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Summary 
Feral livestock grazing has long been recognized to have a negative effect on the ecosystem of the 

Washington Slagbaai National Park, Bonaire. Because of this STINAPA, the management of the 

national park, started a goat-catching project. In this study, the population density of feral livestock 

was estimated for the park and the Labra-Brasil area using the Distance method. The results indicate 

a goat density of 2.7 goats per hectare in the national park, corresponding to an abundance of about 

11000 goats. Looking at the population structure of goats, around 20% are young animals and there 

are twice as many females as there are males. The population density of the other animal species 

was much lower. The Opuntia distribution was also assessed in the study area, a density dependent 

relation between Opuntia density and goat density was found. Finally, seasonal differences in diet 

composition of goats were observed; goats seem to become less specific and eat only cacti in the dry 

period. The study concludes with several recommendations. On the short-term, the priority STINAPA 

should be to control the goat population, preventing further damage to ecosystem. For this a more 

effective way of catching the goats should be used. Next to bringing down goat population density, it 

is also important to monitor the development of the other animal populations so the goat-catching 

project can be adjusted in time. Eventually the goal is to restore the original ecosystem of Bonaire. 

This will require more research and monitoring but most importantly a lower feral livestock density. 
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1.  Introduction 

1.1 Problem definition  
The increase of invasive species is one of the most serious consequences of the globalization of the 

world economy (Perrings et al., 2005). Invasive species can have large negative effects on agriculture, 

forestry, fisheries, and human health (Veitch et Clout, 2002) and are causing dramatic changes in 

many ecosystems (Gurevitch et Padilla, 2004). Looking at Bonaire, invasive species are considered as 

the single largest threat to biodiversity in the island ecosystems (Wittenberg et Cock, 2001). Invasive 

species, together with habitat loss, are probably the main cause of extinctions in island ecosystems 

(Cortes, 2012).  

Much research has been done on the negative effects of herbivore grazing, herbivory effects are for 

example a bottleneck for seedling survival (Holmgren et al., 2006). Bayne et al. (2004) demonstrated 

that grazing by goats causes erosion. With the enhanced erosion, more nitrogen from the dung of 

the goats ends up in the coral reefs, causing algae growth (Beleidsvisie, 2014, Cortes, 2012). On 

Cyprus the high donkey density has a negative impact on the vegetation and other wildlife (Hamrick 

et al., 2005). Introduced livestock, especially goats, may almost irreversibly destroy the native 

vegetation in about 15 years (Debrot et Freitas, 1993). Feral livestock thus produce major changes in 

the structure and dynamics of many ecosystems and often reduce biodiversity (Peco et al., 2011, 

Zonneveld et al., 2012).  

Overgrazing is also a potential mechanism for explaining alternative stable states (Holmgren et 

Scheffer, 2001). This suggests that grazing might lead to reaching a threshold and as a consequence a 

degraded ecosystem. Therefore, it is thought that the degradation of the dry forest is starting to 

undermine the ecosystem services (for example water retention) on Bonaire (Cortes, 2012).  

Contrary to the previous studies, a study (Pissanau et al., 2005) in the rainforest of New South Wales 

(Australia) suggests no negative effect of goat grazing. No plant species were significantly impacted 

nor did the biodiversity decline in the rainforest. The rainforest appears to be resilient to goat 

grazing. This makes clear the difference in resilience to herbivory between dry forest areas (Bonaire) 

and a rainforest.  

Malo et al. (2011) showed that high damage levels on cacti are caused by feral livestock, donkeys in 

particular. A study in the Sonoran desert indicates that columnar cacti seedlings only establish in 

ungrazed sites (Holmgren et Scheffers, 2001). Peco et al. (2011) conclude that donkey feeding is the 

main cause of stem damage on columnar cacti, causing a reduction in reproductive output. All these 

examples show that feral livestock can have a large effect on the survival, growth and reproduction 

of columnar cacti.   

