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Summary 

 

The coral reefs of Bonaire have been reported to be one of the most pristine reefs, with the reefs on the 

leeward coast of Bonaire regarded as one of the healthiest reefs of the Caribbean (NOAA 2008; 

Sommer et al. 2011; Jackson et al. 2014). Nonetheless, Bonaire is a growing popular tourist 

destination and the reefs have been increasingly exposed to anthropogenic stress in addition to natural 

disturbances. The overarching question of this project addressed the large and small-scale variation in 

benthic and fish communities of the reefs on the leeward side of Bonaire. However, this report focuses 

on describing the fish communities of these reefs, and looks into the effect of benthic community 

composition on fish community assemblages. Our fieldwork set-up allowed us to look into large scale 

differences (between zones), and small-scale differences (between sites, within zones). Additionally, 

since fish observations were done on the same transect as benthic measurements, with this set-up, we 

were also able to look into the effects of benthic composition on fish community composition. To 

visualize trends in species biomass composition we did a cluster analysis and plotted the clusters in a 

non-metric multidimensional scaling (nMDS). To see which benthic categories had an effect on fish 

composition, we plotted an environmental fit (Envfit at P < 0.05) with benthic categories. Also, to 

check the effect of site location, the clusters are plotted on a Bonaire map. We report clear differences 

in fish species richness, diversity and biomass between the two zones, with the deeper zone showing 

greater numbers. There was greater variation in both fish and benthic communities in the lower-terrace 

(the shallower zone), and this variation reflected the degradation gradient along the leeward coast of 

Bonaire. Sites located around the busy tourist center showed a trend towards lower fish biomass and 

richness, lower coral cover and diversity, and lower topographic complexity. Whereas sites in the 

same zone (same depth)  located within the marine park, a protected area, scored highest in the same 

categories. The drop-off, a deeper zone, showed far less variation in all categories. From these results 

it can be concluded that effects of habitat degradation on benthic communities reflect on fish 

communities, especially in shallower zones. Our results also demonstrate that protected areas have a 

positive effect on benthic and fish communities, reiterating the importance of these areas. The 

inclusion of Bonaire fishery data would provide an interesting insight and would clarify even more the 

variation found across sites. 
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1. Introduction 

Coral Reefs, the “rainforests of the sea” 

 

Considered to be one of the most diverse ecosystems on earth, Coral reefs contribute to the livelihoods 

of more than a hundred million people who depend on their resources either economically or culturally 

(Whittingham, Campbell, & Townsley, 2003). Besides providing services to people, tropical coral 

reefs protect tropical shorelines from erosion (Moberg & Folke, 1999).  

The “rainforests of the sea”, as coral reefs are alternatively known, are diverse underwater ecosystems 

structured by the calcium carbonate secreted by corals, which are extremely ancient animals that 

evolved to their modern reef-building form in the last 25 million years. Belonging to the group of 

‘scleractinians’ stony corals comprise the majority of reef builders; they are colonial organisms 

composed of hundreds to hundreds of thousands of individuals called polyps (Barnes, R.D., 1987). 

Most tropical reefs are composed by true stony corals, where each polyp sits in a cup formed by 

calcium carbonate. Although the growth rate of stony coral colonies is mainly species-specific, in 

general, corals tend to grow slowly increasing in size from 0.5 to 2 cm per year (NOAA 2012).  

The structure of coral reef habitats has a pronounced influence on the diversity, composition and 

abundance of reef associated fishes (Komyakova, Munday, & Jones, 2013). Coral reefs are in general 

well-known  for the high diversity of fishes that are closely associated  (Tyler, 1971; Sale, 1977; Choat 

& Bellwood, 1991; Munday and Jones, 2008). Reef fishes rely on this habitat for different resources 

like food, shelter and living space, and many studies indicate that both coral cover  and topographic 

complexity are especially important in explaining local reef fish diversity and abundance (Sano et al., 

1984; Bouchon-Navaro & Bouchon, 1989; Chabanet et al., 1997; Jones et al., 2004; Munday, 2004; 

Risk, 1972; Luckhurst & Luckhurst, 1978; Syms & Jones, 2000; Friedlandaer et a., 2003; Bozec et al., 

2005; Gratwicke & Speight, 2005). High topographic complexity can promote high abundance and 

diversity because it provides more refuges, decreases the encounter rates between competitors as well 

as between predators and their prey, and consequently reduces the effects of predation and competition 

(Komyakova et al. 2013).  Therefore, coral loss and degradation of coral reef habitats have a 

significant influence on the abundance and diversity of coral reef fishes (Graham et al., 2006; Wilson 

et al., 2006; Pratchett et al., 2008). 

The coral reefs of the island of Bonaire (Dutch Caribbean) provided us with a great opportunity to 

study the composition of fish communities and their variability along a gradient of disturbed to 

preserved reefs. Although very pristine in comparison to other Caribbean reefs, the reefs of Bonaire 

are not completely undisturbed. Nonetheless, this patchy disturbance in combination with the marine 

parks and Marine Protected Areas (MPAs) give Bonaire the ideal gradient to study the variation in fish 

communities and its relationship with habitat complexity and diversity.  

Bonaire – A dive into the most pristine coral reefs in the Caribbean…? 

 

In February 2008, Bonaire’s coral reefs were designated by the National Oceanic Atmospheric 

Administration as being the most pristine in the Caribbean (NOAA 2008).  
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This nomination had followed previous references such as the 1990’s AGRRA (Atlantic and Gulf 

Rapid Reef Assessment) protocol which reported Bonaire’s coral reefs to be healthy relative to many 

other Caribbean reefs. The reefs were characterized by higher than average coral cover, low mortality, 

low prevalence of diseases, low macroalgal abundance, and relatively high fish densities (Kramer, 

2003). Nonetheless, Bak and Luckhurst (1980), and Bak and Nieuwland (1995) have suggested a 

significant decrease in the coral cover of the coral reefs of Bonaire due to physical, biological, and 

anthropogenic causes. Bonaire’s coral reefs have been exposed to chronic stress from coastal 

development, urbanization, discharge of sewage into coastal waters (Bak and Nieuwland, 1995), 

nutrient pollution, and declines in fish stocks (Wilkinson, 2004).  

