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Abstract 

Feral goats (Capra hircus) are introduced but very successful herbivores found in areas all over the 
Caribbean island Bonaire. Within the Washington-Slagbaai national park, STINAPA is currently taking 
measures in order to control the goat population. Research was requested to provide a scientific 
background on the impact of feral goats in the park. This field experiment included the analysis of 13 
areas where goats had been excluded for a period of 8 years. This study revealed the negative impact 
of feral goats on the vegetation of the Washington-Slagbaai national park. Recovery of the 
vegetation in the exclosures was found to be significantly higher in comparison with areas accessible 
for goats. Vegetation rejuvenation within the exclosures increased dramatically for tree species such 
as Capparis odoratissima, Randia aculeata and Guaiacum officinale. Direct and indirect positive 
relations with goat presence were observed for Opuntia wentiana and Croton flavens.  
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Introduction 

Feral goats (Capra hircus) have often been shown to be important contributors to habitat destruction 
and alteration of species composition. Because goats are generalists and capable of surviving in a 
wide variety of climates and habitat types, serious effects on the native ecosystem can occur 
(Campbell & Donlan 2005; Coblentz 1978). Therefore, feral goats are considered pests in many parts 
of the world (Southwell et al. 1993; Parkes 1990b; Bonsey 2011). 

Feral goats consume, but also trample native plants and hence modify the plant community, with 
cascading effects on other herbivores and carnivores. Although goats prefer palatable food sources, 
they will eat poor quality food if necessary (Coblentz 1977). Consequently, a large density of goats 
favours non-native species of plants, as native species often have little defence against herbivory 
(Parker et al. 2006; Oduor et al. 2010) Invasive species, such as feral goats, can even drive local 
species to extinction (Mooney & Cleland 2001; Coblentz 1978). Small island ecosystems are 
particularly vulnerable to invasive species as they usually developed without large herbivores and 
therefore plants normally have no defences against exotic herbivory (Bowen & Van Vuren 1997). The 
impact of exotic herbivore pressure on islands tends to differentiate based on climatic 
characteristics. Semi-arid climates are especially vulnerable due to the low carrying capacity of the 
ecosystem (Scanlan et al. 1994), as forage production often shows a linear relationship with rainfall  
(Lauenroth 1979; Rutherford 1980).  

On many islands around the world, goats have already been eradicated (Parkes 1990a; Campbell et 
al. 2004). The removal of these invasive species often have striking positive effects on native 
vegetation (Zavaleta et al. 2001; Coblentz 1978; Campbell & Donlan 2005).  

On the semi-arid Galápagos islands in Ecuador, the native vegetation has suffered severe impacts 
from goat browsing (Clark & Clark 1981; Hamann 1975). A study in James bay, Santiago island 
revealed only mature tree stands were present due to the continues browsing by goats. In Tagus 
cove, on the neighbouring Isabella island, goats were never introduced and here all size classes of 
trees were found (Clark & Clark 1981). On Santa Fé island, one of the Galápagos islets, goats have 
been eradicated around 1977 and the density of the woody vegetation is currently increasing 
(Hamann 1979). On the Caribbean island of Curaçao, the eradication of goats from the Christoffel 
national park in 1993 has also led to a recovery of the vegetation (Debrot et al. 2012; de Freitas et al. 
2012).  

This study will focus on the impact of feral goats on the Caribbean island Bonaire, where goats are 
currently still present in large numbers. Bonaire has a long history of colonial rulers from Spain and 
the Netherlands. When Amerigo Vespucci ‘discovered’ 
Bonaire in September 1499, it was already inhabited by an 
Indian community. Only 15 years later, this entire 
community was deported as slaves to Spain, until in 1527, 
some were brought back together with livestock, including 
goats (Capra hircus), sheep  (Ovis aries), donkeys (Equus 
africanus africanus) and pigs (Sus scrofa) in order to found 
a colony (Hartog 1978). For a long period, the island of 
Bonaire was used as a supplier of  fresh meat from the 
livestock together with the sale of Divi divi pods 
(Caesalpinia coriaria), Aloë vera juice and charcoal from 
Mesquite trees (Prosopis juliflora) (STINAPA 1982).  

By the early nineteenth century, almost all the trees had been chopped down and shipped overseas. 
The remaining woody vegetation continued to be cut for charcoal production into the 20th century 
(Westerman & Zonnneveld 1956). The introduced feral livestock (consisting of mainly goats and 
some donkeys) furthermore altered the vegetation significantly (Stoffers 1956; Jaeger 2014).  

Figure 1. Feral goat in the Washington-Slagbaai 
National park, Bonaire. Photo: (Coolen 2015). 
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Problem statement  
Feral goats continue to have a 
destructive impact on Bonaire. The 
vegetation was altered from the original 
native dry-evergreen bushland (Stoffers 
1956) and dry-evergreen forest (Beard 
1949), to a thorny shrub-cacti community 
as seen in Figure 2. The strong influence 
of feral goats furthermore prevents 
rejuvenation in those parts where a plant 
cover is still present. The large population 
of goats1 is now resorting to browse on 
the columnar cacti species Stenocereus 
griseus and Subpilocereus repandus 
(Figure 3), which have a key ecosystem 
function for native birds and bats (Petit 
2001; van Buurt & Debrot 2012) as well 
as for the only native herbivore on the 
island, the Iguana (Iguana iguana) (van 
Buurt 2006). The cacti populations are 
currently severely threatened by goats 
(Smith et al. 2012). Without control or 
eradication of the goat population, 
vulnerable areas could eventually 
degrade into a secondary desert2 
(Stoffers 1956).  

Goats also have an indirect negative 
effect on coral reefs, as the 
disappearance of vegetation is resulting 
in uncontrolled erosion. Sediments are 
then washed into the sea, covering and damaging the fragile coral reef system (Vermeij 2011). The 
economy of Bonaire depends heavily on ecotourism (TEEB 2012) and the main activity is scuba diving 
within the marine park (Debrot & Wells 2008). Therefore, the problems related to goats could also 
reflect on the income generated by tourism. The Washington-Slagbaai National Park (WSNP) in the 
northern part of the island is also of significant importance for tourism income. STINAPA is currently 
taking measures in order to control and eradicate the feral goat population present in the park (Simal 
2005). Debrot and de Freitas (1993) performed a study on Curaçao comparing areas that were 
accessible/inaccessible for goats. In the areas inaccessible to goats the common lower vegetation 
consisted of bromeliads, orchids and herbs. In the areas accessible to goats, the ground cover of 
these plants was reduced to almost none. A similar study has never been performed on the island of 
Bonaire. The lack of data makes it difficult to quantify the negative impact of goats in the WSNP. This 
study forms part of the 4-year goat eradication project developed by Dr. A. Debrot for STINAPA and 
funded by the Netherlands Ministry of Economic Affairs in support of nature management on 
Bonaire. 

                                                             
1 The most recent estimation of  the goat population measures a total of 32.200 individuals on Bonaire 
(Lagerveld et al. 2015) and close to 11.000 in the Washington-Slagbaai National park alone (Geurts 2015). 

2 Because of goat herbivory combined with the harsh environmental conditions of the Antilles, the North-
western part of Curacao, along the north-east coast of Aruba and on part of the west coast of Bonaire, a 
secondary desert is already present (Stoffers 1967). 

Figure 3. A recently fallen Subpilocereus repandus alongside a road 
in the Washington-Slagbaai National park. The bark of the main 
stem has been removed by goats some time ago, slowly killing the 
cactus. When the cactus falls to the ground, the many branches 
become within reach of the goats, who can effectively consume the 
outer layer in just a few days. Photo: (Coolen 2015). 

Figure 2. Nowadays, the dry thorny shrub-land vegetation is very 
common in the Washington Slagbaai National Park. The herb layer is 
often dominated by Croton flavens, pick-pocketed by Opuntia 
wentiana. The tree layer is primarily dominated by Prosopis juliflora 
including some columnar cacti. Photo: (Coolen 2015). 
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Objective 

This study will focus on the natural regeneration of the vegetation within the largest terrestrial 
nature reserve on the island, the Washington-Slagbaai National park. Based on the regeneration of 
plants, trees and cacti, the impact of the invasive feral goats currently present in the park is assessed. 
The current vegetation on Bonaire consists of a thorny shrub-cacti community and as these cacti are 
of key importance to some of the endemic animals on the island (Petit & Leon 1996; Rivera & Simal 
2010), special attention will be given to the cacti species3 present in the Washington-Slagbaai 
National park.  

In order to assess the impact of feral goats, this experimental study has made a comparison on a 
group of exclosures in the national park and the surrounding vegetation. Data was collected on 
herbaceous plants, shrubs, trees and cacti in these exclosures and established control plots. The 
differences between these exclosures and control sites gave an insight on the status of the 
vegetation in the Washington-Slagbaai National park. The differences in vegetation between the 
exclosures were related to goat herbivory pressure4 as well as the environmental conditions. The 
following aspects will be compared within this study: 

1. Environmental characteristics 
2. Comparison exclosure and control plots 
3. Between plot comparisons 
4. Differences exclosure and control 
5. Abundance of species 

The main objective of this report is to assess the impact of feral goat herbivory in the Washington-
Slagbaai national park. For each of the exclosures and the control plots, an assessment of the 
environmental characteristics was performed and the comparison between exclosure and control 
was included in this report (1). The analysis of these micro-climatic aspects allowed for a check on 
the selection of control plots5, as well as the comparison between the exclosure and control plots. 
The main results involve the vegetation comparison between the exclosure and control plots (2). An 
over-time comparison between the plots (3) enables us to assess the difference in vegetation in the 
same plots at different time frames. This part of the study compares the status of the vegetation in 
the plots during the field experiment of this study and data collected during a previous study in the 
same plots. These differences over time were assessed in further detail, looking at the trends 
between the exclosure differences and control differences over time (4).  

Although the data collected during the field experiment is generalised per plant group (herbaceous 
plants, shrubs, trees and cacti), the abundance of species present in the exclosures and control plots 
is compared to highlight the occurring differences (5). For this study, the following research question 
was formulated: 

Research question 

 

What is the impact of feral goat herbivory on the vegetation in the Washington-Slagbaai 
National Park?  

                                                             
3 An overview of the cacti species present in the Washington Slagbaai National park is presented in appendix I.  

4 Herbivory pressure was assessed using goat dung densities based on collections near the exclosures. 

5 Although the control plots have been selected in order to match the exclosures based on topography and 
vegetation type, the analysis of the environmental conditions can prove if the control plots also match the 
micro-climatic characteristics of the exclosures. This would add to the strength of the comparison between 
exclosure and control.   
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Hypothesis  

In this study it is expected to find a difference in the abundance of vegetation and species between 
the exclosures and the control plots. The herbivory of feral goats in the Washington-Slagbaai national 
park is expected to have a negative influence on the vegetation, resulting in a higher abundance of 
herbaceous plants, shrubs, trees and cacti in the exclosures. The effect if goats is expected to be 
different for each plant group, as some might have better defences against herbivory. The effects are 
further summarised in 4 categories (Herbaceous vegetation, shrubs, trees and cacti) and predictions 
are given for exclosures, in comparison with control plots. 

 

Herbaceous plants Shrubs 

- Higher abundance of plants 
- Higher abundance of species 
- Larger cover of plants per m² 

- Larger cover of shrubs per m² 
- Higher abundance of species 
- Increase of juvenile shrubs 

Trees Cacti 

- Higher abundance of species 
- Increase of juvenile trees 

- Increase of juvenile cacti 

 

Herbaceous plants are expected to have a positive reaction to the absence of goat herbivory (in the 
exclosures). Therefore, a higher abundance of plants is expected. As some herbaceous species are 
being favoured by goats or have a low defence against herbivory, a more monogamous vegetation is 
created. Therefore, the abundance of species is expected to be higher inside the exclosures, were the 
species are not affected by the constant browsing of goats. The lack of herbivory is also expected to 
create a more dense herbaceous cover. 

Within the shrub layer of the exclosures, a more dense distribution (more branches, twigs and leaves, 
measured in cover per m²) is expected because of the lowered impact of herbivory by goats. No 
significant differences are expected within the timeframe of this study regarding the abundance of 
shrubs and shrub species, except for the increase of juvenile shrubs inside the exclosures. 

As mature trees are no longer within reach of goats, no differences are expected between exclosure 
and control plots. Juvenile trees are however preferred by goats as palatable food source. Smaller 
(juvenile) trees and tree species are therefore expected to show a significantly higher abundance 
within the exclosures.  

The columnar cacti species are expected to have been negatively 
affected by goat herbivory, but due to the slow growth, no 
significant differences are expected in abundance and cover of 
cacti species. However, more juvenile cacti are expected to be 
present inside the exclosures. For Opuntia wentiana (Figure 4), 
the hypothesis is that these cacti are dispersed by goats6 (Walter 
& Breckle 2013; Boer 2004) which results in a lower abundance of 

this species in the exclosures in comparison with the control plots.  

                                                             
6 The barbed spines of O. wentiana are able to attach themselves firmly (together with a disc shaped leaf) to an 
unlucky browsing goat when it comes into contact with the cacti. When the animal is able to release itself from 
this prickly encounter, the dropped cacti-leave is able to take root at its new location. 

Figure 4. Opuntia wentiana showing its 
large spines and disc-shaped leaves 
which de-attach easily from the plant.  
Photo: (Coolen 2015) 
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Methods 

Study area 
Bonaire is part of the Leeward islands in the 
Caribbean, together with its neighbouring islands 
Curaçao and Aruba. The island has a land mass of 
288km², measuring 35 kilometres in length and 5-12 
kilometres in width and is situated just 90 kilometres 
North of the coast of Venezuela (Palm 1985). 
Bonaire has a semi-arid climate with a mean 
temperature of 28°C and an annual precipitation of 
460mm measured between 1971 and 2000. Bonaire 
has a dry and wet period; precipitation is highest 
between October and December, when 51% of the 
annual rainfall occurs (de Freitas et al. 2005). 

Bonaire is of volcanic origin and although most of 
the island consists of the volcanic Washikemba 
formation, some limestone formations are present, 
mainly in the coastal areas, were they are 
distinguished in three different terraces (Stoffers 
1956). Although the Southern part is relatively flat 
and undulating, the North comprises the largest hills, 
including the island’s highest point, Mount Brandaris 
(241m). In the South, a series of natural shallow 
lagoons has been modified for salt production. Klein Bonaire is an islet of 6km2 out of the leeward 
coast and is also part of the island territory (Palm 1985). 

The vegetation on Bonaire can be described as a dry evergreen woodland (de Freitas et al. 2005; Blok 
1976) and is dominated by columnar cactus intermixed with low shrubs, which are exposed to 
prevailing trade winds that blow very steadily from East-North-East to East-South-East. The island’s 
vegetation is generally xerophytic and especially on the Eastern shoreline, where there is even less 
rain, the landscape is often without any vegetation (Terpstra 1948; Stoffers 1956).  

