INVENTORY OF BONAIRE’S CORAL REEFS
with particular attention to previously undescribed phenomena
illustrating the ongoing decline of Bonaire’s reefs
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General description
Bonaire is an island in the Southern Caribbean that is nearly completely surrounded by fringing
reefs. The reefs have since long be protected and Bonaire’s ambitious nature conservation
measures made the island an example of effective reef management in the Caribbean, and arguably
the world. Due to the advanced level of environmental awareness and care, the island attracts a
large number of (eco‐)tourists that visit the island in large part to dive Bonaire’s reefs. Both the
increasing number of tourists as increasing

number of immigrants have caused an

Figure 1 Change in coral cover from 1982 (estimated range calculated from Van Duyl 1985) to 2009
(values are average cover as calculated by an IUCN expedition to Bonaire in 2009; error bars are 95%
confidence intervals). In total 17 sites were monitored from North to South on Bonaire (sites 1 to 17) and
4 on Klein Bonaire (20 to 23). All measurements were taken between 8 and 10m.

explosive increase in (near shore) development in recent years. Due to Bonaire’s small size, it is to
be expected that the island’s desire to protect its natural resources will eventually clash with the
ability to find space for future development for residential and touristic purposes. To help ensure
that future development on Bonaire will not negatively affect the natural resources for which the
island is dependent via tourism, a zoning plan was implemented in 2010, indicating which areas
are to be used for various specific purpose, e.g., conservation or development.

While the zoning plan aims to regulate future developments, there are several indications that the
current development on the island is already affecting the island’s marine resources in a negative
manner. While coral cover, a commonly used indicator of reef health is still high compared to most
other places in the Caribbean; it has been declining over the last three decades (Figure 1). So, while
the new zoning plan intends to prevent future damage to Bonaire’s natural resources in the sea,
substantial damage has already occurred in part due to natural causes such as tropical storms (e.g.,
sites 1 to 5, 21), but with largest decrease in coral cover in areas with extensive near shore
development (sites 11 (Plaza Hotel) & 12 (Bachelor Beach). This observation is not very surprising
and

has

been

confirmed

by

a

variety

of

other

reports

on

Bonaire’s

reef

Figure 2 An illustration of Bonaire’s high ranking in common indicators of “reef health”. Nevertheless, reef
decline degradation still occurs (see Figure 1) and cannot be assessed from graphs like this which only
show that other locations are likely in worse shape than so called “healthy” sites.

status (e.g., Steneck et al. 2009, Bruckner 2010). Near shore development and its direct and indirect
consequences is worldwide an important factor that negatively affects the “health” of nearby reef
systems. Currently, 58 percent of the world's reefs are at risk from human activities, with about 27
percent of reefs at high or very high risk (World Resources Institute 1998). Bonaire reefs have and
will not escape the adverse effects of present and future development on land and the effects of
global stressors related to climate change (e.g., coral bleaching related to increasing seawater
temperatures and ocean acidification).

The

reefs

of

Bonaire

are

often

monitored to determine their status
and changes therein through time (e.g.,
Steneck et al. 2009, Bruckner 2010,
IUCN in press). These surveys have
invariably concluded that Bonaire’s
reefs are declining in terms of coral and
fish abundance; though at slower rates
than

observed

elsewhere

in

the

Caribbean (Steneck et al. 2009). Survey
and monitoring studies however rarely
provide mechanistic insight in the
Figure 3 The number of people living on or visiting Bonaire
has nearly doubled in 4 years between 2004 and 2008 and processes responsible for the observed
illustrates that the island’s natural resources face an decline and as such rarely lead to
increasingly larger human impact.

