Response of reef fish populations to changes in coral cover,

fishery and disruptive events in Bonaire Marine Park

Floris Pieter Bennema!

! MarHis, Haren, the Netherlands

Corresponding Author:
Weg voor de Jagerskampen 44, 9741 EP, Haren, Groningen, the Netherlands

E-mail address: f.p.bennema@marhis.nl
Abstract

Management of reef fish populations requires insight in their resilience to anthropogenic stressors. Studies on
temporal variations in reef fish populations and their abundance responses to environmental changes are crucial
to the development of ecosystem-based management.

Seventeen years of voluntary fish survey data of reef fish at the west coast of Bonaire Marine Park (Caribbean)
were analysed to investigate the effect of environmental changes on local reef fish populations. Various
anthropogenic stressors that influence the coral reefs of Bonaire were studied in recent years, this study focusses
on population responses to loss of coral cover, the establishment of a fishery protected area, and reef fishery
pressure. In addition, reef fish responses to specific events were analysed at species or family level.

In general fluctuations in sighting frequencies were species-specific and difficult to interpret. Three large
parrotfish decreased by approximately 50% over time and there were indications of a negative trend in mid-
sized parrotfish as well. In fishery targets, the most intensive fished group (large to mid-sized grouper species),
decreased strongly. After their abundance decreased to near zero, two species belonging to other fish families
showed signs of sequential overfishing. It is unclear if larval import will compensate for the loss in reproductive
capacity of the species in decline, recent literature on recruitment distances suggest that the level of self
recruitment is high in Bonaire. An exception to short recruitment distances was noted earlier in the balloon fish
Diodon holocanthus. The data suggest that the balloon fish population till 2010 originated from the mass
recruitment in 1994, from the start of the studied period in 2000 to 2010 their abundance steadily declined to
near zero. Another event with direct effect on population dynamics is the mass mortality events in moray eels in
2008. With a lag time of a year, especially two Enchelycore species strongly declined afterwards, which could
elucidate the highly variable population densities of these species over the period. A following moray eel mass
mortality event in 2022, also occurred at the onset of a period of sea water warming, paralleling various reef

fish species in the Red Sea. Increase in warming events carries the risk of more frequent mass mortalities.
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Introduction

Management of coral reef fish populations and reef fisheries requires a fundamental insight in their resilience
and recruitment. As a result many reef fish studies focus their attention on spatial and temporal variations in
populations (e.g. Mellin et al., 2010) and the need for connection between marine protected areas (Beltran et al.,
2017; Green et al., 2015). After the start of this millennium it became clear that marine larval dispersion is
more limited than thought before (Cowen et al., 2006) and recent studies of genetic variation reef fish led to the
conclusion that larval connectivity between reefs should be considered at scales of a few tens of kilometers
(Beltran et al., 2017, Green et al., 2015; Puebla, Bermingham & McMillan, 2012), although there are
considerable differences between species (A/many et al., 2017). Self recruitment appears to be common and to
occur consistently through time. This implicates that marine reserves either must be able to sustain focal species
within their boundaries or lie close to other protected areas (Beltran et al., 2017; Green et al., 2015, Puebla,

Bermingham & McMillan, 2012).

Apart from this recruitment studies, additional research on abundance and rarity patterns of constituent species
are required before relationships of temporal variance with reef resilience can be better understood (Mellin et
al., 2010). The data are hard to obtain, as many reefs are affected by anthropogenic impact. Lack of funding of
long term studies leads to further scarcity of relevant data. This study made use of REEF voluntary reef
monitoring data by ‘expert’ divers in Marine Park in Bonaire (REEF Environmental Education Foundation,

2023). The long time frame and volume of these sighting data is without precedent in reef fish studies.