Washington-Slagbaai National Park 
The main terrestrial national park of Bonaire is the Washington-Slagbaai National Park (WSNP). The 
park is located in the upper North-Western part of the island (Figure 5) and comprises an area of 
5.643 hectares (Simal 2005). Two main routes are maintained for visitors, although an extensive road 
network is found throughout the park. There is a number of (fresh)water holes, as well as multiple 
Salinas and lagoons along the coast (Debrot & Wells 2008; STINAPA 1982; Reijns 1984).  

This study comprises a field experiment on 13 exclosures set up in the WSNP under direction of J. A. 
de Freitas and F. Simal. The duration of the experiment is 8 years (Approximately March 2007–March 
2015) and the number of replicates is 13. Data collection was done for 5 exclosures in October 2007 
and March 2008 by Dr. J. A. de Freitas (de Freitas 2008) and between February and March 2015 for 
13 exclosures.  

 

 

 

 

Figure 5. The island of Bonaire. The Washington-
Slagbaai national park is highlighted in green. Source: 
Google maps. 
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Exclosures 
Between March and April, 2007, the 
establishment of 20 exclosures was 
commissioned by STINAPA to assess the 
impact of feral goat herbivory in the national 
park. The exclosures were constructed by 
STINAPA park Ranger Roger Gijsberta and 
three other STINAPA Rangers (George Thodé, 
personal communication). Each of the 
exclosures is approximately 9 x 9 meters in 
size and  distributed over the WSNP. The 
locations of the plots which have been 
sampled are given in Figure 6. Each exclosure 
is fenced with meshed goat wire up to 
approximately 1,5 meter height. The fence is 
held in place by stainless steel poles (4 corner 
poles and 2 poles on each side. The poles 
have been fixed on the ground with a 
concrete base, as visible in Figure 7. At the 
time of this study, between February and May 
2015, only 13 exclosures could be included in 
the project. The remaining 7 exclosures were not intact anymore having been damaged by man or 
natural environmental conditions such as treefall and salt spray. Some of these exclosures were 
restored but some are no longer in use. Because these exclosures were accessible to goats, they 
were not included in this study.  

For each exclosure a comparative (control) plot was established in the vicinity, having an equal size 
and resembling the same characteristics as the exclosure (for example topography and adult tree 
cover) except for the presence of goats. In conclusion this means that a total of 26 plots has been 
selected (13 exclosures and 13 comparative plots). This study is therefore a paired experimental 
design, with a number of 13 (N=13). In this report, the exclosures will from now on be addressed as 
IN and the control plots as OUT.  

Within each of the IN and OUT plots, the vegetation was measured, together with the abundance of 
faeces of feral goats, donkeys and Iguanas. The environmental characteristics of the plots were also 
measured. Soil samples were taken from plots when the terrain allowed for penetration of the soil. 
Soil samples were taken for a set of plots (exclosure and control). When the terrain did not allow for 
sampling in the exclosure, no samples were taken for the adjacent control plot either, even when 
possible. In total, 4 sets of plots (exclosure and control, 8 plots in total) could not be sampled. In plot 
number 1,5 and 13, the calcareous bedrock prohibited penetration and in plot 2, there was no soil 
present, as the terrain consisted of large amounts of small volcanic gravel and stones. 

 

 

 

 

 

 

Figure 6. Locations of the 13 exclosures in the Washington-
Slagbaai national Park. Source: Google maps. 

Figure 7. Exclosure number 5 is inspected by dr. A. Debrot. Photo: (Coolen 2015). 
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Vegetation 
Each corner of the IN and OUT plots was marked by GPS (Garmin GPSMAP 62) and photographed for 
documentation7. Within every plot, each individual plant was identified on species level and 
documented (Figure 8). The height was measured in centimetres using a ruler (A.). Cover of each 
plants was measured in square centimetre by measuring the diameter of the canopy projection in 
two perpendicular directions (B.). Some shrubs and plants were typically growing with multiple 
stems, but since these plants shared the same root system (I) they were measured as one individual 
plant (as II). When the density of certain herbaceous plants (such as Croton flavens and C. ovalifolius) 
did not allow for individual sampling, these plants were occasionally measured as patches, including 
the cover (2 perpendicular diameters of the canopy), the average height for each patch and the 
estimated number of mature plants within such a patch. The cover of each plant was converted per 
m² and will be presented in the results as such. The inventory of the 13 IN & OUT plots was executed 
within approximately one month (16 February – 11 March 2015).  

 

 

Figure 8. Documentation of individual plants. Height measurement was performed with a 1 meter ruler (A.). Cover was 
measured with a ruler in the two perpendicular directions of the plant (B.). Plants and shrubs growing in a closed patch 
were counted as individual plants even though multiple stems  were present (for example see: I). 

 

Environmental and general plot characteristics 

Various general and micro-climatic variables from the IN and OUT plots were measured. All 
measurements taken in the plots are: 

- Soil surface temperature 
- Soil temperature (at 10cm depth)   
- Soil moisture content 
- Phosphorus content of the soil 
- Nitrogen content of the soil 

- Percentage of bedrock present 
- Percentage of rocks present 
- Leaf litter cover in percentage 
- Inclination in percentage 

 

                                                             
7 GPS coordinates and plot photographs have been provided in chapter II. of the appendices. 
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The surface and soil temperature were measured 
using a thermometer probe. The soil moisture 
content was measured using an IMKO Mobile 
Ground moisture meter. The Phosphorus and 
Nitrogen content of the soil was measured from a 
soil sample collected in the plots. The percentage of 
bedrock, rock and leaf litter was measured using a 
quadrant. The inclination percentage was measured 
using a geo triangle with plummet. In order to 
minimize variation in samples between the plots, all 
measurements were executed in one day. Weather 
conditions were normal with sunny dry weather and 
partial cloudy overcast. The average temperature 
varied between 29°C and 33°C. 

A total of 4 measurements was taken of each of the 

abovementioned characteristics within the IN and 
OUT plots. Afterwards, the average was taken as 
result for each category. These measurements were 
distributed systematically as seen in Figure 9. For 
the collection of the soil samples, the top layer of 
the soil (including sticks, pebbles and litter) was 
removed. Then, a sample of 5 x 5 cm. was taken per 
measurement (4 times per plot) using an iron 
cylinder. Every sample was individually sealed in a 
plastic bag. The samples were then dried in a sun-
oven at an average temperature of 35-40°C for 48 
hours. The samples were then sieved and mixed 
with the other samples of the same plot. Finally, 25 
gram of soil was taken to the lab and processed.  

Faeces abundance  
The faeces of feral goats, Iguanas and donkeys were collected in each of the exclosures and their 
control plots in order to verify the relative abundance of these animals. Faeces were collected every 
14 days over a 3 month period (5 measurements in total). The faeces of Iguanas and donkeys were 
collected in the full area of the plots. Because of the semi-arid climate of Bonaire, with high 
temperatures and limited rainfall, decomposition of (goat) faeces is extremely slow. In some cases, 
the ground was covered with goat faeces which had to be cleared in order to start the collection of 
new droplets. It was therefore not possible to exceed the collection area of the quadrant for the 
sampling of goat faeces in the plots. Goat faeces were collected in the quadrant area as shown in 
Figure 10. All the collected faeces were dried when necessary and weighted. 

After the analysis of the collected data on faeces, the results remained insignificant due to the low 
amount of actual faeces collected in the plots (too many zero values). Therefore, no conclusion could 
be drawn from this part of the study. The abundance of faeces is therefore not further mentioned in 
the results8. The low amount of faeces collected in the field was already recognised during the 
collection. Therefore, camera traps were used to capture the abundance of goats in the control plots. 
Although this method was successful and goat presence was indeed captured within several plots, 
the limited time and amount of camera traps prohibited the observation in all of the plots. 

                                                             
8  An overview on the collected data on faeces in the IN-OUT plots is given in chapter IV. of the appendices. 

Figure 9. Systematic measurements of the 
temperature, soil organic matter and soil moisture 
content. The black outline represents the exclosure 
plot. 

 

Figure 10. A quadrant for measuring the various 
characteristics of the plots. Photo: (Coolen 2015). 
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Data analysis  

Because the comparative (control) plots have been selected on similarity with the exclosures in adult 
tree cover and topography, one can assume that the changes IN and OUT are most likely explained 
by the effect of goat herbivory. For the comparison, the presence/absence of goats was taken as the 
factor and the species, abundance, height and cover are taken as response variables. The analysis of 
the data is further explained as presented in the objective: 

1. Environmental characteristics 

The environmental and micro-site characteristics have been compared in order to check the 
similarities between IN and OUT plots. Furthermore, these plot characteristics can provide insights 
on the possible influence of vegetation recovery on the environmental and habitat characteristics.   

2. Comparison exclosure and control plots 

The main analysis of the data will be comparison between the IN and OUT plots (exclosure and 
control). The data collected during the field experiment was not normally distributed. Therefore, 
instead of a matched pairs T-test, the Wilcoxon signed ranks test was applied. This test determines 
the significance of the compared samples. Because the exclosures have been established in 2007, the 
duration of this experiment is 8 years and the number of samples is 13 (N=13). 

3. Between plot comparisons 

For this analysis, two different datasets have been compared. Between 2007 and 2008, de Freitas 
collected field data on 5 IN and OUT plots in the WSNP. In more detail, data was collected from plots 
1, 3, 5, 7 and 8 and their adjacent control plots. The dataset of the Freitas inventory was compared 
with the dataset of the 2015 field study on the exact same plots. This resulted in a between-plot 
comparison with a duration of approximately 7 years and with a number of 5 samples (N=5). The 
analysed comparison was performed between the OUT plots of 2007 and 2015 and the IN plots of 
2007 and 2015. Both datasets did not follow a normal distribution and therefore a Wilcoxon signed 
ranks test was applied to determine the significance of the compared samples. 

4. Differences exclosure and control 

In order to compare the trends of the IN and OUT plots of the between-plot comparisons (II), the 
trends have been compared with each other. This analysis gives a better insight on the relative 
development of the vegetation between the IN and OUT plots over time. By comparing these 
differences, we will be able to see if the vegetation in the exclosures has a better development over 
time compared with the development of the vegetation in the exclosures. The Wilcoxon signed ranks 
test was applied to determine the significance of the compared samples. 

5. Abundance of species 

Because the results of the IN and OUT plot comparisons are performed based on the different plant 
groups, this chapter enables us to have a more detailed look into the abundance of the species. This 
will answer the hypothesis that more species are able to grow without the herbivore pressure of 
feral goats and which species are performing best under these circumstances. It can also show that 
some species could actually benefit (in)directly from the presence of goats and will be more 
abundant in the OUT plots. 
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Plant groups 

For analysis of results, the vegetation was summarized per plant group, in order to differentiate 
between plants, trees and cacti. A schematic overview of the plant groups is given in Figure 11. For 
the general results, no distinction is made between plant groups and ‘all data’ is used.  

 

 

 

 

 

 

 

 

 

 

Most results however are analysed per plant group which are: Herbaceous plants, shrubs, trees and 
cacti. These four groups have been determined on species level9. For the herbaceous plant group, a 
further distinction is made based on functional traits. The species Croton flavens and the lesser 
common Croton ovalifolius are not eaten by feral goats (Morton 1971) and are common in all areas 
of the WSNP (Figure 12). Therefore, a new plant group was analysed excluding these herbivory 
resistant species. For the species grouped as shrub, no further distinction was made. 

As for trees, a distinction was made for seedlings, saplings and mature trees. Distinctions were made 
based on three height classes: <=50cm  for tree seedlings, >50cm and <=100cm for tree saplings and 
>100cm for mature trees. 

Also for cacti, the distinction between mature and juveniles was made, although in this case two 
classes were sufficient. All cacti <=100cm were grouped as juveniles and cacti >100cm as adults. 

 

 

 

 

 

  

                                                             
9 An overview of the plant groups and the species found within this group is given in Table 11 on page 11. 

Figure 11. Distribution of plant groups 

Figure 12. The herbivory resistant Croton flavens is the dominant species present in 
the herbaceous layer of the Washington-Slagbaai National park. Photo: (Coolen 
2015) 
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Results 

1. Environmental characteristics 

For every plot, including the exclosures as well as the control plots, various environmental 
characteristics were measured. Soil/surface temperature and soil moisture content, as well as 
bedrock/rock cover, leaf litter and inclination were sampled. The Nitrogen and Phosphorus content 
was sampled in 9 plots (exclosures and control), because the soil was impenetrable in 4 of the 
exclosures/control sites. An overview of the soil characteristics is presented in Table 1. and the site 
characteristics of the plots are given in Table 2. 

Table 1. Soil characteristics per plot (Exclosures and control plots). X = no measurements done. 

 
Exclosure plot 

Soil temperature 
(°C) 

Soil surface 
temperature  (°C) 

Soil moisture 
content (%) 

Nitrogen  % 
of the soil 

Phosphorus % 
of the soil 

1 39.4 40.5 4.8 X X 

2 32.6 33.9 4.2 X X 

3 37.8 39.8 8.3 0.469 0.090 

4 38.1 49.3 8.8 0.233 0.060 

5 38.9 40.7 5.0 X X 

6 39.0 37.9 7.8 0.673 0.171 

7 34.8 37.9 7.5 0.589 0.249 

8 37.3 39.4 6.4 0.440 0.057 

9 31.8 33.6 7.1 0.612 0.116 

10 36.0 34.2 7.6 1.178 0.189 

11 37.7 35.5 8.2 1.129 0.197 

12 38.1 42.6 6.9 0.288 0.053 

13 37.9 43.7 5.0 X X  

Mean 
SD 

36.9 
2.4 

39.1 
4.5 

6.8 
1.5 

0.623 
0.33 

0.131 
0.07 

 
Control plot 

     

1 39.5 43.5 4.3 X  X 

2 30.9 35.2 4.9 X X 

3 38.4 40.1 5.9 0.637 0.091 

4 37.2 43.9 7.8 0.372 0.077 

5 38.7 41.3 5.2  X X 

6 37.7 44.5 7.3 0.345 0.254 

7 34.5 36.5 7.7 0.395 0.087 

8 37.8 38.9 7.4 0.498 0.058 

9 35.7 32.3 8.3 0.433 0.119 

10 36.1 36.5 8.7 0.236 0.076 

11 37.1 38.9 8.0 0.434 0.071 

12 37.6 43.1 7.1 0.621 0.081 

13 37.2 41.1 4.2 X X 

Mean 
SD 

36.8 
2.2 

39.6 
3.7 

6.7 
1.6 

0.441 
0.13 

0.101 
0.06 

The soil characteristics (Table 1) which have been sampled in the exclosure and control plots, 
remained similar, without significant differences between IN and OUT. The mean soil temperature (at 
10cm depth) of the IN-OUT plots was measured at 36.8°C, mean soil surface temperature at 39.4°C 
and the mean moisture content of the soil was 6.7%. A mean Nitrogen content of 0.53% and 0.12% 
of Phosphorus was present in the IN-OUT plots. Nitrogen content of the soil was exceptionally high in 
exclosures 10 and 11. 
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Of the site characteristics (Table 2), the surface cover of the soil was distinguished in three different 
categories; rock cover, bedrock cover and remaining cover10. With the exception of the percentage of 
leaf litter in the IN-OUT plots, all other environmental and micro-site characteristics were found 
insignificant different between exclosure and control. The mean inclination percentage of IN-OUT 
was 6.5%, mean bedrock cover 7.8%, rock cover 31.8% and remaining cover 60.7%. This favours the 
hypothesis that the control plots represent the exact same characteristics as the exclosures regarding 
topography, environment and micro-site. Any effect or differences in the vegetation is therefore 
caused by the presence of goats. 