conclusions other than that “something

has to happen” to reverse the observed decline. Several factors are held primarily responsible for
the decline of reef systems and therefore intuitively proposed as items for which future
management action is required. Overfishing and eutrophication, i.e., the inflow of excess nutrients
to historically nutrient starved coral reefs are generally believed to be the main local drivers
underlying the demise of coral reefs.
On Bonaire overfishing seems of relative little importance as the fishing community is small and
species important to the functioning of healthy reefs (e.g., herbivorous fish such as parrot‐ and
doctorfish) are not primarily targeted. Eutrophication is assumed to be low until recently, when the
number of residents and developments have increased on the island (Figure 3). Furthermore, the
negative impacts of eutrophication have been recognized and have led to the construction of a
waste water treatment plant which is currently under construction. Hence, while commonly
assumed drivers of reef decline were historically of marginal importance and are or will be
controlled by local management actions or through cultural dynamics, the decline of Bonaire’s reefs
(Figure 1) seems counterintuitive and illustrates that traditional explanations based on overfishing
and nutrients are not sufficient to explain the decline of Bonaire’s reefs and that the current
development of Bonaire is currently affecting its reefs through hitherto unknown or underappreciated

pathways . This does not mean that common known factors known to negatively affect coral reefs
such as coral bleaching, overfishing of critical species, eutrophication and storm impacts are not
responsible for the observed decline of Bonairean reefs, but only that their relative importance is
not well understood as common monitoring and survey protocols only measure their combined
outcome. In order to adequately judge the effects of present and future land usage, a more detailed
mechanistic insight is required to develop and improve management strategies aimed at halting
and reversing the ongoing decline of what seem to be the best protected reefs in the Caribbean
already.

New observations indicating undesirable trends on Bonairean reefs
Unusual high abundances of the colonial tunicate Trididemnum on Bonaire’s
Northwestern reefs
In recent years populations of reef organisms that historically occurred in low abundance have
dramatically increased. Examples include: the colonial tunicate Trididemnum solidum (Figure 4),
which competes with and overgrows coral in the northern parts of the island sites, such as the

Figure 4 Trididemnum solidum overgrowing a Porites coral. The overgrowth has been folded back (i.e.,
white tissue in front) and the coral is still visible underneath the Trididemnum colony in the background.

Marine Reserve, Karpata and Playa Frans (see also Bruckner et al. 2010). Larvae of this species
generally settle within 10 meters of their parents (Bak et al. 1981) so that local populations could
rapidly grow when current speeds are generally low. Waterflow has been proposed as an important
factor driving the local abundance of Trididemnum solidum. When Trididemnum has reached
sufficiently dense population, its maintenance potential is high because of: (1) The relatively high
mobility of the colonies over the substratum through division, colonial budding, fusion and rapid
growth; (2) effective competition for space through rapidly overgrowing margins (lips) with
possible allelochemical effects; (3) low predation pressure and high regeneration capacity; (4) long
life‐span of colonies or clones and continually available free‐swimming larvae (Bak et al. 1981).
Although cover is low at the moment (maximum 4.3% cover at 10m depth; IUCN in press), there is
anecdotal evidence that cover is increasing at deeper depths and this trend should be monitored,
especially because this species is abundant in an area of the island which still has the highest coral
cover on Bonaire (Figure 2, sites 2 to 5). It is presently unclear whether this species’ recent
population expansion is a natural population cycle or linked to anthropogenic action.

Population explosions of coral and gorgonian eating snails
Another example of increased population sizes in organisms formerly only seen in low abundances
concerns the snails Coralliophila abbreviata and Cyphoma gibbosum (Figure 5). Coralliophila snails
can remove as much as 16 cm2 of coral tissue/day/animal. The damage is irreversible and algal

Figure 5 The snails Coralliophila abbreviata (right) and Cyphoma gibbosum (left) that feed on coral and
octocorals respectively. The abundance of these (octo)coral predators has increased in recent years,
likely as a result of a reduction on their predators such as large fish and lobsters.

