops
and canoes. The methods of fishing include gilingftiobster and fish traps, hook sticks, casitas
(lobster shades), trolling, hand-line fishing arekfdiving.

2.1.3 Location of Fishing Areas

Belize, the second smallest country on the Amermamtinent, covers an area of about 23,000

kmz. The country is physically segregated into a naeidl component, which occupies ninety-
five percent (95%) of the landmass, and an insadasland component, commonly referred to as
cayes, which takes up the remaining five perce#t)(&f the total landmass of the country.



Historically, Belize claimed three (3) nautical aslof Territorial Seas. In 1993 however, the
country expanded its Territorial Seas to twelve) (d2utical miles in line with the 1982 United
Nations Convention on the Law of the Seas (UNCL@$%], declared an Exclusive Economic
Zone (EEZ).
The territorial sea of Belize, as described in Meritime Area Act, Chapter 11 of the Laws of
Belize (Revised Edition 2000) comprises:

“Those areas of the sea having, as their limits bidogeline of the territorial

sea and, as their outer limits, a line measuredwsed from that baseline,

every point of which is 12 nautical miles from thearest point of that

baseline The internal waters of Belize comprise any areawater that are

on the landward side of the baseline of the teniaicsea”

The Exclusive Economic Zone of Belize comprises:

“those areas of sea that are beyond and adjacenthe territorial sea
having, as their outer limits, a line, measuredvgaal from the baseline of
the territorial sea, every point which is 200 naati miles distant from the
nearest point of the baseline. Wherever the egtaidce line between Belize
and an adjacent State is less than 200 nauticag¢sritom the nearest point
of the baseline of the territorial sea, the delmtibn of the exclusive
economic zone shall be effected between Belizéhenaldjacent State on the
basis of international law.(Maritime Area Act, Chapter 11, Laws of Belize,
Revised Edition 2000).

. . 2 o . .
Belize’'s encompasses approximately 170,000, kwhich is over 7 times its land area (see
www.seaaroundus.oygThis is, compared to its land mass, a relatiV@tge maritime area that
is under the jurisdiction of the country.

Included in Belize’s national jurisdictional watessthe Belize Barrier Reef complex (the largest
barrier reef in the Atlantic), which lies about 28-km off the coast, running in a north-south
direction, from the southern tip of the Yucatan iRsuala to the Gulf of Honduras. The 250 km
long reef complex contains over 1,060 mangrovesamdi cays, and 113 coral species have been
reported as endemic (Jacobs, 1998). Three offshtmiés lie to the east of the reef in deeper
oceanic waters. One of the three atolls, the Gl¥Reaef Atoll was designated by UNESCO in
1996 as one of seven protected areas that togettmerthe Belize Barrier Reef Reserve System
— World Heritage Site.

2.1.4 Habitat Description

The Belize coast harbours complex ecosystems tidtide mangrove forests, river deltas,
estuaries, sea grass beds and coastal lagoons sdipgort many important species including
crocodiles, manatees, turtles and seabirds



Marine habitat

The shelf area of Belize is dominated by the BeBaerier Reef Complex, (220 km in length),
three offshore atolls- (Lighthouse Reef, the Tuimdtlands and Glovers Reef), patch reefs,
seagrass beds, several hundred cayes of sand argtave, extensive mangrove forests, and
coastal lagoons and estuaries. In addition to2@ km long barrier reef that runs almost
parallel to the coast, 288 Km of reef surround dbeer atolls. The shallow lagoon between the
mainland coast and barrier reef and inside thelcatalls provide ideal habitats for the
development of often extensive seagrass beds wrchide breeding or feeding areas for
numerous commercially valuable species includirigstier, queen conch, shrimp, demersal and
inshore pelagics.

The Barrier Reef System also harbors a number relitened and endangered marine species
including the largest population of manatees invlestern Caribbean, the salt water crocodile,
several species of sea turtles (green, hawksbdl laggerhead), as well as the Nassau and
Goliath groupers. The system is also home to ortbeomost predictable aggregations of whale
sharks in the world, as well as many other shamcigg including bull, nurse, reef, and
hammerhead sharks.

2.1.5 Fishing Areas

The waters of Belize are divided into six (6) frsfpizones (ANNEX 1). The zones were
demarcated by the Fisheries Department based ok dare by Randolph B. Burke in 1982.
Burke showed that the northern, central and sontipertions of the coastline had distinctly
different habitat type. He proposed that each iindial species, whether or not it is distributed
throughout the coast, should be treated as a segavpulation within each zone. Practically all
the fishing is done in the shallow waters of theribareef and the shallow waters of the three
atolls which are within the prescribed zones. Tdtaltarea fished is estimated to be about 4700
km? within a depth range of 1.5 - 10 km

2.1.6 Production Volumes, Values and Trends

Historically, Belize’s fisheries have been domimblg lobster and conch, with shrimp becoming
important in the late 1980s to mid 1990s. Indicadi@are that lobster, conch and shrimp may be
at or beyond their Maximum Sustainable Yield (MS(Rankin, Seepersad & Singh 2004).
Overall, reported landings peaked just below 2thaearly 1970 (driven by conch) and again in
the early 1990’s (driven by shrimp), and, with theeption of a brief peak in shrimp production
in the early 1990’s production has shown an oveatatiline since the mid 1980s. Production
trends, from 1995 to 2005, for the major fishellebster, conch, fin fish and marine shrimp),
are shown in Fig 1 below.

Fisheries export statistics, for the year 2008ectéd earnings valued at Bze $23.36 million with
Lobster contributing Bze $14.7 million, Conch Bz& & million and Marine wild-caught Shrimp
Bze $.085 million (Belize Fisheries Department, 200’he Fisheries Sub-sector contributed 3%
to Belize's Gross Domestic Product (GDP) in 200én{€al Statistical Institute of Belize, 2007).



Trends in income earned from exports of shrimpfifh and lobster are presented in Annex Il
of this document.
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Figure 1: Reported Fisheries production in Belize Bsed on Fisheries Department Statistics

2.2 Fresh Water Inland Fisheries Sub-sector
2.2.1 Fresh water habitat

The freshwater capture fishery is the least docuetem Belize.The lotic and lenthic water
bodies of Belize consist of 16 major watershedsctvhiirain eastward to the Caribbean Sea and
15 well defined smaller catchments which drain ipog of the coastal plain. The country’s
freshwater wetlands (marshes, swamps, lagoondpanrel primarily in the north with brackish
water marshes, swamps, and lagoons occurring thoutghe entire coastal plain.

Of the 16 major rivers, four have portions origingtin Guatemala and Mexico: Belize, Moho,
Temash, and Sarstoon River. The two largest watdssare the Rio Hondo watershed and the
Belize River watershed. The first covers an area5) 076 km? eighteen percent (18%) of
which is in northern Belize. The second covers ma af 9,434 knf; sixty-nine percent (69%)

of which is in Belize (Esselman and Boles, 2001).



The third major lotic system in northern Belizetli®e New River, which discharges into the
Corozal Bay, the largest estuarine system in then@yp.

Most of the wetland systems in Northern Belize pegennial. Seasonal wetland systems in
northern Belize relates to many ponds, swamp feraatl wet savannahs. The extent of the
inundation of these systems is a function of thetld@f the water table. The variation of the
water table between the wet and the dry seasagnisrglly of the order of 1 meter.

2.2.2 Fresh water fisheries Species

One hundred and eighteen (118) species of freshwiakees have been documented in Belize.
One hundred and twelve (112) of these species ancnorthern Belize. The northern Belize

wetland provides an abundance of habitat for veatebfish. These include open water or
pelagic systems, attached substrate such as nodtsuanks, as well as classical benthic habitats
such as the river bottom or lagoon floor.

In Belize there are six (6) primary freshwaterfigsh species. These includes the Blue Catfish or
“Baca” (Ictalurus furcatuy, the Characins which includes the Billum&s{yanax aeneuand
Hyphessobrycon compresjuand the South American Catfishes which incluthesGafftopsalil
Catfish or “Old Guy” Bagre marinuy and the “Catto” Cathorops sp. Thirty-one (31)
“secondary” freshwater fin-fish species have beecuthented in northern Belize. This relates
to species which live mainly in freshwater, but g¢thhave some tolerance to saline conditions,
and which have some distant relatives in the géas group of fish includes “Cichlids” such as
the “Mus-Mus” or Yellow Jacket Cichlid Qichlasoma friedrichsthalj the “Tuba” or
Yellowbelly Cichlid (Cichlasoma salvinj the “Crana” or Mayan Cichlid Qichlasoma
urophthalmu} the “Bay Snook” or “Bocona”Hetenia splendidaand the recently introduced
Tilapia (Tilapia mossambicys The Other secondary freshwater species ocguimmorthern
Belize include the Sword TailX{phophorus spp.and Mollies Poecilia spp., as well as the
Obscure Swamp EelOphisternon aenigmaticimand the Ocellated Killifish Rloridichthys
polyommujk

Seventy-six (76) species of “Peripheral” freshwagpecies of fin-fishes have been recorded.
Peripheral species refer to those fin fish thatuoda freshwater and have an appreciable
tolerance for salt water. Many of these fish arerimeaspecies that enters freshwater on
occasions. In the case of the latter, these ieckpkcies such as the Bull Shatlacharhinus
leucag and the Crevalle Jack or “CubaliCéranx hippok

Other familiar peripheral freshwater species inelud the Common  Snook
(Centropomusundecimalisthe Burro Grunt (Pomadasys crocro), the Strildlegarra Eugerres
plumieri), the White Mullet Kugil curem3 and the Needlefish, Timucu or “Long Guard”
(Strongylura timucy

2.2.3 Species Targeted

A few cichlids species are known to be targetedviers and lagoons and includes the Baysnook
(Petenia splendida the Crana Cichlosomas urophthalmusand the Tilapia @reochromis
niloticus) The tarponNl. atlanticug, two species of catfisiatalurus furcatusand Ictalurus



sp) and the freshwater turtle or hicatd@e(matemys mawiiare also species of importance in
the freshwater fishery.

Freshwater fishery is generally practiced at a istdrsce level, but there is evidence suggesting
that cichlids and catfish are sometimes sold iandlcommunities. The primary gears utilized
by inland fishermen are hand lines and gill netkie general fisheries legislation applies to all
inland fishing activities in country.

2.2.4 Regulatory Management of the Sector

The Fisheries Department was established in 196&.Fisheries Department was established to
administer the fisheries laws, to promote basiugtg related research, provide training for
fishers and operators of fish processing estabkstiymand provide protection for the marine
environment. The main policy objective identifiédr the fisheries sector is to maintain
sustainable yields of fisheries resources whiletinomg to contribute to food production,
foreign exchange earnings, to optimize future arebgnt benefits and to improve nutritional
status in the longer term (National Food & Agricuét Policy, 2003). Other policy objectives
identified are to:

1. Encourage and promote sustaindigh production systems in both sea and inland areas;
2. Diversify production from traditional fisheries the underutilized and non-traditional
fish species;

Encourage deep sea fishing in the deep sea taliveaters;

Maintain product quality and competitiveness i é&xport markets;

Increase value added activities in the productimhfesh processing structure;

Stabilize landings for export markets;

Maintain maximum economic sustainable yield,;

Improve management of the ecological systems amgldhious marine fish habitats; and
Improve the economic and social well-being of tisadrs and their communities

©OoNO O~

The Fisheries Act is the principal enactment gowerriisheries in Belize. The first law dates
back to the 1948 Laws of Belize which has subsetfjuemdergone several amendments in
1980, 1983, 1987 and the current Fisheries Actasoatl in Chapter 210 of the laws of Belize
Revised Edition 2000. Complimentary amendment wedls® made over time to the 1977
Fisheries Regulations with the most recent being HBisheries Regulations of 2004. The
Fisheries regulations contain general provisiomgife management of the fishing industry.

Legislations that impact directly on the Belizeashihg Industry include:
- The High Seas Fishing Act, Chapter 210:10, 2003;

- The Fisheries Act, Cap. 210, 2000; and

- Belize Agricultural Health Authority Act, Chaptefl?, Revised Edition 2000."



The Fisheries Act requires that artisanal fisheus feshing vessels are licensed annually in order
to fish for commercial purposes. Further, expdriigshery products is reserved for established
fishing cooperatives. The High Seas fishery is latgd by the High Seas Fishing Act and
requires vessels to be registered with The Intemnat Merchant Marine Registry of Belize —
IMMARBE. Licenses are conditional upon fishing aréype of fish to be caught, and the period
of the year. All licenses are provided by the Belrisheries Department upon recommendation
from the Director General and the Senior Deputyi®ey of IMMARBE. Belize Agricultural
Health Authority (BAHA) regulates animal health uss including the certification of fish
processing plant and certification of fishery proumports and export.

2.2.5 Socio-Economic Importance of Fisheries

The fishing industry of Belize provides direct emyhent for 2,131 licensed fishermen (2006):
More than 76% of the license fishers are membéhefive main fishermen cooperatives and in
excess of 50% of these fishermen are between tbe @fgl5 and 35 years with most of them
originating from impoverished rural and coastal ammities. Also, the fishermen cooperatives
employ 123 fulltime employees who are responsibte fprocessing, packaging and
administrating the daily activities.

Table 1: Cooperatives Total assets and producing dmon-producing members-2007

Northern Belize City 10.1M 474 399 873

National Belize City 5.5M 331 179 510

Caribena San Pedro 0.29M 15 121 136

Placencia Placencia 0.35M 34 32 66
Village

Rio Grande Punta Gorda NA 12 30 42

Source: Fisheries Department

In most coastal and rural communities, young Balizehave reduced opportunities to pursue
further education. Most of the fishers and plantkeos are only equipped with a primary school
education. In some instances, youngsters are ramfpgen school to fish commercially with
their fathers and brothers to supplement the fanmbome (Belize National Conch Report,
2005).

The erosion of the traditional preferential markietsBelize’'s sugar in the European Union and

in the United States of America, coupled with lowarket prices for sugar, have forced many

young sugarcane farmers in northern Belize to abnarttieir sugarcane fields and enter the

fishing industry. Over the next 3 - 5 years, mougascane farmers are expected to enter the
industry and thus increase the total number ofradishers significantly.



2.3 Aquaculture Industry Profile

The aquaculture industry formally began in theyea#l80’s with the development of ten acres of
experimental ponds in Southern Belize by a privatacern, General Shrimp Limited. The
commercial success of this endeavor led to thelragpansion of the Aquaculture Sub-sector.

Although the culturing of other penaeid shrimp spesuch as the Caribbean White Shrimp
(Penaeus schmijtand the Pacific Blue ShrimPénaeus stylirostr)shave been attempted in the
past, the main focus of the industry has been amdirues to be the Pacific White Shrimp
(Penaeus vanammjei

The Aquaculture Sub-sector is now firmly establéshs a significant contributor to the Belizean
economy. In this regard the industry accountedofar $90 million in export earnings in 2003
(See Annex Ill). This has elevated the importantéhe Fisheries Sub-sector from the fourth
largest foreign exchange income earner, to thd tangest foreign exchange income earner.

