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Learning Objectives
‑

Have a basic understanding of the term “sustainable fishing” and how it is relevant
to their lives as fishermen.

‑

Describe the coastal and marine environment in the Belizean context.

‑

Understand the overall fishing environment of Belize

‑

Have a basic understanding of the biology of Belize marine environment and how
it relates to sustainable fishing.

‑

Have familiarity with the Belize fisheries Regulations.

Presenter Props
‑
‑
‑
‑
‑

Laptop computer
Projector
Power point presentation
Videos
Flyers and handouts

Sustainable Fishing CURRICULUM OUTLINE

Participants will be able to:
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part 1
What is
Sustainable Fishing?
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Sustainable fisheries

can be defined as a fish stock of which abundance (biomass) is at or greater than the level, that
can produce the maximum sustainable yield (MSY). In contrast, when abundance falls below MSY
level, the stock is considered biologically unsustainable.

Sustainable Fish Stocks

Are we leaving enough fish in the ocean? Fishing effort must remain at a level that ensures that
fishing dependent livelihood can continue indefinitely and where fish populations are maintained
healthy.

Minimizing Environmental Impact

Fishing activity must be managed carefully so that other species and habitat in the ecosystem
remain healthy. A healthy fishery is interdependent with health of other associated ecosystems
such as mangrove, seagrass beds and coastal habitats.

Effective Fisheries Management

Ensure that fishers comply with laws and regulations and are able to adopt to changing environmental circumstances.
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part 2
Belize Marine and Coastal Ecosystems

This unit will provide participants with a proper description of Belize’s Coastal and marine
Environment including area coverage and ecosystems of great ecological value. Additionally, participants will understand the value and threats of our marine resources.
Belize has a Small-Scale Fishery (SSF) that principally exploits shallow reefs and coastal lagoons. Overall,
there are less than 3000 fishermen licensed in the commercial fishing industry. Vessel size is limited to
sail boats of 18 – 30 feet length and small skiffs ranging from 12 to 26 ft. Fishing fleet per vessel ranges
from 2 to 10.

The Inner Shore Fishing area (ISF) comprising of a total of 10,491 km2 (Red area on Figure one) and is
the principal fishing grounds for Belizean Fishermen. Deep water fishery in Belize is minimal. The Belize
ISF is composed of fragile and important ecosystems such as coral reefs, seagrass beds and mangroves;
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part 2.1
Mangroves
Mangroves are trees or plants that grow in the land/sea interface. They are grouped together ecologically as they share specialized physiological and ecological adaptations to the challenging intertidal conditions on tropical and subtropical coasts.
They have the common ability to live in waterlogged and saline soils subjected to regular flooding. They
are highly specialized plants that have developed unusual adaptations to the unique environmental conditions in which they are found.
According to Tomlinson (1986), the following criteria must be met for a species to be designated a “true”
mangrove.
1. Complete fidelity to the mangrove environment.
2. Plays a major role in the structure of the community and has the ability to form pure stands.
3. Morphological specialization for adaptation to the habitat.
4. Physiological specialization for adaptation to their habitat.
5. Taxonomic isolation from terrestrial relatives.
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Conservation Value of Mangroves
COASTAL PROTECTION
Provides a buffer between land and sea and help dissipate wave energy and stabilize sediment with its
extensive network of prop roots. It is estimated that mangroves contribute $111 – 167 Million in shoreline protection and avoided damages per annum.
HABITAT
for many species fish, invertebrates, and other wildlife. Some are of important commercial value such as
some species of fish.
NURSERY
for juveniles of many species of fish and invertebrates. Its roots provide good habitat and protection from
predators for many juvenile species. E.g. Lobster, snappers, grunts and others.
FISHERIES
Those mangroves that are within 2.5 kilometers of seagrass and coral reefs are considered ecologically
important and as such are integral to the functioning of the Belize Barrier Reef Complex (NPAPSP 2005).
Mumby et al. (2004) showed that Haemulon sciurus biomass was 25 times more on mangrove rich systems than on mangrove scarce systems. The biomass of Ocyurus chrysurus doubled when its preferred
Orbicella sp. habitat was close to mangrove. Additionally, S. guacamaia juveniles are fully dependent on
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mangroves and adult densities are strongly and significantly higher on reefs near mangroves. US$3 – 4
million in fisheries per annum
LIVELIHOOD
Provides an important source of food and income to coastal communities that use resources associated
with mangroves.
ABSORB NUTRIENT AND POLLUTANTS
form run off and other non-point sources. Help maintain coastal waters clean by removing harmful chemicals such as nitrate, phosphates and heavy metals.
STABILIZE SEDIMENT FORM LAND RUNOFF
Its extensive network of prop roots extends seawards trapping and stabilizing sediment brought by land
runoff and ocean currents. Because of this natural process Mangrove are known as land colonizer.
RECREATION AND TOURISM
Mangrove provide perfect habitat for many recreational and tourism activities such as fly fishing, bird
watching, etc. It is estimated that annually between US$60 – 78 million of tourism revenue is as a result
of having health mangroves
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Threats to Mangroves
COASTAL DEVELOPMENT
Almost 50% of Belize’s population lives along the coastline and mangrove are being cut down for urban
expansion.
Tourism Development: Construction of new resorts and condominium complexes. Building of Marinas and docking facilities. Cruise ship port development has caused major alteration to Belize’s coastal
and marine ecosystem from dredging and mangrove clearance
Housing Development: Town expansion for local housing projects.
Land Speculation: Investor buy land or wetland because they expect its price will go up in the near
future.
Aquaculture Development: Aquaculture farms such as shrimp farms are built in coastal habitat (mangrove wetland) for ease of water access. Destroy mangrove, discharge excess nutrient, potential for
pathogen reproduction and dispersal, Introduction of invasive species.
Pollution: Mangrove Wetlands are commonly used as landfills where indiscriminate dumping of waste
is done. Heavy metals and other hazardous chemicals seep into the water table and eventually reach
the sea.
OVERFISHING
The ecological balance of food chains and mangrove fish communities can also be altered.
NATURAL THREATS such as storms and hurricanes.
GLOBAL WARMING
Sea level Rise: Mangrove forests require stable sea levels for long-term survival. They are therefore
extremely sensitive to current rising sea levels caused by global warming and climate change.
Increased intensity and frequency of storms
Increase CO2 concentration
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part 2.2
Marine Plants (Sea Grasses and Seaweeds)
Seagrasses are marine flowering plants (angiosperms); Thus, they live and complete their entire life
cycle underwater. Seagrasses also propagate by vegetative means; elongating their rhizomes. A whole
meadow many be a single clone resulting from one seedling.