colonization quickly occurs over the skeleton in areas stripped of living tissue. Coralliophila appears
to be limited on some reefs by fish predation, but these mollusks are significant corallivores when
predation pressure is low (Brawley and Adey 1982). Cyphoma feeds on a variety of octocorals
(gorgonians and sea fans). Females lay eggs on the octocorals they live on which, when uneaten,

cause the number of snails per octocoral to increase rapidly which can ultimately result in the death
of the octocoral through excessive local predation. Burkepile and Hay (2007) found that when large
predatory fishes and invertebrates (e.g., lobsters) were excluded from portions of a coral reef in the
Florida Keys (U.S.A.), Cyphoma population densities increased 19‐fold and grazing damage to
gorgonian corals was far more frequent and extensive. Thus, predators of both Coralliophila
abbreviata and Cyphoma gibbosum appear to be indirectly protecting the (octo)corals, with the
implication that the disappearance of these predators (e.g., through overfishing or habitat
destruction) could be very detrimental to (gorgonian) corals as well.

Overgrowth of deeper reefs by the brown alga Lobophora variegata
Reef communities that are found deeper than 15m and occur in the area between Barcadera and
BOPEC suffer from extensive overgrowth by the brown alga Lobophora (Figure 6). This algal species
forms small, shingle shaped blades that grow parallel to the bottom. In 1998, Lobophora covered 1
and 5% of the bottom at 20 and 30 m, respectively. By 2006, these values had risen to 25 and 18%,

Figure 6 Extensive populations of the brown alga Lobophora variegata at 32m depth near Barcadera.
Corals that are slowly overgrown by the algae are still visible.

coinciding with a similar decline in abundance of corals at the same depths (Nugues and Bak 2008).
A reduction in local herbivory by e.g., sea urchins and parrotfish is known to cause increased
abundance of Lobophora. Especially after the Caribbean wide die off of the black sea urchin

Diadema antillarum in 1981, the abundance of Lobophora has increased on deeper reefs throughout
the Caribbean (de Ruyter van Steveninck and Breeman 1987). Furthermore, this species seems to
respond to increased nutrients in the water column, especially ammonium (i.e., NH4+; De Haan,
unpubl. results) which is released to Bonairean waters by the local salt industry (Wieggers 2007).
As a result, the islandwide average NH4+ concentrations are higher than those of nearby islands
(e.g., Curacao) that have higher population density, more coastal development and large industrial
and urban areas (Wieggers 2007). Concrete evidence to support a direct link between the high
availability of NH4+ in Bonaire’s coastal waters and the unusually high abundance of Lobophora is
currently lacking.

Increased abundance of coraldestroying territorial damselfish
The threespot damselfish (Stegastes planifrons) is a small territorial herbivorous damselfish that
“farms” certain types of benthic erect algae in its territory which they defend against passing
herbivores. The species destroys living coral surfaces to establish their algal yards. Knowlton et al.
(1990) suggested that predation by territorial damselfish was responsible for the slow recovery of
coral populations off Jamaica after the passing of Hurricane Allen. Now that many branching
Acroporids have disappeared from the Caribbean due to the effect of climate change and disease, S.

Figure 7 Preliminary data showing that an increase in the abundance of predatory fishes causes a
reduction in the local abundance of the damselfish Stegastes planifrons (shown in picture) which kills
corals to create “yards” in which it grows small algae.

planifrons prefers Montastraea annularis and M. faveolata as its primary microhabitat on shallow
reefs throughout the Caribbean. As a consequence, these coral species, which are the dominant

reefbuilding corals on Bonaire face unprecedented levels of tissue loss and mortality whereas algae
increase in abundance. Similar observations are made by Steneck et al. (2009) and Bruckner et al.
(2010). Vermeij et al. (unpubl. data) have shown that the local abundance of S. planifrons is
controlled by the abundance of larger predatory fish (Figure 7).