It is now a general trend that coral reefs are undergoing major transitions that threaten their natural 

functioning and resilience (Nystrom et al. 2000). These changes can modify reef ecology and 

geomorphology in various ways, but especially through: (1) altered benthic community composition 

and species interactions (McManus and Polsenberg, 2004), (2) changed abundance of key-reef 

associated species, especially fish and urchins (Mumby, 2006), and (3) reduced topographic 

complexity (Alvarez-Filip et al. 2009).  

Aims 

The aims of this project were firstly, to describe the fish communities of the reefs of the leeward coast 

of Bonaire. Secondly, to study the variation of fish communities in light of functional richness, species 

richness and diversity, and biomass composition across sites and between zones. And thirdly, to study 

the effects of the benthic composition on the variation of fish communities.   

This project was carried out alongside the project of Evert de Froe and Fee Zanke and (IMARES, 

2015) who studied the variation in the benthic composition of the reefs of the leeward coast of 

Bonaire, based on the same data collection as this project. Therefore, hereafter any reference to 

benthic data in relation to the variation of fish communities of Bonaire (2014) makes reference to the 

work and report of de Froe and Zanke (2015). Moreover, the writing of the methods, biomass 

calculations and classification of species into functional groups were done with the help of fieldwork 

team member Sophie Neitzel (Wageningen University).  

(1) Description of the fish communities of the leeward coast of Bonaire and large scale variation 

In this question the fish communities of the reefs of Bonaire are described. The following aspects were 

addressed: Which species were present, what was the distribution of species in terms of their 

functional role? What was the species richness and diversity per zone?  

(2) Small scale variation in the fish communities   

This question addresses the small-scale variation in the fish communities. Small-scale refers to the 

variation within a zone. The main question being, do fish communities differ between the different 

sites, within zones?  

(3) Effects of benthic composition on the variation of fish communities 

Topographic complexity in a reef is known to attract more fish since it provides a safeguard for 

smaller species against predators and it acts as a food source . Having collected data on both benthic 

and fish communities, and having access to data on the rugosity of each site, this question addresses 

fish community composition in light of differences in benthic communities and differences in rugosity 

as a function of topographic complexity.  
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2. Materials and Methods 

2.1 Study site, sites selection and transect placement 

 

Data collection was carried out between September and December 2014 at Bonaire, Dutch-Caribbean 

(12°9′N 68°16′W). Bonaire is a 294 km
2
 island off the north coast of South America. Data from 115 

sites on the leeward side of Bonaire (Figure 1) was collected in the field over a 13 week period. The 

sites were selected in a previous survey by Meesters et al. (2014) in 2011, from which the GPS 

coordinates were taken to pinpoint the exact location.  

Based on the description of Bak et al. (1977) of four clearly visible zones of the Bonaire reefs, we 

used the drop-off (DO) and lower-terrace (LT) zones for observations at depths 10-15m and 3-7m 

respectively. Only two zones were taken for logistic purposes (not enough time to consider all). 

Moreover, the two zones were the most different from each other. Two transects per zone per site were 

assessed by one fish surveyor and one benthic surveyor. For consistency, surveyors remained with 

their respective dive partners for the entire duration of the fieldwork, and collected observations 

always starting in the same direction (one team always started to the right and the other to the left). 

There was a 500m distance between every site (wpt). Each transect was 25 m long. Surveys took 

approximately 30 minutes per transect. The dives started at the first zone, the drop-off. All 

observations were made between 0900 and 1600 hours (See Figure 2 for graphical representation of 

transect placement). 

 

Figure 1: Study sites 
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The start of the transect was marked with a SCUBA dive 10 lbs-weight upon descent. The replicate 

transect followed exactly the same method and it was laid approximately 5 m in the opposite direction 

from the other at the same depth (i.e. one starting to the left, and the other to the right, exactly at the 

same depth). Transects were established along depth contours parallel to the orientation of the reef 

front. The fish surveyor swam along the 25m transect line counting and identifying all fish species in a 

4 m (2 m X 2 m) wide belt. Size category of fishes was estimated (see Table 1 for size categories) and 

life phase determined (initial, terminal and juvenile phases for parrotfishes only). Time spent 

swimming one time across the transect was standardized to 4-5 minutes for fish surveyors. Following 

the fish surveyor, the benthic surveyor behind rolled out the transect line. When the fish surveyor 

reached 25 meters, the benthic surveyor informed the other by an agreed cue (e.g., by pulling the tip of 

the fin of the fish surveyor).   On this first pass, fast and pelagic fish species were identified and 

counted. As the 25 meters were reached, the benthic surveyor dropped the end of the transect line and 

began with the benthic survey. Consecutively, the fish surveyor returned along the same transect 

counting and identifying slower and cryptic fish species in a (2 m X 2 m) 4 meter wide belt.  

The benthic surveyor worked directly under the same transect, but only for a length of 10 meters 

starting at meter 25 working its way to meter 15. Benthos was measured by noting the distance (in cm) 

covered by benthic species recorded along the surface of the reef beneath the transect line (See 

IMARES report of de Froe and Zanke, 2015 for details).  Coverage (in cm
2
) of boring sponges >1mm 

was estimated by the fish surveyor from meter 15 to meter 25 (10 m) of the transect in a 1 m (0.5 m x 

0.5 m) wide belt. Sea urchins were counted and identified in a 2 m (1 m x 1 m) wide belt, estimating 

their diameter (in mm). After both surveyors were finished, the transect line was rolled in and the 

process repeated at the lower terrace zone. A summary of the variables measured is shown in (Table 2) 

and a species list for fish is included in Appendix 1. 

 

Table 1: Size categories. 

size category 

(in cm) 

Size used for 

analysis (in cm) 

0-5 5 

6-10 8 

11-20 15 

21-30 25 

31-40 35 

>40 45 
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Figure 2: Graphical representation of transect placement. On the left is a representation of how the transect line is first laid. 