There are some 60 species of seagrasses around the world. About half are Tropical and half are from
temperate regions. There are about 12 species in the tropical Atlantic and in Belize six species have
been identified. Extensive seagrass meadows occur along all continents except Antarctica. Turtle grass
(Thalassia testudinum) is the dominant species commonly found in shallow reef lagoons along the Belize
coastline.

Seaweed is a term applied to multicellular marine algae which are large enough to be seen by the na-

ked eye. Some can grow to up to 60 meters in length. Marine algae are abundant throughout the ocean
and can either float freely or cling to substrate such as rocks and reefs. The majority of seaweeds are classified as red algae (~6,000 species). There are also brown algae (~2,000 species) and green algae (~8,000
species). None of the algae species are known to be poisonous, and many species are harvested for hu-
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man consumption. The species Sargassum sp. Is a common seaweed in the Gulf of Mexico, Caribbean Sea
and Greater Atlantic Ocean. It drifts in the water column along major ocean currents providing important
habitat for many important of marine species of fish and invertebrates. Recently, a major increase in
biomass of Sargassum has been recorded in the Western Central Atlantic, Caribbean Sea and the Gulf
of Mexico which has given rise to what is now recognized as the Great Atlantic Sargassum belt. This is
the biggest seaweed boom in the world. Thousands of tons of Sargassum decaying along the shore has
caused damage to coastal habitats, fisheries and the hazardous gases has affected tourism communities.

Phytoplankton are microalgae that form an essential component of the marine food chain. These
single-celled plants provide nourishment to many marine species and they also play an important role in
regulating the amount of carbon in the atmosphere. There are two main types of the larger phytoplankton species: Diatoms and Dinoflagellates.