The island Bonaire lies in the southern Caribbean 90 km north of the Venezuelan coast. Its coral reefs are
commonly considered one of the best conserved in the Caribbean (Hawkins et al., 1999, Jackson et al., 2014)
and Pattengill-Semmens (2002) concluded that the number of reef fish species present in Bonaire is high for the
Caribbean. However, various studies of Bonaire describe threats caused by eutrophication (De Bakker et al.,
2017), sedimentation as a result of land runoff (Van der Geest, Meesters & Miicher, 2020), hurricanes and coral
bleaching events (Eckrich et al., 2021; Scheffers and Scheffers, 2006, Steneck et al., 2019) and scuba dive stress
on the corals (Hawkins et al., 1999). The common impact of these stressors on the reef communities are
relatively well monitored (e.g. Bak, Nieuwland & Meesters, 2005, De Bakker et al., 2017; De Bakker, 2019;

Sommer et al., 2011, Steneck et al., 2019), revealing a steady decline of coral cover and an increase in algal
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turfs. Fish populations are not unaffected by human influences as well. Spearfishing led to the early
disappearance of the largest grouper species (Roberts, 2007) and although fishery pressure is considered light to
moderate (Boenish and Richie, 2017; De Graaf et al., 2016 ; Hawkins and Roberts, 2004), several authors
expressed their concern on the fishing pressure on carnivorous fish (De Graaf et al., 2016, Steneck and Wilson,

2017).

As the effects of various anthropogenic stressors are interrelated it is impossible to ascribe population
fluctuations to one specific. Therefore, this study focusses on the effect of stress induced loss of coral cover and
on reef fishery as well as on the reaction of the populations to natural or anthropogenic events. The disturbing
events are know a priori from literature, and vary from marine park management interferences to mass

recruitment or death events in specific fish species.

Materials & Methods

Selection criteria and data evaluation

This study is based on REEF volunteer data obtained by the roving diver method as described in Pattengill-
Semmens (2002). REEF (Reef Environmental Education Foundation) aims to protect biodiversity and ocean life
by actively engaging and inspiring the public through citizen science, education, and partnerships with the

scientific community. The data source used is free to use and accessible at https://www.reef.org/database-

reports. The volunteer fish survey program carried is out by ‘novice’ and ‘expert’ surveyors. Expert REEF
surveyors have to pass a fish-identification exam based on at least 90% recognition of at least 200 regional
species and experience in 35 surveys. In this study only expert data were used. This study uses data from expert
REEF surveyors on readily identifiable species. This is the same selection criterium that the Smithsonian
Tropical Research Institute uses for inclusion in their regional biodiversity database (Chollett and Robertson,
2020). The only exception to the readily identifiable species criterium are the Gobiidae in Figure 2, wherein

individual species play a secondary role.

REEF surveys on Bonaire started in 1995, but before 2000 many expert REEF sighting frequencies showed an
unaccounted rise in a short period. As the influence of observation experience cannot be excluded, only data
after 2000 were used in the trend analyses. Data from 2020-2022 were excluded as during the pandemic in 2020
and 2021 43% and 38% of the surveys were done in one location (Bari Reef) whereas in the years before the
maximum was 17%. Especially in 2020 this also lead to a low number of surveys in the areas North, South and

Klein Bonaire. The numbers of surveys per year ranged from 262 (2000) to 1357 (2007) with and average of
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641 (Figure 1). This study is based on the assumption that the number of surveys largely compensate for
observation variation in time and space. Definite conclusions will be avoided after small changes, even when

are statistically relevant.

To avoid excessive influence of coincidence, species with sighting frequencies that reached less than 10% in
any of the observation years were excluded. This resulted in data processing and graphical representation of 155
species (Supplementary material A). The text of this study uses a selection of these species, in most cases larger

species.

The data used included dives between 18:00 and 6:00 which could not be filtered out. In most years the
percentage of these night dives was below 5%. The highest yearly percentage was 11.8% in 2012.

From 2000 onward, the annual number of Expert level surveys varied from 271 to 1353 (average 653). This
study merely used the sighting frequency data: the percentage of sites at which a species was observed. For
species where the sighting frequencies were near 100%, also the log10 based ‘density scores’ (Pattengill-

Semmens, 2002) were analysed.