Table 2. Site characteristics per plot (Exclosure and control plots). 

Exclosure plot Inclination % Bedrock cover % Rock cover % Remaining cover % Leaf litter % 

1 0 4.5 84.3 11.3 1.3 

2 17 0.3 69.0 30.8 14.5 

3 8 3.0 35.3 66.8 20.5 

4 7 1.0 3.8 95.3 3.8 

5 0 14.8 34.3 53.5 2.5 

6 0 5.8 22.0 72.3 22.5 

7 9 0 3.8 96.3 66.3 

8 10 0 6.0 91.5 66.3 

9 10 12.3 72.3 15.5 22.3 

10 11 3.0 7.5 89.5 76.3 

11 10 3.8 57.5 38.8 32.5 

12 1 0 2.3 97.8 79.8 

13 0 23.3 20.0 56.8 7.8 

Mean 
SD 

6.4 
5.6 

5.5 
7.1 

32.1 
29.4 

62.8 
31.2 

32.0 
29.5 

      

Control Plot      

1 2 40.0 38.8 26.3 2.0 

2 17 0 99.0 1.0 5.8 

3 10 2.3 49.3 48.5 6.5 

4 10 1.0 6.5 92.5 5.0 

5 0 8.3 28.8 65.5 1.5 

6 0 0.3 24.8 72.5 15.3 

7 8 0 1.0 99.0 9.5 

8 8 0 9.0 88.5 17.5 

9 10 19.0 65.0 16.0 7.0 

10 7 3.3 41.0 55.5 26.8 

11 13 2.8 31.8 65.5 31.8 

12 1 0 0 100.0 27.0 

13 0 55.3 13.5 32.0 2.8 

Mean 
SD 

6.6 
5.6 

10.2 
17.7 

31.4 
28.2 

58.7 
32.5 

12.2 
10.5 

The percentage of leaf litter cover observed in the exclosures and control plot however did differ 
significantly (p .005). This shows that the higher abundance of vegetation which has been presented 
in this study does have a positive impact on the available leaf litter in those areas. However, the 
effect is not strong enough to increase the availability of Nitrogen and Phosphorus in the soil, as 
these characteristics have no significant differences between IN and OUT plots. Leaf litter cover was 
observed low in plots situated on the calcareous soil (exclosure and control plot 1,5 and 13). 

                                                             
10 This category includes all other materials covering the surface of the soil, such as bare soil, leaf litter, plants 
and other organic matter. 
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2. Comparison exclosure and control plots 

The vegetation in the Washington-Slagbaai National park is 
negatively impacted by the herbivory of feral goats, as a 
significantly higher abundance of vegetation was present in the 
exclosures (Figure 13). A total of 8.264 individual plants, shrubs 
trees or cacti were measured in both the exclosures and control 
plots, including herbaceous, shrub, tree and cacti species. 5.588 
individuals were measured within the exclosures and 2.676 in the 
control plots. A total of 46 species was identified within the plots 
of the Washington-Slagbaai National park, of which 45 were 
present in the exclosures and 30 in the control plots. The 
difference in species between the IN-OUT plots was found 
significant (Figure 14). In Table 3, the number of individuals and 
species is furthermore specified per plant group.  

Table 3. Number of individual plants and species per plant group. 

  Herbs Shrubs Trees Cacti 

Number of 
individuals 

IN 2245 307 2433 603 
OUT 1576 242 427 431 

Number of 
species 

IN 20 5 15 5 
OUT 11 4 11 4 

 

All species found in the control plots were also present inside the 
exclosures with the exception of the grass species Eragrostis ciliaris 
which was not found in the exclosures during this study. In addition 
to the species found in both the exclosures and control plots, 15 
species occurred only inside the exclosures. These species, which are 
found to be  recruiting in absence of goat herbivory, are listed per 
plant group in Table 4.  

Of the plants found only in the exclosures, Cynanchum boldinghii is 
endemic to Bonaire and Curacao (Stoffers 1981; de Freitas & Rojer 
2000). The shrub and tree species Pithecellobium unguis-catis, 
Bourreria succulenta and Guaiacum officinale are of significant 
importance as food producers for (endangered) birds, that feed on 
the fruits and flowers (STINAPA & CARMABI 2013; Roberts 2013). Bat 
species visit the Crescentia cujete and feed on the flowers and pollen 
(Arizmendi et al. 2002). For the native Iguana iguana, trees and plant 
species including Bourreria succulent and Serjania curassavica are on 
the menu (van Marken Lichtenbelt 1993; Rand et al. 1990). 

Table 4. Species present only inside the exclosures, listed per plant group. 

Herbaceous species Shrub species Tree species Cacti species 
Alternanthera halimifolia Pithecellobium unguis-catis Bourreria succulenta Melocactus macracanthus 
Cynanchum boldighii   Crescentia cujete  
Elytraria imbricata   Guaiacum officinale  
Matalea rubra   Capparis indica  
Passiflora suberosa     
Rhynchosia minima     
Rivina humilis     
Serjania curassavica     
Solanum agrarium     
Tournefortia volubilis     

Figure 14. Number of species (per 
plot). Wilcoxon signed rank test 
(p .007). Each dot represents a 
plot, median plot is marked. N=13 

Figure 13. Total number of individuals 
per m

2
. Wilcoxon signed rank test 

(p .013). Each dot represents a plot, 
median plot is marked. N=13 
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The measured abundance of the vegetation for each of the plant groups is given in Table 5. In this 
table the number of species per plot is also presented. The maximal abundance of plant groups in 
total was observed in exclosure 10, with a total of 15 individuals per m² (including herbaceous plants, 
shrubs, trees and cacti). The minimal total abundance was measured in exclosure 3 with a total of <1 
individuals per m². 

The maximal number of species per plot was measured in plot 11, with species (including all plant 
groups). The minimal number of species was measured in the exclosure and control plot 1, with only 
3 species present (P. juliflora, C. flavens and M. americanum). The mean number of individuals per 
m² and number of species per plot is also provided in Table 5, per plant group. A table including all 
species per plot and total cover in m ² per plot is presented in chapter III. of the appendices. 

 

Table 5. Number of individuals per m² and number of species per plot, given for exclosure and control plots.  

 Number of individuals per m²  Number of species per plot 

 
Exclosure plot 

Herbaceous 
plants 

Shrubs Trees Cacti  Herbaceous 
plants 

Shrubs Trees Cacti 

1 2.0 - <0.1 -  2 - 1 - 

2 4.8 - 1.1 0.7  6 - 4 2 

3 0.1 - 0.6 0.3  1 - 2 3 

4 1.4 - 0.3 1.4  2 - 3 2 

5 1.2 - 0.1 <0.1  3 - 1 2 

6 1.7 - 1.7 0.9  3 - 5 3 

7 0.2 0.9 2.8 0.4  1 1 6 2 

8 1.7 0.3 0.9 0.1  7 1 5 1 

9 1.3 1.3 1.2 1.9  7 5 5 3 

10 3.5 <0.1 11.2 0.1  7 1 7 2 

11 3.0 0.4 5.8 0.9  8 2 10 3 

12 3.7 0.4 2.3 0.1  8 2 8 2 

13 2.8 0.2 0.2 0.1  5 1 3 2 

          

Mean 
 

2.1 0.3 2.2 0.5  5 1 5 2 

Control plot              

1 1.8 - <0.1 -  2 - 1 - 

2 4.5 - 0.1 0.8  5 - 2 2 

3 <0.1 - 0.7 0.2  1 - 2 2 

4 1.7 <0.1 0.4 0.2  5 1 2 3 

5 1.0 - 0.1 <0.1  3 - 1 2 

6 2.3 - 0.9 0.4  2 - 3 2 

7 0.3 0.7 0.2 0.8  1 1 2 1 

8 1.3 0.4 0.3 <0.1  1 1 3 1 

9 0.3 0.6 0.3 <0.1  3 3 3 2 

10 2.5 0.2 0.6 0.7  4 2 4 2 

11 1.0 0.1 0.7 1.3  2 1 5 2 

12 0.1 0.5 0.5 0.3  2 2 6 2 

13 3.2 0.4 0.1 0.2  6 1 4 2 
 

Mean 1.5 0.2 0.4 0.4  3 1 3 2 
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The mean height and cover percentage per plot is provided in Table 6. Mean height is generally 
higher for trees and cacti in the control plot because of the higher abundance of juvenile specimens 
in the exclosures. There seems to be no such effect present for the shrubs. The herbaceous plants 
profit from the absence of goat herbivory in the exclosures and attain generally larger heights 
compared to the control plots. Therefore, mean height of herbaceous plant is higher in the 
exclosures. 

The cover percentage per plot was highest in plot 7, where 4 layers of vegetation were observed, 
consisting of some herbaceous plants and cacti in the undergrowth, a fully developed shrub layer and 
two layers of trees in the canopy, resulting in a coverage percentage of 405% per plot. The lowest 
cover percentage per plot was measured in control plot 1, where only 28% of the plot area was 
covered by vegetation (including P. juliflora, C. flavens and Malvastrum americanum). 

 

Table 6. Mean height per plot in cm and cover as percentage of plot area. Cover percentages can be more than 100%, as 
some of the vegetation within the plant groups occasionally has more than one layer (multiple canopies). 

 Mean height per plot (cm)  Cover as percentage of plot area (%) 

 
Exclosure plot 

Herbaceous 
plants 

Shrubs Trees Cacti  Herbaceous 
plants 

Shrubs Trees Cacti 

1 54.4 - 78.0 -  59.1 - 1.8 - 

2 54.6 - 26.6 51.3  187.6 - 38.5 14.7 

3 6.2 - 215.9 64.0  <0.1 - 145.9 6.0 

4 64.4 - 129.7 43.9  54.7 - 57.4 64.7 

5 43.7 - 72.3 22.5  53.5 - 65.4 0.1 

6 38.6 - 85.6 34.5  14.3 - 149.9 15.4 

7 48.5 158.0 78.8 64.7  0.8 106.6 280.4 17.6 

8 28.6 122.9 96.5 54.1  16.0 6.2 163.6 71.7 

9 66.3 116.5 50.4 18.9  47.8 67.0 50.3 6.5 

10 22.3 499.0 21.1 11.3  46.8 15.7 315.2 0.7 

11 40.7 48.5 20.8 79.8  34.3 5.1 153.2 35.2 

12 19.0 49.5 101.1 47.3  29.5 6.1 144.4 55.6 

13 28.4 152.3 117.9 25.7  51.2 16.6 100.5 7.8 
 

Mean 
 

39.7 88.2 84.2 39.9  45.8 17.2 128.2 22.8 

Control plot          

1 27.2 - 60.0 -  24.2 - 4.6 - 

2 19.6 - 206.8 66.0  39.8 - 33.9 48.1 

3 3.0 - 262.7 93.7  <0.1 - 197.4 3.4 

4 40.9 176.0 128.8 89.4  33.6 1.9 63.2 71.9 

5 34.7 - 43.1 15.0  24.2 - 84.4 <0.1 

6 39.5 - 113.8 59.9  12.5 - 218.4 45.1 

7 27.4 142.0 434.1 56.5  0.5 61.8 149.1 20.7 

8 24.0 124.4 240.7 67.0  5.3 24.2 166.1 100.1 

9 50.8 214.2 54.5 437.0  1.1 213.8 10.9 16.4 

10 28.4 80.0 131.3 8.3  12.7 63.7 203.2 0.5 

11 53.8 123.8 325.6 57.8  8.5 5.1 143.2 17.7 

12 5.8 110.5 237.8 26.8  <0.1 28.9 199.5 56.1 

13 29.8 162.7 301.8 14.9  23.9 28.0 206.0 6.1 
 

Mean 29.6 87.2 195.5 76.3  14.3 32.9 129.2 29.7 
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Figure 17. Height distribution figure of all herbaceous plants 
observed in exclosures and control plots. 

Herbaceous vegetation  
The number of species was found near-significantly higher inside the exclosures (p .056).  Although 
the number of individual plants was higher inside the exclosures, no significant difference was found 
(p .279). Therefore, the expectation that a significantly higher number of herbaceous plants and 
species would be able to establish themselves inside the exclosures, was not proven, although a 
positive trend was observed. The mean height and cover (Figure 15) of herbaceous plants did differ 
significantly (p .039 and p .001 respectively), which is consistent with the observation in the field that 
a more dense and higher vegetation cover was present inside the exclosures.   

 

Personal observation of the exclosures in 
comparison to the control plots led to the 
conclusion that in the majority of the cases 
a positive effect on the herbaceous  
vegetation was visible, as a result of the 
exclusion of goats. More juvenile plants 
were observed and the vegetation looked 
‘greener’, as is visible in Figure 16.  The 
higher abundance of (juvenile) herbaceous 
plants inside the exclosures was not only 
visible in the field but also observed in the 
results in Table 7. and distribution of 
height between the IN-OUT plots (Figure 
17).  

 

 

 

Table 7. Total abundance of herbaceous plants for 
different height classes. 

  <50cm. 10-50cm >50cm 

Number 
of 

plants 

 
IN 

 
679 

 
914 

 
652 

 
OUT 

 
449 

 
831 

 
296 

 

 

Figure 16. Exclosure 3. Note the difference in vegetation density 
and height inside the exclosure compared to the vegetation 
outside. Photo: (Coolen 2015). 

Figure 15. Comparison figures mean 
height/cover of herbaceous plants. Each 
dot represents a plot, median plot is 
marked. N=13 

A.) Mean height per m
2
. Wilcoxon 

test, (p .039). 