Benefits of Seagrasses
TRADITIONAL USES as landfill and fertilizer after excess salt is removed.
FOOD FOR SOME LARGE MARINE ANIMALS
Provides a food source to manatees, green turtles, and some herbivorous fish.
FOOD FOR HUMANS
Seaweeds area food source for humans especially in East Asia, it is most commonly associated with
Japanese food. Seaweeds also are used to make a number of food additives such as alginates and carrageenan which is used in cooking and baking as a vegetarian alternative to gelatin. Sustainable seaweed
farming practiced as a source of alternative livelihood in Belize is rapidly becoming an important mariculture industry.
MEDICINE
Alginates are used in wound dressings and in the production of dental molds and agar is used widely in
Microbiology to help grow bacterial cultures.
Seaweeds are ingredients in toothpaste, cosmetics and paints and are used in industrial products such as
paper coatings, adhesives, dyes, gels, explosives and many more.
HABITAT
Serves as a habitat for many marine organisms. Provides a nursery for juveniles of many species that
seek protection from predators and hide amongst the shoots of seagrasses. Post larvae of commercially
important species settle on seagrass beds.
FISHERIES
Many small commercial and subsistence fishing practices are dependent on seagrass meadows for their
fishing grounds. e.g. Lobster and conch fishery in Belize.
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TRAP AND STABILIZE SEDIMENTS
One of the most conspicuous abilities of seagrass beds is their sediments trapping and binding capacity.
Leaves act as traps for suspended sediments that are brought by the currents. Their extensive roots and
rhizomes systems bind and stabilize sediment and prevent them from being re-suspended.
ABSORBS NUTRIENTS
Absorbs and processes nutrients from runoff and other organic matter.

Threats to Seagrasses
COASTAL DEVELOPMENT
Can result in extensive loss of seagrass beds coverage. Dredging for extraction of fill material is the principal cause of seagrass beds destruction in Ambergris Caye.
NATURAL DISTURBANCES such as storm and hurricanes.
SEDIMENTATION
Sediment loading from land runoff due to deforestation can destroy seagrass meadows.
NUTRIENT LOADING
Can result in eutrophication and can also stimulates growth of phytoplankton, macro algae and epiphytic
algae which in turn can cause heavy fouling to the leaves of seagrasses.
POLLUTANTS
Heavy metals (such as zinc, copper and mercury) and petro chemical have negative effects on seagrass
beds.

Potential Climate Change Impacts
CO2
The most basic consequence of increasing atmospheric CO2 concentrations on seagrasses is its possible
direct positive effect on photosynthesis and growth.
TEMPERATURE
Can result in distribution shifts and reproductive patterns. The photosynthetic mechanism becomes
damaged at temperatures of 40-4 oC.
INCREASED INTENSITY and frequency of storms
SEA LEVEL RISE
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part 2.3
Coral Reefs
Over 70% of the Earth’s surface is covered with oceans and is customarily divided into several principal
oceans and smaller seas. Coral reefs occupy less than 0.1% of the world oceans yet they are home to
more than 25% of all marine species. Globally, coral reefs represent an estimated value of between 30
-370 billion US dollars.
Coral reefs occur in shallow waters ranging in depth from the surface down to 60 meters. Reef building
or Hermatypic corals contain symbiotic algae, which require light for photosynthesis. Thus, vertical distribution of living reef corals is restricted to depth of light penetration.
Correlated with their dependence on light, reef corals require clear water. Therefore, coral reefs are
found only where the surrounding waters contains relatively small amounts of suspended material, i.e.,
low turbidity and low productivity.
Coral Reefs are further restricted by their requirement of warm waters and occur only in tropical and
semitropical seas, where the average minimum water temperature is not less than 20oC and not higher
than 28oC. Existing reefs are restricted to the Caribbean, the Indian Ocean and tropical Pacific.
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CORAL REEFS GOODS AND SERVICES

Coral reefs are biologically diverse ecosystems. The variety of species living on coral reefs is greater than
almost anywhere else on Earth; yet they only occupy less than 0.1% of the world’s oceans.

Benefits include:
BIODIVERSITY
Coral reefs are essential spawning, nursery, breeding, and feeding grounds for numerous organisms. In
terms of biodiversity, the variety of species living on a coral reef is greater than in any other shallow-water marine ecosystems and is one of the most diverse on the planet, yet coral reefs cover less than one
tenth of one percent of the ocean floor
FISHERIES
The fish that grow and live on coral reefs are a significant food source for over a billion people worldwide—many of whom live far from the reefs that feed them. Coral reefs contribute $15 to 20 million to
our economy each year.
TOURISM BASED ECONOMY
Support thousands of jobs and generates millions of dollars through our fishing and tourism industry.
Tourism and Recreation: Every year, millions of scuba divers and snorkelers visit coral reefs to enjoy their
abundant sea life. Even more tourists visit the beaches protected by these reefs. Local economies receive billions of dollars from these visitors to reef regions through diving tours, recreational fishing trips,
hotels, restaurants, and other businesses. Coral Reef’s contribution $135 - 176 Million to the Belizean
economy annually.
COASTAL PROTECTION
Serves as a natural barrier that dissipates wave energy and protects the coast from erosion. $120 - 180
Million in avoided damages per year.
MEDICINE
Existing and potential medicinal chemicals produced by reef organisms for treatment of dangerous diseases.
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part 3
FISH ECOLOGY OF BELIZE’S COASTAL ZONE