REEF surveys are made at dive sites preferred by the volunteers. Changes in preferences may influence the time
series. A division of the west coast of Bonaire in four sub-areas (North, Middle, South and Klein Bonaire)
showed the Middle becoming more popular over the years (Figure 1). Where frequencies or densities for the
total west coast were calculated, weighted averages were used according the formula (1*N+4*M+2*S+1*K)/8.
(w.a. in Figure 1). The weighted averages have two advantages over means, biases caused by varying subarea
attention over the years are compensated, and data from less surveyed areas weight less in the results. Sub-areas
were chosen on basis of the vicinity of an urban area (M), and well developed reefs with less sandy patches (N

and K) .
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Figure 1. Percentage of REEF surveys in four subareas on the west coast of Bonaire over the period 2000-2019.
N — North: dive sites 0-20; M — Middle (Kralendijk area): dive sites 21-40; S — South dive sites 41-60, K —
Klein Bonaire dives sites A-Z. Dive-site numbers according to the Bonaire Dive Map (Infobonaire, 2023). W.a.

= represents the weight of each area in the yearly weighted averages (see text).

As a reference assessment data were used from the 2019 from the baseline survey by Naturalis Biodiversity
Center, Leiden and ANEMOON Foundation (Bennema and Van Moorsel, 2022). In order to compare with
REEF data, only observations made in daytime on the west coast of Bonaire were used, resulting in 30
observations on 29 sites. These data contain background information on depth distribution of local fish species
between 0-10m and 10-30m. A pairwise t-test for means showed a strong positive association between the 2019
sighting frequencies of this baseline survey and the REEF data for the 155 analysed species (Difference

between means=0; Pearson value =0.89).

Data analysis

De trendlines in the REEF data plots were calculated in a generalized adaptive model (Wood, 2017). Grey areas
in the resulting ‘gam plots’ represent 95% confidence intervals. The statistical software R 3.6.2 (R Core Team,
2023) as used with the packages ggplot2, cowplot and mgcv with a geom_smooth confidence interval of 0.95.

Note this method resulted in plots with different ordinates.

The fact that the 95% confidence limits in the gam plots in most cases lay close to the calculated lines, certainly

on a 0-100% scale. (Supplementary material A) inspires confidence in the sighting data.



3. Results

Events

Literature shows that at the start of the studied period corals and reef fish in Bonaire were already affected by
human impacts. Roberts (2007) describes how the largest grouper disappeared and sharks had become rare. On
the other hand reef fish species richness around 2000 was high for the Caribbean (Pattengill-Semmens, 2002).
Decrease in coral cover in reefs shallower than 20 m, as a result of bleaching and hurricanes, already started in
at least the 1970°s (Bak, Nieuwland & Meesters, 2005). Further changes in coral cover and fishery pressure in

the studied period will be discussed in conjunction with the results. This also applies for various natural or

management induced events that may have influenced reef fish populations (Tablel).

Year Event Known effects Source
1994, Mass recruitment of High numbers of juveniles in 1994 and | Debrot and Nagelkerken
January Diodon holocanthus. 1995. (1997)
1999, Hurricane Lenny Damage to especially the Acropora Bries, Debrot & Meyer
November colonies (2004)
2004, Hurricane Ivan Limited damage to the corals Scheffers and Scheffers
September (2006)
2008 Establishment of a Several recent studies are showing a Stinapa (2018)

fishery protected area small increase in the density and

near Kralendijk biomass of small carnivorous fish.
2008, July- | Moray eel mortality, Seventy five moray eels found washed | Kozak (2008)
November | caused by an unknown | ashore

pathogen/parasite
2008, Hurricane Omar Continued breakdown of nearly all IUCN (2011)
October Acropora colonies, leaving a rubble

terrace at shallower parts

2009, Invasion of Lionfish De Ledn et al. (2013)
October Pterois volitans / P.

miles
2010, 2014- | Severe coral bleaching Coral mortality Steneck et al. (2019)
2017 events Eckrich et al. (2021)
2010 Ban on parrotfish

fishery
2015 Ban on shark fishery

Table 1. Environmental, ecological and management induced events on Bonaire reefs.