There has been some decline in foreign exchangengarfor the aquaculture industry since
2003 to $60 million in 2006 however the overall kiag of the Fisheries Sector as the third
largest foreign exchange earner has remained.

2.3.1 Culture Species

Although aquaculture in Belize has been almostusiekly based on the farming of penaeid
shrimps, the culturing of other species has be¢amgted in the past. These include the
husbandry of: the Nile TilapiaOfeochromis niloticus the freshwater Australian Red Claw
Lobster Cherax quadricarinatus the Redfish $ciaenops ocellatyisand a number of African
Rift Lake ornamental finfish species such &taplochromis sp Labeochromis sp
Melanochromis spTropheus sp Psuedotropheus sandAwlenocara spThe culturing of these
species has also met with commercial failure, eixé@pthe Tilapia, of which one large-scale
commercial farm is in operation: This farm, registeas Fresh Catch Belize Limited, has been
established since 2002. In 2004, the first expoftBesh frozen tilapia fillets were made from
this farm to the US.

There has been a major interest in marine cagareut Belize over the last two (2) to three (3)
years. The species of interest in this regardsbleas the CobiaRachycentron canadymthe
Florida PompanoT{rachinotus carolinusand the Mutton Snappédrytjanus anali}.

The interest in Cobia Culture has translated iht @stablishment of a cage culture operation,
Marine Farms Belize Limited, in 2006. In mid-20Qhe farm began its first harvests and
exportations to the US.

Apart from the species discussed above, therenigraber of species of definitive potentials for
aquaculture. These include both marine and freshwsibcks. The potential viability of these



species for commercial culture has been systentigtieaalyzed in Annex IV (Myvett &
Quintana — The Status of Aquaculture in Belize 26@D02).

In terms of trends for the future, it is expectkdttmarine cage farming will play a leading role
in terms of production volumes and foreign exchagamings in Belize. In this regard, a number
of countries, within both the island Caribbean &wshtral American, have expressed an interest
in Cobia Farming. The view was expressed at a teo@mference in Peru on Aquaculture in
Latin American that Cobia farming should in the shao medium-term future, experience a
similar growth profile to that of Tilapia, in terne$ production volumes and market share (Pers.
comm. Rigoberto Quintana). In the Sept/Oct 200dassf the Belize Today, one of the feature
articles was on Marine Farms Belize Limited. Gitka potential scope for the expansion in the
domestic production of Cobia, this article was tapd ‘Cobia Sea Gold'.

Apart from conventional private sector investmanthe industry, there has been an on-going
initiative by the two largest fishing cooperativedlorthern and National Fishermen
Cooperatives, in regards to the development of hidCoage culture initiative (Pers. comm.
Rigoberto Quintana). In this regard, a project psgb has been developed and submitted to the
Inter-American Development Bank for funding throuiggh Multilateral Investment Fund. The
project is based on the establishment of two 4@ages: there is also a training component for
potential farmers on the technical and husbandpe@s of Cobia culture. The proposed
undertaking is expected to receive final approyathe first quarter of 2008, and implementation
should be initiated by mid-2008 (Pers. Comm. Rigttb@uintana).

2.3.2 Production Practices
2.3.2.1 Shrimp Aquaculture

Husbandry Systems

There are as of November 30, 2008 ten (10) shranpg in operation in Belize. These farms are
utilizing four (4) distinct husbandry systems. Téasclude:

Semi-intensive farming systems with stocking deesiof 100,000 Post-larvae (PL’s) per
acre, and realizing yields of 1,800 Ibs/Acre/Créslarimp tails — these systems were based
on a single extended crop per year lasting up te rfB) months, with a single initial
stocking, followed by a series of three (3) or f@dy intermittent harvests punctuated by a
final harvest of relatively large shrimps (20 — 25¢g

Semi-intensive farming systems with lower stockihgnsities of 49,000 PL’s per Acre,
realizing yields of 1,100 Ibs./Acre/Crop of shrirtgls — these systems were based on two
(2) crops per year with each cycle lasting fourt@jive (5) months with a single harvest per
cycle, and with the size range of harvested shribpgasg medium to large (15 — 18g.);



Intensive farming systems with one(1) stocking and(1) harvest per cycle after four(4) to
five(5) months — stocking densities were 240,000sPher Acre with yields of 4,500
Ibs/Acre/Crop of shrimp tails, and harvested shenmeing in the medium to large size
classes (15 — 18g.): The system is also dependesuigplemental or artificial aeration and is
structured around 2 crop cycles per year;

Super-intensive farming systems with one (1) stogkand one (1) harvest per cycle after
four (4) to five (5) months — stocking densitiesr&v®00,000 PL’s per acre with yields of
9,700 Ibs./Acre/Crop of shrimp tails and shrimpesizdeing in the medium to large size
classes (15 — 18g.). The system is based on ralai@n technology with a diminished
demand for water, and little or no immediate effiise The system also relies heavily on
artificial aeration.

Pond Production Practices

During the earlier stages of development of theugtiy, shrimp producers were utilizing earthen
ponds that ranged from twenty (20) to twenty fiveea: In extreme cases some of these ponds
extended to over thirty (30) acres. As technolodyaaced, these systems were improved by
utilizing smaller ponds, with some farms utilizittge HDPE pond lining systems. The latter has
been utilized in more intensive production systerssch as the system used by Belize
Aquaculture and most recently Aquamar Shrimp Farm.

In regards to aeration systems used in the 198@sshrimp farms were mostly using paddle
wheels driven by PTO tractors or small fuel enginEis practice has changed over time
through the utilization of electric paddle wheelsxygen diffusers and other emerging
technology to augment dissolved oxygen in the pystiems.

In terms of culture systems, at least two farms watiezing Green Culture Recirculation
Technology with minimal to zero percent water exgde in shrimp farming. The traditional
semi-intensive system in shrimp farming relies lo@ deployment of sedimentation or oxidation
ponds to ‘strip’ or minimize nutrient loads frometiproduction ponds before the effluents are
conveyed to the receiving environment: The latepresents in large measure, the mangrove
ecosystem.

In general, farmed shrimp production from Belizeregognized on the US market as being
derived from environmentally friendly productionaptices. In this regard, Belizean farmed
shrimp has of recent gained access to the Wegmaaishoarket chain in the US. This has been
achieved largely with the intervention of the Eowimental Defense group.

Environmental Defense is an activist environmenptglanization that has developed standards
for the industry that are consistent with ‘cleardghuction practices.



The World Wildlife Fund (WWF) has also recently earked on an initiative through funding
from the Packard Foundation to develop global steshglfor shrimp aquaculture as well as other
cultured species. The WWF program is already warkivith shrimp farmers in Belize to
develop standards on Best Management Practices XBMP
(www.shrimpnews.com/WorldWildlifeFundStandards.jtmThe certification of the shrimp
farms is to be on a voluntary basis.

In regards to the other support services for th@rghfarming: At least three farms are fully
integrated with hatchery, processing facilities @noduction ponds. The production capacity of
the three (3) hatcheries is 150 million PL’'s pemtho The country is self-sufficient in meeting
the seedstock demands of the industry. The pramtuatapacity for the three (3) processing
plants in operation is 130,000 pounds of shrimpspg.

2.3.2.2 Tilapia Aquaculture
Husbandry Systems

Fresh Catch Belize Limited, the only commerciahgih farming facility in Belize, utilized a
semi-intensive farming system with one nursery avadifferent grow out stages. These were:

Nursery Phase: Stocking density of 40 fingerlings?/with crop cycle of 120 days and
harvest weight between 100-120 grams.

Grow-out Phase I: Stocking density of 13 fingeriignf with crop cycle of 120 days and
harvest weight of 350 grams.

Grow-out Phase II: Stocking density of 4 fingerBngnf with crop cycle of 120 days and
harvest weight of 850 grams.

Pond Production Practices

Fresh Catch Belize Limited, the only commercialapib operation in Belize, is presently
utilizing Israeli technology in the form of a Gre€lture System. This system relies on the
recirculation of treated effluents and the use afijle wheel aerators. The effluents are
conveyed to sediments ponds, which in this casdhareeservoirs, before it is re-circulated to
the main water supply canals.

The facility is utilizing earthen ponds and to d#diey have developed 300 acres of production
ponds and are presently expanding to a total 46€sadhe operation is fully integrated with a

hatchery facility for the production of sex-revatdges, grow-out and nursery ponds as well as a
state of the art processing facilities. The fulbghuction capacity of the operations is 4,000 MT

per annum.



The products derived from primary processing, whinthude fresh fillets are exported to the US
Miami market and whole eviscerated fish are serthéoMexican market. Fresh Catch Tilapia
Farm is a member of th®lountain Stream Tilapia’ alliance of exporting companies.

2.3.2.3 Cobia Aquaculture
Husbandry Systems

As for the marine cage farming of Cobia, whichhie most recent emerging cultured species in
Belize and the region, it is based on a semi-git@nculture system comprising of one nursery
phase followed by two grow-out stages which aredesd below:

Nursery Phase: involves the utilization of 5 m eimference cages with a crop cycle of 4-6
weeks and harvest weight of 100 grams.

Grow-out Phase I[: utilization of 60 m circumfereruages circumference cages with a crop
cycle of 3-4 months and harvest weight of 1 — 1ldgkams.

Grow-out Phase II: utilization of 100 m circumfecercages with a crop cycle of 6-8 months
and harvest weight of 5-6 kilograms.

Production Practices

In 2006, the first commercial Cobia cage farmingrmpion was established by Marine Farms
Belize Limited utilizing Norwegian technology. Thlage infrastructure includes the utilization
of 5 m circumference cages for the nursery systimth@ved by 60 and 100 m circumference
cages for the grow-out phases.

The supply of seedstocks has been sourced fromi\dgoi@culture Centre of the Florida Cays
(ACFK). In late 2007, the farm acquired the fambt of Tao San Mariculture to develop its
hatchery facilities in Belize. The hatchery is extee to be fully operational by the ending of
2008 with production capacities of 1 million fingegs per annum. There are also future plans
to establish a processing facility at its headagurarhear mile 5 on the Western Highway. In the
short-term, Marine Farms is utilizing the servicaefs Fresh Catch Belize Limited for the
processing of its products and is seeking otherradtive to process its products at the National
Fishermen Cooperative. Initial exports have beedamna the US market as fresh frozen fish
with heads off and gutted (H&G). The full prodweticapacity of the operations is 2,000 MT
per annum. The farm has also identified other sites the Placencia area for future expansion
of its commercial operations.

2.3.3 Location of Aquaculture Operations

The ten (10) shrimp farms that are operationalsdtated on the coastal plain on a land system
classified as Toledo Puletan PlainTdt by King et al (1992).



There is one (1) farm located in the Ladyville a(€aribbean Shrimp Farm), two (2) in the
Dangriga area (Paradise Shrimp Farm, Melinda MHuce), two (2) between All Pines and the
lower reaches of the Placencia Lagoon (Haney’'snghfarm, Belize Aquaculture Limited) and
the other five (5) farms in the Mango Creek areay@® Mayan Shrimp Farm, Texmar Shrimp
Farm, Crustaceans Shrimp Farm, Aquamar Shrimp BadrBel-Euro Shrimp Farm).

The operation of Fresh Catch Belize Limited is tedanear La Democracia in immediate
proximity to the Coastal Road.

Marine Farms has two (2) main locations, one ferdffices and ancillary infrastructure and the
other for the cages or primary engineering contamninfrastructure. The offices and ancillary
infrastructure are based on mainland Belize at Bt the Western Highway. The cage culture
site is situated the Robinson Point Cayes areahwlies 15 nautical miles south east of Belize
City.

The principals of Marine Farms also plan to coridtaind operate a Cobia Hatchery about a mile
north of Dangriga: This is the site previously qaea by Tao San Mariculture Shrimp Farm.

2.3.4 Regulatory Management of Sector

In 2002, the first piece of legislation relatechtjuaculture was enacted under the Fisheries Act,
Chapter 210 of the Laws of Belize, which made dpeprovisions for the licensing of the
aguaculture operations. This included the liceqg@ieation form and the specific fees for
aguaculture operations. The Fisheries Act makeg@gioms under Section 13 for the Minister to
specify such conditions of the Aquaculture Operaticense.

Another initiative in 2003 to assist the governaaod regulation of the shrimp farming sector
and the broader aquaculture development issues, theapreparation of a draft ‘National
Aquaculture Policy & Zoning Plan’ by the Fisheri@spartment, being sponsored by the Coastal
Zone Management Authority. This draft policy hadnhgathrough its full schedule of broad
public consultations and the comments were integrahto a final document which was
submitted to the Ministry of Agriculture & Fishesidor possible endorsement at the Cabinet
level. This initiative arose out of the recognitioy the Fisheries Department that if the pitfalls
of shrimp farming and in general aquaculture arédcavoided, then there is need to adopt a
planned approach. This initiative however, was ermdorsed by the Central Administration of
the Ministry of Agriculture and Fisheries sincerthevere parallel events in regards to regulatory
interventions taking place for the aquaculture stdu This related in large measure to a ‘Draft
Shrimp Farming Act’ that was being proposed by 8fimp Grower's Association. This
initiative has since matured into the ‘Aquacultirevelopment Act’ as of June 2007.



The Aquaculture Development Act has effectivelyfteli the portfolio for the regulatory
governance of the industry from the Ministry of Agiture and Fisheries, to the Ministry of
Foreign Affairs and Foreign Trade.

The Aquaculture Development Act makes provisionstifie establishment of an Aquaculture
Development Authority, which is to be administet®gl a Board of Directors. The Act as its
stands has no enabling regulations. This howewauldibe redressed over time.

Apart from the Aquaculture Development Act the recamendments to the Environmental
Impact Assessment Regulations in March, 2007, magesific provisions in Schedule | and I

for the type of aquaculture projects that ‘shaljuire an EIA, as well as those that ‘may’ require
an EIA or Limited Level Environmental Study deperglion the location and nature of the
project.

Apart from the above legislations that deal dineegtith aquaculture, there are other regulatory
agencies or institutions involved in the permittlimgnsing processes such as the Petroleum &
Geology Department, BAHA and the Forest Departni®ae Annex V).

2.3.5 Production Volumes, Values & Trends

For the shrimp farming sector, there has been anéein the total volume and value of export
commodities since 2005. The total volume and valuiarmed shrimps exported mainly to the
US and Mexican markets for 2005 were 18.46 milponinds and Bz $60 million respectively. In
2006, the total volume of exports for farmed shridgereased to 15.92 million pounds valued at
BZ $62.52 million (Annex V).

The downward trend in export earnings has been @&swt of a continued decline in global
shrimp prices since 2000 due to increased volurhsbramp by the Asian countries, at very low
and competitive prices. Diseases such as the Taymdrome Virus (TSV) and the Infectious
Hypodermal and Hematopoietic Necrosis Virus (IHHNhMWjve also contributed to significant
economic losses since 2000.