B.) Mean cover per m
2
. Wilcoxon 

test, (p .001). 

 

A. B. 
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Shrubs 
The abundance of shrubs in the Washington National park is currently low and in some areas, a shrub 
layer is almost absent, The number of shrubs was found higher within the exclosures, but without 
any significant differences (p >0.1). It is likely that these plants and species were unable to re-
establish themselves in the period of 8 years, which was not enough to show a significant increase 
between the exclosures and the comparative plots. No significant differences were found between 
the IN-OUT plots for the number of species, average height and cover of the shrubs (p .705, p .327 
and p .123 respectively). The abundance of shrubs has been further separated in Table 8 between 
seedlings (<30cm), saplings (30-100cm) and mature shrubs (>100cm). 

 

Table 8. Abundance of shrubs per m² (divided in seedlings, saplings and mature individuals). 

Exclosure plot Seedlings Saplings Mature  Control plot Seedlings Saplings Mature 

1 - - -  1 - - - 

2 - - -  2 - - - 

3 - - -  3 - - - 

4 - - -  4 - - <0.1 

5 - - -  5 - - - 

6 - - -  6 - - - 

7 <0.1 0.4 0.5  7 0.1 0.2 0.4 

8 <0.1 - 0.2  8 - 0.2 0.2 

9 0.4 0.5 0.4  9 0.3 <0.1 0.3 

10 - - <0.1  10 0.1 0.1 <0.1 

11 0.2 0.2 <0.1  11 <0.1 <0.1 <0.1 

12 0.3 0.1 0.1  12 0.2 0.2 0.1 

13 - <0.1 0.1  13 <0.1 0.1 0.3 

         

Total 0.9 1.1 1.3  Total 0.6 0.8 1.4 

 

Trees 
A significantly higher abundance of trees and 
tree species was observed inside the 
exclosures in comparison with the control 
plots (Figure 18). However, mature 
trees/tree species were not expected to be 
influenced by goat herbivory as they are out 
of reach for these animals. 

Therefore, the increase of tree abundance 
and number of species is expected to be 
caused by juvenile trees only. The mean 
height was indeed found significantly higher 
in the control plots (p .011). This indicates a 
large amount of juvenile (smaller) trees in 
the exclosures which reduce the mean 
height. A similar trend was observed for 
mean cover of trees per m², although no 
significant differences were obtained (p 
.701). 

Figure 18. Comparison figures IN-OUT for tree/tree species 
abundance. Each dot represents a plot, median plot is marked. 
N=13 

A.) Number of individual trees per m
2
. Wilcoxon signed 

rank test (p .012).  
B.) Number of  tree species per plot. Wilcoxon signed rank 

test (p .007).  
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To identify the differences in abundance, cover per m2 and the number of species of both juvenile 
and mature individuals11, the collected data of trees in the exclosures and control plots was 
separated in 3 classes: tree seedlings (<=50cm), tree saplings (>50cm - <=100cm) and mature trees 
(>100cm). The results are presented in Table 9. 

Table 9. Classification of tree seedlings, saplings and mature trees. Abundance of individual trees per m². 

Exclosure plot Tree 
seedlings 

Tree 
saplings 

Mature 
trees 

 Control plot Tree 
seedlings 

Tree 
saplings 

Mature 
trees 

1 - <0.1 -  1 - <0.1 - 

2 1.0 <0.1 0.1  2 <0.1 <0.1 <0.1 

3 0.3 <0.1 0.3  3 0.4 0.1 0.3 

4 0.1 <0.1 0.2  4 0.2 0.1 0.2 

5 - 0.1 -  5 0.1 <0.1 <0.1 

6 0.9 0.4 0.5  6 0.7 - 0.2 

7 2.2 0.3 0.4  7 - - 0.2 

8 0.7 0.1 0.1  8 0.1 <0.1 0.2 

9 1.0 <0.1 0.1  9 0.2 <0.1 <0.1 

10 10.9 <0.1 0.3  10 0.4 <0.1 0.2 

11 5.5 0.1 0.1  11 0.2 - 0.5 

12 1.5 0.3 0.5  12 0.3 - 0.2 

13 0.1 0.1 0.1  13 <0.1 - 0.1 

         

Total 24.1 1.5 2.6  Total 2.6 0.3 2.1 

Within these 3 classes, a significantly higher abundance of tree seedlings and saplings was observed 
within the exclosures (p .019 and p .041 respectively), as seen in Figure 19. As predicted, the 
difference between IN-OUT on the abundance of mature trees did not differ significantly (p >0.1).   

The same trends were observed for the cover per m2 within the tree classes (Figure 20). Tree 
seedlings and saplings had a significantly larger cover area per m2 (p .028 and p .033 respectively). 
For mature trees, cover did not differ significantly (p .480), following the hypothesis that mature 
trees are not affected by goat herbivory. 

 

                                                             
11 Mean height was not compared between tree seedlings, saplings and mature trees, because classes were 
grouped per height class. 

Figure 20. Comparison figures IN-OUT for cover of trees 
per class. Each dot represents a plot, median plot is 
marked. N=13  

1. Cover of tree seedlings per m2. Wilcoxon 
signed rank test (p .028). 

2. Cover of tree saplings per m2. Wilcoxon signed 
rank test (p .033). 

1. 

1. 

2. 

 2. 

Figure 19. Comparison figures IN-OUT for number of trees 
per class. Each dot represents a plot, median plot is 
marked. N=13  

1. Number of tree seedlings per m
2
. Wilcoxon 

signed rank test (p .019). 

2. Number of tree saplings per m
2
. Wilcoxon signed 

rank test (p .041). 
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Capparis odoratissima is known on 
Bonaire as ‘Oliba’ and is a relatively 
common evergreen medium sized 
tree. Especially the young leaves of 
the Oliba are favoured by goats as 
well as Iguana’s (van Marken 
Lichtenbelt 1993), which often 
results in  stunted growth or other 
severe damage on juvenile trees. 

 

Figure 21. Stunted growth of C. 
odoratissima in the Washington-Slagbaai 
national park. Photo: (Coolen 2015). 

A comparison between IN-OUT of the species abundance 
within the tree classes (Figure 22) resulted in a 
significantly higher amount of tree species within the 
exclosures for tree seedlings (p .011) , tree saplings (p 
.011) and mature trees (p .021). However, for the mature 
trees, a significant difference was not expected, as these 
trees are not affected by goat herbivory.  

After inspection of the data, the significant effect  was 
found to be caused by the presence of some individuals of 
Capparis odoratissima that had obtained a height of 
>100cm. during the duration of the experiment, thus 
falling in the height class of mature trees.  

Juvenile C. odoratissima were often found in exclosures 
and seemed to be one of the first tree species to recover 
after being exempt of grazing by goats. In some cases, this 
species obtained such vigorous growth, that a height of 
over 1 meter was measured. In order to correct for these 
exceptions, the comparison was made for mature tree 
species, excluding C. odoratissima. This resulted in an 
insignificant difference (p .257).  

The large increase in number of juvenile trees within 
the exclosures was clearly visible in the field (Figure 
23). Vegetation was usually open underneath a light 
tree cover in the control plots (A), whereas in the 
exclosures various seedlings and smaller trees were 
encountered (B). Of the juvenile tree species (trees 
<=100 cm. height) C. odoratissima was found to be 
most common, followed by Randia aculeata, Casearia 
tremula and Guaiacum officinale.  

 

 

 

 

 

Figure 23. Differences in presence of (juvenile) trees in plot 7. OUT plot on the left (A.) and IN plot on the right (B). Note 
the presence of G. officinale (bright green, front) and C. odoratissima (dark green, back) in the exclosure plot. The 
difference in abundance of leaf litter cover in the exclosure is visibly higher compared to the control plot. Photo: (Coolen 
2015). 

Figure 22. Comparison figures IN-OUT for species 
abundance of trees per class. Each dot represents a 
plot, median plot is marked. N=13  

1. Number of tree seedling species per m
2
. 

Wilcoxon signed rank test (p .011). 
2. Number of tree sapling species per m

2
. 

Wilcoxon signed rank test (p .011). 
 

1. 2. 
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Cacti 
A moderately low abundance of cacti was encountered within the IN-OUT plots. In Table 10. the 
abundance of each of the four cacti species is presented for the exclosures and control plots. For the 
columnar cacti, a further distinction has been made for juvenile (<100cm) and mature (>=100cm) 
individuals. Opuntia species were most abundant, followed by the columnar cacti S. griseus and S. 
repandus. A single individual of Melocactus macracanthus was found and no specimens  of the 
Pilosocereus lanuginosus were encountered in the plots. 

Table 10. Abundance of each of the 4 cacti species encountered in the exclosures/control plots. M. macracanthus was 
not included, since only one individual of this species was encountered in the plots (exclosure 5). 

Exclosure plot Subpilocereus repandus Stenocereus griseus  Opuntia 
wentiana 

Opuntia 
curassavica   Juvenile Mature Juvenile Mature  

1 - - - -  - - 

2 0.05 - - -  0.6 - 

3 <0.1 <0.1 0.2 <0.1  <0.1 - 

4 - - 0.9 0.1  0.3 - 

5 - - - -  <0.1 - 

6 - - 0.1 <0.1  0.5 0.3 

7 - - - -  0.4 <0.1 

8 - - - -  0.1 - 

9 - - 0.1 <0.1  0.2 1.6 

10 - - - -  <0.1 <0.1 

11 - 0.1 0.2 <0.1  0.6 - 

12 - - - -  <0.1 <0.1 

13 0.1 - - -  - 0.1 

        

Total 0.1 0.1 1.6 0.2  2.8 2.0 

        

Control plot        

1 - - - -  - - 

2 0.1 <0.1 - -  0.7 - 

3 <0.1 - 0.1 0.1  <0.1 - 

4 - <0.1 <0.1 0.1  0.1 - 

5 - - - -  <0.1 - 

6 - - - <0.1  0.4 3.0 

7 - - - -  0.8 - 

8 - - - -  <0.1 - 

9 - <0.1 - <0.1  <0.1 - 

10 - - - -  0.1 0.6 

11 - - - 0.1  1.2 - 

12 - - - -  0.3 <0.1 

13 0.1 - - -  0.1 0.2 

        

Total 0.1 0.1 0.1 0.3  3.8 0.8 

 

A comparison was made for each individual cacti species to assess the differences between the 
exclosures and control plots. A significantly higher amount of S. griseus was observed within the 
exclosures (p .043). For all other cacti species, no significant differences were obtained (p-value 
>0.1), likely due to the low number of samples. Clear patterns were however observed in the height 
distribution of the S. griseus, S. repandus and O. curassavica, were the abundance of juvenile cacti is 
consistently higher inside the exclosures in comparison with the control plots. 
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Although feral goats are known to 
eat almost every type of vegetation 
on Bonaire, the Yatu cactus is often 
left unharmed. Locals have made 
use of this and defend their 
‘Kunukus’ (farms) with living fences 
made from Yatu cacti stems. 

 

Figure 24. Cactus fence alongside a road. 
Photo: (Coolen 2015) 

Observations in the Washington-Slagbaai National park 
provided many encounters with the Stenocereus griseus. 
Large amounts of small juveniles were often observed in 
various areas of the national park. This columnar cacti 
owns a functional trait which makes it less vulnerable to 
the browsing of goats in comparison with the 
Subpilocereus repandus.  

Despite its defences, S. griseus is not completely resilient 
against goat herbivory and damaged cacti were often 
encountered  in the park,  although less frequently then 
individuals of S. repandus. Juvenile specimens of the S. 
repandus were encountered rarely and each individual was 
found in a type of microsite that prohibited goats from 
reaching the cactus12, such as a densely growing thorny 
shrub, or a patch of Opuntia wentiana. 

O. wentiana (Figure 25, A.)is the most common cacti 
species observed in the plots and very likely also the most 
common cacti in the Washington Slagbaai National Park. O. wentiana cacti are unwillingly dispersed 
by goats and are therefore possibly the only plant on Bonaire to directly benefit from the presence of 
goats. In contradiction to all other vegetation, a lower abundance was therefore expected in the 
exclosures. 

Although for the comparison of 
O. wentiana between the IN-OUT 
plots no significant results were 
obtained (p >0.1), a higher 
abundance of individuals was 
indeed typically found outside 
the exclosures. 

The much smaller Opuntia 
curassavica (Figure 25, B.), seems 
to be using the same dispersal 
strategy as the O. wentiana by 
making use of its barbed  spines. 
However, the small size of the 

cacti often prohibits a firm 
attachment to a host animal and 
the spines of O. curassavica  are often not strong enough to stay attached. Furthermore, the small 
cacti are easily damaged by trampling which can be fatal for the plant (personal observation). As 
seen in Table 10, abundance of O. curassavica was indeed found higher within the exclosures.  

  

                                                             
12 All columnar cacti species on Bonaire (Stenocereus griseus, Pilosocereus lanuginosus, Subpilocereus 
repandus) have the ability to propagate new cacti shoots from stems that have fallen off the adult cacti. These 
stems are however very vulnerable to goat herbivory when on the ground. Especially S. repandus is favoured by 
goats and very few juveniles reach maturity (personal observation). 

Figure 25. Opuntia wentiana (A) and Opuntia curassavica (B). Photo: (Coolen 
2015). 
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3. Between plot comparisons 

A comparison was made between data collected on 5 different exclosures in 2007-2008 by Freitas 
(de Freitas 2008) and data collected in the same 5 exclosures in 2015. Due to the low number of 
samples, the statistical power for a detailed analysis of the data was often insignificant, although 
some trends were relatively consistent.  

In fact, the results presented a negative trend in the vegetation between 2007 and 2015. Abundance 
of herbaceous plants and shrubs decreased in the exclosures (p .08 and p >0.1 respectively). Mature 
trees also decreased in abundance (p >0.1) although tree saplings increased in number (p .068). A 
small increase in abundance of S. repandus and S. griseus was observed. O. wentiana but also O. 
curassavica decreased in abundance between 2007 and 2015 (p-values all >0.1). In general the 
observed trends in vegetation development between 2007 and 2015 can be summarized as negative 
with some positive cases. 

The same comparison was made between the control plots of the 5 different exclosures that had 
been sampled by Freitas in 2007-2008 and the same control plots in 2015. In this comparison, 
observed trends were much more consistent compared to the trends of the IN-IN comparison, 
although statistical power often remained too low for significant results due to the low number of 
samples. 

The abundance of herbaceous plants/species decreased between 2007-2015 (p .08 and p .066 
respectively). The herbaceous cover per m2 excluding the herbivory resistant C. flavens and C. 
ovalifolius decreased significantly (p .043). An overall negative trend was also observed for trees, 
with a significant decrease in tree cover per m2, number of juvenile trees per m2 and cover of juvenile 
trees per m2 (all p-values <0.05). A decrease in abundance of S. repandus, S. griseus and O. 
curassavica was observed. O. wentiana however did have an increased abundance (p-values all >0.1).  