Coral cover, influenced by hurricanes and coral bleaching




Hurricanes are rare at the latitude of Bonaire but recent hurricanes Lenny (1999) and Omar (2008) in
combination with several bleaching events led to the devastation of almost all local Acropora cervicornis fields
(Bries, Debrot & Meyer, 2004, IUCN, 2011, Meesters, Bak & Van Duyl, 2020, Sommer et al., 2011).
Disturbances by hurricane Omar and a serious bleaching event in 2010 resulted in a 22% coral decline (Steneck
et al., 2019), followed by other events from 2014 to 2017 causing coral an unaccounted degree of mortality
(Eckrich et al., 2021). In the period after 2014, De Bakker et al. (2017) observed indications of stabilization.
Steneck et al. (2019) reported stabilisation in coral cover after 2011 and a recovery after 2015. In response,
Meesters, Bak & Van Duyl (2020) discussed the methodology used by Steneck et al. could lead to false

interpretations of coral cover trend data.

The overall trend in sighting frequencies of species was negative. A comparison of the average frequencies in
the first five years of this study with those in the last five years shows an over 10% decrease in 64 of the 155

selected species and an over 10% increase in 30.

Few studies report a direct effect of hurricanes on reef fish populations, the fish are thought to reduce mortality
by moving to deeper water during storms (Bacheler, 2019). Emphasis is laid to a prolonged effect as a result of
habitat degradation. As hurricanes and bleaching are mutually enforcing in their damage to reefs (Bries, Debrot
& Meyer, 2004) their separate effects on fish populations are hard to study. Following Steneck et al. (2019) this
study concentrates on the changes after 2008-2010, a period wherein hurricane Omar in 2008 and the severe

bleaching event in 2010 took place.

Twenty three of the 155 analysed species, among which 19 were bottom-living, had their lowest number in
2011 or 2012 (Supplementary material B). This result was most apparent in gobies Gobiidae, where almost all 8
non-cleaner species declined in sighting frequencies from 2003-2005 to 2011-2012 after which the sightings of

most of them increased again (Figure 2).
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Figure 2. REEF sighting frequencies of eight non cleaner Gobiidae on West Bonaire. Individual species dashed,

mean solid.

The decline till 2011-2012 and the slight recovery afterwards could tentatively be associated to declines in coral
cover till 2011, followed by stabilisation and possibly recovery afterwards. There were no clear general trends
in the three facultative corallivorous butterflyfish species Chaetodontidae and the three spongivorous
angelfishes Pomacanthidae in this study (Supplementary material A). Also in four carnivore families there are

no specific declines that can be attributed to these 2008 and 2010 events (Figure 3).

For parrotfish Scaridae (herbivorous coral grazers), Steneck et al. (2019) concluded that the density declined
after 2010, despite the ban on parrotfishes in Bonaire, implemented in 2010. The mean sighting frequencies of
seven mid-sized parrotfish species (Figure 3) seem to show a negative trend after 2010, but this trend is not
statistically significant (Kendall’s Rank correlation, p=0.2595) . However, as four species were so abundant that
their frequencies were mostly 100%, their trends could be masked in the sighting frequency data. To mitigate
this risk, REEF’s density scores (Figure 3 and Methods) were also taken into account. This score indicates that
the average densities of this seven species decreased (Kendall’s Rank correlation, p= 0.00184) over the whole
period. Also the abundance, defined in Pattengil-Semmens (2002) as sighting frequency X density, declined
(Kendall’s Rank correlation, p= 0.04677). As the decrease in density is small, it is at most considered as an

indication of decrease (see methods).

The rise in parrotfish densities in 2017, observed by De Bakker (2019) and Steneck et al. (2019) is not
confirmed by the REEF data (Figure 3)
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Figure 3. Mean of sighting frequencies and density scores of seven mid-sized Scarus and Sparisoma species A

density score of two represent few (2 to 10) and of three many (11-100) individuals observed per survey. Data
from the west coast of Bonaire.

The three largest Caribbean parrotfish species showed a decline over the two decades (Figure 4). Probably their
population densities were already relatively low in 2000. Their densities in a no fishing-area in the Venezuelan
Los Roques Archipelago, rated in 400 x 15m transects, are +- 10/1000m? for Scarus coelestinus, S. guacamaia
and +- 5/1000m2 for S. coeruleus (Debrot et al., 2007). Assuming that a roving diver covers at least 500m? (at

least a 50m stretch with a view of 10m breath in case of these conspicuous species) it is expected that such a

diver would observe these species on most of the dives.


https://www.linguee.nl/engels-nederlands/vertaling/conspicuous.html
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Figure 4. Large Scaridae REEF sighting frequencies on the west coast of Bonaire.