The latter has resulted in the closure of five mprifarming operations over the past two years
(Nova Ladyville, Nova Toledo, Crown Shrimp, ToleBish Farm, and Triton Mariculture). The
area under shrimp production has decreased fro88&8res in 2005 to approximately 3,200
acres. The production volumes are expected to refaaly stable during the short-term, being
estimated at 15 million pounds of farmed shrimp.

The only commercial tilapia operation, Fresh CaB#lize Limited, will have a production
capacity of 4,000 MT per annum with estimated ahrexenues over Bz $12 million once in full
operation. Presently, there are 300 acres undettuption with additional 100 acres under



expansion. For 2007, the production estimates Ih@en placed at 1,000 metric tons of whole
fish.

Marine Farms Belize Limited is the only commergrarine cage farming facility established to
date. The first harvest from this facility was ieatl in August 2007. The total production
volume of whole fish projected for 2007 is approately 65 MT, with a projected value of

BZ$1 million. The full scope of the project is fttre development of four production sites with a
projected production capacity of 2,000 MT.

2.3.6 Potential for Expansion of Sector

Since the earlier stages of the development ofatipgaculture industry, the Government of
Belize has provided support to developers in thenfof various exemptions from taxes and
duties under the Fiscal Incentives Act and the Expoocessing Zone Act. This initiative has
significantly assisted the rapid expansion of theagulture sector, both in terms of the area
under production and the diversification into otlemmmercially viable species such as the
tilapia and Cobia.

As the sector expands and diversifies its operatioto other potentially viable species and
production systems, the sites suitable for aquailtlevelopment should become increasingly
scarce. This has been the experience with shrinmpirig, where most of the area that is suitable
for shrimp farming is already under the tenuregiifhe current shrimp farmers.

As the interest in land-based aquaculture is susstiiit is likely that marginal sites will be put
into production. This has negative implicationsthban terms of the long-term economic
viability of the industry, as well as in relatiom énvironmental concerns.

In Belize, there is approximately 186,000 acres llag been categorized as Toledo Puletan Plain
or TP land system. This land system is the most suittdrle@quaculture development. It has
been estimated that 45,000 acres of this land mysse highly suitable for coastal shrimp
farming.

In terms of the state of development of the industpproximately 55,000 acres of the 186,000
acres of land that is suitable for shrimp farmisgunder the tenureship of the current shrimp
farming operations: 6,888 acres of this land hasentdeveloped into shrimp ponds. It has been
estimated that only 19,220 acres of the 55,000sasfdand is of prime suitability for shrimp
pond development (Pers. comm.., Rigoberto Quintaddhough there is scope for the
expansion of the current operations there is arease scarcity of coastal lands for new entrants
into the industry.



The shrimp farming segment of the industry if efifealy developed has the potential to generate
approximately BZ $426 million per annum. The taahount of land that is suitable for land-
based aquaculture development in Belize has bdanated at 316, 575 acres (Annex VI): This
area, which includes both marine and freshwatesstias the potential to generate BZ $908.2
million per annumilyvett & Quintana: Status of Aquaculture in Bel291-2002.



3.0 IMPACTS OF CLIMATE CHANGE ON FISHERIES AND AQUA CULTURE

3.1 Impact of Climate Change on Capture Fisheries

There is as yet an incomplete understanding ofitikebetween climate change and fisheries.
However, alongside the growing acceptance that ajldverage surface temperature has
increased by at least 8@ during the last 100 years and, that this trenekjgected to continue
through the 2% Century, has been the understanding that fishgstesis, fisherfolk and other
economic and food systems are vulnerable to clinmateability. Climate exerts its influence
through the transfer of energy from the atmosplerthe ocean surface. In the surface layer
several components of climate, including solar aadn, wind and temperature may impact,
negatively, the distribution and abundance of fiSkock production, and to a lesser extent,
catchability are known to be closely tied to cliolagical factors (Dontwi 2003). And, despite
the resilience of many species of fishery resoyntesr ability to overcome changes in weather
patterns, including increased frequency and sgvefiextreme events, such as hurricanes, are at
best uncertain. Many fisheries however, have thmoug history, shown an ability to adopt
migration and livelihood diversification strategies an effort to adapt to climate variability
(Allison et al 2004). The ability to adapt may lesdened in the realm of present day experience
given the multiple stress associated with coastanization, changes in frequency and intensity
of extreme weather events and the impacts of cincatinge on sensitive coastal ecosystems
such as corals and mangroves. The mangrove aral Eef ecosystems are particularly
sensitive to climate change. This makes climatealidity extremely important to Belize’'s
fisheries resources given the nature and extentheffisheries dependent ecosystems. The
primary concern is therefore with the impacts ofmelte change on marine habitats with the
resulting impacts on fisheries being of secondancern. This is not unusual and reflects a view
that is shared among several Caribbean countriab@dil 2002)

3.1.1 Impact of Climate Change on Fisheries Habitat

Coral reefs, seagrass beds, mangroves, and littorast are all vulnerable to the impacts
resulting from severe weather events, including lesal rise and increases in temperature.
3.1.1.1Coral Reefs

The coral reef is one of the most complex, spegas and productive marine —ecosystem on
earth. Coral reefs provide the habitat for a wideiety of reef fishes that are exploited. In
Belize the barrier reef system is the focal poarntthe spiny lobster, conch and fin-fish fisheries.
Over the past two-three decades, there has beeaspvishd deterioration of corals reef
worldwide (Peckol et al 2002; Allison et al 2004udh of the deterioration has been attributed
to exploitation, pollution, disease, coastal depglent and more lately coral or thermal
bleaching (Crabbe 2007). Coral bleaching is assedi with significant rise in Sea Surface
Temperature (SST). Unusually high temperature caosa to become physiologically stressed



resulting in corals losing some or most of thegaal, a major source of nutrient and color. In this
condition the corals are said to be “bleached.”aBleng may result in death of the coral and
deterioration of the coral structure and its’ idigypito support fish and other marine life. Until
1995, the Belize Reef had not been affected byntiiass coral bleaching events that were
occurring in many other areas in the Caribbeank®leet al 2002). The first mass bleaching
event of 1995 was followed by two (2) mass cora&abhing events in 1997 and 1998. The
second bleaching event coincided with additionalag&tion caused by Hurricane Mitch, a
category 5 hurricane which passed about 200Km StaeofGlovers Reef in Belize. The 1998
event resulted in a 48% reduction in live coralaofMcField 1999). Both events coincided with
times of high sea temperature, calm weather anegtased solar radiation. The bleaching also
compromised the corals ability to resist diseasélask band and coral plagues diseases also
affected the corals (Gibson and Ariola 1999). Péekal (2002), in their May 1999 study along
the northern and south — central Belize barrief i@@cumented further erosion of the reef most
of which was attributed to coral bleaching evertan from storm damages. Other biologist
have however also indicated that Belize’s reef saeb®e undergoing a process of recovery even
though the process appears to be slow (Handwerldahnstein 2003).

Corals may also be affected by increasing conceoria of carbon dioxide (C£ which is
expected to double by the end of the next centiiigvated levels of dissolved G@duce the
pH of ocean waters. This process, called acidificatcan reduce the ability of corals to deposit
their limestone skeletons, affecting coral growtid ahe ability of these forms to remain in the
photic zone of the water column (Gibson & Ariol2099. Predictions are that ocean acidification
will have more negative impacts on corals and ca®ids (Wilkinson and Souter 2008).

3.1.1.2 Seagrass Beds

Increase in sea temperatures may affect Seagrass Additionally, any increase in rainfall
caused by climate change may result in increasefeshwater runoff, which could also
negatively impact seagrass beds. Seagrass bedsnpoetant nursery areas for many reef
species, including the commercially important Spiimpster Panulirus argu} and the Queen
Conch Gtrombus giggsSeagrass beds are also important to fish. The s nursery areas for
many species of fish. The predicted rise in seaptzature should not adversely affect the
physiological functioning seagrasses (Mahon 2002anatees and sea turtles also feed in
seagrass beds and any loss in their abundanceomiabs can lead to losses in biodiversity in
general.

3.1.1.3 Mangroves

Changes in sea level also affect mangrove comnesnilihe mangroves in Belize that are most
vulnerable to sea level rise are the fringing maungs along the mainland coast and those that
occur on the cayes. The ability of these systent®pe with sea level rise depends upon the rate



of sedimentation and the level of human activites;h as aquaculture farms, roads, and other
infrastructure that tends to counter the landwaigration of the sea (Gibson and Ariola 1999).
Mangroves will respond to rising sea level by mgvfarther towards the shore (Mahon 2002).
Changes in freshwater inputs are more likely talltei® impacts on mangroves. In addition,
projected droughts or destruction of mangrovesuigg from storm or hurricanes events may
result in loss of mangrove habitats (Hamilton anédaker 1984).

Mangroves are an important habitat for many spedibsy provide spawning areas for several
species of reef fishes, and nursery habitats fef fishes and lobsters. Adults of several fish
species are also harvested in mangrove lagoonstéepmpn, snook, yellowtail snapper, mullet).
A loss of mangrove habitat could result in a returcin biodiversity.

3.1.1.4 Littoral Forest

McField et al. (1996) described the littoral forest as one of thest endangered of coastal
terrestrial habitats in Belize. The forests argely on the higher ground along the coast and
cayes and subsequently the land is in demand bstalodevelopers. The forests are important
areas for shoreline protection, prevention of clastosion and biodiversity protection.

3.1.2 Impact of Climate Change on Inland Water Bods

The impact of climate change on fresh water bodiide dealt with in detail in the aquaculture
section of this document. It is important to statavever that generally, inland water aquatic
ecosystems would be influenced by climate changeugh altered temperatures, flow regimes
and water levels. Belize however, lies in the syfital geographical belt where its climate is
governed more by variations in rainfall than tenapere, evaporation, insolation, wind or
humidity (Esselman and Boles 2001). Précis modelsé@nario and projected annual rainfall
(Pers. comm.; R. Williams, Hydrology Unit, Meteargy Office, Belize) show fairly linear
“normal” rainfall pattern for the year 2010 thrdu@100 (See Annex VII). Changes in
precipitation and water availability may result @hanges in ponds/lake levels and altered
distribution and abundance of fish stocks.

3.1.2.1 El Nino Events

During recent decades, the influence of the ElI Nsooithern oscillation (ENSO) phenomenon
on the interannual variability of weather and cliemhas been vigorously researched. Today, the
understanding is that ENSO is a set of specifieratting parts of a single global system of
coupled ocean-atmosphere climate fluctuationsdbiate about as a consequence of oceanic and
atmospheric circulation. ENSO is the most knownreewf inter-annual variability in weather
and climate around the world. El Nifio causes weafiadterns involving increased rain in
specific places but not in others, and causes thtangpecific places but not in others.



When EI Nino conditions prevail a period of oceaarming occurs in parts of the Pacific. If this
last for many months, more extensive ocean warragmyirs and its economic impacts to local
fishing can be serious. In the Atlantic, tropicgtlone activity is generally enhanced during La
Nina conditions which follow the El Nino, especyalvhen the latter is particularly strong. In

parts of Central America and the Caribbean driet laotter weather occurs during an El Nifio
event. The reduction in precipitation makes fresatew systems particularly vulnerable to
fluctuations in climate change which could result ieduced biological diversity and

productivity.

3.1.2.2 Sea-Level Rise

Climate variability,the alternation between the "normal climate" andifierent, but recurrent,
set of climatic conditions over a given region loé vorld is related to ENSO. One consequence
of this is the projected sea level rise of, on ager about 5 mm/yr, within a range of uncertainty
of 2-9 mm/yr. Actual land loss resulting from dewel rise may represent a small fraction of
national territoriesTable 2 below presents the synthesized resultswiitcy studies from IPCC
1996, WG Il. Results are for existing developmemtl @ 1-m sea-level rise. People affected,
capital value at loss, and wetlands at loss assomeadaptive measures (i.e., no human
response), whereas adaptation assumes protecti@pteix areas with low population density.
All costs have been adjusted to 1990 US$.

Table 2: Synthesized Results of Country Studies

People Affected Capital Value Land at Loss Wetland Adaptation/

at Loss at Loss Protection
Country  #People %  Million % km* % km? Million %
(1000s) Total US$ GNP Total US$ GNP
Argentina >5,000 >5 3400 0.1 1,100 >1,800 >0.02
1)
Belize 70 35 1,900 8.4
Guyana 600 80 4,000 1,115 2400 11 500 200 0.26
Uruguay 13 (2) <1 1,700 26 96 0.1 23 >1,000 >0.12
1)
Venezuela 56 (2) <1 330 1 5,700 0.6 5,600 >1,600 >0.03
Venezuela 153(3) 0.46 124 0.22
(1) Minimum estimates-capital value at loss does hdnclude ports; ( 2) Minimum estimates-number refects
estimated people displaced; 3) Including land and buildings.

Note: The two Venezuelan cases are based on diffatenethodologies and refer to different places. Sooe: IPCC
1996, WG II, Table 9-3.

Fish production would suffer if coastal wetlandsl aither habitats that serve as nurseries were
lost as a consequence of sea-level rise (Costh, €984). Mangrove communities would also
starve from poor sediment distribution (Parkinsbale 1994). Sea-level rise would exacerbate
the processes of coastal erosion and salinizati@guifers and increase flooding risks and the
impacts of severe storms along the coastline (Campal., 1997).



3.1.2.3 Pathways of Impact of climate change orshkeéries

The changes described above show that climate ehaiigmpact fisheries in a variety of ways.

The nature of the impact will vary depending ontifee of ecosystem and the fishery. Important
impact pathways evidently include sea temperatin@nge on aquatic ecology, precipitation
change on inland water bodies and frequency oémérevents such as El Nino and hurricanes.

Apart from considering the pathways of impactsiusefulto examine the possible qualitative
changes that could result in the future from thiecgrated climatic changes. This is useful in that
it could identify future strategic options that dumitigate impact of climate change on
fisheries.

3.1.2.4 Impacts on stock distribution

Climate change is expected to cause shifts inibligton of species at the extremes of their
distributional ranges. For most of the speciedatqul in Belize the range extremes occur to the
north and south. Distribution shifts are therefagenerally, not expected to extensively affect
our fisheriesresources as may be the case in other regidfehon (2002) recommendbkat a
species by species examination of ranges be casiuot determine potential specific local
impacts of range shifts. Range shifts in Belize #ml impacts thereof should be investigated
particularly for our most important economic spediecluding lobster and conch.

3.1.2.5 Impacts on recruitment
Most reef fishes, lobster, and conch have earéyHiktory (ELH) stages (eggs and larvae) that
drift in the plankton. Before they move on to thadtult habitats, and are recruited into the
fishable stock, they live, in their juvenile phasecoastal habitats like mangroves and sea-grass
beds. Any impacts on the habitats in which theyndpineir early life history may affect the
numbers and sizes of recruits that survive to éhefishery.

