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Coastal defense becomes wildlife haven: a new reef promises new life for 

Abalone Caye, above and below the waves…  

A year since efforts began in earnest to save Abalone Caye and the Port Honduras Marine 

Reserve (PHMR) ranger station from being washed away by rising waves, the construction 

of an artificial reef around part of the caye has not only slowed and perhaps even stopped the 

erosion, but surveys show fish abundance and biodiversity to have increased in the vicinity.  
 
The new artificial reef has also become a handy 

educational tool, providing an ideal sheltered 

lagoon full of fish, with easy and safe access for 

school children and other groups to snorkel in 

and learn about marine life, and all right next to 

the ranger station!  

After a high number of turtle strandings this year, 

a rehab facility could be included into the design, 

providing a safe and convenient location for 

stranded marine animals, such as turtles, to 

recover under surveillance by the ranger staff.  

 

Abalone Caye has been steadily eroding for at least 

five years, but when water began to reach under 

the building during storms it was decided action 

must be taken to secure the future of the PHMR 

ranger station.  

Why is this so important? The ranger station is the 

central hub for TIDE’s enforcement and research 

activities, and the loss of this dot of land could 

seriously threaten the ability of TIDE to carry out 

its core functions in protecting the reserve.  

Managed Access, a government and NGO 

collaborative pilot initiative to improve 

sustainability of fishing in Belize, is currently being 

tested in PHMR, and community participation is 

critical to the success of the program. 

Without Abalone Caye, located strategically in the 

centre of PHMR, operations would have to move to 

A large buttonwood, now half in the sea, is all that stood between the sea 

and the ranger station in 2010. Previous attempts to stop erosion using 

tires and wooden stakes failed.  

Path to the dock, getting washed away by storm waves. Boat 

access to the caye was seriously threatened by the erosion 
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a less central location, increasing patrol costs, 

reducing patrol effectiveness (particularly in the 

Snake Caye Replenishment Zones), and requiring 

more effort from fishers to submit Managed Access 

catch data on the caye, making this less likely and 

reducing the effectiveness of the pilot program. 

Additionally, being located in Port Honduras 

Marine Reserve, and being under the protection of 

TIDE, we were reluctant to cause human impacts 

to a second caye in this pristine wilderness. TIDE 

does not in fact own any other cayes in PHMR, and 

so after a cost-benefit analysis it was decided to 

focus efforts on rescuing our existing assets.  

The idea was then raised to construct some type of 

physical defense structure to protect the caye from 

the constant battering of waves, especially during 

rough weather.  

Possible Causes: 

There are a number of possible causes of the 

increased rate of erosion in recent years. It may be 

due to natural processes occurring on a regional 

scale, such as increased storm frequency or sea 

level rise. Southern Belize suffers coastal erosion 

more than other areas of Belize, but this does not 

explain why neighbouring cayes are not eroding as 

Erosion trends at Abalone Caye. The windward side has experienced extensive erosion, leaving an area of shallow shelf larger than the 

remaining island. This shallow water increases wave size immediately upwind of Abalone Caye, accelerating erosion rates. Conversely, 

material is deposited on the leeward side of the caye due to increased friction close to the island as waves pass. This causes waves to slap 

into each other, creating a sand bar on the sheltered side. This is causing the island to slowly migrate downwind. The ranger station was 

predicted to be lost within the next 3-5 years without action. 

Waves during a storm, washing over the caye and under the stairs of the 

ranger station. This coconut tree is the last piece of vegetation standing 

between the sea and the building. Early construction phase of artificial 

reef in background.  
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fast. Some other factor(s) must be contributing to 

the more rapid erosion of Abalone Caye in 

particular. Perhaps the initial clearing of a small 

patch of vegetation to make space for the building 

tipped the balance and allowed erosion to take 

place here faster than on other cayes in the area. 

However, workers were careful not to remove any 

vegetation from the edges of the caye. 

Sea level rise due to climate change is known to be 

increasing coastal erosion rates in parts of the 

world. However, the speed at which the water level 

has risen relative to the land mass of Abalone Caye 

is many times faster than the known rate of global 

sea level rise (~1.5 - 3mm per year in the worst 

affected areas).  