The influence of the ban on parrotfish fishery in Bonaire on these results is unclear. The ban was implemented
in 2010 to secure herbivory on the reefs (Steneck, Mumby & Arnold, 2007), but parrotfish were not commonly

targeted by fishermen in Bonaire (Hoetjes et al., 2002; Nenadovic., 2007) and the ban was not was not 100%
effective (De Graaf et al., 2016).

Fishery targets

Fishery

Reef fish in Bonaire are landed by both the shore-based and boat-based fisheries. In addition to grunts, larger
carnivores from are the main fishery targets on the reefs (De Graaf et al., 2016). Considering targeted fish

families as a whole, the REEF data show rather stable trends in three families and a considerable decline in

groupers (Figure 5).
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Figure 5. Mean REEF sightings of fishery target species at the west coast of Bonaire.
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Figure 6. REEF sightings of the most frequent mid-sized groupers in 2000, Tiger grouper Mycteroperca tigris,

Rock Hind Epinephelus adscensionis and Red Hind E. guttatus on the west coast of Bonaire.

Groupers larger then one meter (maximum length in Fishbase) are rare in Bonaire. Epinephelus species larger
then 1 meter were rare, or had already disappeared in the 1990’s (Pattengill-Semmens, 2002). The only large to
mid-sized groupers that where still frequent in 2000 where the Tiger grouper Mycteroperca tigris, Rock Hind
Epinephelus adscensionis and Red Hind E. guttatus. Since then their densities decreased dramatically (Figure

6). Frequencies of the less frequent mid-sized grouper species diminished as well (Supplementary material A).
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Frequencies of the small groupers (graysby Cephalopholis cruentata and coney C. fulva varied over time. Those

of the former species showed an increase while those of latter declined in the last years (Figure 7).
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Figure 7. Cephalopholis (small groupers) REEF sighting frequencies of two small grouper species on the west
coast of Bonaire.

Apart from groupers some other fishery target species showed an decline in recent years. This trend was most

apparent in two popular fishing targets, the yellowtail snapper Ocyurus chrysurus (Figure 8a) and the boga
Haemulon vittatum, which declined by 80% (Figure 8b).
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Figure 8. REEF sighting frequencies of (a) yellowtail snapper Ocyurus chrysurus and (b) boga Haemulon
vittatum on the west coast of Bonaire.

Establishment of a Fish protected area in 2008
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In 2018 the management of the National Marine Park Bonaire (Stinapa, 2018) concluded that several recent
studies are showing a small increase in the density and biomass of small carnivorous fish in the fish protected

areas. The same message noted that the protection is not fully effective, illegal poaching is still occurring in
these areas.

Concern about overfishing (De Meijer and MacRae, 20006) led to two fishery protected areas (FPA’s) of
approximately 1km? and 0.2km? in Bonaire which were implemented in 2008. The two areas lie adjacent to the
town Kralendijk. In our division of West Bonaire (see Methods) the FPA’s cover about 30% of the urbanized

Middle area of west Bonaire. In two areas next to the FPA’s both fishing and snorkel fishing is allowed.
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Figure 9. Mean reef sighting frequencies of (a) Scaridae (b) Serranidae (c) Lutjanidae and (d) Haemulidae in the
Middle and in other areas (see Methods) of the west coast of Bonaire. The arrow indicates the year of

establishment of two fish protected areas inside the middle area.

Inside the urbanized Middle area of Bonaire (see Methods) trends of parrotfish, groupers, snappers and grunts
were analysed in- and outside the FPA’s. The only positive effect after the implementation of the FPA’s was the
flattening of the negative trend in groupers inside the FPA’s. Eventually the sighting frequencies inside the FPA

ended at the same levels as outside (comparable to Figure 9). As De Bakker (2019) reported that several sites in,
13



or directly adjacent to, the no-fishing zone harbour a considerable fish biomass relative to the rest of the reefs, a
comparison is made between the Middle area and the three other areas on the west coast (Figure 9). Only in
parrotfish, the sighting frequencies became clearly higher in the Middle area after 2008. For groupers the
decrease in average sighting frequencies in the Middle area stopped at 40% after 2008 and stabilized at the same
level as in the other areas. This could be an indication that the implementation of the FPA’s had a positive effect

on parrotfish and groupers.