Many of our reef fisheries spawn at specific sétksg the reef. At least eleven (11) of these
sites (spawning banks) still support spawning geowgnd other reef fish species. Storms can
potentially reduce the viability of and likely afferecruitment into the fishery. Temperature is
also known to play a key role in the initiationsgfawning behavior, including the formation of
aggregations. Spawning normally occurs during tt@oler” periods (December- February) in
Belize. Under warmer climate, spawning is likelybtaffected.

3.1.2.6 Impacts on adult biomass and production

Information regarding the impact of hurricanes a&takms on the biomass and production of
lobsters or conch is sparse. Hurricanes do natapjo result in direct mortality of adult fishes;



they principally appear to affect the distributiohadults and juveniles who may not settle in
damaged areas (Mahon 2002). Hurricanes may irb&aecting as a cleaning mechanism.

3.1.2.7 Impacts on fish stock availability

Availability refers to the proportion of the resoearthat is vulnerable to the fishing gear or
method (Mahon 2002). Climate and weather may atgatlability by affecting the distribution
of the resource, or the way they interact withftbleing gear.

Storm surges are reported to cause lobsters t@ l#eir hiding places and move about, thus
increasing their vulnerability to traps. Conchgybthemselves in the sand during periods of
surge and thus cannot be found by divers. Reetdisilso reportedly show a response in
availability due to storms. Immediately before stsrtheir availability is low, but when fishers
are able to return to fishing after storms, thexe be short periods in which catches are higher
than usual

3.3 Socio-Economic Impacts

3.3.1 Availability of resources

The socio-economic impacts of climate may be lgrgefluenced by availability of resources

which will impact on fishing cost and income. Céta and weather may affect availability in

the ways described above. The unavailability sbueces will create further hardships to fishers
who, for the most part are poor, socially and pmdity marginalized with limited access to

finance, health care, education and other pubhadees. Fishers’ inability to harvest marine fish

resource may cause them to migrate to urban aned&s @ties to increase their chances of
earning a living.

3.3.2 Impact on cost
The cost of many inputs into fishing could be aféelc by any decrease in availability of
resources brought about by increase in frequensyooins. Increasingly poor weather will also
increase cost resulting from increased fuel cast td rough seas, increased labour cost due to
working conditions, increasing maintenance costviessel and fishing equipment (traps or
shades) or cost associated with trap replacemdéotviog loss or destruction. Loss of income
will also result when weather conditions are sumt it prohibits fishers from going out to sea to
fish. Extreme weather events may also result iis lsd replacement of fishing vessels and
outboard engines.

3.3.3 Impact on revenue

If climate change limits fishing effort, this willesult in reduced catch. Income or revenue
derived from limited or reduced catch will be reddcA positive outcome from this could be the
recovery of the fishery stock, in the long termytigalarly if the fishery was being over
exploited. This positive outcome may also extenthtoease landing in the long term in spite of
reduced effort.



3.3.4 Impact on Communities and infrastructure

Coastal fishing communities are often small and momity members are bonded by kinship and
reliance upon income derived from fishing. Erosiminincome may erode the traditionally
positive social interaction enjoyed by small fighzommunities.

Fishing villages are among those most vulnerablelitbate change as they may be severely
impacted by sea-level rise and erosion as thegaylgioccupy low coastal land. Fishing camp
sites, particularly those on the outer cayes aalisatish landing sites and cooperative receiving
and processing facilities are as vulnerable agishéng villages as they are also located on low
coastal land.

3.4 Impact on Aquaculture

3.4.1 Climate Change and Variability Impacts on Aqaculture

Climate Change and Climate Variability (CCCV) Imfgmon aquaculture are wide ranging and
potentially macroscopic in magnitude. These impatdéy be positive or beneficial, as well as
negative or deleterious in orientation [See Tahl®.1IThe impacts from CCCV may also be
uncertain or indiscernible [See Table 1.2].

The ensuing discussion on CCCV Impacts on aquaeultuBelize will be largely limited to
those species and production system that are ¢lyrtezing deployed in the country.

The CCCV Effects or ‘Primary Drivers’ that are ned@t to Belize are: changes in sea surface
temperatures (SST), rising sea level, higher inkamatkr temperatures, changes in precipitation
and water availability, and increase in the frequeand intensity of hurricanes and other storm
events [See Table 2.1]. These ‘primary drivers’raotlisted in any order of importance.

3.4.2 Impacts of Primary Drivers
3.4.2.1 Changes in Sea Surface Temperatures (SST)

Global average surface temperatures have incrdas®i6°C since the 1860’s (King, seminar
presentation on Climate Change in the Caribbedm} ffend is expected to continue through the
21% Century. This includes SST in the western Carihtsal by extension the Belize area.

The four (4) impacts associated with an increase \Bi# respect to aquaculture in Belize are: a
greater frequency in the occurrence of harmful laldj@aom (HAB), enhanced metabolic and
growth rates, and changes in timing and successigfation, spawning and peak abundance
[See Table 2.1].

3.4.2.2 Harmful Algal Blooms (HAR)



Harmful Algal Blooms (HABs) are a function of n@nt enrichment, increasing daylight hours
and temperatures associated largely with the sghag in the higher latitudes, particularly in
the northern hemisphere. The advent of HABs in lolaitudes such as Belize is not
unprecedented. An increase in such events for @&lzuld be of greatest consequence to Cobia
Cage Culture and other sub-tidal culture systenee [$able 2.1]. However in the short-, to
medium-term future this impact is expected to Ineitéd to the ‘minor deleterious’ category,
given the rarity of such events in coastal BelRed Table 3.1].

The last recorded HBAs in Belize occurred in 19BRIl¢r 1982). The increase in lobster and
conch harvest for that year was attributed to thegmmortality of predatory fin-fish species such
as groupers and snappers that would prey on thasernvertebrates.

The prospect of HABs is not applicable to TilapialtGre given the geographic location of the
farms well away from the coast [See Table 2.1].

3.4.2.3 Enhanced Metabolic and Growth Rates

The predicted increase in sea surface tempera®®d)( has positive implications for both
shrimp farming and cobia cage culture [See Tahl¢ Zhe magnitude and orientation of this
change for the short-, to medium-term future isest@d to be in the ‘moderate beneficial
category for shrimp farming and in the ‘minor becief’ category for Cobia Cage Culture [See
Table 3.1].

One of the challenges for shrimp mariculture iniBels for year-round production. During the
cooler months although pond water temperatures dally by 2 to 3 °C, production performance
is significantly affected, to the extent that poradse normally harvested and made to lie fallow
during the months November through January. Raptiminor increases in SST over time
associated with Climate Change and Climate VaitghfCCCV) can thus affect productivity
and yields in a significant and positive way.

The increase in growth performance and yields domed Cobia stocks is expected to be in the
more modest ‘minor beneficial’ category [See TaBl&]. This is a function of more modest
increase in growth performance of Cobia with mimocreases in temperatures relative to
Penaeus vannamehe currently farmed shrimp species in Belize.

Again the issue of the potential for enhanced nwitalate relative to the predicted increase in
CCCV is not relevant to Tilapia Farming given tlremgraphy of the situation [See Table 2.1].

3.4.2.4 Changes in Timing and Success of Migrati@pawning and Peak Abundance

The potential impacts of changes in the timing aodcess of migration, spawning and peak
abundance on shrimp farming is non-existent giveenfact that there is no reliance on domestic
stocks for seedstocks for pond stocking [See Tabld: The sole species that has been



husbanded in Belize over the last ten (10) yeadsthe species that is expected to continue to
dominate shrimp farming is the exotic White ShriPgnaeus vannamerhe most significant
impact could be in relation to the CobiRachycentron canadynjSee Table 2.1]. However
there is a fair amount of uncertainty in relatienthe issue of migration and spawning, as it
relates to wild stocks that are to be used in deeklproduction in-Country [See Table 2.1]. The
magnitude and orientation of this change has tlae lxharacterized in the ‘0’ category [See
Table 3.1].

The issue of the potential for changes in migratgpawning and peak abundance connected to
CCCV is again not applicable to Tilapia Cultureenvthe geographic remoteness of the farms
from the coast [See Table 2.1].

3.4.3 Rising Sea Level

The predicted rise in sea levels as a function@E® should result in the loss of land, change in
estuarine dynamics especially in terms of seedsawakability, saline wedge penetration further
upstream and saltwater intrusion into groundwateres, as well as the loss of coastal
ecosystems such as mangroves [See Table 2.1].

3.4.3.1. Loss of Land

The predicted loss of land, and consequently simergdrotection connected with CCCV, is
potentially one of the most significant factorsttban impact aquaculture development in Belize.
The greatest risk could be to Cobia Cage Cultudeadiner aspects of sub-tidal aquaculture given
the prospects for the erosion and loss of the capesconsequently sheltered localities, over
time [See Table 2.1]. The magnitude and orientadiotinis impact has been placed in the ‘-2’ or
‘moderate deleterious’ category [See Table 3.1].

The impacts on shrimp farming as a consequendeedbss of land connected with sea level rise
should be more limited than that of Cobia farmingeg the fact that the shrimp farms are
generally located landward of the mangrove zonligher ground that should not be threatened
by sea level rise in the short-term future [Sedet@l]. The magnitude and orientation of the
impact of the loss of land on shrimp farming in gfeort-, to medium-term future has been
characterized as ‘minor deleterious’ [See Tablé. 3.1

The impacts of land loss in relation to Tilapia O has been characterized as ‘not relevant’
given the remote location of the Tilapia farmingeogiions relative to the coast [See Tables 2.1
and 2.2].

3.4.3.2 Changes in Estuarine Dynamics Especiatijterms of Seedstock Availability



The most significant impact in relation to changesstuarine dynamics should be on Cobia
Cage Culture [See Table 2.1]. As precipitation ensequently estuarine outflows declines over
time with the impacts of CCCV, the salinity of thearshore coastal seas should increase. Water
guality parameters such as macro-nutrients shdstilee significantly altered over time as well
as current patterns. There is much uncertaintyelation to the impacts of these variables on
Cobia population dynamics and consequently thelahiity of broodstocks for in-Country
seedstock production. The magnitude and orientaifaime impact on Cobia Culture in Belize
has thus been characterized as ‘minor deleterious’.

The impacts of the predicted changes of estuarymardics on shrimp farming and tilapia
culture has both been characterized as ‘not appét§See Table 3.1]. The lack of impact on
shrimp farming is related to the continued focughs industry on the culturing of the exotic
Penaeus vannamewhich inferentially relate to the fact that theseno need to rely on wild
shrimp stocks as a source of seed stocks. The wistlee impact or indeed lack thereof on
Tilapia Culture is again a function of geography.

3.4.3.3Saline Wedge Penetration Upstream and Saltwateruision into Groundwater
Stores

Although there is some relevance to the impactsabihe wedge penetration and salt water
intrusion into ground water to Tilapia Culture iel&e, the more significant impacts should be
on shrimp farming and cobia culture. The impactssbnmp farming are related to changes in
salinity and in general water chemistry. The precgdsange at the greatest extreme would be in
terms of potentially changing or extending the ggeportfolio fromPenaeus vannam& more
oceanic species such &enaeus stylirostrisand Penaeus duorarunjSee Table 3.1]. The
magnitude and orientation to these impacts have lbbaracterized in the ‘minor deleterious’
category [See Table 3.1].

Although there is some uncertainty in relation e tesponse of Cobia to changes in physico-
chemical oceanographic conditions over time inti@hato CCCV, the combination of sea level
rise and upstream penetration of saline influerstesild create a greater quantum of space for
the cage culture. The orientation and scope of anmm Cobia culture has thus been
characterized as ‘+1’ or ‘minor beneficial’ [Seebl@4.1].

3.4.3.4 Loss of Coastal Ecosystems such as Marggowith Potential Loss of
Seedstock Availability

The loss of mangroves and consequently seedstailalality as a consequence of CCCV has
the greatest implications for Cobia Culture. Thigrainly a function of the increased exposure
associated with the loss of shoreline protectioaated with the predicted loss of mangroves
[See Table 3.1]. The orientation and magnitude h&f impact on Cobia culture has been



characterized as ‘moderate deleterious’ [See TdHdg This is the most extreme deleterious
impact on aquaculture in Belize [See Table 4.1].

The impact on shrimp farming as a consequenceeofatts of mangroves has been assessed as
‘minor deleterious’ [See Table 4.1]. This categatian has been a function of the location of
shrimp farms on relatively high ground landwardtsé mangrove zone, as well as the focus of
the industry on the culturing of the exotic Penaearsnamei, which obviates the utility of the
mangroves as a nursery area for shrimp stocksTSele 3.1].

The loss of mangrove ecosystems has no discenmiigact on Tilapia culture [See Tables 2.1
and 2.2] given the inland location of the farms #mel fact that there is no indication that this
will change in the short-, to medium-term future.

3.4.4. Higher Inland Water Temperatures

The predicted increase in inland water temperatassociated with CCCV should result in

increased metabolic and growth rates, increasetifstation of pond water, decline in water

quality and consequently increased susceptibilitfaomed stocks to pathogenic diseases and
parasites, as well as changes in timing and succkssigration, spawning and seedstock

availability.

These impacts are as a function of geography reteeaTilapia Culture only: All the Tilapia
farming operations are located in inland areas, rede those of shrimp farming and Cobia
culture are located along the coast.

3.4.4.1 Increase in Metabolic and Growth Rate

The increase in metabolic and growth rate relatoveéhe predicted increases of inland water
temperatures as a function of CCCV has positivdigapons for Tilapia culture in Belize. This
is especially relevant to higher elevations whergew temperatures are higher than inland
savannahs and coastal plains [See Table 3.1]. Hgmitade and orientation of impact has been
characterized in the ‘minor beneficial’ categorg§STable 4.1].

The potential impact on shrimp farming may becomglieable if technology to farm Penaeid
shrimp in freshwater systems with requisite leviabaic hardness is adopted [See Table 2.1].

3.4.4.2 Increase in Stratification of Pond Water

The increase in stratification of pond water withe tpredicted increase in inland water
temperature as a function of CCCV should be a faktoTilapia culture in Belize. This is
especially relevant to the excavation type fishdgsoatilized by small-scale farmers [See Table
3.1]. The orientation and magnitude of this imphat been characterized in the ‘moderate
deleterious’ category [See Table 4.1].



The consequence of temperature stratificatiorsif fionds is for a relatively well mixed surface
layer of water to be superimposed on a lower lafesxygen poor water. The effect of this is
declines in production performance through decregsewvth rates and in extreme case
significant mortality of stocks.

3.4.4.3Decrease in Water Quality with Consequent IncreasePathogenic Diseases
and Parasites

Declines in water quality with consequent increasathogenic diseases and parasites as a
function of CCCV has negative implications for gtbwate and survivorship, with consequent
increase in operational costs [See Table 3.1]. Afram costs associated with parasite and
disease treatment, much of incremental increaseperational cost associated with need for
generation of artificial sources of DO from paddieeels and atomizing aspirators.