On the right is the length, the width and the direction in which surveys were done. LT = Lower terrace; DO = Drop-off 

 

 

Table 2: Variables measured 

Data Transect 

length 

Belt Measured 

Fish 25m 4m species, count, size category (0-5, 6-10, 11-20, 21-30, 31-40, 

>40), life phase (initial/terminal) 

Sea 

urchins 

10m 2m species, count, diameter (mm) 

Boring 

sponges 

10m 1m species, cover of patches (cm
2
) 

Benthos 10m - species, distance covered (cm increment along surface) 

Rugosity 10m -  

 

 

 

 

 

 

 

 

 

0 m 25 m 

Fish surveyor Benthic surveyor 

 

4-5 minutes 
Team A Team B (background) Image credit: Google maps 
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2.2 Analyses  

 

Data analysis includes the calculation of the following parameters: (1) biomass of the different fish 

species, (2) categorization of all fish species into functional groups, (3) calculation of the rates of 

benthic carbonate production by corals and coralline algae, (4) quantification of benthic cover, (5) 

species richness and Shannon-Wiener diversity index, For all analyses the mean values per site per 

zone were used.  

(1) Biomass calculations 

The relationship between length (L) and weight (W) is described in the equation 𝑊 = 𝑎𝐿𝑏 (Bohnsack 

and Harper, 1988). Constants a and b described by Bohnsack and Harper (1988) and fork length (FL) 

were used. If a certain constant value was not described by Bohnsack, the world wide database 

FishBase.org was used as reference (see Appendix 1 for table with constants per species). The exact 

relationship between length and weight differs among species of fish according to their body shape. 

Fish biomass per species was calculated using the weight and the count and is expressed in grams per 

100m
2
.  

(2) Functional groups 

All species were assigned into one of three functional groups following Pratchett et al. (2011): 

carnivores, herbivores and omnivores. Placement was based on the classification by Newman et al. (in 

press). For those species that were not classified by Newman et al. (in press), FishBase.org was used 

as an alternative source to categorize them  

(3) Quantification of benthic cover 

Following the ReefBudget method of Perry et al. (2012) benthic cover was calculated by recording 

information along every 1 cm increment but using a measuring tape laid out to conform to the true 

surface profile of the reef. Each benthic species was then measured conforming to its shape. 

(4) Rugosity 

Coral reef complexity can be expressed as rugosity, measured by placing the transect line along the 

reef and following the vertical contour as closely as possible. Rugosity was measured by dividing the 

total length of the transect (d1) over the substrate measured (d2): (d1)/(d2).  

(5) Species richness and Shannon-Wiener diversity index 

Species richness is the number of different species represented in an ecological community, landscape 

or region. Species richness is a count of species, and it does not take into account the abundances of 

species or their distribution. For this study, species richness was calculated by adding the number of 

species per transect. The number of herbivore species per transect was also calculated. The Shannon-

Wiener index is a popular diversity index in ecological literature. It quantifies the uncertainty 

(entropy) in predicting the species identity of an individual that is taken at random from the dataset. It 

was calculated as follows: 

 

 
 

Where    the proportion of individuals belonging to the ith species in the dataset of interest.  

 

meest004
Highlight
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2.3 Statistical Analyses 

 

All statistical analyses were done using the statistical program R studio version 0.98.490. Biomass 

data was 4
th
 root transformed for statistical analyses prior taking the mean between transects (i.e. 

‘surveyors’). Biomass was back transformed for graphs and descriptive statistics. Species richness and 

Shannon-Wiener index of species diversity was calculated for both zones together and separately using 

a count matrix with the R function and package diversityresult{BiodiversityR}. Species accumulation 

curves were calculated with a “random” method, which finds the mean species accumulation curve 

and its standard deviation from random permutations of the data, or subsampling without replacement 

(Gotelli and Colwell, 2001).  Rank abundance were also determined per zone with the same package. 

An Analysis of Simmilarities (ANOSIM) was used to determine variance differences in fish biomass 

between the two zones. Furthermore, Non-metric multidimensional scaling (NMDS) was performed 

on both zones and separately with metaMDS{vegan} on a transformed averaged biomass matrix. 

Because the stress levels were approximately 0.3, 3 dimensions were used to reduce the stress. 

Additionally, a cluster analysis {hclust} based on a distance matrix with Bray-Curtis distance was 

employed to check for agglomerations of fish communities.  The effects of benthic communities on 

fish community composition were checked with an Envfit. And following the benthic categories which 

showed an effect on fish community composition, ANOVAs and Tukey tests were used to compare 

the (category) means between clusters and pairwise comparisons. Diagnostic plots were used to check 

ANOVA assumptions were met. 
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3. Results 

3.1 Description of fish communities and large scale variation 

 

In total 79 species belonging to 28 families and 47 genera were recorded (see table 1 in Appendix 2). 

75 species were present in the DO and 75 species in the LT. The zones varied in 3 species each. The 

following species were present in the DO, but not in the LT: Mycteroperca tigris, Scarus coelestinus 

and Holocanthus bermudensis, and the following were present in the LT and not in the DO: Albula 

vulpes, Sparidae, spp., and Trachinotus falcatus. 9 species occurred in less than 5 transects: 

Canthidermis sufflamen, Lutjanus griseus, Scarus coelestinus, Trachinotus falcatus, Mycteroperca 

tigris, Albula vulpes, Holacanthus bermudensis, Prognathodes aculeatus, Sparidae spp. The Shannon-

Wiener index of species diversity for the DO was 2.11 ± 0.27, and 2.4 for the LT ±  0.42. The mean 

Shannon-Wiener index for the transects of the DO and the LT was 1.8. Total species richness for both 

zones was 75, while the mean species richness for the transects of the DO was 25.7 ± 3.4 and 19.4 ± 

5.2 for the transects of the LT (Figure 1). For table of Shannon-Wiener index of species diversity, and 

species richness per transect see Appendix 3, Table 1.   

 

Figure 1: Boxplot showing differences in Shannon-Wiener index of species diversity, and species richness between the two 

zones (DO (drop-off) and LT (lower-terrace)) 

 

A rank abundance curve shows C. multilinata as the most abundant species (41%) for the DO, 

followed by S. partitus (21.3%), C. cyanea (11.5%), C. parrae (4.9%), and Stegastes planifrons (3%) 

(Figure 2).  While for the LT, S. partitus was the most abundant species (38.3%), followed by C. 

multilineata (19.8%), C. cyanea (7.1%), T. bifasciatum (3.5%) and S. taeniopterus (2.8%) (Figure 3).  

The plotted cumulative distribution of species occurences (Figure 4) shows that approximately half 

the total number of species were found in less than 20 sites in both zones out of 115 sites.   
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Figure 2: Rank abundance curve shows most abundant species. In the DO C. multilineata (Brown chromis) ranks as the most 

abundant.  