Invasion of scorpionfish in 2009

The invasive scorpionfishes Pterois volitans and P. miles rapidly spread over the Caribbean after 2000. Many
authors assume a negative effect on local fish population (e.g. De Leon et al., 2013). However, after four years
of study Hackerott et al. (2017) concluded that Invasive lionfish had no measurable effect on prey fish

community structure across the Belizean Barrier Reef.

The invasive lionfish was first sighted in Bonaire in 2009 (De Leon et al., 2013). After it’s initial success
numbers dropped after 2014 (Figure 10). The hunting permission policy on this species appears successful to
keep the numbers down. The steady decline of sightings of the congeneric spotted scorpionfish Scorpaena
plumieri started well before 2009 (Figure 10), so there seems to be no relation. Looking for influences on
Caribbean species favored by Lionfish (Valdez-Moreno et al., 2012) in the analysed REEF data (Supplementary
material A), there is an apparent decrease from 2009 to 2011 only in the belted cardinalfish A4pogon townsendi,
the clown wrasse Halichoures maculipina and the pallid goby Coryphopterus eidolon but not in many of their

congeners, giving the impression of a moderate effect.
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Figure 10. Scorpionidae REEF sighting frequencies of two Scorpionidae species on the west coast of Bonaire.

Mass recruitment of balloon fish Diodon holocanthus

In 1994 local divers with mor than 30 years experience noted a rare mass recruitment event of the balloon fish
Diodon holocanthus (Debrot and Nagelkerken 1977). Visual censuses of juvenile balloon fish in 1994 and 1995

showed elevated juvenile balloon fish densities on the islands Curagao, Aruba and Bonaire.

REEF sightings of balloon fish dropped from around 40% in 2000 to less then 10% in 2010, while those of the
congeneric porcupinefish D. Aystrix increased from 40% to 60%. (Figure 11). Tentatively the increase in the

porcupinefish could be assigned to the declining competitive interaction, but continuation of this positive trend

after 2010 discontinue this negative relation.
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Figure 11. Diodontidae. REEF sighting frequencies of two porcupine fish species on the west coast of Bonaire.

Mass mortality of moray eels Muraenidae

From July to November 2008 divers reported a large number of dead moray eels at the west side of the Bonaire
coast. Kozak (2008) suggests this was not the first time eel-die-offs occurred in Bonaire. Kozak summarised the
mortality data and concluded that the mass die-off was possibly caused by the bacterium Vibrio vulnificus. The
majority of moray eel species reported dead were the Spotted moray, Gymnothorax moringa, with a total of 57
mortalities, followed by the Green moray G. funebris (9) and the Viper moray Enchelycore nigricans (5)

(Kozak, 2008). In September 2022 Bonaire park management reported a next mortality event in moray eels
(Stinapa, 2022).
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REEF moray eel sightings, especially of the two Enchelycore species, show remarkable fluctuations over time
with a dip around 2010 (Figure 12). The trends in both Enchelycore species are almost identical, with a sharp

decrease after 2009, the decline in Gymnothorax species was a year earlier.

® both o
- 7
60 S PP
-,
151 Y oa o -
- =~ - v v
—D—— —~E\D—._.v‘_ %
- 5
- = -
R S . < \\6 v -Y."-"-
a \vd =~
o 101 @ 40 1 ~ .
c £ L ™ o 5} S
= = ~ - a
= (5] A= - ===
o D m =
= 7]
(7]

(&2
f
38
o
f

0

2000 P o0 P 2000 2005 2010 2015
=== Enchelycore carychroa %8 E. nigricans year A_A& Gymnothorax funebris "= = G. miliaris % </ G. moringa  Y€&r
< . :

Figure 12. Muraenidae REEF sighting frequencies of two moray species on the west coast of Bonaire.

Remarkably the sightings of both Enchelycore species in 2009 were the highest of the whole studied period. A
possible explanation could be the increased conspicuousness of the infected morays. Divers reported of morays,

which are normally cryptic during daylight hours, being out in open areas and that they ‘were attacking their
own abdomen’ (Kozak, 2008).