The magnitude and orientation of the impact of idecin water quality on Tilapia farming has
been characterized in the ‘minor deleterious’ catgSee Table 4.1].

3.4.4.4 Changes in Timing and Success of MigratijoBpawning and Seedstock
Avalilability

The predicted changes in the timing of migratigggvening and seedstock availability associated
with CCCV should have no discernible impacts omagilh Farming given the fact that the
species being farmed are exotic and even thougke @re Tilapia stocks in the wild, these are
different species and hybrids from those being &tpand there is no reliance on wild stocks for
seedstock production [See Tables 3.1 and 3.2]. drtlg possible impact to shrimp farming
would be if the farming of marine shrimp in appregely ‘hard’ freshwater is embraced [See
Table 3.1].

3.4.5 Changes in Precipitation and Water Availabily

The predicted changes in precipitation and wataiaility associated with CCCV should result
in changes in fish migration and the availabilifyseedstocks for aquaculture, changes in water
quality including salinity and DO profile, lower tea availability for aquacultureith potentials

for conflicts with other water resource users, ahdnges in lagoon and river levels [See Table
3.1].

3.4.5.1 Changes in Fish Migration and Availabilityf Seedstocks

The predicted changes in fish migration and avditglof seedstocks associated with CCCV
should have little or no impact on shrimp farminghe short-, to medium-term future once the
focus remains on the culturing of exotic stockse[Sable 3.1]. The impact on shrimp farming
has thus been characterized as ‘0’ or ‘no discéxrmbange’ [See Table 4.1].



The impact of fish migration and seedstock avdilgbas a function of CCCV on Tilapia
farming has been characterized as ‘no discernibpact’ [See Table 4.1]. This has been mainly
as a result of the fact that Tilapia culture iniBelis based on the husbandry of exotic species
and hybrids and the production or sourcing of sieetts does not in any way rely on the wild
stocks inhabiting various inland waterways [Seel@ &0l ].

The impact of fish migration and seedstock avalitgtas a function of CCCV on Cobia farming
in Belize has also been characterized as ‘no digderimpact’ [See Table 4.1]. This has been a
function of the planned strategy of the currenttyseent farm to source broodstocks from the
wild, and the uncertainty in regards to the possitthanges in migration, spawning and in
general population dynamics on the species [SekTFab].

3.4.5.2 Changes in Water Quality including Saligiand DO Profile

The predicted impact of the change in water quaiya consequence of CCCV on shrimp
farming has been characterized as ‘no discerninfgact’ [See Table 3.1]. This has been as a
consequence of the uncertainty that exists in tefgiantum and rate of shift in salinities over
time. Although salinities are predicted to increatbe rate and magnitude of the increase is
uncertain — at its most extreme the major procéssige would entail a shift from the more
estuarinePenaeus vannameio more oceanic species suchPenaeus stylirostri§See Table
4.1].

The impact of the change in water quality on Téafarming has been characterized as ‘minor
deleterious’ [See Table 3.1]. The predicted de&dasDO on production performance and
consequently operational costs is negative: surghip and yields are predicted to decrease and
operational costs are predicted to increase [SbeTal].

The impact on Cobia farming has been characteraedno discernible impact’ due to the
uncertainty in production performance of the farnseatks relative to the predicted decrease in
salinity over time. It is noteworthy to mention tfaet that Cobia is pan-tropical and capable of
survival and growth in both oceanic quality watasswell as seas with lower salinities [See
Table 3.1].

3.4.5.3 Lower Water Availability and Conflicts witOther Water Resource Users

The predicted contraction in water availability faquaculture as a result of CCCV is not
expected to have any impact of note on shrimp fagniSee Table 2.1]. The orientation and
magnitude of this impact has thus been charactbage0’ or ‘no discernible impact’ [See Table
3.1]. The impact on Tilapia farming has also belearacterized as ‘no discernible impact’ [See
Table 3.1]. Water availability and the conflictatimay arise are pertinent to Tilapia farming



and in general inland aquaculture. However givext Water availability is not seen as a limiting
factor for Tilapia farming currently or in the neaio medium-term future, and given the fact that
there is no known competition with other resoursers and the conflicts that may arise as a
consequence of this, the impact is expected toitheally non-existent [See Table 2.1]. The
prospect of limited water availability as a functiof CCCV is not pertinent to sea-based Cobia
Cage Culture [See Tables 3.1 and 3.2].



Table 3.1: Relationship between various Climate Chage effects and their impacts on aquaculture in Bide

Primary Generic Biophysical Effects Implications for Aquaculture
Driver
Shrimp Farming Tilapia Farming Cobia Farming
Changes in More frequent Harmful Algal| Not expected to have any Not likely to have any effects Cobia Cage Culture
Sea Surface | Blooms (HABs) and decreasesignificant impacts on existent | on Tilapia farming operations operation should be most
Temperature | in dissolved oxygen (DO) land-based shrimp farming given that these enterprises | susceptible to HABs giver
levels...More relevant to operations...Relatively brief are geographically removed | the sub-tidal sea-based
higher semi-tropical and duration of HABs may be dealt | from the coast. nature of these operations
temperate latitudes although with by modification in and the recorded
event occasionally occur in | husbandry strategy such as mortalities farmed fin-fish
lower latitudes, including decrease in water exchange rates stocks from the
Belize. mainly as a precaution against the HABs...Given the current
intake of low DO levels and high rarity which is not
BOD levels associated with expected to change
HABSs, as opposed to direct radically with Climate
pathogenic effects resulting in Change and Climate
mortality, morbidity and Variability for Belize, this
consequently yields and growth should not be a major
performance. threat to the Cobia Cage
Culture operation.
Primary Generic Biophysical Effects Implications for Aquaculture
Driver

Shrimp Farming

Tilapia Farming

Cobia Farming

Enhanced metabolic and
growth rates.

Although the difference betweer
water temperatures in the warm
versus the cooler months in
Belize is only 2 - 3°C this is

Increased sea surface
ptemperature (SST) should
have no direct impact on
Tilapia farming given the

Increased SST should bog
well for the Cobia Cage
Culture operation and
other similar venture fin-

e




sufficient to negatively affect
production performance ...This i
in relation to both growth rates
and consequently yields, as wel
as a shorter growing

season...Increased temperaturgs

should thus bode well for shrimp
farming assuming the other
performance variables are
maintained in their status quo
position.

geographical remoteness of
sthese operations to the coas

fish farming ventures
t....Assuming that DO
would not be significantly

affected by the rise in SST.

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Changes in timing and
success of migration,
spawning and peak
abundance.

Although this could potentially
impact the availability of
seedstocks, it is not anticipated
that it will have any direct impac
on shrimp farming since the
husbandry production cycle is a
‘closed one’ with hatchery
spawned and nurtured seedstog
for the on-growing or fattening
process...The issue of sustainin
genetic diversity or ‘fitness’ relie
on the occasional sourcing of
broodstocks and seedstock
outside of Belize from approved
and certified hatcheries...The

This is not relevant to Tilapig
farming given that the specig
is not marine in origin.

Q

192}

| Potential for some impact

2pn Cobia Cage Culture
operation given that
although they currently
import seedstocks, they a
currently in the process to
develop a hatchery for in-
country seedstock
production...The effects
on the timing of spawning
as a result of SST increas
not yet known...Public an
private sector research
needed to close uncertain

gap.
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issue could become more relevant

if there is a shift from the
culturing of exotic stocks such a
Penaeus vannam# native
stocks such aBenaeus schmitti
or Penaeus duorarum

Primary Generic Biophysical Effects Implications for Aquaculture
Driver
Shrimp Farming Tilapia Farming Cobia Farming
Rising Sea Loss of land Sea level predicted to rise 10 4 $urrently predicted sea-leve| Arguably the greatest
Level cm this century with most rise poses no immediate threat of sea-level rise will

prediction ranging 30 — 50
cm...Most of the existent farms
are located landward of the

threat to the production
infrastructure given the
Tilapia farming operations

mangrove zone with reservoir andelative to the coast.

pond bottom elevation 5 — 15 ft.
(180 — 500 cm) above sea-
level...Thus the production
infrastructure are not expected t
be immediately affected by sea-
level rise... There may be the
need to relocate ancillary
infrastructure, such as pump
houses that are located on lowe
ground, to higher areas over tim
but this should not be in the
immediate future unless the
magnitude rate of sea-level rise
are radically revised upwards.

O

be to the sea-based aspe
of the Cobia farming
operations ...The current
farm site as well as other
suitable sites are protecte
by low-lying cayes and
reef systems...The
inundation and loss of
these cayes over medium
to longer time-frames
should result in the loss of
suitable cage culture
sites...This has negative
implications for capital
costs since the loss of
protection would require
more heavily engineered
cages...The longer travel

Cts
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time associated with
heavier sea-states and the
loss of caye-based
infrastructure also has
negative implication for
operational costs.

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Changes in estuarine systen

in terms of seedstock
availability.

n Has little or no implications for
shrimp farming if historical
subscription to culturing of exoti
stocks remains as focus of
industry.

Has little or no implications
for Tilapia farming.

~
L

Current Cobia farming
operation in process of
establishing hatchery
which is to be based on
utilizing wild caught
broodstocks or adults for
the production of
seedstocks...Much
uncertainty of how ecolog
and food web relationship
will change for
species...Needs to be
focus of applied research
efforts.

U <

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Saline wedge penetration
further upstream as well as

The intake of higher saline wate
with the predicted fall in

rAAdvance of saline wedge
upstream and in groundwate

Cobia pan-tropical and
reuryhaline capable of




saltwater intrusion into
groundwater stores.

precipitation and freshwater
outflows combined with the

landward advance of the sea mayonger timeframes should

mean a shift to the culturing of

more oceanic shrimp species sucperformance of the species

as the Pacific Blue Shrimp

Penaeus stylirostriand the Pink
ShrimpPenaeus duorarumHas
cost implications in terms of R &
D efforts.

stores should have little or n
effect in short-term...Over

negatively affect production

currently being farmed in
Belize...Has negative
implications for production

to more salt-water tolerant
species and hybrids...This
may be especially relevant if
the sea-level rise estimates
are significantly revised
upwards.

costs...May also require shift continental shelf for cage

pthriving in oceanic quality
as well as low saline
waters...Increased
salinities with rising sea-
levels may have positive
implications in terms of
providing greater quantun
of geographic space on

culture.

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Loss of coastal ecosystems
such as mangroves with
potential loss of seedstock
availability for aquaculture
and increased exposure to
wave and storm surges.

No direct impact on husbandry
aspects of shrimp farming if focu
remains on exotic Penaeid spec
in foreseeable future...Possible
wave-induced erosion of intake
canal embankment and walls of
oxidation/effluent ponds for
farms with these facilities ...Alsd
potential for nutrient-enrichment
or eutrophic pollution with

decrease and loss of mangroves

No identifiable impact on
scurrent Tilapia farming
agperations that are all locate

inland away from the

coast...Scenario would
change if Tilapia farming
operations begins to be
located nearer to the coast.

Has negative implications
for current Cobia Cage
dCulture operation, as well
as possible future
operations utilizing similar
sea-based engineering
construction located in
sheltered sites in the lee @
mangrove cayes...Loss of
mangroves would likely
result in shoreline erosion




for most semi-intensive
operations which exports pond
effluents to mangroves for
nutrient stripping or ‘polishing’
before entry into wider marine
environment.

unless shoreline protectio
are applied...Has negativg
implications for productiorn
costs given increased cos
of repair and maintenance
of cage infrastructure from
increased exposure storm
wave and surges.

-

ts

Primary Generic Biophysical Effects Implications for Aquaculture
Driver

Shrimp Farming Tilapia Farming Cobia Farming
Higher inland | Increased metabolic rates, | Not applicable to coastal shrimp| Beneficial especially during | Not applicable.
water feeding rates, primary farming...May become applicablecooler months and in higher
temperatures | productivity and growth rates if technology to farm Penaeid | elevations where water

if dissolved oxygen levels
kept at optimum.

shrimp freshwater systems with
requisite level of ionic hardness
adopted.

temperatures are higher that
inland savannahs and highe
coastal plain...Increase in
temp. in these areas allows
for improved growth
performance and yields, as
well as year-round pond
production.

[

Increased potential for
stratification in pond systems

Not applicable to shrimp farming
5.Using current technology.

Potential for stratification in
pond systems especially for
small farmers using
excavation ponds that are
generally deeper than
embankment ponds...Has
negative implications for

Not applicable.




oxygen profile and
nitrogenous wastes and
consequently survivorship,
yields and cost of production

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Reduced water quality,
especially in terms of
Dissolved Oxygen (DO) and
increased susceptibility of
stocks to pathogenic disease
and parasites.

Not applicable to coastal shrimp
farming unless shrimp farming
technology to farm marine shrim
in ‘hard’ freshwater
reembraced...No immediate
indications that it will in
foreseeable future.

Higher water temperature in

areas where temperatures are

prelatively high means water
column will hold less oxygen
...Means that pond will be
able to sustain less fish
biomass per unit volume or
area...Will potentially affect
intensive fish farming as wel
as higher stocking density
semi-intensive Tilapia
farming operations...Has
negative implications for
growth rate and survivorship
unless DO deficit is taken up
by injection of artificially
produced oxygen vis-a-vis
paddle wheels and

Not applicable.

compressed air aerators...Has

negative implication for
Tilapia farming in terms of
increases in operational cos
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Primary Generic Biophysical Effects Implications for Aquaculture
Driver
Shrimp Farming Tilapia Farming Cobia Farming
Changes in timing and Not applicable to coastal shrimp| No immediate impacts on Not applicable.
success of migration, farming unless shrimp farming | Tilapia farming.
spawning and peak technology to farm marine shrimp
abundance including in ‘hard’ freshwater embraced.
broodstock and seedstock
availability for aquaculture.
Changes in Changes in fish migration andLittle or no impacts on shrimp | No immediate impacts on Impacts on broodstock
precipitation | recruitment success, farming if focus on exotic speciesTilapia farming given that availability unknown...
and water including availability of remains, unless shift or inclusion species and hybrids being | Hatchery being establishe
availability. broodstocks and seedstockg of culturing marine shrimps in | utilized are exotic and to be based on harvesting
for aquaculture. freshwater embraced...No husbandry practice does not broodstocks from the wild
indication that latter is being rely in any way on wild in more immediate future
contemplated by existent or stocks inhabiting various which should not be
potential farmers. inland waterways. impacted by Climate
Change induced
effects...Longer term
opinions in realm of
speculation.
Primary Generic Biophysical Effects Implications for Aquaculture
Driver

Shrimp Farming

Tilapia Farming

Cobia Farming

Impacts on water quality,
including salinity and DO
profile.