 

Figure 3: Rank abundance curves shows S. partitus (Bicolor damselfish) as the most abundant species in the LT.  
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Figure 4: Cumulative distribution of species occurrences for the DO and the LT.  

 

Large scale variation 

An ANOSIM showed a significant difference between the biomass composition of the DO and the LT 

(P = 0.001, R = 0.412). The ANOSIM plot (Figure 5) showed that the differences between the zones 

are greater than the differences within the zones. An NMDS based on a biomass  matrix (Bray-Curtis 

distance) further shows the differences in species biomass composition between the two zones (Figure 

6). Compared to the DO, the LT zone shows a greater variability in the biomass fish communities 

composition (P-value < 0.05, see Apendix 5 for analysis of variance and homogeneity of multivariate 

dispersions). Furthermore, functional group biomass composition differs in omnivores and carnivores 

between the zones, with lower biomass in the LT, but there was no difference in biomass of herbivores 

between the zones (Figure 7).  
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Figure 5: Plot of analysis of similarities (ANOSIM), showing similarities in biomass composition within and between zones. 

If the value of R is significant, you can conclude that there is evidence that the samples within groups are more similar than 

would be expected by random chance. 

 

Figure 6: Non-metric multidimensional scaling plot shows differences in species and biomass composition between the DO 

and the LT. There are clear differences in the two communities.  
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Figure 7: Functional group biomass composition in the DO and the LT. Biomass of carnivores and omnivores differs between 
the zones, but not biomass of herbivores. 

 

 

3.2 Small-Scale Variation 

 

A cluster analysis based on a biomass distance matrix (Bray-Curtis) shows four clusters for the DO 

and 5 clusters for the LT (Figures 8 and 9, Table 3).  An NMDS for the separate zones plotted with 

the clusters to further visualize agglomerations shows that axes 1 and 2 are responsible for most of the 

variation in the species biomass composition within the zones (Figures 10 and 11; for 3
rd

 axes see 

Appendix 6). Furthermore, an environmental fit based on benthic categories: rugosity, coral cover, 

coral diversity and algae cover (see Appendix 7 for correlation matrices of benthic categories) in 

addition to fish species richness showed that in the DO fish species richness has a significant effect on 

clusters 1 and 2, whereas rugosity mainly affects cluster 3.  Moreover, algae cover significantly affects 

clusters 2 and 3 (see Table 4 and Figure 12). In the LT, algae cover predominantly affects 3 and 4, 

and coral species diversity, coral cover, rugosity and fish species richness significantly affects cluster 

2 (see Table 5 and Figure 13).  To further examine the effect of the benthic variables on fish species 

biomass composition an ANOVA followed by a Tukey test was used. The results show significant 

differences between the clusters in their fish species richness and benthic composition for both zones 

(see Appendix 4 Tables 1 and 2 for adjusted P values of pairwise comparisons, and Appendix 8 for 

maps on benthic category distribution).   

Although there is a high correlation between coral cover and rugosity, and coral cover and coral 

diversity, the envfit did not change significance when done with each variable separately. The three 

variables (coral cover, coral diversity and rugosity) had the same effect together and alone in the LT.  
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Figure 8: Dendrogram of fish biomass composition for the DO based on a distance matrix (Bray-Curtis) using Ward’s 
method. Four clusters identified are marked with a red rectangle 

 

 

Figure 9: Dendrogram of fish biomass composition for the LT based on a distance matrix (Bray-Curtis) using Ward’s method. 
Five clusters identified are marked with a red rectangle 
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Figure 10: nMDS of species biomass of the DO. Stress = 0.23 

 

 

Figure 11: nMDS of species biomass of the LT. Stress = 0.19 
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Table 3: Frequency table (number of sites per cluster). 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 

DO 25 45 31 14 NA 

LT 12 45 26 27 5 

 

Table 4: Output of envfit of benthic categories in addition to fish species richness on species biomass NMDS of the DO  

 NMDS1 NMDS2 R2 Pr(>r) 

Rugosity 0.991833 -0.127542 0.05865 0.030 * 

Algae cover 0.921632 0.388064 0.23991 0.001 *** 

Fish species richness -0.947395 -0.320067 0.08903 0.004 ** 

 

Table 5: Output of envfit of benthic categories in addition to fish species richness on species biomass NMDS of LT 

 NMDS1 NMDS2 R2 Pr(>r) 

Rugosity 0.971039 -0.238920 0.44972 0.001 *** 

Coral diversity 0.996540 0.083117 0.44627 0.001 *** 

Coral cover 0.998254 -0.059073 0.53039 0.001 *** 

Algae cover 0.480424 0.877036 0.17430 0.001 *** 

Fish species richness 0.847502 -0.530792 0.34224 0.001 *** 
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Figure 12: Envfit with benthic categories on species biomass composition of the DO 

 

 

Figure 13: Envfit with benthic categories on species biomass composition of the LT 
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3.3 Cluster composition and location 
 

In the DO, clusters 1 and 3 seem to differ the most from all the clusters, with cluster 1 showing 

particularly low levels of algae cover, whereas cluster 3 has the highest percentage of algae cover from 

all the clusters. In the LT, there is more variability with cluster 2 displaying the highest levels of 

rugosity, coral cover, fish biomass, fish richness, and coral diversity, as opposed to clusters 1 and 5, 

which show the lowest levels in those categories.  