Unprecedented predation on native fish by the invasive red lionfish
The invasive indo‐pacific red lionfish has established in the Atlantic and has spread rapidly from
the waters around Florida, through the Caribbean Sea, reaching the island of Bonaire in late
October 2009. The spread of the red lionfish is regarded as one of the most rapid marine fish
invasions on record (Morris et al., 2008). P. volitans is a voracious predator, capable of producing a
79% reductive in reef fish (Albins & Hixon 2008) and achieving densities of greater than 390
lionfish per hectare in the Bahamas (Green & Côté 2009). Lionfish are known to predate over 40
species of teleosts (Morris & Atkins 2009), including both ecologically and economically important
fish. Invasive species are a leading cause of extinctions (Clavero & García‐Berthou, 2005) and
predatory fish are known to be capable of altering abundance of prey species and fish community
composition. Given the high densities of lionfish and apparent predation success of this species in
its invaded range, the red lionfish possesses the potential to impact significant deleterious effects
on the coral reefs and fishing economies of the Caribbean Sea, including that of Bonaire.

Historic factors negatively affecting the “health” of Bonaire’s reefs
A variety of natural and anthropogenic factors are known to negatively affect the “health” of
Bonaire’s reefs. Declining reef health is generally characterized by a reduction in coral cover and
fish abundance, whereas microbial and algal abundances as well as bioerosion increase. In short,
Bonaire’s reef communities have degraded due to changes in the structure and abundance of reef
fish communities (due to habitat degradation and/ or overfishing), eutrophication (Wieggers
2007), anchoring, (storm related) sedimentation and the demise of an important reef herbivore
(i.e., Diadema) and an important group reefbuilding corals (i.e., Acropora spp.) in the 1980’s.
Despite the observation that reef decline is generally higher in areas close to coastal urbanization,
not much is known about the dynamics that drive reef community collapse on Bonaire. Most studies
have focused on quantifying the resultant reduction in coral cover, but such approach is largely
retrospective, does not provide early warning signs that decline is forthcoming or insight in the
dynamics that drive such decline. Furthermore such surveys are often carried out once a year
which does not allow for direct quantification of the effects of inputs to the marine system that are
episodic and short‐lived (e.g. storms, sewage spills, groundwater inputs). Components of the

benthic community other than coral, often respond faster to such inputs and might thus be more
suitable for the detection of undesirable land‐sea interactions (e.g. (macro)algae and microbes).
Recent evidence (Vermeij2005, 2006, Smith et al. 2006, Sandin et al. 2008, Kuntz et al. 2006)
suggests that algal abundance and organic run‐off fuel microbial communities in reef waters.
“Microbialization” of reef communities could hence be part of their degradation trajectory with
subsequent consequences for corals (increases in pathogens) and potentially humans that use the
water for recreational purposes. Thus, a complete inventory of all functional groups in a reef
community in addition to corals will allow for a more mechanistic insight in local trajectories of reef

Figure 8 Collapse of trophodynamic relationships between functional groups that dominate(d) past and
present day reefs. The shaded area with white arrows indicates the dominant trophic relationships before
human disturbance (left) and at present day (right).Data modified after Sandin et al 2008.

decline in response to nearby land‐usage and natural variation in environmental variables. General
concepts of ecosystem dynamics predict that under natural conditions, highly diverse systems such
as coral reefs, will become dominated by competitively superior and long‐lived organisms (e.g.
corals, large predatory fish; Sandin et al. 2008). Over time healthy reef communities are thus
characterized by biomass accumulating in the highest trophic levels, preventing this resource
(biomass/ energy) to become available to opportunistic organisms such as macroalgae and
microbes that therefore are relatively rare. With increasing human disturbance, the ecosystem is
expected to “leak” energy to trophic levels dominated by more opportunistic organisms (e.g.
microbes and algae). These predictions are visualized in Figure 8, where the size of each circle
indicates the relative abundance of various functional groups in undisturbed and disturbed reef
communities. While many studies primarily focus on the disappearance of key‐stone species such
as large fish and corals, this figure clearly illustrates that the appearance of less conspicuous
functional groups such as microbes and (turf)algae should be taken as seriously.