Resultant increase in salinities f
shrimp farming...May result in
shift to more oceanic species su
asPenaeus stylirostriand

implication for survival,
cbrowth rate, yields and in
general operational costs.

piDecrease in DO has negativ,

elmpacts of decreased
precipitation and
consequently increase in
salinities uncertain




Penaeus duorarum.Implications
for additional costs to industry in
terms of R & D efforts that woulg
be necessary for these species.
..Uncertainty exists in terms of
quantum and rate of shift in
salinities over time.

|

...Cobia however pan-
tropical and capable of
survival and growth in

both oceanic quality water
as well as seas with lower
salinities.

Primary
Driver

Generic Biophysical Effects

Im

plications for Aquaculture

Shrimp Farming

Tilapia Farming

Cobia Farming

Prospects of lower water
availability for aquaculture
with implications for higher
costs in maintaining pond
water levels and from stock
loss, as well as in relation to
conflicts with other water
resource users and possible
changes or shifts to other
species.

Water availability not an issue fg
shrimp farming...Issue of
seepage and increase evaporati
may become significant with
negative implications for energy
consumption in terms of
additional pumping costs.

rWater availability for crop
and livestock agriculture as

owell as inland aquaculture n
identified as a challenge...N
information on trends exists,
however even if demand for
water increases significantly
in terms of needs for
irrigation, it is not anticipated
that this will be a challenge i
the foreseeable future...
Possible increase in
production costs given
increases in evaporation ang
seepage in pond water as w
as need to expend more
energy to pump water to
replace losses

Not applicable.
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Changes in lagoon and river
levels, especially in relation
to retreat of shorelines with
declines in precipitation and
increases in drought over
time.

No immediate impact to shrimp
farming.

Increase in pumping costs
associated with need to lift

shoreline of water bodies
retreat.

water to higher elevations ag

Not applicable.

Primary Generic Biophysical Effects Implications for Aquaculture
Driver

Shrimp Farming Tilapia Farming Cobia Farming
Increase in Large waves and storm surgek short term no immediate Given inland location of Arguably potentially
frequency and| and prospects of introduction additive impacts that would Tilapia farming operations, | greatest risks from
intensity of of diseases and parasites intarequire major changes in greater risks will be from hurricanes and other storr
storms aquaculture facilities, as well technology or infrastructure as | flooding associated with events given geographica

as possibility of loss of
stocks.

well as production practices give
location of most shrimp farms or
relatively high ground landward
of mangrove zone...Over longer
timeframes however with
landward migration of shoreline
and loss of mangroves impacts
storm surges and wind damage
primary and ancillary
infrastructure should become
more severe...Has negative
implications for both capital and
operational costs in terms of
increased repair and maintenan

adjustments in engineering cost

costs, as well as replacement and

stocks.

Ce

rhurricanes and storm events
in general...Threat of loss of

1°2)

location...When combinec
with loss of sheltered
location over time
hurricanes and tropical
storms should cause
greatest damage to both
primary cage and shore-
based ancillary
infrastructure, as well as
cultured stocks...Has
negative implications for
both capital and
operational costs in terms
of investments in heavier
engineered technology an

o

replacement costs, as we




vis-a-vis higher and more robust
pond walls.

as operational costs in
terms of mitigations
measures such as
relocation of husbandry
facilities.




3.4.5.4 Changes in Lagoon and River Levels

The predicted changes in the levels of lenthic lmtid waterways associated with CCCV are
expected to impact Tilapia farming. This shouldnba&inly in the form of higher pumping cost

associated with the need to ‘lift’ or pump pond evatto higher elevation as the shorelines of
rivers and lacustrine systems retreat with decr@ageecipitation [See Table 2.1]. This impact

has been characterized as ‘moderate deleteriougriantation. Shrimp farming and Cobia

culture are not expected to be impacted by theaein inland water bodies (See Table 3.1) —
This is mainly a function of geography.

3.4.6 Increase in Frequency and Intensity of Storms

The predicted increase in frequency and intensityworicanes and other storm events as a
consequence of CCCV should impact all aspects vd@gture in Belize. The most susceptible
aquaculture system is expected to be the Cobia @atyge operation and other sea-based sub-
tidal husbandry systems [See Table 2.1]. This mIrction of geography and consequently
exposure to storms surge and in general the mezdlanmpacts from large waves. The impacts
from heavy sea-states associated with storms gected to cause damage and losses to both the
farmed stocks as well as the cages.

Apart from the sea-based cage infrastructure, shased facilities such as feed stores, offices
and security facilities are also susceptible tordwvages wrought by storms.

The overall impact to Cobia cage culture has bedesracterized in the ‘major deleterious
category’ [See Table 3.1].

The impacts from hurricane and other storm evexgtsg function of CCCV induced changes on
shrimp farming operations, has been characterizéide ‘minor deleterious’ category [See Table
3.1]. This has been due in large part to the looatf most shrimp farms on relatively high

ground landward of mangrove zone [See Table 2.1].

The impacts of storms on Tilapia and in effect oihé&and pond-based aquaculture systems has
also been characterized in the ‘minor deleteriasgegory [See Table 3.1]. The major risk is
posed by the flooding events associated with teasens [See Table 2.1].



4.0 ADATATION TO CLIMATE CHANGE
4.1 Capture fisheries Adaptation Measures

Climate change and/or or climate variability proglwctual and potential impacts on fisheries
resources. Climate change and/or variability arenmmnents of other stresses on the
environment. Climate related changes represennpateadditional stresses on systems that are
already under pressure Burkett et al (2001). Ckmelbange merely exacerbates existing
problems including ecosystem degradation. Givem snieractive effects adaptation options are
best addressed when they are incorporated in therwitegrated issues of coastal management
and sustainable development plans. Therefore, tf@mation provided in this section is
indicative of the types of interventions that séeklevelop capacity to deal with change from a
more holistic view rather than from a strictly cte change constructionist perspective.

Adaptation to impacts of climate change on fishelitat

The effects of climate change on marine ecosyst@angaot easily be controlled by engineering
measures. Therefore, a general strategy to contigse habitats both in quantity and in quality
would be an appropriate precautionary adaptatiahdceffects of climate change. Furthermore,
the better the condition of these habitats, theemesilient they will be. Additionally, the greater
the quantity of coastal habitats (mangroves, sassgs and reefs that are important for fisheries),
the less likely it will be that climate change widduce these habitats below critical levels for
fisheries ( Mahon 2002).The promotion of marine tpcted areas and environmental
conservation thus becomes a focus of the adaptstiiategy (See Table4.1. Programmes such as
the Coastal Zone Management Strategy CZMA, 200d)the National Protective Areas Policy
and Systems Plan (Ching et al 2005) should be im@téed as they include measures that deal
with long term sustainability of marine fisherieabitat. The creation and management and of
marine protected areas (MPA) is advocated, in r@tiog of their value in reducing the negative
influence of climate change. The under utilizatmn“fish reserves” as an adaptation tool in
response to climate change is globally recogniBadldett et al 2001) in response to should be
looked at as complementary to the more widely ugiA in Belize. The preparation of a
National Fisheries Management Plan would help oviging guidance to fisheries managers to
enable them to adequately deal with the impactiofate change on fisheries management (See
table 4.1)

Where these habitats have been destroyed, theybmagstored which, in many cases will
provide other benefits such as shoreline protedtieefs and mangroves) and hurricane harbours
(mangroves). Climate induced coral bleaching &edefffects on fish are a bit more complex. It
is agreed however, that the loss of reef complex@gulting from bleaching reduce biodiversity
of invertebrates and fishes. It is also widelyedahat coral reef communities are among the first
to show signs of climate change- related effectse@Rig 2005). Careful monitoring and



assessments of these events may strengthen tleglicgability and enhance their capacity to
respond meaningfully to the effects of climate deon corals.

Adaptation to direct impacts of climate changeishdry stocks

Mahon (2002) contends that adaptation to changetouk distribution,recruitmentlevels and
variability and adultbiomass and productiortan be achieved by adjusting fishing efforts to
levels that are consistent with the yield levelst tban be sustained by the changed populations.
Yield estimates, for the major fisheries (Lobstanch, shrimp and fin fish) can be determined
by the Fisheries Department using conventionalssssent and management measures, adaptive
management or co-management approaches. The methptbyed should be strategically
determined by the department following consultataomd discussion with local national and
regional experts given the nature of the sharedreaif the fisheries resources, the importance
of the reef system to the Meso-American region andoing fisheries management and
development programmes with Mexico, Guatemalatémalduras (The Meso-American Barrier
Reef System Project-MBRS) and our sister CARICOMintoes through the Caribbean
Fisheries Mechanism (CRFM).

Traditional species fished might not be readilyilade or easily accessible. Considering the
uncertainties that still surround the stock-climaedation, management policies should be
flexible enough to adapt to potential changes exrtsource. This means that the exploitation of
lesser-known species should be encouraged in ¢oderaintain the economic viability of the
industry. Product diversification (See table 4wl)l also reduce pressure on the traditional
stocks being harvested.

Socio-economic Adaptation Responses

Adaptation to impacts of weather conditions on eddishing and revenue flows

Weather conditions are expected to continue toridet¢ée with increased winds and generally
worsening sea conditions for boating. Given that f@hing fleet consists largely of relatively
small boats, the worsening weather conditions wdugdt be addressed by increasing the
seaworthiness of vessels and the general safdighefrs at sea. Fishers and boat owners would
be encouraged to invest in the full complementadéty equipment recommended by the Port
Authority. Government and the Fishing cooperatines/ consider entering into a joint venture
to finance vessel improvement and safety for fisher

For tropical storms and hurricanes, conditionsisinifig vessels can be adapted to by:

Provision of mooring sites for vessels; particiylan protected areas afforded by
mangroves;



Facilitating the movement of vessels of all sizesf the sea to fisher specific “safe”
sites above the reach of the storm surge, and pooviof the means to secure them
against wind damage and, provision of the meassafily store fishing gear

Agreements between fishers and landowners on tteg cayes for use of “camp sites”

The impact of trap loss on fish and lobster resesitbrough ghost fishing can be reduced by the
introduction of biodegradable escape panels thah @fter about a week, allowing the animals
to escape from the trap.

Impact on fishing communities and shore basedifias|

The effects of storm conditions on fishery shorfeastructure would be best adapted to during
the design and construction of new facilities(Sebl& 4.1. Consideration should be given to
relocating facilities, particularly where they doeated in areas that are vulnerable to wind,
surge or erosion. This provides the opportunityinicorporate adaptation to climate change.
However, relocation would be effective only if theis sound awareness of climate change
impacts and adaptive design options and, havimdnand credible information on what the

impacts of climate change are likely to be on a#jesite. Similar adaptations strategy applies
to human settlements in coastal fishing communitiebcation and or re-construction using

climate change adaptive design options.

Erosion of beaches at landing sites where vesseldyaically hauled out can be addressed
through beach stabilization and renourishment wdmkisthese are costly. Haul-out ramps for
small boats can be constructed. Fishers normaliyedetheir catch to one of two centralized
cooperative in Belize City. Safe harbour/marinahwptotective structures can be considered to
provide protection for fishers at their productidety point.

Table 2: Climate change Adaptation Matrix for Criti cal Ecological and “Human” Habitats

Coral Reef Mangrove Fisheries Coastal Community

Monitor change in Mangrove Monitoring [ Monitoring fish catch | Monitoring socio-economic

reef in response to | and research and effort data status of fishers in coastal
climate induced communities

factors

Establish Marine Develop & Implement | Establish Fisheries Encourage engagement in
Protected Area re-planting programme Reserve or expand no- | non-fisheries related

take zone in Marine (tourism) economic activity,
Protected Areas




Coral Reef Mangrove Fisheries Coastal Community
Adopt/develop Promote/support Develop Fisheries Encourage diversification i
conservation mangrove conservatio| Management Plan fish species targeted
programmes, programmes, policies

policies and plans

and legislation

Conduct research
on reef response to
climate change

Monitor Compliance
with EIA requirements
for coastal mangrove

Conduct research to ai
and support sustainablg
fisheries management

I Assess vulnerability of
P coastal communities to
climate change impact;

alterations goals determining suitability of
current structure and

construction of new

Develop & Develop & Implement| Develop & Implement a| Develop & Implement a
Implement a a sustained public sustained public sustained public
sustained public information information programme | information programme on
information programme targeting fishermen impacts of climate change
programme especially and the publi{ and alternative livelihood

in general programmes

The adaptation measures discussed above clealtlighits the important relationship between

the fisheries sector and critical ecosystems thatna@eaningfully impacted by local and global

climate change. There is an obvious need to depisgrammes that could mitigate these
impacts. Highlighted here are adaptation actionghvban be taken to minimize stress through
preserving the physical integrity of the ecosystdhet are essential to a sustainable fishing
industry.

4.2 Adaptation Measures Associated with Aquaculture

The adaptation measures to be adapted in relatig@litnate Change and Climate Variability
(CCCV) induced impacts on aquaculture covers theetli3) areas of enterprise in Belize, viz:
shrimp farming, Tilapia Farming and Cobia Cage nelt These adaptation measures range from
technical prescriptions, such as the developmedtdaployment of more heavily engineered
cage designs for Cobia Culture and decrease inrwathange rates for inland pond systems, to
policy interventions such as the development anpglementation of site selection criteria for
cage culture, and the definition of a zoning schénéhe industry [See Table 4.1].

The specific adaptation measures recommendeddadbaculture industry in relation to CCCV
induced impacts have been chronicled in Tableahd,forms the basis of the ensuing discussion
below.



4.3 Details of Adaptation Measures to be implemendein relation to Climate Change and
Climate Variability Induced Impacts on Aquaculture

4.3.1 Harmful Algal Blooms as function of Increasén SST

Harmful Algal Blooms (HABs) are specific to the nme environment. The main husbandry
system to be affected in relation to CCCV indugegacts is the Cobia Cage Culture Operation.
The main adaptation measure is for the establishofesite selection criteria for Cobia Culture

and in general other sub-tidal based culture sys{&eae Table 4.2].

4.3.2 Increase in Metabolic Rate and Growth Perforrmance as function of Increase in SST

The predicted increase in metabolic rate and gr@e&tformance in relation to the increased SST
is relevant to both shrimp farming and Cobia caguce. The main adaptation measure is for
the close monitoring of water quality and productjfgerformance for segments of the industry
[See Table 3.1].

4.3.3 Changes in Migration and Spawning as functioof Increase in SST

Although the predicted changes in migration in tiela to increased SST could potentially
impact both shrimp farming and cobia cage culttine, magnitude and orientation of these
impacts have been characterized as ‘no discernitvipact [See Table 4.2]. The rationale for
ascribing this impact to shrimp farming is in reatto the focus of the industry on the culturing
of the exoticPenaeus vannamdiSee Table 3.1]. In the case of Cobia Cage Culthee
orientation and magnitude of impact is based onutieertainty in predicting the migration and
spawning response of wild Cobia stocks to the ptediincreases in temperature as a function
CCCV.