In this module participants will be introduced to the concept of connectivity and will be
able to describe in basic terms fish reproduction and recruitment on Belize’s marine ecosystems.

SUSTAINABLE FISHING CURRICULUM

part 3.1
CONNECTIVITY

Refers to the idea that different areas are linked together by the movement of something
between them. Marine connectivity can take the form of:
MIGRATION
Marine species migrate form one habitat to the other for food, reproduction and shelter.
DISPERSAL
Of eggs, Larvae and plankton by natural processes such as ocean currents and waves.
FLOW
Of nutrients and pollutants. Rivers and land runoff discharge great amounts of nutrients
and pollutions out to sea.
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The dispersal and settlement of larval fish to shallow seagrass beds and mangroves followed by the migration of adults to the coral reef is a great example of connectivity. These coastal ecosystems are said to
be linked and this connectivity is vital for the overall health of the coastal and marine ecoregion.
Fig 3: Interdependence of Belize’s coastal ecosystem; Mangrove, Seagrass and coral reef
Belize possesses an extraordinarily diverse coastal and marine ecosystem, with the barrier reef extending over 250 km as the main feature of ISF. Each ecosystem is interdependent of the other. Our marine
environment is home to countless varieties of fish and invertebrates that are harvested for food. Fishing
provides a source of protein and healthy fats to many coastal communities. Fishing is also an important
source of revenue for the thousands of commercial fishermen it supports. Responsible fishing practices
guarantees that fish stocks remain healthy for the long-term benefit of coastal fishing communities.
The many fish species and commercially valuable invertebrates such as Queen Conch and Lobster have a
life cycle the is interdependent of our three major ecosystems that characterize our coastal and marine
environments.
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General fish life cycle:
•

Fish reproduce on reefs and open water (Spawning Aggregation sites or SPAGs)

•

Fertilized eggs hatch into tiny larvae that swim in the water column and are dispersed by ocean 		
currents.

•

Larvae metamorphose into juvenile fish that recruit into shallow seagrass meadows and man		
grove ecosystem.

•

Juveniles grow into adults and migrate back to the reef to feed and reproduce.

The gray snapper uses many habitats throughout its life. Open water, mangroves, sea grass, and coral reef are important for
growth and survival during different stages of this fish. Art by Ryan Kleiner
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Fig 5: Biological Dynamics of a natural fish population
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part 4
FISHING EFFORT AND FISH CATCH

In this unit Participants by understand how natural fish populations are affected by catchability and fishing effort and how it can lead to overfishing. This section will also serve to
introduce management for best fishing practices.
There are only two key biological questions in fisheries management; How? (Fishing pattern or catchability) and how much? (fishing pressure or effort). Therefore, we can sum by saying that fishing mortality is
equal to catchability multiplied by effort.
Catchability has a direct relationship with gear selectivity and efficiency. The probability of fish being
caught is not only man made, and is dependent on several factors such as:
Biological Factors:
•
•
•
•

Fishing grounds and fish availability
Fish behavior towards fishing gear
Size, shape and external features of fish
Season, age and environment

Technical Factors:
•
•
•
•

Gear type, design, color, material
Gear position, duration and handling
Experience of fishermen
Use of advance electronics and other devices

Therefore, fishing mortality or catch is dependent on the fisherman’s choice of fishing gear use, fishing
experience and effort in terms of time or number of traps and sets used. Of particular importance is the
use of gill nets which indiscriminately trap and kill even species that are protected, threatened and endangered.
Overfishing: simply means catching fish from the sea at high rates that natural fish populations cannot
replenish itself by natural reproduction leading to depleted stocks. Increasing our catchability efficiency
leads to overfishing which in turn may lead to fishermen increase of fishing effort.
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