Comparison with reef fish trends found in other studies

Fish population trends on Bonaire are studied over many years, not only in long-term studies but also by shorter
surveys. This gives the chance to compare present data with notes with notes on reef fish trends in these
researches. In many cases the REEF data on abundances do not confirm with notes based on short terms (Table
2). These differences in results resemble the conclusion by Barrett et al. (2007) that one-off studies on the

effectiveness of MPA’s led to other results than long-term studies.

Conclusions on fish population Research Based Confirmed in | Paper or report
trends years on years | this study
of study

Parrotfish biomass and population 14 + Steneck et al. (2019)
densities decline from 2003 to 2009
Parrotfish decline between 2003 and | Various 18 + De Graaf et al.
2011 sources in (2016)

literature
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The larger Parrotfish species 2014-2017 |3 + De Bakker (2019) p.
(Rainbow, Blue and Midnight 131
Parrotfish), were less abundant
compared to 2014.
in 2017 parrotfish densities increased 14 - Steneck et al. (2019)
sharply’ (based

on 2017

surveys)
More Parrotfish were seen in 2017, 2014-2017 |3 - De Bakker (2019) p.
their mean biomass did not increase 131
significantly.
Parrotfish and surgeonfish were less 2014 1 - De Graaf et al.
common in the “No Fishing” zone (2016)
Surgeonfish increased in abundance 2014-2017 |3 - De Bakker (2019)
and biomass p.131
Little change in snappers in Bonaire 2003-2007 | 4 + Alvarado in Steneck
since 2003 et al. (2007)
Increase of both Stegastes species 2003-2007 | 4 - Steneck, Mumby &
between 2003 and 2007 Arnold (2007)
Bonaire’s average carnivorous fish 2015-2017 |2 - (decrease in | Boenish (2017).
density showed no change from 2015 density)
to 2017, there
was a notable increase in biomass
The FPA sites showed no statistically | 2015-2017 | 14 (after | +/ - (- for Boenish (2017).
significant difference in density from 2 years parrotfish)
the control FPA’s)
sites and did not differ significantly
from the corresponding 2015 numbers
The designation of no-fishing zones 2014-2017 |2 +/ - (+ for De Bakker (2019)
does appear to lead to slightly higher parrotfish) p.131
abundance and biomass of fish in
general, including herbivorous fish.
Compared to 2014 there appears to be | 2014-2017 | 2 - De Bakker (2019)
a slight p.131
increase in total fish abundance and
biomass
An increase in the 2014-2017 |2 - De Bakker (2019)
abundance of commercial fish p.131
(groupers and snappers) was observed

4. Discussion

Disturbances in coral reef caused by climate change and other anthropogenetic influences lead to a worldwide
decline of coral reef fish diversity. This effect is less pronounced in the Caribbean than in high diversity areas
like the Indo-Australia region (Pratchett et al., 2011). In Bonaire coral cover declined on both shallow as on

deeper (>20m) reefs over the last decades and continued in the period of this study with a possible stabilization
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or recovery after 2014 (De Bakker et al., 2017, Steneck et al., 2019, Sommers et al., 2010). Sighting frequencies
of reef fish in this period showed differing trends, confirming the suggestion by Barrett et al. (2007) that reef
fish responses to changes are species-specific, slow and complex. Overall, decreases prevailed over increases.
Negative trends were strong in large bodied species, sighting frequencies of three large parrotfish species and
several mid-sized groupers reached low levels, but it has to be taken in account that abundance of groupers is
higher at the exposed east coast of the island (De Graaf et al., 2016). 1t is unclear if larval import will
compensate for the loss in reproductive capacity. Prevailing wind and currents in the area are westwards,
indicating that he closest source of larval import is the remote Las Aves archipelago at 60 km and the larger,
protected, Los Roques archipelago at 150km. Fish densities in both archipelagos are relatively high for the
Caribbean (Debrot, et al., 2007; Debrot, Yranzo & Arocha, 2019). However, the distance of these areas from
Bonaire suggests a weak larval connection (see introduction). Also the small size of the Los Aves archipelago
(3.35 km?) will lower the level of larval import. This implicates a high level of self recruitment of reef fish in

Bonaire, increasing the chance of local extinction.