Therefore, with the exception of the positively related (to goat presence) O. wentiana, all the 
observed comparisons in vegetation development between 2007 and 2015 were negative.  

4. Differences exclosure and control 

These results explain the difference between the trends 
observed in the exclosures and in the control plots. In the 
previous chapter these vegetation development trends were 
found to be relatively negative with some exceptions in the 
comparison of the exclosures. This indicates a reduction in 
the vegetation. Analysis of the data is done by comparing the 
outcome of the 2007-2015 comparison of the IN plots with 
the outcome of the 2007-2015 comparison of the OUT plots. 
This comparison then tells us how the trends differ between 
IN and OUT. 

One would expect a larger negative effect in the control 
plots, because these plots are impacted by herbivory of 
goats. In general there was indeed a negative/negative 
trend, with a larger negative effect in the OUT plots 
compared to the IN plots. In some cased however, as already 
shown in the previous chapter, the difference between the 
IN plots is positive whereas the difference between the OUT 
plots remained negative. An example of such a 
positive/negative trend is given in Figure 26, where the abundance of trees per m² resulted in a 
significant difference (p .043) between the IN-OUT plots.  

Figure 26. The difference in the abundance 
of trees per m². Each dot represents the 
number of trees in 2015 – the number of 
trees in 2007 (p .043). 
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5. Abundance of species 

The negative effect of goat herbivory in the WSNP on the abundance of species has been discussed in 
the previous chapters. Here, the individual species will be presented in order to identify the effect of 
goats on species level. A list of all the 46 species identified in the IN-OUT plots (herbaceous plants, 
shrubs, trees and cacti) and their abundance is given in Table 11.  

Table 11. Abundance of species including total frequencies per m², distributed per plant group for exclosures (IN) and 
control plots (OUT). 

Herbaceous species 
 

IN OUT Tree species 
 

IN OUT 
Alternanthera halimifolia 0.01 - Bourreria succulenta <0.01 - 

Aristida ascencionis 0.03 <0.01 Bursera bonairensis <0.01 <0.01 

Ayenia magna 0.43 0.05 Bursera tomentosa <0.01 <0.01 

Croton flavens 0.73 0.99 Caesalpinia coriaria 0.01 <0.01 

Croton ovalifolius 0.10 0.04 Capparis hastata <0.01 <0.01 

Cynanchum boldighii 0.01 - Capparis odoratissima 1.01 0.01 

Elytraria imbricata 0.07 - Casearia tremula 0.32 0.27 

Eragrostis ciliaris - <0.01 Cordia dentata <0.01 <0.01 

Lantana camara 0.09 0.02 Crescentia cujete <0.01 - 

Lantana involucrata 0.01 0.06 Guaiacum officinale 0.28 - 

Malvastrum americanum 0.06 0.08 Guapira fragrans 0.05 0.01 

Matalea rubra 0.01 - Guapira pacurero <0.01 0.01 

Melochia tomentosa 0.11 0.19 Prosopis juliflora 0.03 0.04 

Passiflora suberosa <0.01 - Quadarella indica <0.01 - 

Rhynchosia minima <0.01 - Randia aculeata 0.52 0.05 

Rivina humilis 0.19 -   

 Serjania curassavica 0.14 -    

Solanum agrarium <0.01 -    

Tournefortia volubilis <0.01 -   
 Unidentified grass a. 0.07 0.02   
 Unidentified grass b. <0.01 <0.01   
       

Shrub species  
IN 

 
OUT 

Cacti species  
IN 

 
OUT 

Capparis flexuosa 0.01 <0.01 Melocactus macracanthus <0.01 - 

Machaonia ottonis 0.06 0.04 Opuntia wentiana 0.23 0.31 

Malpighia emarginata 0.08 0.01 Opuntia curassavica 0.17 0.06 

Phyllanthus botryanthus 0.13 0.16 Stenocereus griseus 0.14 0.02 

Pithecellobium unguis-catis <0.01 - Subpilocereus repandus 0.01 0.01 

 

In general, most species were more abundant in the exclosure, due to the negative impact of the 
goat herbivory in the control plots. However, a total of 4 species did not follow this trend. The 
herbaceous species Lantana involucrata, Malvastrum americanum, Melochia tomentosa and Croton 
flavens were encountered with a higher abundance in the control plots. However, none of these 
differences obtained statistical differences between the IN-OUT plots. The cacti species O. wentiana 
was also found more abundant in the control plots in comparison with the exclosures.  
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 Croton flavens 
The herbaceous C. flavens  is the most dominant species in the WSNP 
(Figure 27). With the exception of the OUT plots 3 and 12, each plot 
contained at least one individual of this species. The herbivory 
resistant plant could be indirectly favoured by the presence of goats, 
who diminish all possible competition with other plants, but do not eat 
this species. Total abundance of  C. flavens was observed higher in the 
control plots, which indeed favours a possible positive interaction with 
goats. However, no significant difference was obtained and results 
highly differentiated per plot as seen in Table 12. 
 
 

Table 12. Abundance of Croton flavens per m², in the exclosure and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

 
IN 1.1 0.8 0.1 1.4 1.1 1.0 0.2 0.6 0.3 0.9 0.9 <0.1 1.2 

OUT 0.7 1.3 - 1.6 1.0 2.3 0.3 1.3 0.2 2.0 0.8 - 2.0 

 

Capparis odoratissima 
The second most observed species within the inventory of this 
field study is the small tree Capparis odoratissima (Figure 28). 
Several other Capparis species are present on Bonaire but the 
C. odoratissima is found most commonly. The recovery of this 
tree in the exclosures was often striking and large densities of 
juvenile trees were observed in plots, some of which obtained 
remarkable growth. In comparison, juvenile C. odoratissima 
were rarely observed in the control plots, although mature 
trees were occasionally present. This resulted in a significant 
difference in the abundance of  C. odoratissima between the 

IN-OUT plots (p .007), with just 14 trees observed in the OUT plots, compared with 1.099 individuals 
inside the exclosures. Abundance per m² is given in Table 13.  

Table 13. Abundance of C. odoratissima per m², in the exclosures and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

IN - 0.3 - 0.1 - 0.1 0.4 0.2 1.0 5.7 3.5 1.2 - 
OUT - - - <0.1 - - - - <0.1 0.1 <0.1 - <0.1 

 
 
Casearia tremula 
Another abundant tree species is the Casearia tremula. Also this tree is observed more often in the 
exclosures than in the control plots (346 trees IN – 288 trees OUT). However, no significant 
difference was observed in abundance between the IN-OUT plots (p >0.1). Abundance per m² is given 
in Table 14. 

Table 14. Abundance of C. tremula per m², in the exclosures and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

IN - 0.3 0.5 0.2 - 1.5 0.3 0.3 <0.1 0.2 0.2 0.5 0.2 
OUT - 0.1 0.6 0.4 - 0.8 0.2 0.2 0.2 0.4 0.2 0.3 <0.1 

 
 
 
 

Figure 27. Croton flavens. Photo: 
(Coolen 2015) 

Figure 28. Capparis odoratissima. Photo: 
(Coolen 2015) 
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Randia aculeata 
The small and relatively common R. aculeata shows a strong recovery when excluded from goat 
herbivory. A significantly higher abundance (p .028) of R. aculeata was observed in the exclosures 
compared to the OUT plots. The abundance per m² is presented in Table 15. 
 

Table 15. Abundance of R. aculeata per m², in the exclosures and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

IN - 0.5 - - - - <0.1 - 0.1 4.1 1.8 <0.1 - 
OUT - - - - - - - - - 0.1 0.4 - - 

 

Guaiacum officinale 
The difference between exclosure and control in abundance of 
a certain species was never observed more absolute than on G. 
officinale. This evergreen tree is occasionally observed in the 
national park, but no mature individuals were encountered 
within the IN or OUT plots. However, a total of 304 juvenile 
individuals had been established inside the exclosures, whereas 
no juveniles were encountered anywhere in the control plots. 
The abundance per m² is given in Table 16. 

 

 

Table 16. Abundance of G. officinale per m², in the exclosures and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

IN - <0.1 - - - <0.1 2.1 0.3 <0.1 0.9 - 0.2 - 

OUT - - - - - - - - - - - - - 

 

Ayenia magna 
Another species with significant differences in abundance (p .028) is the herbaceous Ayenia magna. 
Especially smaller individuals were significantly more abundant inside the exclosures (Figure 30). The 
abundance per m² is given in Table 17. 

 

Table 17. Abundance of A. magna per m², in the exclosures and control plots. 

Plot number 1 2 3 4 5 6 7 8 9 10 11 12 13 

IN - 0.6 - - - 0.6 - - 0.5 0.1 1.1 1.3 1.3 

OUT - 0.1 - - - - - - - 0.3 <0.1 0.3 - 

 

 

  

Figure 29. Guaiacum officinale. Photo: (Coolen 2015) 

Figure 30. Height distribution of Ayenia magna. 
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Discussion 

Although similar studies have been carried out on the impact of goats on island ecosystems (Mooney 
& Cleland 2001; Coblentz 1978; Bullock et al. 2002), this is the first time that such an assessment has 
been carried out on Bonaire. The results have presented an overview on the negative effects of the 
feral goats on the ecosystem. This makes it possible to quantify and assess the impact of goats in the 
Washington-Slagbaai national park. However, this study reaches beyond the outcome that goats 
negatively impact the vegetation. It has been trying to answer the question how the vegetation is 
altered by goats and what species are most severely impacted. It also shows us that some species 
have been able to directly or indirectly benefit from goats. Before going into detail about these 
interactions, the impact on the vegetation is discussed per plant group. 

Herbaceous vegetation 
The most striking differences between the exclosure and control plots were expected within the 
herbaceous layer, as these plants are in direct reach for goats. A significantly larger herbaceous cover 
and a near significant higher abundance of species was indeed present in the exclosures. However, 
there were also 4 herbaceous species13 which in fact showed a larger abundance in the control plots 
and might own a functional trait that makes them resistant to goat herbivory. In general, the impact 
of goats on the herbaceous vegetation in the national park was indeed negative, although not as 
absolute as was expected.  

An important note to this conclusion is the limitation that all the plots have been measured between 
February and March. As Bonaire has a very distinct dry and wet season, the time of collection might 
be of influence on the total sampled vegetation. The inventory of this study has been carried out at 
the relative start of the dry season, which was particularly favourable because most plants were still 
in leaf and therefore easy to identify. However, there is a possibility that some plants had already 
shed their leaves and were therefore missed and not included in the inventory. This possibility is 
limited to the smaller herbaceous plants, as larger individuals, as well as any shrubs trees and cacti 
were always identified and included. For future research and monitoring, it is advisable to carry out 
inventories at the end of the wet season (December). A distinction between wet and dry season 
could also be applied, although this requires two inventories per year.  

Shrubs 
This plant group has not been mentioned that often in the results, mainly because the statistical 
power of the comparisons between the IN and OUT plots was often lacking and as a result, no clear 
conclusion could be drawn. However, the differences observed did follow a clear trend with a more 
abundant vegetation and high numbers of juvenile shrubs present in the exclosure plots. The lack of 
significant results obtained in this comparison, despite the clear trend, could be explained by 
multiple factors. For example, not only is the amount of shrub species low, but also the abundance of 
these individual species itself. Together, this contributed to an overall low amount of data points and 
a subsequently low statistical power.  

Trees 
Striking results were observed on the recovery of juvenile trees within the 
exclosures. A significantly higher abundance of seedlings and juvenile trees was 
observed in the exclosures. Most common species were C. odoratissima, R. 
aculeata, followed by C. tremula. Particularly interesting was the large 
abundance of juvenile G. officinale in the exclosures. This tree has been 
exported in the past for its valuable timber (FAO 1998) and is a source of staple 
food for the endangered (IUCN 1998) Yellow-shouldered Amazon Parrots 
(Amazona barbadensis)(Roberts 2013)(Figure 31).  

                                                             
13 Lantana involucrata, Malvastrum americanum, Melochia tomentosa and Croton flavens 

Figure 31. Amazona 
barbadensis. Photo: 
(Coolen 2015) 
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Within 7 of the 13 exclosures, juvenile individuals of G. officinale 
were present (Figure 32). No specimen was observed in the control 
plots, neither mature or juvenile. Mature trees were also not 
encountered in the exclosures, or in the direct surroundings. As this 
eliminates the direct seed dispersal from parent trees and other 
possibilities14, seeds are likely to be transported by parrots. The 
abundance of juvenile trees in the exclosures in comparison with the 
absence in the control plot was most absolute for the G. officinale, 
although this contrasting occurrence of juvenile trees between the IN 
and OUT plots was clearly observed for other species as well. The 
absence of juvenile trees due to the herbivory of goats resulted in an unnatural open structure of the 
vegetation in many areas of the national park. Although a light canopy cover was often present, 
there was often very little undergrowth present15, even though there was no limitation in availability 
of sunlight. 

Cacti 
Although the 3 species of columnar cacti can be found in a wide variety of habitat types on Bonaire 
(de Freitas et al. 2005), a preference for areas were limestone and volcanic soils are found mixed was 
observed for S. griseus and S. repandus, whereas P. lanuginosus was more commonly encountered in 
the higher elevated areas. The distribution of the columnar cacti within the national park can 
furthermore be described as somewhat patch wise (personal observation) and in some areas, these 
cacti were so abundant that they had become the dominant species. 

Few of these cacti-dominated areas and patches were situated in or nearby the exclosures and 
control plots, which explains the relative low abundance of cacti and cacti species encountered in 
these plots. Both mature and juvenile individuals were encountered of S. repandus, in exclosure and 
control plots, although juvenile individuals in the control plots were usually damaged by goats. Also 
for S. griseus, both juvenile and mature cacti were encountered in the exclosure and control plots, 
representing the situation in the rest of the national park, where juvenile S. griseus cacti are 
relatively common. The less abundant P. lanuginosus was not encountered in any of the IN or OUT 
plots. M. macracanthus, a smaller round cacti which is mostly confined to open and rocky limestone 
landscapes (de Freitas et al. 2005), was encountered only once inside one of the exclosures in the 
coastal areas. This species does not seem to be affected by goats in any way due to its impressive 
spines (personal observation). 

 An interesting difference was observed between the juvenile S. 
griseus inside the exclosures and those in the park and control 
plots. Juveniles observed in the park had often obvious bite 
marks and stunted growth due to the constant browsing of goats 
(Figure 33). In contrast, the juveniles growing inside the 
exclosures looked pristine and healthy. No measurements of 
damage have been included in this research but a very complete 
research on the dispersal and damage of columnar cacti caused 
by goats has been simultaneously studied by van den Ende (van 
den Ende 2015). However, the obvious conclusion can be drawn 
that cacti could obtain much better dispersal rates and have a 
better recovery without the herbivory pressure of goats. 