Location appears to have some effect on species biomass clustering.  It can be seen in the maps for 

both the DO and the LT that cluster 1 which displayed the lowest coral cover, algae cover and rugosity 

of all clusters is concentrated around Kralendijk, an area of high tourism flow with several piers and 

high boat traffic (personal observ).  However, in the DO, cluster 1 also represents the highest fish 

species richness of all clusters as well as a high coral diversity. Nonetheless, this cluster is also present 

in the south where high rugosity, coral cover and fish species richness can be seen. Another clear 

effect of location is seen around the Washington Salgaii National Park, mostly dominated by cluster 3 

in the DO and clusters 2 and 3 in the LT. In the DO, cluster 3 is characterized by high rugosity, high 

coral species diversity and a high algae cover. In the LT, clusters 2 and 3, are characterized by a high 

fish species richness, coral diversity and coral cover seem to be the common characteristic that places 

them there. Klein Bonaire houses clusters in a similar fashion with the agglomeration of one cluster on 

the protected shore (east shore of KB facing Bonaire). In the DO and in the LT, this shore displays 

mostly cluster 2. This cluster shows similar characteristics in both zones, except for coral cover, where 

it is lower than in the DO, but remains the highest of the clusters for the LT in terms of coral cover (as 

in the DO).  
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Figure 14: Boxplot showing cluster composition of both zones 
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Figure 15: Map of Bonaire showing the location of sites within clusters of the DO along the leeward coast. 
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Figure 16: Map of Bonaire showing the location of sites within clusters of the LT along the leeward coast. 
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4. Discussion 
 

The aim of this project was to describe the fish communities of the leeward coast of Bonaire, and to 

study their large and small- scale variation. A further goal was to examine the effects of habitat 

diversity and complexity on the assemblages of these fish communities. Since diversity and 

complexity of habitats had been previously linked to diversity and abundance of fish communities 

(Komyakova, 2013), Bonaire presented an ideal scenario to study these questions because its reefs had 

been relatively, but, not completely undisturbed, which in combination with the Marine Protected 

Areas (MPAs) provided us with a gradient of diversity and complexity of habitats, in addition to a 

habitat degradation gradient.  

In summary, the total species richness was the same for both zones with 75 species, differing in 3 

species each. However, the mean species richness was higher for the DO (25.7) than for the LT (19.4). 

Given that topographic complexity was higher for the DO than for the LT, this result is consistent with 

previous findings indicating a positive relationship between topographic complexity and fish species 

richness (Luckhurst & Luckhurst, 1978; Syms & Jones, 2000; Friedlandaer et a., 2003; Bozec et al., 

2005; Gratwicke & Speight, 2005).  

In terms of fish biomass composition there was a clear separation of communities of the DO and of the 

LT.  an ANOSIM showed that the differences between the zones were greater than within the zones. 

Once again this is consistent with previous findings showing a higher species abundance in more 

complex areas. Our results also show that there is small scale variation in fish communities within the 

zones and it is related to fish species richness in addition to the benthic community composition. The 

benthic community composition was in turn also affected by the site.  

Sites exposed to high tourism flow, like the sites around Kralendijk show a clear lower coral cover and 

lower rugosity, whereas sites located within the Washington Slagbaii National Park indicate a 

significantly higher coral cover and rugosity than sites in the city or in the south (see de Froe and 

Zanke, IMARES report, 2015). It was surprising however, that although cluster 1 in the DO was 

characterized by a lower rugosity, coral cover and algae cover than the rest of the clusters, its mean 

coral diversity and fish species richness was not lower than the rest of the clusters. Moreover, a 

common trend in both zones was the location of the ‘healthiest’ clusters. ‘Healthiest’ referring to the 

clusters with the highest coral diversity, coral cover, fish richness, and fish biomass. Clusters 2 and 3, 

of both zones were concentrated in the north along the national park, a protected area, which 

demonstrates the importance of such areas.   

In general, the LT shows a trend towards lower levels in all the categories assessed in this report. The 

high variability in the cluster composition in the LT accurately matches the disturbance gradient 

present on the fringing reefs of Bonaire. For example. cluster 5 from the LT, located around 

Kralendijk seemed to be more heavily affected than cluster 1 from the DO on the same location. This 

might be explained by the higher vulnerability of fish and coral communities in a shallower 

environment. The LT at 3-5 meters deep is more easily exposed, rendering it more vulnerable.  

To conclude, this report shows that shallower areas are more variable than deeper areas, indicating a 

higher vulnerability to disturbance. Fish communities appear to react to changes in the benthic 

composition of these areas, and the higher fish biomass composition of clusters in the marine protected 

area demonstrates that fish communities benefit from this protection. It would be interesting and more 

clarifying to include Bonaire fisheries data in this analysis.   
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Appendices 

Appendix 1: Table of constants for biomass calculations 

 