Tree bases and trunks of land-based trees stand 

dead on the most exposed shore of the island, 

clearly in-situ where they grew rather than having 

sunk or drifted there; their root systems still visibly 

intertwined with the substrate as in natural growth, 

yet below the surface of the sea.  Some taller snags 

(dead standing trees) would have fallen over by 

now, being unable to support their own weight if 

the soil around their roots had simply washed 

away to let the tree roots slump down under the 

surface of the water. Tree roots would have long 

rotted before being inundated to the depth they are 

currently at by sea level rise alone. These clues 

point to a much faster change in land elevation 

relative to the sea in recent years. Such a change 

could only realistically be caused by tectonic 

subsidence. Given the close proximity of Port 

Honduras to the Cayman Trench, a tectonic pull-

apart basin fault cleaving Honduras from the 

Yucatan, it is possible that a combination of tectonic 

subsidence, global sea level rise, increased storm 

frequency due to climate change and man-made 

alterations to the island have all partly contributed 

to the problem. 

Many fishers and rangers recall that the erosion 

really began to speed up in 2009, the year of a 

major earthquake in northern Honduras measuring 

7.3 on the Richter scale. This earthquake, felt by the 

rangers on duty at Abalone Caye in the small hours 

of 28th May that year, may have caused the land 

surface under PHMR to drop suddenly by up to 

several inches in places.  

Submerged coconut tree roots, clearly in situ due to roots intertwining with 
substrate. Although salt tolerant, coconut trees only grow above the surface 
of the sea, and so unless sea level has risen by almost a foot in the last 3 
years (it hasn’t) tectonic subsidence is the most plausible cause.  

The Cayman Trench is the Caribbean portion of the Motagua Fault, a pull-
apart spreading fault literally tearing Central America in two. The southern 
fault boundary runs from southeast Cuba to the Pacific coast of Guatemala, 
running under the Western Caribbean, along the north coast of the Bay 
Islands of Honduras and meeting land between the Sarstoon River and Rio 
Dulce. The northern boundary runs from the north coast of Cuba 
southwestwards along the Caribbean coast of the Yucatan and Belize, and is 
the geological formation upon which the Mesoamerican Barrier Reef sits. The 
tear zone where the two faults meet is located close to Sapodilla Cayes. As 
spreading occurs, especially during earthquakes, land (including under the 
sea) typically subsides. This could partly explain the increased erosion at 
Abalone Caye since 2009.  



5 
 

A similar phenomenon (although upwards instead 

of downwards) was seen in Sumatra, Indonesia, 

after the 2004 Indian Ocean earthquake that caused 

the subsequent tsunami. Vast areas of reef were 

thrust almost 50cm above sea level so fast that 

people were seen shortly after collecting stranded 

fish from the raised sea bed. 

 

 

 

 

 

 

 

 

Pre-construction monitoring: 

As Abalone Caye lies in the middle of PHMR, and 

the role of the ranger station is to provide 

infrastructure to protect the natural resources and 

habitats of the reserve, TIDE is keen to ensure that 

measures to protect the caye do not cause harm to 

the surrounding environment. By using an 

appropriate design, it was speculated that the 

defenses might even enhance marine life, serving 

as an artificial reef and providing ideal habitat for a 

wide range of marine life including commercial 

species such as lobster and conch.  

Texas A&M students conducting baseline habitat mapping survey 

Data was collected by snorkeling, and later digitized to build a comprehensive 

picture of the surrounding marine environment 

Pre-construction baseline habitat map: each grid formed by four red points represents one 30 x 30m expanding square survey area. 

Map produced by Hamm & Mowry, 

2011 

Geologist measuring height of 

exposed coral on Simeleu Island, 

Indonesia, after the Dec 2004 

quake. Uplift was 46 cm in a 

matter of seconds. Credit: Imam 

Suppihanto, John Galetzka, Journal 

of Geophysical Research 
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Habitat mapping: To assess and mitigate potential 

impacts of the artificial reef on the surrounding 

environment, a two-stage environmental impact 

assessment was conducted; before and after the 

reef construction. With assistance from two marine 

science students from Texas A&M University, 

baseline bathymetric and habitat mapping surveys 

were conducted in the environment surrounding 

the caye. Coral abundance and biodiversity surveys 

were also conducted, using the regionally accepted 

Synoptic Monitoring Protocol (SMP) methodology.  

It was found that the areas in front of the exposed 

east and northeast sides of the caye progressed in 

bands from turtle grass further offshore, to coral 

rubble between 20-30m offshore, and sand 

immediately next to shore. The leeward side (west 

and south westward) was mostly turtle grass and 

coral rubble. The areas north and south of the caye 

were mostly sand and coral rubble. Few corals 

were present anywhere, being of low density and 

low biodiversity where found. Only hardier species 

such as Siderastrea siderea and Porites porites were 

present.  

Turtle grass is important for absorbing wave 

energy, and so it was important not to impact this 

area (green on habitat map in previous page). The 

location of the artificial reef was therefore proposed 

in the sand (yellow) about 10 metres offshore from 

the northeast coast of the caye, where minimal 

benthic marine life was found and negative impacts 

on the environment would be minimal or absent. 