                                                             
14 The seeds of G. officinale lose their viability after one month, therefore, the possibility of germination from 
dormant seeds in the soil is not applicable here (Francis 1993). 

15 An exception must be made for the presence of O. wentiana, which was occasionally present in dense 
patches which could be extremely difficult to enter. 

Figure 32. Juvenile individuals of G. 
officinale inside one of the 
exclosures. Photo: (Coolen 2015). 

Figure 33. Juvenile S. griseus as observed  
in the park. Photo: (Coolen 2015). 
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Opuntia wentiana 
As discussed in the results, not all cacti were negatively impacted by goats. A comparison between O. 
wentiana in the IN and OUT plots resulted in a larger abundance outside the exclosures.  This favours 
the hypothesis that the species is distributed by goats and directly positively related to their 
presence. Although the sometimes massive abundance of this cacti 
prevents other vegetation from occupying the available space, the bad 
reputation of the O. wentiana  is mainly caused by its impeccable ability 
to stick to any object that passes by, including people. Areas with large 
abundance of this cacti eventually become inaccessible even for goats 
(Figure 35), which in some cases enables other species to recover while 
being protected by the Opuntia cacti (personal observation). Apart from 
protecting other plants from herbivory, the flowers are visited by the two 
species of hummingbirds that are native to Bonaire (Boer 2004), the 
Blue-tailed emerald (Chlorostilbon mellisugus) and the Ruby-topaz 
hummingbird (Chrysolampis mosquitus). These hummingbirds are a 
common sight in the dense Opuntia patches (Figure 34). The flowers of 
Opuntia are also eaten by the endemic Bonaire whiptail lizard 
(Cnemidophorus murinus ‘ruthveni’) (Denise Dearing & Schall 1992). 

 

 

 

 

 

 

 

 

 

 

 
Croton flavens 
The herbaceous C. flavens is another example of a species which has been found more abundant 
outside the exclosures. As it is drought resistant and able to withstand very harsh conditions, this 
plant is dominating the understory in almost every vegetation type, with the exception of some of 
the limestone terraces right at the coast (de Freitas et al. 2005). Because C. flavens is not eaten by 
goats, flowers continuously and has a high dispersal rate, it is known as a troublesome weed which 
can form nearly pure stands (Stoffers 1956; Arnoldo 2001). 

The higher abundance of C. flavens in the control plots is most likely indirectly favoured by the 
positive interaction with goats, who effectively eliminate most herbaceous species but leave the 
Croton untouched, which then quickly occupies the created space. Another explanation could be that 
the C. flavens is somewhat limited in growth in the exclosures because of competition with the 
abundant juvenile trees. However, both explanations have not been clearly observed in this study. 

 

 

 

Figure 34. A Blue-tailed 
emerald has chosen this O. 
wentiana as nesting place. 
Photo: (Coolen 2015). 

Figure 35. One of the dense patches of Opuntia wentiana encountered in the national park. 
Note the Ruby-topaz hummingbird feeding on a cacti flower (centre). Photo: (Coolen 2015). 
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Between plot comparisons 
In general, these comparisons between the exclosures, as well as between the control plots, present 
a relatively negative trend on the development of the vegetation in the WSNP. Although the negative 
trend was expected for the control plots, the hypothesis favoured a positive trend within the 
exclosures, as the vegetation was no longer impacted by goat herbivory. Furthermore, the results of 
the comparison between the exclosure and control plots do indeed show that many species show a 
significantly higher abundance in the exclosures than in the control plots. This also indicates a 
positive trend for the exclosures.  

It is important to realise that the between plot comparisons are based on the relatively small sample 
size, which increases the risk of errors. Between 2007 and 2008, a total of 5 exclosures and control 
plots was sampled by Dr. de Freitas. Therefore, the analysis of the between plot comparison was 
done between these 5 plots and the same 5 plots collected during the 2015 study.  

Of those 5 plots, 3 were situated in the calcareous limestone region at the coast and 2 plots were 
directly under influence of the salt spray and heavy winds coming from the windward side of the 
island. The remaining 2 plots were situated in the dominant volcanic region of the park and 
interesting enough, the development of the vegetation within these plots followed a more positive 
trend inside the exclosures.  

Therefore, it is likely that the plots which are situated in the limestone region are likely to be stronger 
affected by goat herbivory in comparison with other plots due to the added negative impact of the 
harsh environment. In conclusion, the between plot comparison can be interpreted as worst case 
scenario, were the herbivory of goats is combined with extreme environmental conditions. For those 
cases, such as in some coastal areas, the two combined factors are causing a decline in vegetation. 

In general, as the current between plot comparison indicates a more negative trend than the actual 
situation, a comparison between 2007 and 2015 including all 13 exclosures and control plots would 
likely result in the following trends; positive vegetation development between 2007 and 2015 in the 
exclosures and an unchanged or negative vegetation development between 2007 and 2015 in the 
control plots. 

Microsite differences 
Of all the measured environmental and microsite characteristics of the plots, only the percentage of 
leaf litter was found significantly different between the IN and OUT plots. Although it favours the site 
similarity of the exclosures and control plots, it also shows us that there is not yet an influence of the 
increased vegetation in the exclosures. Hypothetically, with the in this study measured higher 
abundance of vegetation in these exclosures, we also expect to see some differences in the amount 
of Nitrogen and Phosphorus present in the soil. Furthermore, the increased vegetation could have 
been able to change the microsite conditions resulting in a lower temperature of the soil (surface). A 
lower temperature combined with the measured higher leaf litter cover also could have positively 
influenced the soil moisture content in the exclosures. However, none of these predictions was 
observed in the comparison between the IN and OUT plots.  

An explanation for the absence of observed differences can be given by the relatively small area size 
of the plots. The 9 x 9 meter plots can possibly have been too small to detect microsite differences 
such as temperature and soil nutrients, or the edge effect from the surrounding areas could have 
been influencing the samples, resulting in a no-difference result. Furthermore, the duration of the 
experiment can also be of influence here. Due to the slow decomposition rate of the Bonaire 
ecosystem, the amount of Nitrogen and Phosphorus in the soil might not yet be influenced by the 
increase of leaf litter present. 
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Limitations 
Although this study comprises an experiment with the duration of 8 years, it is important to realise 
that the results can only be discussed within the context of the vegetation in its current state. It is 
tempting to make predictions on a possible vegetation recovery based on the results of this report, 
but we should be careful in doing so, as we are not able to fully predict the succession of the 
recovering vegetation. For example, with the results of this study, one might conclude that with the 
total exclusion of goats, the vegetation will be eventually dominated by a densely covered bushland 
of C. tremula, C. odoratissima, R. aculeata and G. officinale. Although this might in fact be the case, it 
remains speculation as we do not know how these species will compete with each other and their 
environment.  

The significant abundance of juvenile G. officinale in the exclosures strongly contrasts with the total 
absence of this species in the control plots. However, this does not allow us to conclude that G. 
officinale is only able to reproduce when excluded from goats, as the tree might be able to reproduce 
in some other areas of the national park. However, as no juveniles were present in any of the control 
plots, we can conclude that this will happen only in rare occasions. 

Before and during the early settlement of humans on Bonaire, the island vegetation consisted mainly 
of a dry-evergreen bushland (Stoffers 1956). After the large scale logging and impacts of human 
settlements and free roaming goats, the current shrub-like vegetation remains (Meeteren 1914a; 
Meeteren 1914b). In order to understand in what way the recovery of the vegetation will develop 
within the exclosures, it is interesting to continue the monitoring of these plots, as they provide a 
window in the future that can tell us how the recovery of the national park can develop without the 
impact of goat herbivory 

Difference in abundance of goats 
For this study, the plots (exclosures and control sites) have been distinguished based on a presence 
(IN) and absence (OUT) of goats. No further distinction was made between these plots. However, 
goat abundance is possibly not homogenously distributed over the national park (some areas have 
more goats than other areas). Therefore it is likely that some of these areas including sample plots 
are strongly impacted by the herbivory of goats. To assess these differences in abundance of goats, 
the collection of faeces was planned. As explained earlier in this report, we were unable to obtain 
sufficient samples for an analysis. 

Although a larger collection of faeces would have given a prediction on the current relative 
abundance of goats between the different plots, we would not have been able to link these results 
with the difference of herbivory impact on these plots. That is because the collection of faeces only 
represents the current distribution within a timeframe of 3 months16, whereas the  experiment of the 
exclosures has a duration of  8 years. As goats are able to roam freely through the park, it is unlikely 
that the observation of several months represents the same goat dispersal in 8 years.  

In conclusion, this study does not take into account the variation of goat herbivory between the 
different plots, but represents the negative impact of goats in the WSNP. Another issue that arises is 
the question if these 13 exclosures and their control plots indeed do represent the different habitats 
and vegetation types present in the WSNP. Although the plots were placed in the different habitat 
and soil types, in the Slagbaai as well as the Washington region, the total sample size is not large 
enough to statistically represent the entire Washington-Slagbaai National park. However, that was 
never the aim of this study, as this is not an vegetation inventory of the park, but a study on the 
impact of goats. Therefore, it is most important that the exclosures represent the general 
characteristics of the park and in that they suffice. 

                                                             
16 The collection of faeces in the plots was performed within a period of 3 months. 
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Bromeliad vegetation 
The inventory on the vegetation of the IN and OUT plots consisted of herbaceous plants, shrubs, 
trees and cacti, but excluded the epiphytes that were occasionally encountered. Two species of 
epiphytes were observed in the exclosures and control plots; Tillandsia recurvata (Figure 36. a.) and 
Tillandsia flexuosa (Figure 36. b. and c.). These species were found in at least one plot17. None of 
these individuals was observed at ground level, but several specimens were encountered in trees. 

Bromeliads on Bonaire are currently limited to the epiphytic life in trees and shrubs, where they are 
out of reach for goats. This might also explain the occasional presence of T. recurvata and T. flexuosa 
in trees and the absence of these species on the ground. The total absence of the terrestrial Bromelia 
humilis (Figure 37. A.) could also be linked to goats, which might have a larger negative effect on 
terrestrial species in comparison with arboreal. However, the orchid Myrmecophila humboldtii 
(Figure 37. B.) was also never encountered, even though this is an arboreal species (Arnoldo 2001).   

The presence of bromeliads (such as T. flexuosa and T. recurvata) and orchids is a very important 
indicator of climax communities on Bonaire and therefore has a significant conservational value (de 
Freitas et al. 2005). The vegetation types that are characterized by the presence of the orchid species 
Brassavola nodosa18 and Myrmecophila humboldtii, as well as the bromeliads B. humilis and T. 
flexuosa, are currently absent on Bonaire, although still present in some of Curaçao’s least disturbed 
areas (Beers et al. 1997). These two vegetation types (deciduous seasonal forest and dry evergreen 
bushland) correspond with the climax communities as described by Stoffers (Stoffers 1956; de Freitas 
et al. 2005). Although not included in this study, an inventory on the presence and distribution of 
orchids and bromeliads in the WSNP could provide an important insight in the current status of these 
epiphytes. It could furthermore increase the currently limited amount of available data and select 
those species which are in possible danger of extinction on the island of Bonaire.  

                                                             
17

 IN and OUT plot number 9 both contained some individuals of Tillandsia flexuosa and Tillandsia recurvata. 

18 Mostly terrestrial orchid (Arnoldo 2001). Not encountered during this study, although mentioned by Freitas 
as present in the WSNP “on rock boulders at inaccessible heights for goats” (de Freitas 2008). 

a. b. c. 

Figure 36. a. Tillandsia recurvata, b. Tillandsia flexuosa, c. Juvenile specimen of Tillandsia flexuosa. Photo: (Coolen 2015). 

 

Figure 37. Myrmecophila humboldtii (A.) and Bromelia humilis (B.) were once part of the natural vegetation (Stoffers 
1967), but are now rarely found on Bonaire (Arnoldo 2001). These specimens were encountered in an enclosure which 
was managed by local nuns, near the city centre of Kralendijk. Photo: (Coolen 2015). 

A. B. 
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Vegetation structure 
One of the general observations on the vegetation of the WSNP was the unnatural open structure of 
the various encountered habitat types. The constant browsing of goats likely had an indirect negative 
effect on the vegetation structure, by changing the environmental conditions and thereby modifying 
the woody plant structure, as predicted by Gabay (Gabay et al. 2011). As a result, most of vegetation 
in the national park consist of a patchy distribution of trees (de Freitas 2008). When entering the first 
layer of shrubs and trees, it becomes clear that in fact there is very little undergrowth present19, 
apart from the occasional patches of O. wentiana. However, the open and scattered vegetation 
(Figure 38) is mainly visible from inside the vegetation. When viewed from the main roads, trees 
often reach down to the ground, which gives the impression that there is still a “dense cover” of 
trees. 
 
That means, that although a quick visual 
inventory on the vegetation might lead to 
the impression that there is a dense and 
“healthy” vegetation cover, this structure is 
actually represented by a few mature and 
older individuals. However, the presence of 
juvenile trees is rare and even absent for 
seedlings of rare tree species (de Freitas 
2008; Personal observation). The almost 
complete absence of seedlings or young 
specimens of the rare tree species. The 
vegetation has a serious gap in the 
rejuvenation phase and a similar pattern was 
observed for the columnar cacti species 
present in the WSNP. The eventual death of 

mature trees could therefore cause a serious 
collapse of the ecosystem. As shrubs are 
easier accessible for goats and the browsing 
on cacti can inflict serious damage, the general scarcity of shrubs and cacti encountered in the IN and 
OUT plots could indicate that these plant groups are already severely impacted by goats. However, 
there could be many more factors and possibilities involved and we should be careful on such a 
speculation.  
 
The eradication of goats from the WSNP would cause a positive effect on the rejuvenation and 
recovery of the vegetation in the park, but the actual improvement of the ecosystem depends on 
many other factors as well (Henriquez 1962). Vegetation recovery will for example differ per habitat 
and soil types, ground-water level, moisture-absorbing capacity of the soil and topography. Another 
factor that might influence the recovery of vegetation is the invasive impact of exotic plant species. 
Exotic species such as Cryptostegia grandiflora, Leucaena leucocephala, Azadirachta indica and 
Jasminum fluminense currently do not have an invasive impact on the ecosystem of Bonaire (de 
Freitas 2008). However, without being affected by goats, some of these might very well be capable of 
doing so. The monitoring of the vegetation status in the park could help us better understand the 
direction of the possible vegetation recovery in the WSNP. 