observation code English name Latin name a b 

S_STOP Stoplight parrotfish Sparisoma viride -4,5223 2,9214 

S_BLUE Blue parrotfish Scarus coeruleus -5,0162 3,1109 

S_QUEE Queen parrotfish Scarus vetula -5,04 3,04 

S_PRIN Princess parrotfish Scarus taeniopterus -4,1836 2,7086 

S_STRIP Striped parrotfish Scarus iserti -4,8887 3,0548 

S_RAIN Rainbow parrotfish Scarus guacamaia -4,8714 3,0626 

S_REDB Redband parrotfish Sparisoma aurofrenatum -5,7587 3,4291 

S_REDT Redtail parrotfish Sparisoma chrysopterum -5,1754 3,1708 

S_YELT Yellowtail parrotfish Sparisoma rubripinne -4,8701 3,0641 

S_MIDN Midnight parrotfish Scarus coelestinus -4,8764 3,0618 

A_OCEA Ocean surgeonfish Acanthurus bahianus -4,6005 2,9752 

A_DOCT Doctorfish Acanthurus chirurgus -5,9255 3,5328 

A_BLUE Blue Tang Acanthurus coeruleus -4,2165 2,8346 

D_SPOT Three spot damselfish Stegastes/Pomacentrus planifrons -4,2782 2,8569 

D_BEAU Beaugregory Stegastes/Pomacentrus leucostictus -4,4057 2,8868 

D_LONG Longfin damselfish Stegastes/Pomacentrus diencaeus -4,6900571 2,99 

D_DUSK Dusky damselfish Stegastes adustus/Pomacentrus fuscus -4,3479 2,8956 

D_BICO Bicolor damselfish Stegastes/Pomacentrus partitus -4,8921 3,1519 

D_YELL Yellowtail damselfish Microspathodon chrysurus -4,7033 3,0825 

C_BLUE Blue Chromis Chromis cyanea -4,820031826 2,99 

C_BROW Brown Chromis Chromis multilineata -4,820031826 2,99 

H_CAES Caesar grunt Haemulon carbonarium -4,8879 3,0559 

H_SMAL Smallmouth grunt Haemulon chrysargyreum -2,5578 2,1567 

H_FREN French grunt Haemulon flavolineatum -5,0428 3,1581 

H_SPAN Spanisch grunt Haemulon macrostomum -4,6419 3,0295 

H_BLUE Bluestriped Grunt Haemulon sciurus -4,7114 2,9996 

H_WMAR White margate Haemulon album -4,8186 3,0423 

H_BMAR Black margate Anisotremus surinamensis -5,6212 3,3916 

L_SCHO Schoolmaster Lutjanus apodus -4,6909 2,9779 

L_CUBE Cubera snapper Lutjanus cyanopterus -4,8799 3,0601 

L_GREY Grey snapper  Lutjanus griseus -4,5159 2,8809 

L_MAHO Mahogany snapper Lutjanus mahogoni -4,087 2,719 

L_DOGS Dog snapper Lutjanus jocu -4,3683 2,8574 

L_MUTT Mutton snapper Lutjanus synagris/analis -4,803 3,0112 

L_YELL Yellow-tail snapper Ocyurus chrysurus -4,1108 2,718 

G_TIGE Tiger grouper Mycteroperca tigris -5,146872146 3,12 

G_GRAY Graysby Epinephelus cruentatus/Cephalopholis cruentata -4,9123 3,0439 

G_CONE Coney Epinephelus fulvus/Cephalopholis fulva -4,6508 2,933 

G_REDH Red hind Epinephelus guttatus -5,068 3,1124 

G_ROCK Rock hind Epinephelus adscensionis -5,127 3,224 
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G_HARL Harlequin bass Serranus tigrinus -4,8862 3,0475 

G_HAML Hamlets Hypoplectrus spp. -5,1419 3,1818 

J_HORS Horse eye jack Caranx latus -4,586487056 2,856 

J_BARJ Bar jack Caranx ruber -5,3687 3,237 

J_PALO Palometa Trachinotus goodei  -4,691008971 3 

J_PERM Permit Trachinotus falcatus -4,077905479 2,803 

P_TRUM Trumpetfish Aulostomus maculatus -5,2686 2,8657 

P_SHOG Spanish hogfish Bodianus rufus -4,8936 3,0532 

P_FLOU Peacock flounder Bothus lunatus -5,1974 3,1894 

P_MORA Moray Gymnothorax spp. -5,2443 2,856 

P_SCOR Spotted scorpionfish Scorpaena plumieri -4,5626 2,9486 

P_LION Lionfish Pterois volitans -5,030058112 3,09 

P_BARR Great Barracuda Sphyraena barracuda -5,3865 3,0825 

P_LIZA Sand diver / lizardfish Synodus intermedius -5,002 2,9988 

SERG_MAJ Sergeant major Abudefduf saxatilis  -4,7859 3,142 

GOAT_YELL Yellow goatfish Mulloidichthys martinicus -6,3369 3,6627 

GOAT_SPOT Spotted goatfish Pseudupeneus maculatus -4,8231 3,0257 

ANGE_ROCK Rock beauty Holacanthus tricolor -4,2262 2,8577 

ANGE_FREN French angelfish Pomacanthus paru -4,8182 3,1264 

ANGE_QUEE Queen angelfish Holacanthus ciliaris -4,3731 2,9004 

TRUNK Trunkfish Lactophrys spp. -4,8334 3,0829 

COWF Cowfish Acanthostracion spp. -5,6339 3,3462 

PORC Porcupine Diodon spp. -2,5498 2,2763 

BUTT_LONG Longsnout butterflyfish Chaetodon aculeatus -4,689992299 3,02 

BUTT_BAND Banded butterflyfish Chaetodon striatus -4,794 3,1395 

BUTT_4EYE 4 eye butterflyfish Chaetodon capistratus  -4,8475 3,1897 

BUTT_SPOT Spotfin butterflyfish Chaetodon ocellatus -4,482 2,9838 

WRAS_BLUE Bluehead wrasse Thalassoma bifasciatum  -4,8865 2,9162 

WRAS_YELL Yellowhead wrasse Halichoeres garnoti  -5,6591 3,3747 

WRAS_PUDD Puddingwife Halichoeres radiatus -4,9221 3,0382 

WRAS_CREO Creole wrasse Clepticus parrae -5,060105436 3,05 

TRIG_BLACK Black durgon Melichthys niger  -4,590042393 2,96 

TRIG_OCEA Ocean triggerfish Canthidermis sufflamen  -4,8095 3,0554 

TRIG_QUEE Queen triggerfish Balistes vetula  -4,5638 2,9903 

CHUB_SPP Bermuda chub Kyphosus sectatrix  -4,8397 3,0801 

SQUI_SPP Squirrelfish  Holocentridae spp. -3,6218 2,5596 

FILE Filefish Monacanthidae spp. -3,9037 2,6534 

CREO Atlantic Creolefish Paranthias furcifer  -4,913 3,043 

SOAP Greater soapfish Rypticus saponaceus  -5,000058112 3,06 

MOJA Yellowfin Mojarra Gerres cinereus  -4,8195 3,0843 

BONE Bonefish Albula vulpes  -5,324272472 3,187 

TARP Tarpon Megalops atlanticus  -4,904818754 2,984 

SLIP_DICK Slippery dick Halichoeres bivittatus -4,8117 2,9391 

PORGY Porgy spp. Calamus spp. -4,1758 2,8175 
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Appendix 2:  Study species 

 

Table 1: Species encountered during observations. 79 species, 28 families and 47 genera 