As a consequence of the characterization of theatspof changes in migration and spawning as
‘no discernible change’ for shrimp farming and Gobage culture, no adaptation measures have
been prescribed for these components of the ind[S¢e Table 4.2].

4.4 Loss of Land as function of Sea Level Rise

The predicted increase in the loss of land as atifum of sea level rise should impact both

shrimp farming and Cobia cage culture [See Tall¢ Fhe adaptation measure recommended
for shrimp farming entails an integration CCCV imfsaand adaptation responses into the EIA
process, as well as the preservation of the maegmene between the sea and farm
infrastructure [See Table 4.2]. The adaptation mmegs for Cobia cage culture include the

definition and implementation of a zoning schemecfge culture and other aspects of sub-tidal
aquaculture [See Table 4.2].



4.4.1 Changes in Estuarine Dynamics and ConsequentlSeedstock Availability as a
function of Sea-level Rise

The predicted change in estuarine dynamics asd@ifumof sea-level rise should mainly impact
Cobia cage culture and other sub-tidal based adfjuaewperations [See Table 3.1]. The main
adaptation measure prescribed is for the defindind implementation of research efforts on the
impacts of sea level rise on Cobia populationsa@m$equently the availability of broodstocks.

4.4.2 Saline Wedge Penetration Upstream as a funati of Sea-level Rise

The predicted change on saline wedge penetratigtragm as a function of sea-level rise,
should negatively impact shrimp farming. The adamtameasure prescribed in relation to this is
for the extension of the species portfolio to imeunore oceanic penaeid stocks sucReasaues
stylirostris[See Table 4.2].

4.4.3 Loss of Mangroves and Seafront Protection asfunction of Sea-level Rise.

The predicted loss of mangrove as a function ofleea rise should negatively impact both
shrimp farming and Cobia cage culture. The mainptden measure prescribed for shrimp
farming is the definition and implementation ofational zoning scheme to demarcate areas for
shrimp farming that includes land to accommodatetie retreat of the coastline over time [See
Table 4.2].

The main adaptation measure prescribed for Colga calture is for the incorporation of more
heavily engineered and more appropriately architaly designed stock containment
technology such as cages that would be more capéléhstanding heavier sea-states without
sustaining undue damage, while at the same timeginog and preserving the stock being
husbanded [See Table 4.2].



Table 4.2: Adaptation Matrix for short- to medium-term Climate Change and Variability Impacts

Climate Change

Magnitude & Adaptation Strategy

Impacts

Shrimp Farming

Tilapia Culture

Cobia Farming

Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures
& & &
Dir. Dir. Dir.
Harmful algal bloom| O N/A 0 N/A -1 | Establishment of site selection
from increase in sea criteria for cage culture sites and
surface temperature$ identification of alternate sites to
(SST) which cages can be temporarily
relocated in event of HAB.
Increase in metaboli¢ +2 | Close monitoring of water 0 N/A +1 | Close monitoring of water quality
rate and growth quality and production and production performance.
performance from performance.
inc. SST
Changes in migration 0 N/A 0 N/A 0 N/A
and spawning from
inc. SST
Loss of land from sea -1 Integrate into EIA process 0 N/A -2 | Define and implement zoning
level rise impacts and adaptation scheme for cage culture and othe
measures in as a consequence aspects of sub-tidal aquaculture..

of Climate Change...Preserv
mangrove zone between seg
and farm infrastructure

Retain mangroves on cayes relev
to cage culture operations.

ant




Climate Change

Magnitude & Adaptation Strategy

Impacts
Shrimp Farming Tilapia Culture Cobia Farming
Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures
& & &

Dir. Dir. Dir.
Changes in estuaring 0 N/A 0 N/A -1 | Define and implement research o
dynamics including impacts of sea level rise on Cobia
seedstock availability populations and availability of
as a consequence of broodstocks and seedstocks
sea level rise
Saline wedge -1 | Culturing of more oceanic 0 N/A +1 N/A
penetration upstream penaeid stocks such as
due to sea level rise Penaues stylirostris
Loss of mangroves -1 | Definition and 0 N/A -2 | Incorporation of more heavily
and seafront implementation of national engineered stock containment
protection due to sea zoning scheme to demarcate technology such as more weather
level rise. areas for shrimp farming proof oceanic cages.

including area for landward
retreat of shoreline over time|
Climate Change Magnitude & Adaptation Strategy
Impacts
Shrimp Farming Tilapia Culture Cobia Farming
Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures




Dir. Dir. Dir.
Increase in metabolic 0 N/A +1 | Maintaining water quality] O N/A
rate and primary parameters such as
productivity as a dissolved oxygen (DO) at
consequence of optimum.
higher inland water
temperature.
Increase in 0 N/A -2 | Shift to embankment 0 N/A
stratification of pond ponds that are shallower
water as a and that are marked by
consequence of improved engineering
higher inland water design to promote
temperature. improved mixing of pond
water and consequently
decrease in stratification.
Climate Change Magnitude & Adaptation Strategy
Impacts
Shrimp Farming Tilapia Culture Cobia Farming
Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures
& & &
Dir. Dir. Dir.
Reduced water 0 N/A -1 | Judicious monitoring and| 0 N/A

guality and increase
in pathogenic
diseases and
parasites as a
consequence of

management of water
quality, particularly DO

and nitrogenous wastes. .|

Definition and

implementation of training




higher inland water
temperature.

programme for small-scal
farmers on water quality

management.

Changes in
migration, spawning
and seedstock
availability as a
consequence of
higher inland water
temperature

N/A

N/A

N/A

Climate Change
Impacts

Magnitude & Adaptation Strategy

Shrimp Farming

Tilapia Culture

Cobia Farming

Mag.

Dir.

Adaptation Measures

Mag.

&

Dir.

Adaptation Measures

&

Dir.

Mag.

Adaptation Measures

Changes in fish
migration,
recruitment, and
availability of
seedstocks as a
consequence of
changes in
precipitation and
water availability.

N/A

N/A

Closing knowledge gap on impac
of Climate Change on availability
of Cobia broodstocks by defining
and undertaking research project

said subject.

ts

Changes in water
quality, including

Possible shift to culturing of
more oceanic species such g

Judicious management o

water quality through

f 0

Closing knowledge gap on Climate
induced salinity changes on




salinity and DO as a
consequence of
changes in
precipitation and
water availability.

Penaeus stylirostriand
Penaeus duorarum

close monitoring of water

quality parameters such gs

DO and nitrogen profile.

abundance and production
performance of Cobia.

Climate Change
Impacts

Magnitude & Adaptation Strategy

Shrimp Farming

Tilapia Culture

Cobia Farming

Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures
& & &

Dir. Dir. Dir.
Prospects of lower 0 N/A 0 Precautionary prescription 0 N/A
water availability for for institution of water
aquaculture as a conservation measures by
consequence of modifying husbandry
changes in practices such as decrease
precipitation and in water exchange rate and
water availability. employment of

recirculation technology.

Decline in lagoon 0 N/A -2 | Decrease pumping cost by 0 N/A

and river levels as a
conseqguence of
decrease in
precipitation.

adapting recirculation

technology and decreasin
water exchange rates for
status quo semi-intensive
Tilapia farming operation




in medium term future.
Climate Change Magnitude & Adaptation Strategy
Impacts
Shrimp Farming Tilapia Culture Cobia Farming
Mag. | Adaptation Measures Mag.| Adaptation Measures Mag.| Adaptation Measures
& & &

Dir. Dir. Dir.
Large waves, storm | -1 | Adapting planned approachto -1 | Continued location of -3 | Development of flood risk
surges, flooding and aquaculture and by extension Tilapia farming operation insurance for husbandry stocks and
prospects of shrimp farming development away from flood plain and primary containment infrastructure
introduction of ...Measures should include other flood risk areas... to cope with losses of stocks from
diseases and zoning areas for shrimp Development of flood risk storms...Investment in improved
parasites as a farming to allow for landward insurance for husbandry design including more heavily
consequence of retreat of primary production stocks and primary engineered primary containment
increase in frequency and ancillary infrastructure containment infrastructure engineering structures, as well as
and intensity with retreat of shoreline. to cope with losses of implementation of zonation scheme
hurricanes and other| stocks from storms. to select better cage culture sites.
storm events

Key: +3 = Major Beneficial Effect; +2 = Moderate BenddicEffect; + = Minor Beneficial Effect;0 = No Disenible Impact or Uncertain Impact;
-1 = Minor Deleterious Impact;-2 = Moderate Deletes Impact;-3 = Major Deleterious Impact;N/A = Nigbplicable



4.5.1 Increase in Metabolic Rate as a consequenddigher Inland Water Temperature

The predicted increase in metabolic rate as a cuesee of higher inland water temperatures
should impact Tilapia culture. This is a functiof geography. The prescribed adaptation
measure is for monitoring and maintaining waterlitpiparameters to sustain viable production
outputs in both quantum and quality terms [See @4L1].

4.5.2 Increase in Stratification of Pond Water as consequence of Higher Inland Water
Temperature

The predicted increase stratification of pond watera function of higher water temperature
should also as a function of geography, impact palilapia culture. The main adaptation
measure prescribed is for a shift to embankmentipdmat are shallower and that are marked by
improved engineering design to promote improvedtiear mixing of pond water and
consequently decrease in stratification [See Taldg

4.5.3 Reduced Water Quality and Increase in Pathoge& Diseases and Parasites as a
consequence of Higher Inland Water Temperature

The predicted decline in water quality as a coneege of higher inland water temperatures is
again specific only to Tilapia farming as a funaotiof geography. The main adaptation measure
prescribed is for the judicious monitoring and ngeraent of water quality and the definition
and implementation of training programme for snsaltle farmers on effective water quality
management [See Table 4.2].

4.5.4 Changes in Migration, Spawning and Seedstockvailability as a consequence of
Higher Inland Water Temperature

The predicted changes in migration, spawning anadseguently seedstock availability as a
function of higher inland water temperature shawt negatively impact Tilapia farming. This is

a function of the culturing of exotic stocks tha¢ aot dependent on the sourcing of seedstocks
from the wild [See Table 3.1]. There has thus beenadaptation measure(s) prescribed for
Tilapia farming [See Table 4.2].

4.6.1 Changes in Fish Migration and consequently ghAvailability of Seedstocks that are a
function of Changes in Precipitation and Water Avalability

The predicted changes in fish migration and consety the availability of seedstocks that is a
function of changes in precipitation and water kmlity is relevant mainly to Cobia cage
culture. The main adaptation measure prescribedisnregard is for the closing the knowledge
gap by defining and undertaking research programoresthe impacts of CCCV on the
abundance and distribution Cobia wild stocks oweretand consequently the availability of
Cobia broodstocks to sustain the in-Country pradaadf seedstocks [See Table 4.2].



4.6. 2 Changes in Water Quality including Salinityand DO as a consequence of Changes in
Precipitation and Water Availability

The predicted changes in water quality as a funatfochanges in precipitation should impact all
aspects of aquaculture development in Belize [Saklel 3.1]. The most significant impact
should be on Tilapia culture [See Table 4.2]. Tteptation strategy to deal with the impacts on
Tilapia farming is in relation to the judicious nagement of water quality, particularly in
regards to the monitoring of DO and nitrogen peofbee Table 4.2].

The adaptation measures in relation to cobia aliarfor closing knowledge gap through
research on CCCV induced salinity changes on thmddnce and production performance of
Cobia [See Table 4.2]. The adaptation measure®lation to shrimp farming for a shift to
culturing of more oceanic species suchPasaeus stylirostriandPenaeus duoraruraver time
[See Table 4.2].

4.6.3 Lower Water Availability for Aquaculture as a consequence of Changes in
Precipitation

The predicted decrease in water availability fouamlture as a function of declines in
precipitation should impact Tilapia farming [Seeblea4.2]. The adaptation measure prescribed
in relation to this is for the institution of wateonservation measures by modifying husbandry
practices such as decrease in water exchange ndtemaployment of recirculation technology
[See Table 4.2]. The integration of Tilapia farmiwgh crop agriculture and poultry farming is
also relevant [See Table 4.2].

The prospect of lower water availability is not Bpgible to Cobia culture or shrimp farming
[See Table 4.2].

4.7.1 Large Waves, Storm Surges, Flooding and prosgpts of Introduction of Diseases and
Parasites as a consequence of Increase in Frequeranyd Intensity Hurricanes and Other
Storm Events

The predicted increase in severity and frequencyhwaficane and other storm events as a
function CCCV and their impact on aquaculture stoaifect all aspects of fish farming in
Belize. The greatest impact is expected to be dnaCeage culture and by extension other forms
of sub-tidal aquaculture that may develop in Beiiz¢éhe future [See Table 4.2]. The adaptation
measures to be put in place in relation to thegeaats are for the development of flood risk
insurance for husbandry stocks as well as the pyim@ntainment infrastructure to cope with the
damage and in general losses associated with Anescand other storm events. Investment in
improved designs, including more heavily engineeq@imary containment engineering
structures, is also another adaptation measureT&ae 4.2].



The adaptation measures to be put in place fomghfarming, is for the development of a
planned approach to aquaculture development [Sei Ba2]. This should include the zoning
areas for shrimp farming, including allowances tbe landward relocation of the primary
production and ancillary infrastructure, with retref shoreline [See Table 4.2].

The adaptation measures prescribed for Tilapia ifagnfocuses on the continued location or
siting of Tilapia farming operation away from floqdain and other flood prone areas. The
development of flood risk insurance for cultureocks and primary containment infrastructure is
also another adaptation measure [See Table 4.2].



5.0 RECOMMENDATIONS AND CONCLUSIONS

Climate change and / or climate variability, togetivith the other stresses on the environment,
produces actual and potential impacts. These impegger efforts of mitigation, to remove the
cause of the impact, or adaptation to modify theaaots. Climate change generally will
exacerbate existing problems including flooding dedradation of ecosystems.

Because the effects of climate change on climatwfa will have different factors for various
species, development of special measures aimedbatation of the fish industry is regional in
character and falls into the category of socio-eoaic problems.

Countries, communities, and individuals in the leighange of economic well-being have access
to technology, insurance, construction capitalngportation, communication, social support

systems, and other assets that enhances theirvadappacity. Those that do not have access
have limited adaptive capacity. Poor adaptation‘maladaptation” may lead to increased

impacts and vulnerability in the future; with ingdtions for intergenerational equity.

Proper adaptation is enhanced by increasing ondsrstanding of how and why climate change
may affect fisheries and aquaculture. Efforts ajuaing this understanding should emphasize
developing strategies by which fisheries and agiia®ucan play a part in a wider adaptation to
the challenges of climate change. The inherentadigtability of climate change and the links
that enshrine fishery and aquaculture livelihoodh wther livelihood strategies and economic
sectors complicate the issue. This argues for pdpai very strong focus on building capacities
which will help to better inform decisions and elgalise of information that will lead to
enhanced ability to cope with change, particulaHgnge associated with climate change.