The degradation of reefsystems does not follow a trajectory of steadily progressive decline
evidenced by the disappearance of certain organisms. In contrast, systems literally reach a point
where "one additional straw (i.e., a new or intensified stressor) breaks the camel's back (i.e., the
reef)" and collapses. This has occurred in many locations around the world, especially in the
Caribbean. It would be good if Bonaire took this information serious, as it clearly shows that
stressed reefsystems eventually collapse over a very short period of time and no evidence currently
exists showing that such collapse is easily (if at all) reversible. This fact clearly shows that
prevention of reef decline is probably more successful and attainable than reef restoration in
guaranteeing healthy reefs for the future.

Current situation
Based on existing information and the phenomena described earlier in this document, it can be
concluded that despite exemplary management actions, Bonaire’s reefs are currently in decline,
albeit at a slower rate than most other locations in the Caribbean. While the decline itself is now
well described, the exact mechanisms leading to this decline are less well understood. It also shows
that the existing degree of human presence on the island is sufficient to negatively alter the island’s
marine resources. It is only expected that the population density on Bonaire will increase in the
future and the reefs will face more and intensified anthropogenically related stressors. As
mentioned before, the current situation is already affecting the reefs in a negative manner, so with
increased development, it can only be expected that Bonaire’s reefs will further degrade in the
future if adequate management actions (e.g., implication of integrated coastal management,
reduction of all land derived nutrients other than those from sewage, reduction of organic
compounds entering reef waters that are found in sewage waters, but not removed by sewage
treatment facilities etc.) are not taken.
In general, the new zoning plan allows for new residential and tourism related areas in the shore
zone. While a certain distance to the high waterline is required (15‐50m), the to‐be built
constructions will eventually lead to increased sedimentation and input of nutrients on nearby
reefs either though direct run‐off or, in the case of nutrients, through subterraneous ground
waterflow (Bonaire Strategische milieubeoordeling 2010). Furthermore, the new zoning plan
predominantly outlines the guidelines for future development on land and lacks specific guidelines
that take into account the diffuse nature of the land‐sea boundary through “integrated coastal zone
management”. While the zoning plan represents an improvement and will help organise future
development of Bonaire’s limited space, it does not provide any relief for near shore reef systems

that are already stressed as described above. The only recent development that will significantly
improve the conditions for reef growth is the installation of a sewage waste water facility and the
establishments of marine reserves within the BNMP in which coral reefs have largely remained
unchanged since the ’40‐‘50’s.
Due to the sewage facility, high environmental awareness and limited fishing, other factors than
those traditionally believed to underlie reef degradation (e.g., eutrophication, overharvesting), need
to be explored to design and implement fine‐tuned and custom made management decisions (e.g.,
subterraneous groundwater flow, carbon concentrations, currents, deepwater and offshore
nutrient concentrations, definition of local “limiting” nutrients, chemical pollution etc.).

Unknown stressors for Bonaire’s reefs
While many reef stressors have been characterized for Bonaire, it would be naïve to think that such
inventory represents a complete description of the local situation. For example, nutrient additions
are considered as increases in nitrogen and phosphate, but there is more to this. Inorganic
nutrients, particulate material, pesticides, heavy metals, hydrocarbons or other human‐made
pollutants, although not classical pollutants, are arguably the most important contaminants driving
reef decline at national and regional levels (GESAMP 2001, Fabricius2005). The effects at chronic
low‐level exposures of all these pollutants are still largely unknown and again stress that a
conservative approach is required when deciding which degree of stress a reef can be subjected to.
Secondly, in all areas where water leaches from land‐based catchments into the ground (e.g., at
Barcadera, Saltponds, new power plant near the Marine Reserve), macroalgal abundances are
extremely high on nearby reefs. Some nutrients were found to occur in higher concentrations
deeper at the reef (Wieggers et al. 2007) and in combination with the phenomenon mentioned
above, suggest that subterraneous groundwater flow carries formerly nutrients from land to nearby
reefs, subsequently leading to algal growth and coral community collapse. These observations
suggest that the currently proposed distances to separate future developments from the shoreline
are inadequate to protect coral reefs from eutrophication.
Similar to the unknown, but seemingly important effect of groundwater flow, ocean currents could
carry pollutants or nutrients from point sources (e.g., nearshore development, harbour entrances)
to otherwise unaffected locations along Bonaire’s shoreline. An example is the potential link
between the high levels of ammonium in Bonairean waters, likely a result from the local salt
industry (Wieggers 2007) and the abundance of the brown alga Lobophora in the northwestern