Species Family Genus Functional group 

Abudefduf saxatilis Pomacentridae Abudefduf carnivore 

Acanthurus bahianus Acanthuridae Acanthurus herbivore 

Acanthurus chirurgus Acanthuridae Acanthurus herbivore 

Acanthurus coeruleus Acanthuridae Acanthurus herbivore 

Albula vulpes Albulidae Albula carnivore 

Anisotremus surinamensis Haemulidae Anisotremus carnivore 

Aulostomus maculatus Aulostomidae Aulostomus carnivore 

Bodianus rufus Labridae Bodianus carnivore 

Bothus lunatus Bothidae Bothus carnivore 

Canthidermis sufflamen Balistidae Canthidermis omnivore 

Caranx ruber Carangidae Caranx carnivore 

Chaetodon capistratus Chaetodontidae Chaetodon carnivore 

Chaetodon ocellatus Chaetodontidae Chaetodon carnivore 

Chaetodon striatus Chaetodontidae Chaetodon carnivore 

Chromis cyanea Pomacentridae Chromis omnivore 

Chromis multilineata Pomacentridae Chromis omnivore 

Clepticus parrae Labridae Clepticus omnivore 

Diodon hystrix Diodontidae Diodon carnivore 

Epinephelus adscensionis Serranidae Epinephelus carnivore 

Epinephelus cruentatus Serranidae Epinephelus carnivore 

Epinephelus fulvus Serranidae Epinephelus carnivore 

EpinIPhelus guttatus Serranidae Epinephelus carnivore 

Gerres cinereus Gerreidae Gerres carnivore 

Gymnothorax spp Muraenidae Gymnothorax carnivore 

Haemulon album Haemulidae Haemulon carnivore 

Haemulon carbonarium Haemulidae Haemulon carnivore 

Haemulon chrysargyreum Haemulidae Haemulon carnivore 

Haemulon flavolineatum Haemulidae Haemulon carnivore 

Haemulon sciurus Haemulidae Haemulon carnivore 

Halichoeres bivittatus Labridae Halichoeres carnivore 

Halichoeres garnoti Labridae Halichoeres carnivore 

Halichoeres radiatus Labridae Halichoeres carnivore 

Holacanthus bermudensis Pomacanthidae Holacanthus carnivore 

Holacanthus ciliaris Pomacanthidae Holacanthus carnivore 

Holacanthus tricolor Pomacanthidae Holacanthus carnivore 

Holocentridae spp Holocentridae Holocentrus carnivore 

Hypoplectrus spp Serranidae Hypoplectrus carnivore 

Kyphosus spp Kyphosidae Kyphosus omnivore 

Lactophrys quadricornis Ostraciidae Lactophrys carnivore 

Lactophrys spp Ostraciidae Lactophrys carnivore 

Lutjanus apodus Lutjanidae Lutjanus carnivore 
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Lutjanus cyanopterus Lutjanidae Lutjanus carnivore 

Lutjanus griseus Lutjanidae Lutjanus carnivore 

Lutjanus mahogoni Lutjanidae Lutjanus carnivore 

Megalops atlanticus Megalopidae Megalops carnivore 

Melichtys niger Balistidae Melichtys omnivore 

Microspathodon chrysurus Pomacentridae Microspathodon herbivore 

Monacanthidae spp Monacanthidae Monacanthus carnivore 

Mulloidichthys martinicus Mullidae Mulloidichthys carnivore 

Mycteroperca tigris Serranidae Mycteroperca carnivore 

Ocyurus chrysurus Lutjanidae Ocyurus carnivore 

Paranthias furcifer Epinephelidae Paranthias omnivore 

Pomacanthus paru Pomacanthidae Pomacanthus omnivore 

Prognathodes aculeatus Chaetodontidae Prognathodes carnivore 

Pseudupeneus maculatus Mullidae Pseudupeneus carnivore 

Pterois spp Scorpaenidae Pterois carnivore 

Rypticus saponaceus Serranidae Rypticus carnivore 

Scarus coelestinus Scaridae Scarus herbivore 

Scarus coeruleus Scaridae Scarus herbivore 

Scarus guacamaia Scaridae Scarus herbivore 

Scarus iserti Scaridae Scarus herbivore 

Scarus taeniopterus Scaridae Scarus herbivore 

Scarus vetula Scaridae Scarus herbivore 

Scorpaena plumieri Scorpaenidae Scorpaena carnivore 

Serranus tigrinus Serranidae Serranus carnivore 

Sparidae spp Sparidae Calamus carnivore 

Sparisoma aurofrenatum Scaridae Sparisoma herbivore 

Sparisoma chrysopterum Scaridae Sparisoma herbivore 

Sparisoma rubrIPinne Scaridae Sparisoma herbivore 

Sparisoma viride Scaridae Sparisoma herbivore 

Spyraena barracuda Sphyraenidae Spyraena carnivore 

Stegastes diencaeus Pomacentridae Stegastes herbivore 

Stegastes fuscus Pomacentridae Stegastes herbivore 

Stegastes leucostictus Pomacentridae Stegastes herbivore 

Stegastes partitus Pomacentridae Stegastes herbivore 

Stegastes planifrons Pomacentridae Stegastes herbivore 

Synodus intermedius Synodontidae Synodus carnivore 

Thalassoma bifasciatum Labridae Thalassoma carnivore 

Trachinotus falcatus Carangidae Trachinotus carnivore 
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Appendix 3: Shannon-Wiener species diversity index, and species richness per transect 

 

Table 1: Shannon-Wiener species diversity index, and species richness per transect 

 DO LT 

wpt Shannon Richness Shannon Richness 

2 2,13 29 1,32 5 

3 1,96 24 2,26 19 

4 1,99 22 1,86 15 

5 1,94 27 2,39 19 

6 1,92 25 1,98 21 

7 1,95 29 2,10 17 

8 1,93 25 1,65 22 

9 1,85 30 2,04 13 

10 1,72 27 1,24 11 

11 2,07 27 2,25 17 

12 1,28 23 2,35 24 

13 1,58 24 1,85 20 

14 1,38 31 1,50 17 

15 1,83 27 2,05 16 

16 1,53 23 2,27 26 

17 1,53 27 2,54 16 

18 1,24 28 1,92 16 

19 2,03 31 1,59 25 

20 1,92 24 1,64 21 

21 1,84 23 1,56 21 

22 2,00 27 1,65 20 

23 1,50 32 2,52 32 

24 1,93 29 1,92 19 

25 1,98 33 2,44 20 

26 1,39 21 2,00 26 

27 1,31 26 2,02 17 

28 1,38 28 1,55 22 

29 1,41 25 1,93 19 

30 1,99 24 2,06 9 

31 1,84 27 2,05 10 

32 1,96 26 2,20 10 

33 2,05 28 0,82 11 

34 2,19 26 2,07 21 

35 1,88 33 1,55 15 

36 1,95 33 1,83 32 

37 1,96 26 1,89 22 

38 2,11 27 1,23 12 

39 2,21 30 2,24 25 

40 1,68 18 1,47 22 

41 2,27 27 2,02 25 
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42 1,68 24 2,17 25 