Sediment traps were established and monitored 

monthly at six sites around the caye to characterize 

erosion and deposition dynamics before, during 

and after construction. This was to ensure that no 
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adverse effects on erosion and deposition patterns 

were being created in the process that might have 

had undesirable consequences, such as erosion in 

other areas of the caye currently at lower risk.  

The results showed that sediment deposition rates 

are generally lower and more stable (at around 20 

g/m2/day of deposition) around the north and 

northwest sides of the caye. In the northeast, 

sedimentation rates are consistently lower than the 

south and southwest and decreased continuously 

over time from April to June 2012. In the south 

east, south and south west, deposition fluctuates 

greatly over time with some months high and 

some months low, and is probably due to sporadic 

dumping of material from the east and north east 

to the west and south west during storm events.  In 

simple terms this means that material is likely 

eroded from the north east and deposited in the 

south west, causing the entire caye to migrate 

gradually southwestwards at a rate of probably 1-2 

metres per decade.  It will be important to continue 

monitoring this until after the artificial reef is 

complete, to see the long term effects on erosion 

and deposition in the vicinity. 

Designing a new reef: 

With the results of our preliminary assessments in 

mind, the next step was to design a structure that 

would not only protect the caye from further 

erosion, but would remain intact for a long time, 

even in the heaviest storms, be cost-effective, be 

feasible within the limitations of TIDE’s financial 

and human resource limitations, cause minimal 

damage to the environment and hopefully even 

enhance the environment by creating new habitat 

for marine life.  

Results of the bathymetric and sedimentation 

studies indicated that the most effective location for 

a new reef would be along the north east edge of 

the shelf upon which the caye sits, to create a calm 

lagoon between the caye and reef that would 

protect the caye, and may encourage sediment 

deposition in the lagoon, possibly even restoring 

the original dimensions of the island. However this 

was deemed too costly and logistically difficult, 

with greater potential for negative environmental 

impact. Building too close to the caye on the other 

hand, or simply arming the shore with rocks, 

which would have been the cheapest option, 

would not have protected the caye from strong 

waves crashing over the rocks and flooding the 

area under the station.  

A compromise was to create a rock reef between 10 

and 15 meters from shore, in a manner that 

dissipates the wave energy rapidly and in a short 

distance. This would provide effective and lasting 

TIDE Research & Monitoring team building sediment traps 
 

3D model of Abalone Caye and surrounding shelf. One proposed idea in black  
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protection with minimal impact on the 

environment, and bring the project to within 

realistic budget constraints.  

The final design consists of wall built of 2 x 1m 

cages known as Gabion baskets, filled with large 

rocks to a depth so that the top cage sits out of the 

water by up to half a meter. This strong triangular 

foundation is then armed on the front side with a 

sloping rock reef high enough to break the largest 

waves, dissipating the wave energy as the waves 

are forced into the rocks, the remaining energy 

being absorbed as the waves fall down into the 

calm lagoon behind the rocks. The wall needs to 

extend around roughly half of the caye. Erosion has 

not yet reached as close to the station on the south 

side, but the rate of land loss has been just as fast 

and protection now will prevent further loss. 

Marine Animal Rehab: 

There is potential for development of a marine 

animal rehabilitation sanctuary on the caye that 

could be easily incorporated into the reef design at 

little or no extra cost. Experience has shown us that 

such a facility is needed in the region, as the 

nearest existing facilities are in northern 

Belize. In 2012, TIDE responded to six turtle 

strandings, including the famous “Windy”, 

an adult hawksbill found unable to dive due 

to gas buildup under the shell from a 

gastrointestinal infection. TIDE staff did 

everything they could on site to save her, 

including spending two days syringing gas 

out of her body cavity, but eventually she 

had to be flown to Belize City for further 

treatment due to lack of a suitable facility for 

her to recover. She may have stood a better 

chance of survival if there had been a 
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suitable enclosure at the caye. TIDE plans to initiate 

a volunteer program in the coming year that 

monitors large marine mammals, and with targeted 

recruitment, volunteers with suitable expertise 

could provide care in cases like Windy’s.  