part of the island. The prevailing northwestern current could take the ammonium rich waters from
the south through the relatively shallow channel between Bonaire and Klein Bonaire so that it “hits”
the shore in the northwestern part of the island where Lobophora, known to fare well in ammonium
rich waters, increases in abundance. However, without oceanographic data on current speeds and
directions as well as open and deepwater nutrient concentrations this hypothesis can currently not
be tested.
The increase in various (octo)coral eating snails, the three spot damselfish and potentially even
Trididemnum all indicate that former predators of such organisms (e.g., larger fish, lobsters) are no
longer present in sufficient numbers to control the abundance of such nuisance species. This
disappearance can to some degree be related to overharvesting, but fishing pressure is currently
assumed to be low on Bonaire. Why have the fish disappeared? Since 1996 fish populations in the

Figure 9 A bioeroding sponge that lives “inside” a dead coral skeleton can be seen emerging through the
coral’s former surface. Sponges like this are capable of dissolving the limestone produced by corals and
such contribute to a decrease in overall structural complexity on a reef. Increased bacteria and dissolved
food sources (i.e., pollution) are believed to cause the increase in this type of sponge that feeds on these
waterborne elements.

entire Caribbean, independent of whether they occurred in or outside protected areas, have
declined (Paddack et al. 2009). Overall habitat degradation is likely to have resulted in decreased
structural complexity of reefs throughout the Caribbean due to large scale factors such as bleaching
and the near extinction of Acropora species or an increase in bioeroding sponges that can “dissolve”
a reef from the inside out (Figure 9). Because fish abundance depends on such complexity (e.g., for
hiding, settlement), the regional flattening of Caribbean reefs might have rendered reef habitats less
suitable for fishes and as a result their numbers have dropped. Because this reduction, their prey
now becomes more abundant and destroy, through their predatory behaviour, the remaining (octo)
corals leading to subsequent further decline in reef complexity. Again, from direct observations
(Steneck et al. 2009) and the indirect observations described earlier, the conclusion that fish

populations are currently declining on Bonaire are relatively well supported. The factors
responsible for their decline are however presently unknown.

Conclusions
Several indicators exist that the reefs along the southwestern shore of Bonaire are currently in
decline, despite the fact that Bonaire (arguably) still has “the best reefs in the Caribbean (see:
Figure 1 and 2). This short document aims to illustrate that coral reefs on Bonaire are already
degrading, in most part in response to land‐based human activities. While the new zoning plan will
surely help to safeguard the island’s natural resources on land, the lack of “integrated coastal
management” will not prevent a worsening of the reefs along Bonaire’s southwestern shore. The
inherent complexity of coral reef ecosystems makes it extremely difficult to make pinpointed
management recommendations at present and as such a conservative approach (i.e., “the
precautionary principle”) should prevail in decisions regarding the future of Bonaire’s coral reefs.
Future development plans should be designed to minimiza the amount of land‐based pollutants, i.e.,
nutrients and organic and/ or chemical compounds, to the nearshore environment. Examples
include (but are not limited to) reforestation of the lands directly bordering the highwater line to
serve as a natural filter for terrestrial run‐off, prevention of direct flow of rainwater (including that
through rainwater systems along roads etc.) to the ocean through the construction of dams and/ or
wetlands and a general reduction in erosion through near shore developments, goats and donkeys.
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