43 1,71 26 2,08 22 

44 2,29 25 1,39 15 

45 1,57 27 1,43 14 

46 1,96 28 1,87 17 

47 1,90 24 1,89 23 

48 1,80 28 1,92 19 

49 1,83 26 2,03 20 

50 2,09 26 1,71 15 

51 1,51 23 1,33 18 

52 2,02 22 2,12 19 

53 1,43 16 2,04 24 

55 2,08 27 1,30 14 

56 1,88 26 1,84 20 

57 1,66 19 1,75 27 

58 1,33 22 2,00 30 

59 2,00 25 1,23 19 

60 1,71 25 2,27 27 

61 2,23 29 1,67 24 

62 1,55 26 2,16 13 

63 1,38 24 1,29 11 

64 1,77 30 1,42 19 

65 1,70 26 1,43 20 

71 2,05 26 2,33 19 

72 1,62 27 1,74 18 

73 1,81 24 0,97 15 

74 1,77 23 2,47 15 

75 1,76 25 2,37 16 

76 1,93 25 1,92 18 

77 1,76 19 2,01 14 

78 1,71 21 1,92 16 

79 1,88 31 0,71 12 

80 2,19 30 0,76 7 

81 1,99 28 1,42 24 

82 1,65 24 1,37 27 

83 1,84 27 0,95 15 

84 1,64 30 1,87 20 

85 1,76 22 2,12 19 

86 1,39 25 1,85 21 

87 2,13 23 1,56 17 

88 1,82 25 1,70 18 

89 1,23 27 1,73 20 

90 1,23 21 1,29 16 

91 1,91 28 1,96 21 

92 2,02 25 1,89 23 

93 2,12 28 1,15 16 
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94 1,77 24 1,85 25 

95 2,01 23 1,92 20 

96 1,40 23 0,88 12 

97 1,70 23 1,58 21 

98 1,77 24 1,29 23 

99 1,49 29 1,92 21 

100 1,59 23 1,92 23 

101 2,24 24 1,91 29 

102 1,74 27 1,46 19 

103 2,02 27 1,77 24 

104 1,97 30 2,04 21 

105 2,03 23 1,89 19 

118 1,84 18 2,43 19 

119 1,56 17 1,48 11 

120 2,00 23 2,21 25 

121 1,86 23 2,65 17 

122 1,54 23 2,32 24 

123 1,69 21 1,64 13 

124 2,04 22 1,79 28 

125 1,78 21 1,66 19 

126 1,77 27 2,25 25 

127 1,74 28 2,31 25 

128 2,29 30 2,44 23 

129 2,35 28 1,44 19 

130 2,22 28 1,41 17 

131 1,93 26 2,56 28 

132 1,97 29 2,31 24 

133 2,28 30 1,49 24 

134 2,11 27 1,46 23 
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Appendix 4: Adjusted p values from ANOVA and Tukey test on benthic composition 

of clusters 

 

Table 1: Adjusted P values of ANOVA and Tukey test for comparison in benthic composition of clusters of the DO 

 

 

 

Table 2: Adjusted P values of ANOVA and Tukey test for comparison in benthic composition of clusters of the LT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fish richness Coral diversity Coral cover Algae cover Rugosity 

  P adj 

P
ai

rw
is

e 
co

m
p

ar
is

o
n

 

2-1 0.04792798 0.03435376 0.04044340 0.22019441 0.01291335 

3-1 0.25914283 0.03006851 0.26035564 0.00000224 0.00049175 

4-1 0.11941869 0.33378534 0.28605835 0.33014290 0.05933178 

3-2 0.90322338 0.99184339 0.87352663 0.00036646 0.51233573 

4-2 0.99042300 0.97816997 0.99470836 0.99267498 0.99489880 

4-2 0.86248775 0.93567601 0.98918257 0.03443950 0.86717943 

  Fish richness Coral diversity Coral cover Algae cover Rugosity 

  P adj 

P
ai

rw
is

e 
co

m
p

ar
is

o
n

 

2-1 0.00155350 0.00000039 0.00000000 0.13789987 0.00000003 

3-1 0.06759687 0.03096455 0.11845069 0.06301089 0.34857245 

4-1 0.54875915 0.05206544 0.25351695 0.98912641 0.90291402 

5-1 0.02495261 0.08197932 0.00457766 0.95406141 0.60523429 

3-2 0.64341394 0.00416470 0.00000004 0.95507367 0.00000044 

4-2 0.02511079 0.00126803 0.00000000 0.10975093 0.00000000 

5-2 0.00000016 0.00000000 0.00000000 0.11802974 0.00000019 

4-3 0.59901171 0.99886629 0.98791393 0.04629150 0.72771320 

5-3 0.00000916 0.00003011 0.00000138 0.06187461 0.03657832 

5-4 0.00024202 0.00005272 0.00000439 0.79759275 0.18753133 
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Appendix 5: Analysis of variance and homogeneity of multivariate dispersions for 

biomass NMDS of both zones 
 

Table 1: Analysis of variance table. Response: distances 

 Df Sum sq Mean sq F value Pr(>F) 

Groups 1 0.329312 0.329312 62.2525 1.2197e-13 *** 

Residuals 230 1.216686 0.005290   

 

Table 2: Permutation test for homogeneity of multivariate dispersions 

 Df Sum sq Mean sq F value N. Perm Pr(>F) 

Groups 1 0.329312 0.329312 62.2525 999 0.001 *** 

Residuals 230 1.216686 0.005290    
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Appendix 6: Third axes for biomass NMDS of the DO and the LT 
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Appendix 7: correlation matrices for benthic categories (for envfit) 

 

Figure 1: Correlation matrix of benthic categories of the DO 

 

 

Figure 2: Correlation matrix of benthic categories of the LT 
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Appendix 8: Maps of fish richness and benthic composition both zones 
 

 

Figure 1: Map of Bonaire showing fish species richness in the DO along the leeward coast  
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Figure 2: Map of Bonaire showing fish species richness in the LT along the leeward coast  
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Figure 3: Map of Bonaire showing rugosity in the DO along the leeward coast  
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Figure 4: Map of Bonaire showing rugosity in the LT along the leeward coast  
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Figure 5: Map of Bonaire showing algae cover in the DO along the leeward coast  
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Figure 6: Map of Bonaire showing algae cover in the LT along the leeward coast  
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Figure 7: Percentage coral cover per zone (de Froe and Zanke, IMARES report, 2015)
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