Construction: 

The majority of the construction work has been 

carried out by the PHMR rangers, who have 

worked tirelessly for months transporting rocks 

from Esso Landing where they were brought to 

from the Santa Ana quarry, to Abalone caye, one 

basket load at a time in a dory. Volunteers and 

office staff have also contributed to the rock 

hauling. After floating them to the caye, the rocks 

were thrown into the baskets, completing the most 

urgent sections first. The work is immensely 

Clockwise from top left: 1. Hauling rocks in Esso Landing; 2. Cash Ramirez, former PHMR Head Ranger directs activities during the initial construction phase; 

3. Inner lagoon takes shape as north side is built; 4. TIDE staff discussing how to pass the wall under the main dock.  

Material quantities were calculated carefully prior to 

starting work on each new section 



10 
 

physically demanding, and it has been a race 

against time to build enough to protect the most 

threatened areas before it’s too late.  

Effectiveness: 

As the wall has grown bit by bit, rangers have 

witnessed the desired functions beginning to take 

effect, providing much needed encouragement that 

it is worth the immense effort required. It has 

become a hobby to some to try and 

capture the biggest storm possible on 

camera smashing into the new reef. One 

provided video footage showing the 

north east face during a major storm, 

and the results look extremely positive 

given the reef was at this time only half 

built. However, an even larger storm a 

few weeks later was able to still pass 

over the baskets, making it crucial that 

we continue building the reef to the 

specified design and avoid the 

temptation to give up further work when it protects 

well against average storms. It is the big storms 

that pose the greatest threat, and the wall must be 

capable of dealing with these also.  

The “Aquarium”: 

 One clearly visible change is that there is now a 

prolific abundance of fish life that has taken 

residence inside and around both sides of the wall, 

gaining shelter and protection in the labyrinth of 

spaces between the rocks. As a rare sheltered spot 

isolated in an exposed open sea, the new habitat is 

a magnet for a multitude of fish species. Dense 

schools of gray snapper, Bermuda chub, school 

masters, lane snappers, blue tang, several species of 

grunt and many more, jostle for space in the now 

crowded inner lagoon. The rangers have taken to 

calling it the “Aquarium”, and it has become a 

popular unofficial attraction for local tour 

2-second time sequence of 

video footage shows that the 

partly completed wall is 

starting to become effective, 

breaking average storm 

waves with ease. 

Completion is essential to 

prevent the largest waves 

from destroying the caye, 

requiring urgent further 

funding to continue the work.  
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operators. School children can snorkel in the safety 

of the lagoon and experience first-hand the 

wonders of the reef, right next to the ranger station.  

Post construction survey results: 

While a brief snorkel in the lagoon inside the wall 

reveals an obvious abundance of new life attracted 

by the wall, recent scientific surveys by the TIDE 

research and monitoring team have quantified 

current fish abundance inside and outside the wall.  

Abundance and biodiversity were significantly 

higher inside the wall, but larger fish dominated 

the outside and probably had greater biomass. 

Abundance figures were higher per metre of 

transect than at any other site in the reserve in the 

2012 MBRS surveys.  

Frequent monitoring in future will provide 

information about fish recruitment that could 

inform some aspects of fisheries management.  

Increased fish abundance is obvious to anyone who swims in the Abalone Caye “aquarium”. Recent surveys have quantified the 

current fish abundance around the wall. Abundance and biodiversity were significantly higher inside the wall, but larger fish 

dominated the outside and probably had greater biomass. 
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It is clear though that the construction has had a net 

beneficial effect on the marine environment in this 

instance, and it could be that Abalone Caye 

becomes an important fish nursery, hunting 

ground for larger predator fish and source of larval 

regeneration, strengthening TIDEs goal of ensuring 

fisheries sustainability in the reserve.  

The new reef will provide a handy underwater 

laboratory for targeted research projects requiring 

controlled conditions, and will be 

useful in attracting students to 

carry out studies beneficial to 

TIDE. Topics of interest include 

conch and lobster recruitment 

and reproduction studies, as well 

as growth and diet studies to 

determine location-specific age at 

sexual maturity. Answers to these 

questions would enable TIDE to 

more effectively interpret data 

from commercial species monitoring programs, 

and make better informed, empirically based 

decisions on gear and season restrictions and for 

making quota recommendations to the Belize 

Fisheries Department.  

A longer term goal will be to re-vegetate the 

exposed side of the caye, although it will be a while 

until this is possible. Currently, a single mangrove 

seedling rises defiantly out of the rocks like a 

phoenix from the ashes, signaling 

hope for recovery of the above-water 

environment one day too. For now, 

the focus must be on continuing to 

raise funds to enable the defenses to 

be completed, so that Abalone Caye 

may rise like a phoenix also, enabling 

TIDE to continue its important work 

in PHMR.  

 
New life brings new hope to Abalone  

The newly refurbished PHMR Ranger station, standing proud behind the protection of the rock wall reef. December 2012 
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