An important strategy recommendation that wouldphiel build capacity would be to take
immediate action which would minimize stress tosth@cosystems that support fisheries and
aguaculture. Preserving the physical integrity ritical marine and fresh water environments is
an essential first step towards the minimizatiostodss.

Secondly, warning signals of global climate chamg& be better intercepted when critical
systems are monitored. Coral reef bleaching evefus, example must be monitored,
investigated, analyzed and reported upon. Thisrqularly relevant in light of the central role
this particular ecosystem plays in supporting dieefish resources. Stepping up the monitoring
of this and other selected environmental factansjuding sea surface temperatures, inland
temperature, rainfall or precipitation will, in theng term, improve our understanding of the
dynamics of fisheries/aquaculture climate charsgeies and lead to a more efficient, effective
planned strategy for sustainable development.

Thirdly, innovation, through research on the ectsy$s) should be strongly promoted while
aquaculture activities are expanded to stabilizefeed usage, husbandry of new marine and /or



fresh water species and renewed economic activityeanployment for sustainable livelihood.
Targeted research programmes that investigate ingpatimate change can be identified locally
or regionally and can be supported internationdlipugh bilateral and multilateral agreements.

Research findings must then be translated effdgtinéo public policy and communicated to the

public and funding agencies for continued supp@unsidering uncertainties, management
policies should be flexible enough to adapt to ptéd changes in the resource market
conditions. This means that policy would suppast, éxample, the exploitation of lesser know
species to ease pressure on the main stock. Itedsgnizes the need for close cooperation with
other resource managers to ensure the adequacgragement practices in all sectors affecting
fisheries. Since most of the public and particylathose in the fishing communities are

uninformed of the problems accompanying overfishamgl climate change programmes of
information exchange, education and capacity bugidihould be initiated.

Research also helps to identify capacity buildiegds and gives support to capacity building
request to deal with likely effects of climate chan

The development of credible monitoring and rede@arogrammes, relevant policy prescriptions
and a communication strategy that seek to addnaisscpconcern in relation to climate change
issues will enhance our ability to mitigate climaténerability and enhance our ability to adapt
to climate change
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GLOSSARY
Aquaculture

The farming of aquatic organisms including fish,llongcs, crustaceans and aquatic plants with
some sort of intervention in the rearing processrtbance production, such as regular stocking,
feeding, protection from predators, etc. Farmirgpamplies individual or corporate ownership
of the stock being cultivated.

Biodiversity

The variability among living organisms from all soes, includingjnter alia, terrestrial, marin
and other aquatic ecosystems and the ecologicapleses of which they are pai€gdnventior
on Biological Diversity, 1992http://www.biodiv.org/convention/articles.gsprhe variety an
variability of living organisms. It takes into aaod intraspecific genetic variability, the vari
of species and their way of life, the diversitysglecies communities and th@iteractions, &
well as the ecological processes that they inflaemrcrealize, the diversity of adaptive strate
and the number of interactions between the orgamiand the variables of the environmr
(Léveque 1997; FAO 1997).

Broodstock
A fish which is being kept with the intention ofing it for reproduction

Coral bleaching

Anomalous phenomenon occurring in coral reefs thinowvhich corals lose their natu
colouration and take a whitish colour. The discoddion is due to the loss of the mascopic
algae living inside their colonies and leads to libgs of photosynthetic capacity of the c
reefs and, eventually, to their death.

Endangered

Taxa in danger of extinction and whose survivalnsikely if causal factors continue operati
Included are taxa whose numbers have been dragtiemluced to a critical level or whc
habitats have been so drastically impaired thay #tre deemed to be in immediate dange
extinction. Also included are those that possibly already extinct,ni so far as they definite
have not been seen in the wild in the past 50 {daited Nations (1997): Glossary
Environment Statistics. Studies in Methods, SdfieNo. 67)



Environmental Impact Assessmen(EIA)

Means studies needed in identifying, predictingaleating, mitigating and managing the
environmental, and key social and economic impattsevelopment projects, undertakings,
programs, policies or activities, the report of ebhis presented in a written document called
Environmental Impact Assessment Report

Estuarine

Belonging to an estuary (river mouth), an area Imctv sea water is appreciably diluted by fresh »
from rivers.

Euryhaline
Ability to withstand exposure to both fresh and salter environments.

Eutrophication

The slow aging process of a lake, estuary or bay emglwto a marsh and eventually disappea
During the later stages of eutrophication, the whately is loaded with excessive concentrationslanft
nutrients such as nitrogen and phosphorus, cawsiogssive algal or plant production. As org:
matter accumulates in the water and on the boteutnpphication may lead to oxygen depletion, ar
and massive mortalities. While eutrophication ca&nabnatural process, it can also be provoke
accelerged by human activities adding nutrients (e.g.@dgtirre fertilizers, manure, urban sewage)
water body.

Landings

Weight of the what is landed at a landing site. Ndaydifferent from the catch (which includes
the discards).

Lenthic
Of or relating to or living in still waters (as lke& or ponds

Limited Level Environmental Study

A study used for the prediction, evaluation, estioraand communication of the possible
environmental effects of some proposed projectsleriakings, or activities, where it is the
opinion of the Department of the Environment tHa project, undertaking or activity could
have some negative impacts on the environment. TEmms of Reference for a Limited Level
Environmental Study can be limited in nature anolusth not be as comprehensive as that for an
EIA.



Lotic
Of or relating to or living in moving water (riversreeks, etc.).
Maximum Sustainable Yield (MSY)

The highest theoretical equilibrium yield that da@ continuously taken (on average) fram
stock under existing (average) environmental combt without affecting significantly tt
reproduction process. Also referred to sometimd3adsntial yield.

Stocking density

Numbers or biomass of fish expressed either pegrnatume of tank or pond capacity or per unit
volume in unit time of water inflow.

Sustainable Development

Development that meets the needs of the presehbutitcompromising the ability of future
generations to meet their own needs (Brutland ReCED, 1987) or the management and the
conservation of the natural resource base and tientation of the technological and
institutional change in such a manner as to engweattainment and continued satisfaction of
human need for present and future generations. Sustainable development in agriculture,
forestry and fishery sectors concerns land, wapdeint and animal genetic resources, is
environmentally non-degrading, technically appraf@j economically viable and socially
acceptable (FAO Fisheries Department, 1997).

Threatened

A category of organisms listed in CITES Annex 1eTNulnerability of a species to threats of
extinction depends on its population demographigdpgical characteristics, such as body size,
trophic level, life cycle, breeding structure orcsd structure requirements for successful
reproduction, and vulnerability due to aggregatmadits, natural fluctuations in population size
(dimensions of time and magnitude), residency/nagyapatterns. This makes it impossible to
give numerical values for population size or aredistribution that are applicable to all taxa.
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Annex Il Summary of Export Earnings from Shrimp, fin-fish and lobster
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Annex IV:

Species Suitable for Aquaculture Develoment in Belize

1 SPECIES/GR
OuP

Control of
Breeding

High

Fecundity

Short Larval

Cycle

Rapid

Growth

Tolerance to

Crowding

High Meat

Yield

Simple

Technology

Compound Diet

Available

Fingerling

Availability

Market

Potential

1.1 l.Freshwater
Species

Bay snook

(Petenia splendida

*%*

*kkk

*k*k

*%

*kkk

*k%k

*k*k

Mus-mus

(Cichlasoma
friedrichsthalii)

*%*

*k%k

*%

*k%k

*k%k

Yellow Jacket

(Cichlasoma
motaguense

*%*

*k%k

*k%

*k%

Tuba

(Cichlasoma
synspilium

*%k%k

*k%k

*k%k

*k%k

*kkk

*k%

*k%

*%

**

*%*

Black Belt




(Cichlasoma
maculicada

**

*%k%k

*k%k

*k%k

Crana

(Cichlasoma
urophthalmu}

*%k%k

*kkk

*kkk

*kkk

*kkk

*kkk

*kkk

*%

**

*%k%k

Blue Catfish

(Ictalurus furcatu}

*kkk

*k*k

Mountain mullet

(Agonostomus
monticola)

*kkk

*%*

Southern Hogchoker

(Trinectus
paulistanu$

*%

Machaca

(Brycon
guatemalensjs

River lobster

(Macrobrachium
sp)

*k*k

*k*k

*%

*k%k

*k*k




2 SPECIES/

GROUP

Control of
Breeding

High

Fecundity

Short Larval

Cycle

Rapid

Growth

Tolerance to

Crowding

High Meat

Yield

Simple

Technology

Compound Diet

Available

Fingerling

Availability

Market

Potential

Common snook

(Centropomus
undecimali¥

*%*

*%

*%

*kkk

*kkk

Tarpon

(Megalop atlanticus

*%*

Il Non-Native Freshwater Species

Channel Catfish

(Ictalurus punctatus

*kkk

*k*k

*k*k

*k%k

*k%k

*k%k

*%*

*k%k

*k%k

Cachama

(Macroporum
colossoma

*%*

*%*

*%*

*k%k

*kkk

*kkk

*%*

*%

*%*

Tilapia

(Oreochromis
nilotica)

*kkk

*kkk

*kkk

*kkk

*kkk

*kkk

*kkk

*k%k

**

*kkk

Australian
Freshwater Lobster
(Cherax




guadricarinatu$ Fxkk ok ok *% *x ** *
Penaeus vannamei ok o
*kkk *kkk *kkk *kkk *k%k *k%k *kkk *kkk
Penaeus stylirostris kk o
*kkk *kkk *kkk *kkk *%k% *k% *kkk *
Penaeus schmitti = o
*kkk *kkk *kkk *kkk *k% *k% *k% *
Queen Conch Hkk Hokdk
(Strombus gigas)
** *k% * * ** ** * *
**k% *kkk
3 SPINY
* *kkk * * *k%k *% * *
LOBSTER
(Panilurus argus)
Mutton snapper *k *xk
** *k%k ** ** *k% *% * *

(Lutjanus analis)




4  SPECIES/GR
OuP

Control of
Breeding

High

Fecundity

Short Larval

Cycle

Rapid

Growth

Tolerance to

Crowding

High Meat

Yield

Simple

Technology

Compound Diet

Available

Fingerling

Availability

Market

Potential

Nassau Grouper

(Epinephelus
striatus)

*%*

*kkk

*%

*%

*k%k

*%

*kkk

*k*k

Flounder

(Paralichthyidae
spp.)

*%*

*k%k

*kkk

*%*

Blue Crab

(Callinectes sapidus

*%*

*%k%k

**

*%

*%

*%

*k%

*kkk

*kkk

Mangrove Oyster

(Crassostrea
rhizophorae)

*%*

*k%k

*%k%k

*k%

*k%

*%

*%

*kkk

*kkk

American Qyster

(Crassostrea
virginica)

*%*

*k*k

*k*k

*k%k

*k%k

*%

*%

*kkk

*kkk

4.1 Key: XXXX

= best case.

X = worst case.

? = insufficient data available.




AnnexV REGULATIONS INVOLVING AQUACULTURE

Agency: Statute or Rule: Description: License, Permit, Lease:

1. Belize . Fisheries Act, Chapter 210 — Revised EditRQ0 License, Permit
Fisheries
Department #7 Regulate commercial “fishing” (aguaculture)

#8 Regulate research permits

#9 Regulate exporter’s permit

- #10 Penalties for violations
. S.I. #66 of 1977, Sec. 56 to 127 Quality assurance for fishery products

2. Belize  Agricultural 1. B.A.H.A. Act, Chapter 211 — Revised EditionP20 Provisions for issuance of import & export pernids License, Permit

Health Authority

. S.I. #173 of 2001 — Fish and fishery produatspection

- Partll
- Part 1l
- Part IV
- PartVv

fishery commodities as well as for certificationfishery
products, aquaculture and processing facilities

Import & export
Labeling

Code Marking
Quality requirements

3. Forestry
Department

. Forests Act, Chapter 213 — Revised Edition0200

. Forest ‘protection’ Act — Mangrove Regulatio®+ #52 of 1989

Provisions for regulating forest clearance
Provisions for regulating mangrove clearance

Permit

4. Department  of
Geology & Petroleum

. Mines & Minerals Act, Chapter 226 — Revised Bdif 2000

#36
Part VII

Quarry permit & mining license
Provisions for the protection of the environment

License, Permit




5. Department
of the

Environment

1. Environmental Protection Act, Chapter 328 —viged Edition,
2000

Environmental Protection Act, #22 of 1992

S.I. #107 of 1995 - Environmental Impact Assessment
Regulations

S.1. #94 of 1995 — Effluent Limitation Regulations

S.1. 24 of 2007 — Environmental Impact Assessment
(amendment) Regulations

Prevention & control of environmental pollution

Requirement & regulations for E.LA.

Limitations on effluent discharge

Requirement & regulations for E.I.A. — describes
which aquaculture projects require BrALimited

Level Environmental Study

License, Permit

6. Department  of
Lands

1. Land Utilization Act, Chapter 188 — Revisediti®on, 2000
2. National Lands Act, Chapter 191 — Revised itiéd 2000

Regulate land use & provisions for conservationsuess

License, Permit, Lease

7. Ministry of

Investment

1. Export Processing Zone Act, Chapter 280 — $&slvEdition, 2000

2. Fiscal Incentives Act, Chapter 54 — Revisedi&adjt2000

Provide exemptions from various duties and taxes

License

8. Coastal Zone
Management Authority
& Institute

1. Coastal Zone Management Act, Chapter 329-Re\Eslition,
2000

Provisions relating to the development & utilizatiof
the resources of the coastal zone

Recommendations to the
N.E.A.C.




ANNEX VI

Aquaculture Sites Inventory

Sites No. of Sites Mean Area Av. Yield Revenues
Per Site Per Site Bz$ Million
(Acres) (Lbs/Acre)
Freshwater Sites
Riverine
Large-scale 85 250 20,000 $353,000,000
Fin-fish
Medium-scale 65 150 20,000 $162,000,000
Fin-fish
Medium-scale 60 150 2,000 $87,400,000
Freshwater Lobster
Small-Scale 70 25 - $35,000,000
Ornamental Fish
Inland Lagoons
Large-scale 25 8 20,000 $3,200,000
Fin-fish
Groundwater
Medium-scale 40 25 20,000 $16,600,000
Sub-total Fresh- 345 101 16,400 $657,000,000

4.1.1 Marine Sites

Land-based Coastal Sites



Large-scale

Fin-fish

Large-scale

Shrimp

Lagoon Sites

Large-scale

Fin-fish

Cage Sites

Large-scale

Fin-fish

Sub-total

GRAND TOTAL

30

30

50

70

180

525

250

1,500

250

502

603

20,000

3,040

20,000

20,000

12,608

29,008

$172,800,000

$462,800,000

$8,600,000

$12,000,000

$251,200,000

$908,200,000



ANNEX VII

rainfall in mm

3500

3000

2500

[
=
=
O

1500

1000

s00
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A2 - Climate Change Projected Annual Rainfall
Averages Middlesex 2593 Pomona 2416 Melinda 2233
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