                                                             
19 Personal observations within the goat-free exclosures of the national park, as well as most of the vegetation 
types in the Christoffelpark on Curacao show that the vegetation is able to form dense clumps of shrubs and 
woody herbaceous plants. In the Christoffelpark goat densities have been structurally reduced to densities of 
0.1 goat per hectare since 1993 (van Buurt & Debrot 2012). However, in the WSNP, goats are still present and 
therefore the vegetation often remains open. 

Figure 38. Tree cover differentiates between the vegetation 
types in the WSNP, but generally remains open and patchy. 
Photo: (Coolen 2015). 
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Conclusion 

The study between sites impacted by goat herbivory and sites where goats had been absent for 8 
years resulted in a significantly higher abundance of the vegetation inaccessible for goats. Recovery 
was most dramatically for tree species as high numbers of juveniles were observed within the 
exclosures. This enables us to conclude that feral goats have a negative impact on the vegetation of 
the Washington-Slagbaai National park20.  

Observations in the national park present an open shrub like vegetation, which might be best 
described as “clean”. Although in general the vegetation looks vital as mature trees are still present, 
a closer look at the ecological state reveals a more negative image. For most species of shrubs, trees 
and cacti, there is hardly any rejuvenation present. At a certain moment in the near future, these 
mature trees and cacti will die of old age and without regeneration, the current ecosystem will 
collapse. 

As the vegetation is already in a very mature stage, the time to stop this downgrade and start taking 
measures to reforest and protect the regeneration is not something to be stalled much longer. When 
trees are too old to reproduce, the repair of the ecosystem could become much more complicated21. 

This study does provide an insight in the possible recovery of the national park as it is looking at the 
vegetative respond to the exclusion of goats. This enables us to have a better understanding which 
species are most successful and which might be in a less favourable position. Hopefully this report 
can be used as a guideline to those that are interested in the restoration of the natural ecosystem in 
the Washington-Slagbaai national park and Bonaire.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                             
20 An exception must be made for the O. wentiana and C. flavens which are direct and indirectly favoured by 
the presence of goats 

21 Trees are currently still able to provide seeds, soil protection and shade for juveniles. If these trees 
disappear, regeneration will be much more slow and erosion might cause serious problems. 
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Appendices 

I. Cacti 

The cacti of Bonaire are relatively easy distinguished. There are three species of columnar cacti, of 
which the Subpilocereus repandus and Stenocereus griseus, locally named “Kadushi” and “Yatu” are 
most common in the Washington-Slagbaai National park. The Pilosocereus lanuginosus, or “Kadushi 
di pushi” occurs less frequently and seems to prefer more elevated areas (personal observation) 
although it is also found in other landscapes on Bonaire (Smith et al. 2012). Two species of fig-cacti 
are found in the park (Opuntia wentiana and O. curassavica), although a third species occurs on 
Bonaire (O. elatior). The Melocactus macracanthus is a species of melon cacti and is mainly found on 
the rocky and bare coastal plains of the island. Examples of mature cacti are given in Figure 39 and 
the juvenile growth is given in Figure 40. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 39. Mature individuals of Pilosocereus lanuginosus (a.), Subpilocereus repandus (b.) and Stenocereus repandus (c.) 
(Coolen 2015). 

Figure 40. Juvenile individuals of Pilosocereus lanuginosus (a.), Subpilocereus repandus (b.) and 
Stenocereus repandus (c.) (Coolen 2015). 
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The two most common Opuntia cacti present in the Washington-Slagbaai National park, the O. 
wentiana and O. curassavica, are given in Figure 41. The O. eliator, which has not been observed 
within the park during this study, as well as the Melocactus macracanthus, of which many specimens 
were observed near the coast and on higher elevated rocky areas, are presented in Figure 42. 

              

 

 
  

Figure 41. Opuntia wentiana (right) and Opuntia curassavica (left) (Coolen 2015). 

Figure 42. Opuntia eliator (left) (Delvoye & CARMABI 2009) and Melocactus macracanthus (right) (Coolen 2015). 
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II. Plot characteristics 

Plot info 
Information about the date and time of collection, as well as the coordinates per plots and measured 
plot area are provided in Table 18. First, the IN and OUT plots (Exclosure and control) of the 13 plots 
are presented. Then, information is given for 4 control plots, established by dr. Freitas for his 
inventory in 2007-2008. 4 of the 5 sampled control plots were positioned slightly different to the 
control plots of the 2015 inventory. For the comparison of chapter II and IV. (Between plot 
comparison and difference exclosures and control) these plots were used. 1 of the control plots 
overlapped directly with the control plots of the 2015 study. Also included in this table is a damaged 
plot which had been recently repaired. As goats had access to this plot, it was not included in the 
study. However, data on the vegetation was sampled for future research and the plot characteristics 
and localities are therefore included in this list. 

Table 18. Plot information on all Exclosure and control plots including all plots present in the Washington-Slagbaai 
National park. 

   Coordinates Plot measurements 
IN plots Date/time  of sampling North West Length m. Width m. Plot area (m²) 

1 24-2-2015 9:13 N12° 18.146'  W68° 23.937' 8.5 8.8 74.8 

2 25-2-2015 11:18 N12° 16.192'  W68° 21.825' 8.7 9.0 7.3 

3 26-2-2015 11:26 N12° 17.392'  W68° 22.548' 9.1 9.3 84.63 

4 23-2-2015 9:30 N12° 17.848'  W68° 23.443' 8.9 9.3 82.77 

5 25-2-2015 14:57 N12° 18.120'  W68° 24.016' 9.3 8.6 79.98 

6 3-3-2015 13:23 N12° 17.888'  W68° 24.135' 9.1 8.8 80.08 

7 27-2-2015 13:26 N12° 16.937'  W68° 23.043' 10.0 9.0 90 

8 3-3-2015 9:19 N12° 17.228'  W68° 23.185' 9.3 8.7 80.91 

9 4-3-2015 15:38 N12° 15.743'  W68° 21.743' 8.7 10.9 94.83 

10 4-3-2015 11:19 N12° 16.208'  W68° 22.394' 8.6 9.3 79.55 

11 9-3-2015 15:48 N12° 15.658'  W68° 22.853' 8.7 12.0 104.4 

12 7-3-2015 12:35 N12° 15.876'  W68° 23.646' 7.8 10.1 78.78 

13 28-2-2015 11:19 N12° 15.955'  W68° 24.727' 8.7 8.6 74.82 

        

OUT plots        

1 16-2-2015 10:29 N12° 18.137' W68° 23.937' 8.5 8.8 74.8 

2 25-2-2015 9:22 N12° 16.201'  W68° 21.822' 8.7 9.0 78.3 

3 26-2-2015 9:50 N12° 17.392'  W68° 22.556' 9.1 9.3 84.63 

4 22-2-2015 9:49 N12° 17.849 W68° 23.450' 8.9 9.3 82.77 

5 24-2-2015 11:01 N12° 18.124'  W68° 24.010' 9.3 8.6 79.98 

6 3-3-2015 15:09 N12° 17.883'  W68° 24.137' 9.1 8.8 80.08 

7 27-2-2015 16:03 N12° 16.926'  W68° 23.048' 10.0 9.0 90 

8 3-3-2015 11:29 N12° 17.213'  W68° 23.181' 9.3 8.7 80.91 

9 10-3-2015 14:14 N12° 15.734'  W68° 21.745' 8.7 10.9 94.83 

10 4-3-2015 9:47 N12° 16.198'  W68° 22.394' 8.6 9.3 79.55 

11 7-3-2015 17:02 N12° 15.662'  W68° 22.857' 8.7 12.0 104.4 

12 7-3-2015 13:57 N12° 15.873'  W68° 23.645' 7.8 10.1 78.78 

13 25-2-2015 16:43 N12° 15.960'  W68° 24.727' 8.7 8.6 74.82 

        

Control plot of J.A. Freitas      

OUT plot 1. 9-3-2015 10:02 N12° 18.140' W68° 23.934' 9.0 9.0 81 

OUT plot 5. 10-3-2015 10:37 N12° 18.121'  W68° 24.014' 9.4 9.0 84.6 

OUT plot 7. 11-3-2015 10:02 N12° 16.939' W68° 23.044' 11.2 9.9 110.88 

OUT plot 8. 11-3-2015 12:29 N12° 17.214' W68° 23.187' 9.5 9.3 88.35 

        

Damaged exclosures      

IN plot a. 27-4-2015 14:12 N12° 15.342' W68° 24.003' 8.6 8.5 73.1 

OUT plot a. 27-4-2015 15:15 N12° 15.339' W68° 24.001' 8.7 8.5 73.95 
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A description has furthermore been provided on the overall state of each of the plots. The overview 
of the vegetation, soil and other characteristics for the exclosures and control plots of the 2015 
inventory has been given in Table 19. and in Table 20. for the damaged plots and control plots 
established by dr. de Freitas. 

Table 19. General description of the plot characteristics for the exclosures and control plots of the 2015 inventory. 

Exclosure plot 

1 Calcareous limestone and petrified coral rocks. Low herbaceous layer. Litter layer almost absent. Some dead material 
present. Flat surface 

2 Slope, volcanic small rocks. Almost no litter present, some dead sticks. Single high mature C. odoratissima tree. 
Dense herb layer with some O. wentiana. 

3 Slope, likely volcanic soil. Rocky. Medium litter layer with a lot of dead sticks. Open area under few large trees. Fallen 
S. griseus. High abundance of goat litter. 

4 Minimal slope, some rocks, clayish soil. Very poor litter layer, minimal litter layer 
5 Almost flat. Calcareous limestone and petrified coral rocks. Low P. juliflora shrubs with some C. flavens. Some gravel 

and dead stumps. 
6 Flat, mixed calcareous and volcanic soil, although mainly calcareous. 3 main trees. Regeneration present as well as 

some litter layer.  
7 Slight slope, clayish (volcanic) soil, almost no rocks. Dense woody cover and abundant regeneration. Abundant litter 

layer. 
8 Medium slope, some smaller volcanic rocks present, mainly sandy loam. Few large trees. Very abundant litter layer 

with leaves and humus. 
9 Slope, very rocky, with large volcanic rocks. Limited litter layer present. Some small sticks. Trees and shrubs with 

some herbs. 
10 Slight slope, some volcanic rocks. 3 large P. juliflora trees, some C. odoratissima, dense woody cover. Abundant 

regeneration, litter layer and dead branches.  
11 Medium slope, medium volcanic rocks. Some large cacti and trees, very diverse juvenile regeneration. Medium litter 

layer. 
12 Flat, volcanic clayish and well developed soil. No rocks. Some shrub layer, some regeneration, mostly O. wentiana. 

Abundant litter layer. 
13 Flat, calcareous limestone, petrified coral rocks. Some stones. Some understory underneath one Bursera sp. and one 

Caesalpinia coriaria. Some litter layer. 
  
Control plot 

1 Rocky habitat. Close to the sea, calcareous soil and petrified coral reef. No/little litter layer. 6 dead shrubs of 80 x 60. 
Scarce abundance of goat faeces. 

2 Slope, volcanic small rocks. Some clay present. Very limited humus layer. Single main tree, some O. wentiana and 
shrubs. Abundance of small seedlings. 

3 Slope, likely volcanic soil. Rocky. Abundance of dead material. Dense tree layer with little undergrowth. Some litter 
layer. Abundance of goat litter. 

4 Slight slope,  some rocks, clayish soil. Very limited litter layer, some dead branches and other material. 
5 Almost flat. Calcareous limestone and petrified coral rocks. Single main shrub of P. juliflora, some herbs. Limited 

amount of dead material. 
6 Flat. Calcareous limestone mixed with volcanic stones. Calcareous dominant. Few P. juliflora trees with some litter 

layer. Slight undergrowth with some O. wentiana. 
7 Minimal slope, clayish gravel (volcanic). Little undergrowth except for some O. wentiana. Dense woody cover. Some 

dead material. Litter layer present. 
8 Medium slope, some little rocks, mainly volcanic loam. Good litter layer underneath single main tree. Goat path 

through the plot. 
9 Slope, high amount of relatively large rocks. Volcanic soil. Mostly high and sparsely distributed trees. Almost no 

litter. 
10 Medium slope, volcanic rocks, some loam. Few large trees with limited undergrowth and a medium litter layer, 

mostly between the rocks. 
11 Minimal slope, Some volcanic rocks mixed with loamy sand. High shrubs and trees, few understory plants. Almost no 

litter layer. 
12 Flat, well developed volcanic soil. Clayish, no rocks. Little regeneration, some O. wentiana patches under a well-

developed tree cover. 
13 Flat, calcareous limestone, petrified coral rocks. One main P. juliflora, some dead branches and a medium litter layer. 
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Table 20. General description of the plot characteristics for the damaged exclosure and control plot, as well as the 
control plots established by dr. de Freitas. 

Control plot of J.A. Freitas 

1 Flat, calcareous limestone and petrified coral rocks. Open, herbs present, almost no litter layer, some sticks. 
5 Almost flat. Calcareous limestone and petrified coral rocks. Single main shrub, some herbs. Limited amount of dead 

material. 
7 Slope, some volcanic rocks. Sparse regeneration, some trees and O. wentiana. Quite some dead material, but not 

decomposed very well. 
8 Volcanic soil, some stones and little loam. Some main trees, with mainly O. wentiana in the undergrowth. Limited humus 

layer, but leaves and dead wood present. 
  
Damaged exclosures 

IN plot a. Medium slope, volcanic soil, some rocks but mainly loam. Dense grass layer, no trees. Single S. repandus. 
Some litter present. 

OUT plot a. Medium slope, one main C. coriaria. Some rocks, volcanic clayish soil. Medium grass cover, but mostly bare 
soil. Scarce litter layer. 

 

Plot photographs 
In order to visualise the general description for each of the exclosures and control plots in Table 19, a 
photograph was taken for each of the sampled plots and presented below. Plots have been arranged 
in ascending order. 

Exclosure plot Control plot 
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Unidentified species 
Almost all species encountered in the IN and OUT plots were easily identified in the field. Unknown 
species, or species which needed further examination, pictures were taken in the field in order to 
recognise them with expert help. Dr. A. O. Debrot and drs. De Freitas successfully identified these 
species based on the photographs provided. Two grass species remained unidentified. These two 
species were encountered in plot 13, plot 9 and in plot 5.  
 
Plot 13 is situated just 200 meters from the Slagbaai building, when following the main route of the 
national park. It is found at 25 meters on the left hand side of the road. Plot 5 is situated right at the 
coast when following the long route of the park. Leaving the Boka Bartol inlet, plot 5 can be seen on 
the left hand side of the road. Plot 9 is located at a small dirt road parallel at the fence between 
Slagbaai and Washington. This road splits from the main route just before the route enters the 
Washington area. When following the small dirt track, plot 9 can be located at approximately 200 
meters further, on the right hand side. The coordinates of both plots are given in Table 18. Pictures 
of Unidentified grass species a. are given in Figure 43 and pictures of Unidentified grass species b. are 
given in Figure 44. 
 
