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The Belize Barrier Reef Reserve System 
(BBRRS)

• Part of the second largest coral 

reef ecosystem on Earth –

Mesoamerican Barrier Reef 

System.

• 1.4 million visitors in 2016.

• $385 million USD income

• Fishing

• Lobster

• Conch

• Finfish

• Tourism

• Snorkelling

• Diving



Coral reefs are under risk

• 2015 report from Coastal Zone Management Authority and Institute 

(CZMAI) indicated that coral reefs are under risk.

• 81% of BBRRS under medium risk (Approx 100 sq miles)

• 18% under high risk

• 1% under low risk

• Risks are from the increasing demands of fish and tourism, as well as 

development plans in the country.

• Management has to be efficient in maintaining balance between 

human activities and ecosystem recovery � risk mitigation



Marine Protected Areas 
(MPA) in Belize

• To protect the valuable and prestigious 

ecosystem. 14 Marine Protected Areas 

have been established since 1982

• MPA in Belize covers 20% of the 

marine area.

• 3 zones:

• General Use Zone

• Traditional use is retained

• Conservation Zone

• Some extraction is permitted

• Preservation Zone 

• No access (Special permission 

needed)

• How do we know the MPA are doing 

their job??



Purpose

• This research aims to evaluate the effectiveness of MPA in Belize using a 

few indicators:

• Coral Cover (%)

• Basic information about the area covered by coral colonies.

• Algal Cover (%)

• Direct competitor with coral.

• Herbivorous Fish Biomass (g/100m2)

• Parrotfish and surgeonfish

• Critical in controlling algal population

• Commercial Fish Biomass (g/100m2)

• Grouper and Snapper

• Critical for income generation and livelihood.

• This research will look into…

• The changes of the above variables across years.

• Whether the changes are different amongst different zones.



Significance??



Challenges to MPA management

• Fishermen usually are against 

MPA

• As MPA would mean less catch 

and less profit for them

• Only short term.

• Proof needed to show fishermen 

that MPA are a benefit to them 

as well.

• Last report was in 2009..



Data Collection

• Methodology was adopted from 

the Synoptic Monitoring 

Program (SMP).

• Bi-annual monitoring is 

conducted by government or 

conservation organisation (Blue 

Venture).

• Monitoring is conducted in pre-

defined sites, the same sites are 

visited every time

• Monitoring from 2004 but data 

from 2011 is obtained.



Bacalar Chico Marine Reserve

• Northernmost MPA in Belize.

• Area – 22 square miles

General Use Zone – 18 sq miles

Conservation Zone – 3 sq miles

Preservation Zone – 1 sq miles

• SMP sites – 17 (4 Zones)

• Fisheries – 4 (Conservation)

• Blue Ventures – 13 (All Zones)



Coral and Algal cover

• Point intercept transect

• 30m transects, with marks 

on every 25cm

• Diver lays the transects at 5 

random locations within 

100m diameter of a site

• Diver swims the transect, 

and records the benthic 

composition directly 

beneath the transect

• Corals

• Macroalgae - > 1cm above 

substrate

• Percentage Cover from points



Data output

• For each of the years, the 4 

variables of each site were 

measured, calculated and stored 

in a spreadsheet.

• A response ratio was calculated

• The earliest date : The most 

recent date. 

• 1 = no change

• > 1 = the variable has increased 

• < 1 = the variable has 

decreased.



Analysis

• Box Plot to show the distribution

• Variable vs Year

• Response Ratio vs Zone

• Kruskal-Wallis test

• Rank test to determine whether 

the different samples are from 

identical populations. (Whether the 

different zones would statistically 

be classified as different zones).

• Post – Hoc Dunn test

• Figure out which zone is different 

to which other zone(s).



We would hope to see…

• An increase in coral cover over 

the years.

• A decrease in algal cover over 

the years.

• Higher increase in coral cover in 

MPA than outside MPA.



Results



By year

Maximum

Minimum

Upper Quartile

Lower 

Quartile

Median

• Higher coral cover in 2016 than 2012 and 2013

• Lower algal cover in 2016 than in 2012 and 2015

Denotes significance between the two zones at p < 0.1



When you think everything is going 
well…



Response Ratio

Maximum

Minimum

Upper Quartile

Lower 

Quartile

Median

• High ratio for coral cover in preservation 

zone and general use zone

• High ratio for algal cover in preservation 

zone

• Sample size too small to determine 

difference between zones



A different perspective…



Coral Cover by site

• Coral Cover is pretty 

much random across 

zones. 

• Some experience an 

increase and some a 

decrease.

2011 2015



Response Ratio by site

• Increase – 10 sites

• 8 sites more than 50% increase

• Decrease – 2 sites

• All within Conservation Zones

• Large increase all within MPA

• Could be they started off with a 

small cover



Next steps??



• Merge some zones together

• Increase the statistical power.

• E.g. Non-MPA vs MPA.

• Less protected vs more protected

• Explore any spatial patterns

• North vs South

• Fore reef vs Back reef

• Explore any correlation with 

enforcement statistics

• Illegal fishing � lower Coral 

Cover?



Lessons learned

• A trend can be seen 

• Coral cover highest in 2016

• Algal cover lowest in 2016

• Sample size is too small

• Significance in year analysis

• No significance in zone analysis



In the long term…

• More convincing that MPA are 

doing their job.

• A baseline methodology for 

future reports.

• Let the general public know the 

reef condition

• Fishermen would understand 

the benefit and support.
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