A clear exception is the mass recruitment of balloonfish D. holocanthus in 1994 (Debrot and Nagelkerken,
1997) of which the authors indicated that the recruitment event had spanned a linear distance of at least 200 km
and possibly was a Caribbean-wide phenomenon (Debrot and Nagelkerken, 1997). The authors suggest that the
species primarily recruits in mass events, a recruitment strategy not uncommon in Tetraodontiformes (Piedra-
Castro and Araya-Vargas, 2018). In 2023 densities of sharpnose puffer Canthigaster rostrata in Bonaire
increased sharply to ‘hundreds per dive’(G van Moorsel, 2023, pers. Comm.). The lifespan of D. holocanthus in
the wild is unknown but aquarium owners inform on internet that they can live at least 10 to 15 years in
captivity (Shay, 2022). The convex downward curve till 2010 matches what would be expected after the mass
recruitment event of 1994. The observed decline from 2000 to 2010 till nearly zero can be explained as the
aftermath of the mass recruitment in 1994 and suggests dependence of the balloon fish population on mass

recruitments.

Another factor seldom discussed in literature is the effect of mass mortality on reef fish populations. The 2008
event led to strong fluctuations in the sighting frequencies of several moray eel species. Kozak (2008) suggested
that this as not he first time in Bonaire. This, and a next mass mortality event in moray eels in 2022 (Stinapa,
2022), suggests that these events are repetitive. Following this line of reasoning the ‘2003 dip’ in the
Enchelycore species could be caused by an earlier outbreak. Mass mortality in fish caused by pathogens has
repeatedly been ascribed to seawater warming events, possibly as a result of a suppressed immune response to
pathogens (Genin et al., 2020). The authors found that, instead of the maximum temperature and duration of the
warming event, the rate of warming at the onset was the likely trigger of mass mortality of coral reef fishes in

the Red Sea. This was also the case in the 2008 and 2022 moray eel mortality events, which started at the onset
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of a NOAA coral reef warning period for Aruba, Curacao and Bonaire (NOAA, 2023). Increase in warming

events carries the risk of more frequent mass mortalities.

It is concluded that volunteer sighting data, when used with caution, prove to be a valuable source for long-term
studies of reef fish populations. In this case the data show that the many threats to the reefs on Bonaire had a
moderate impact on many fish species, with the exception of large bodied species. The fishery ban on parrotfish
works well for mid-sized species, but population sizes of the three larger species is reason to concern. The only
plausible explanation for the decimation of the mid-sized groupers is the high fishing pressure on this group. De
Graaf et al calculated that yearly c.a. 13t of reef fish where harvested from the west coast of Bonaire. The yield
(2.1 t/km2/year) was modest, ca. 5% of the standing stock, but differed significantly between fish families. In
grouper species combined this percentage was 18%, indicating a high fishing pressure. There is an increased
risk that the mid-sized groupers will suffer the same fate as the larger groupers of (Roberts, 2007) and there
already signs of sequential overfishing in other fish families. This mechanism probably explains the strong
recent decline of the yellowtail snapper O. chrysurus and the boga H. vittatum. Further protection of reef fish in
Bonaire would not only be beneficial to the biodiversity of the reefs and the attractiveness to dive tourists, but

eventually also to artisanal fishery in Bonaire.

Conclusions

Abundance responses of reef fish populations to environmental changes on the relatively reproductive isolated
west coast of Bonaire were studied using volunteer sighting observation data. The reaction of populations to
changes in coral cover were specific and complex. Temporal variations in abundances at family level could not
be ascribed to their trophic preferences, in many cases temporal trends differed strongly within families.
Exceptions to this lack of conformity at higher taxonomic levels were the decrease in bottom-living gobies in a
period of extreme coral bleaching and hurricane events, and the strong variations in population size of moray
eels as a result of repetitive infections by pathogens. Evaluation of long-term changes shows that anthropogenic
influences on the reefs of Bonaire had severe effect on large bodied species in groupers and parrotfish. In case
of groupers the decrease could be ascribed to fishing and there are indications that their depletion leads to

successive overfishing in species of other families.
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