 

 

 

 

 

 

 

 

 

 

 
  

Figure 43. Photographic material of 
Unidentified grass species a. 
(Coolen 2015). 

Figure 44. Photographic material of 
Unidentified grass species b. (Coolen 
2015). 



46 

 

Field form 
Data on the vegetation which was sampled in the IN and OUT plots was written down on field forms. 
An example of one of these field forms is given in Figure 45. In this case, the field form is from plot 
number 7. The plot code K13 represents the control plot used by Dr. de Freitas for his inventory 
between 2007 and 2008. For the control plots of the study in 2015, the code-letter “G” was given. 

 

Figure 45. Example of a field form used during the inventory of this study. 
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III. Species per plot 

In Table 21, all species are listed by name, including the total cover area in m² per plot. 

 

Table 21. Occurrence of species and frequencies listed per plot. The number of individuals has been grouped per species. 
Cover is given in m² and per species per plot. 

 Exclosure plot Control plot 

Plot 
number 

Species number of 
individuals 

Cover 
(m²) 

Species number of 
individuals 

Cover 
(m²) 

1 Croton flavens 82 0,36 Croton flavens 49 0,21 
 Malvastrum americanum 66 0,23 Malvastrum americanum 87 0,04 
 Prosopis juliflora 1 0,02 Prosopis juliflora 1 0,05 
       

2 Aristida ascencionis 32 0,00 Aristida ascencionis 1 0,00 
 Ayenia magna 49 0,06 Ayenia magna 8 0,00 
 Capparis odoratissima 23 0,34 Casearia tremula 4 0,31 
 Casearia tremula 20 0,01 Pilocereus repandus 3 0,00 
 Pilocereus repandus 4 0,00 Croton flavens 102 0,38 
 Croton flavens 64 0,13 Croton ovalifolius 43 0,02 
 Croton ovalifolius 108 0,10 Melochia tomentosa 198 0,00 
 Guaiacum officinale 3 0,00 Opuntia wentiana 58 0,48 
 Lantana camara 17 0,74 Prosopis juliflora 1 0,03 
 Melochia tomentosa 106 0,80     
 Opuntia wentiana 47 0,15    
 Randia aculeata 37 0,01    
 Solanum agrarium 1 0,00    
       

3 Casearia tremula 43 0,62 Aristida ascencionis 1 0,00 
 Pilocereus repandus 2 0,06 Casearia tremula 54 0,34 
 Croton flavens 5 0,00 Opuntia wentiana 3 0,00 
 Opuntia wentiana 1 0,00 Prosopis juliflora 8 1,64 
 Prosopis juliflora 4 0,86 Stenocereus griseus 12 0,03 
 Stenocereus griseus 20 0,00    
       

4 Capparis odoratissima 6 0,02 Casearia tremula 33 0,22 
 Casearia tremula 18 0,15 Pilocereus repandus 1 0,13 
 Croton flavens 114 0,54 Croton flavens 132 0,34 
 Unidentified grass sp. a. 4 0,01 Unidentified grass sp. a. 4 0,00 
 Opuntia wentiana 28 0,64 Malvastrum americanum 1 0,00 
 Prosopis juliflora 3 0,41 Melochia tomentosa 1 0,00 
 Stenocereus griseus 85 0,00 Opuntia wentiana 12 0,58 
    Phyllanthus botryanthus 1 0,02 
    Prosopis juliflora 2 0,42 
    Stenocereus griseus 1 0,00 
       

5 Croton flavens 89 0,44 Croton flavens 76 0,24 
 Unidentified grass sp. a. 5 0,04 Unidentified grass sp. a. 1 0,00 
 Unidentified grass sp. b. 5 0,01 Unidentified grass sp. b. 1 0,00 
 Melocactus macracanthus 1 0,00 Opuntia wentiana 1 0,00 
 Opuntia wentiana 1 0,00 Prosopis juliflora 8 0,84 
 Prosopis juliflora 4 0,58    
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6 Ayenia magna 49 0,01 Capparis odoratissima 1 0,00 
 Bursera bonairensis 1 0,01 Casearia tremula 61 0,64 
 Capparis odoratissima 8 0,01 Croton flavens 182 0,13 
 Casearia tremula 123 0,20 Malvastrum americanum 1 0,00 
 Croton flavens 83 0,13 Opuntia curassavica 3 0,39 
 Cynanchum boldighii 3 0,00 Opuntia wentiana 32 0,06 
 Guaiacum officinale 3 0,00 Prosopis juliflora 9 1,54 
 Opuntia curassavica 24 0,05    
 Opuntia wentiana 43 0,04    
 Prosopis juliflora 5 1,28    
 Stenocereus griseus 8 0,06    
       

7 Capparis odoratissima 34 0,02 Casearia tremula 19 0,86 
 Casearia tremula 26 2,07 Croton flavens 23 0,01 
 Crescentia cujete 3 0,00 Opuntia wentiana 68 0,21 
 Croton flavens 20 0,01 Phyllanthus botryanthus 59 0,62 
 Guaiacum officinale 186 0,08 Prosopis juliflora 2 0,64 
 Opuntia curassavica 1 0,05    
 Opuntia wentiana 37 0,14    
 Phyllanthus botryanthus 77 1,01    
 Prosopis juliflora 4 0,84    
 Randia aculeata 2 0,00    
       

8 Alternanthera halimifolia 5 0,00 Casearia tremula 18 0,66 
 Capparis odoratissima 19 0,01 Croton flavens 104 0,05 
 Casearia tremula 27 0,75 Guapira pacurero 6 0,00 
 Croton flavens 49 0,07 Opuntia wentiana 1 1,00 
 Cynanchum boldighii 3 0,03 Phyllanthus botryanthus 33 0,24 
 Elytraria imbricata 73 0,00 Prosopis juliflora 2 1,00 
 Guaiacum officinale 23 0,00    
 Guapira pacurero 3 0,00    
 Opuntia wentiana 8 0,61    
 Passiflora suberosa 2 0,03    
 Phyllanthus botryanthus 21 0,06    
 Prosopis juliflora 3 0,74    
 Serjania curassavica 1 0,00    
 Solanum agrarium 1 0,00    
       

9 Ayenia magna 45 0,01 Capparis flexuosa 1 0,73 
 Capparis flexuosa 8 0,00 Capparis hastata 1 0,05 
 Capparis hastata 1 0,03 Capparis odoratissima 3 0,00 
 Capparis odoratissima 92 0,01 Casearia tremula 23 0,06 
 Casearia tremula 2 0,25 Pilocereus repandus 3 0,16 
 Croton flavens 28 0,04 Croton flavens 20 0,01 
 Unidentified grass sp. a. 1 0,00 Lantana camara 3 0,00 
 Guaiacum officinale 3 0,00 Machaonia ottonis 48 1,40 
 Lantana camara 28 0,18 Melochia tomentosa 1 0,00 
 Machaonia ottonis 67 0,49 Opuntia wentiana 1 0,00 
 Malpighia emarginata 39 0,15 Phyllanthus botryanthus 9 0,01 
 Matalea rubra 4 0,22    
 Melochia tomentosa 6 0,03    
 Opuntia curassavica 150 0,00    
 Opuntia wentiana 15 0,01    
 Phyllanthus botryanthus 7 0,03    
 Pithecellobium unguis-catis 1 0,00    
 Randia aculeata 11 0,21    
 Rivina humilis 9 0,00    
 Stenocereus griseus 14 0,06    
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10 Ayenia magna 7 0,00 Ayenia magna 20 0,00 
 Capparis flexuosa 1 0,16 Capparis flexuosa 1 0,59 
 Capparis odoratissima 457 0,72 Capparis odoratissima 8 0,98 
 Casearia tremula 13 0,41 Casearia tremula 32 0,12 
 Croton flavens 72 0,07 Croton flavens 161 0,13 
 Unidentified grass sp. a. 53 0,00 Unidentified grass sp. a. 9 0,00 
 Guaiacum officinale 70 0,00 Lantana camara 5 0,00 
 Guapira fragrans 16 0,01 Opuntia curassavica 50 0,00 
 Guapira pacurero 1 0,05 Opuntia wentiana 6 0,00 
 Lantana camara 2 0,01 Phyllanthus botryanthus 14 0,04 
 Opuntia curassavica 1 0,00 Prosopis juliflora 2 0,66 
 Opuntia wentiana 3 0,00 Randia aculeata 9 0,28 
 Passiflora suberosa 1 0,01    
 Prosopis juliflora 6 1,33    
 Randia aculeata 326 0,63    
 Rivina humilis 35 0,02    
 Serjania curassavica 111 0,28    
       

11 Alternanthera halimifolia 6 0,00 Caesalpinia coriaria 4 0,02 
 Ayenia magna 112 0,02 Capparis odoratissima 1 0,12 
 Bourreria succulenta 1 0,00 Casearia tremula 16 0,16 
 Caesalpinia coriaria 5 0,49 Croton flavens 83 0,08 
 Capparis hastata 1 0,00 Lantana camara 19 0,00 
 Capparis odoratissima 366 0,03 Opuntia wentiana 128 0,01 
 Casearia tremula 26 0,04 Phyllanthus botryanthus 5 0,05 
 Pilocereus repandus 5 0,19 Prosopis juliflora 7 0,18 
 Crescentia cujete 2 0,00 Randia aculeata 46 0,96 
 Croton flavens 99 0,09 Stenocereus griseus 9 0,17 
 Cynanchum boldighii 2 0,00    
 Unidentified grass sp. a. 2 0,00    
 Guapira fragrans 11 0,01    
 Lantana camara 40 0,16    
 Malpighia emarginata 20 0,02    
 Matalea rubra 6 0,01    
 Opuntia wentiana 62 0,11    
 Phyllanthus botryanthus 22 0,04    
 Prosopis juliflora 2 1,12    
 Quadarella indica 1 0,00    
 Randia aculeata 190 0,13    
 Serjania curassavica 43 0,07    
 Stenocereus griseus 28 0,05    
       

12 Ayenia magna 106 0,01 Ayenia magna 3 0,00 
 Bursera tomentosa 1 0,04 Bursera bonairensis 1 0,69 
 Capparis odoratissima 94 0,09 Bursera tomentosa 1 0,33 
 Casearia tremula 36 0,70 Casearia tremula 27 0,86 
 Cordia dentata 2 0,55 Cordia dentata 1 0,06 
 Croton flavens 1 0,00 Guapira fragrans 10 0,00 
 Cynanchum boldighii 4 0,02 Malpighia emarginata 16 0,00 
 Guaiacum officinale 16 0,01 Melochia tomentosa 1 0,00 
 Guapira fragrans 28 0,00 Opuntia curassavica 1 0,02 
 Lantana camara 6 0,02 Opuntia wentiana 22 0,54 
 Malpighia emarginata 25 0,01 Phyllanthus botryanthus 26 0,29 
 Melochia tomentosa 2 0,00 Prosopis juliflora 1 0,05 
 Opuntia curassavica 3 0,14    
 Opuntia wentiana 3 0,45    
 Passiflora suberosa 2 0,02    
 Phyllanthus botryanthus 7 0,05    
 Prosopis juliflora 1 0,05    
 Randia aculeata 2 0,00    
 Rivina humilis 163 0,02    
 Tournefortia volubilis 4 0,19    
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13 Ayenia magna 95 0,00 Ayenia magna 20 0,00 
 Caesalpinia coriaria 2 0,26 Caesalpinia coriaria 1 0,18 
 Casearia tremula 12 0,37 Capparis odoratissima 1 0,00 
 Pilocereus repandus 4 0,00 Casearia tremula 1 0,04 
 Croton flavens 87 0,41 Croton flavens 146 0,14 
 Unidentified grass sp. a. 7 0,10 Eragrostis ciliaris 1 0,00 
 Lantana involucrata 16 0,00 Unidentified grass sp. a. 3 0,07 
 Opuntia curassavica 5 0,08 Lantana involucrata 65 0,02 
 Phyllanthus botryanthus 12 0,17 Melochia tomentosa 1 0,00 
 Prosopis juliflora 4 0,38 Opuntia curassavica 12 0,05 
 Rhynchosia minima 4 0,00 Opuntia wentiana 4 0,01 
    Phyllanthus botryanthus 29 0,28 
    Prosopis juliflora 2 1,84 

IV. Collection of faeces 
Although the amount of collected faeces did not allow for statistical testing, an overview has been 
provided of all the faeces counts per plot in Table 22. The presence of faeces was measured on 5 
different occasions. The total amount of grams per plot in dry weight of faeces is given. As the 
excrements of donkeys were only encountered within the first measurement and only in 2 plots, 
these are not included in the table. Donkey faeces were found in OUT plot 3 (15gr.) and in plot 6 
(9gr.).  

 

Table 22. Overview of faeces of goats (Capra hircus) and Iguana (Iguana iguana) listed per plot in 5 different 
measurement occasions. 

Plot number Exclosure plots  Control plots 

1st Measurement Iguana iguana  Capra hircus Iguana iguana 
1 -  60 - 
2 -  18 - 
3 -  35 3 
4 465  51 13 
5 -  23 - 
6 7  40 - 
7 4  110 - 
8 -  160 - 
9 -  29 12 

10 20  77 - 
11 52  25 7 
12 -  3 28 
13 -  24 - 

     
2

nd
 Measurement     

1 -  5 - 
2 -  - - 
3 -  - - 
4 90  - 24 
5 -  - - 
6 -  - - 
7 -  - 29 
8 -  - - 
9 -  - - 

10 -  7 - 
11 -  - - 
12 -  10 - 
13 1  - - 

     
3

rd
 Measurement      

1 -  - - 
2 -  - - 
3 -  - - 
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4 7  16 4 
5 -  - - 
6 14  - - 
7 -  3 - 
8 -  6 - 
9 -  1 - 

10 -  1 - 
11 -  - 3 
12 10  - 5 
13 10  - - 

     
4

th
 Measurement     

1 -  1 - 
2 -  - - 
3 -  - - 
4 2  6 6 
5 -  - - 
6 -  - - 
7 -  - - 
8 -  - 1 
9 -  - - 

10 -  1 - 
11 -  - - 
12 -  - 10 
13 -  - - 

     
5

th
 Measurement     

1 -  - - 
2 -  - - 
3 -  - 10 
4 2  4 - 
5 -  - - 
6 -  - - 
7 -  17 - 
8 -  6 - 
9 -  - - 

10 -  - - 
11 -  - - 
12 -  - - 
13 7  - - 

 

 