1.2 Background  
Goat, pig and donkey impact the natural vegetation in a deleterious way (Freitas et Rojer, 2013, 

Freitas et al. 2005). Overgrazing by feral livestock in nature areas is one of the greatest threats to the 

terrestrial biodiversity in Caribbean Netherlands (Debrot et al., 2011). Introduced livestock are 

known to have a negative effect on the endemic flora (Coblentz, 1978) and are regarded as a major 

environmental pest to nature (Pisanau et al, 2005).  
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On Bonaire, feral grazing is also a serious problem (Bugter et Debrot, 2010, Colbentz, 1980, Freitas et 

al., 2005). A study by Freitas (2008) on goat dung suggested a high goat density. According to the 

Dienst LVV, there are about 25000 goats and sheep on the island (Beleidsvisie, 2014). There are three 

areas where livestock can be kept legally on Bonaire; the kunuku areas (Beleidsvisie, 2014). However, 

livestock grazing also takes place in nature areas such as the Washington Slagbaai National Park and 

on public lands (Debrot et al., 2011). Despite it being illegal to let livestock forage outside fenced 

private areas, it has become common practice (Bugter et Debrot, 2010)(Debrot et al., 2011). This has 

resulted in a high abundance of feral animals (Beleidsvisie, 2014).   

Since the introduction of livestock on Bonaire by 1700 this feral grazing led to the decline of the 

native Tillandsia dominated ground cover (dry vegetation). This Tillandsia dominated vegetation is 

now restricted to large rocks, inaccessible for large grazers (Debrot et Freitas, 1993). Areas accessible 

for these grazers show reduced vegetation and soil cover, both are typical consequences of 

overgrazing (Coblentz, 1978; Debrot et Freitas, 1993). Moreover, the lack of saplings and the small 

number of seedlings of rare tree species on Bonaire are also ascribed to the destructive effects of 

feral livestock grazing (Freitas et Rojer, 2013).        

Another consequence of feral livestock grazing is that the cactus populations on Bonaire are 

threatened due to the foraging of the bark (Smith et al., 2012). This might have consequences for the 

entire ecosystem because columnar cacti are very important as food source for other species such as 

bats (Petit et Pors, 1996).   

By now it is clear that the ecosystem degradation caused by feral livestock (Cortes, 2012) has an 

enormous impact on the nature values of Bonaire. The economy of Bonaire is highly depended on 

these nature values; around $50 million is contributed by Bonaire’s nature to tourism (Schep et al., 

2012). Moreover, the vegetation is important for retaining rainwater which is important for meeting 

the water needs on Bonaire (Borst et Haas, 2005). The problem of overgrazing thus also affects the 

economy of Bonaire and therefore it is very important to do research on this topic.   
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2. Research objective 

2.1 Objective 
If nothing will be done about the feral livestock grazing on Bonaire further ecological deterioration 

might occur. Because of this, many authors stress the need to control or eradicate the feral livestock. 

Eradicating invasive species can yield substantial benefits for biodiversity conservation (Veitch et 

Clout, 2002).  

According to Freitas et Rojer (2013), the removal and eradication of goat, donkey and pig should be a 

management priority for the Washington Slagbaai National Park and other protected areas on 

Bonaire. Freitas et al. (2005) and Colbentz (1980) also mention the eradication of goats and donkeys 

on Bonaire as necessary to achieve adequate nature protection. The eradication of goats has already 

been effectively addressed in the Christoffel Park on Curacao and on the islands Klein Curacao and 

Klein Bonaire (Debrot et al., 2011). Since 1993, goats have been structurally caught and removed 

from the Christoffelpark thereby reducing density to about 0.1 goats per hectare (Buurt et Debrot, 

2012). Preparations have been made in the Washington Slagbaai National Park for goat eradication 

(Debrot et al., 2011) and the Bonaire Island Government vision is to keep all the livestock within the 

three kunuku areas (Beleidsvisie, 2014).  

More research is needed to determine the exact numbers of livestock on Bonaire (Beleidsvisie, 

2014). There is a need to monitor and control the trends in feral livestock and the columnar cacti 

populations (Smith et al., 2012, Peco et al., 2011, Debrot et al., 2011). In 2013, the Dienst Ruimte en 

Ontwikkeling Bonaire made a project plan for goat eradication and control in the Washington 

Slagbaai National Park (DROB,2013). The main objective of the plan is to reduce the density to 0.1 

goats per hectare by early 2017, allowing the vegetation to recover (DROB,2013). For this project, 

research on grazer impacts on vegetation, control of these grazers and on the ecology and 

distribution of columnar cacti species is needed.  

Therefore STINAPA (managing the park) has given students of the Wageningen University the 

opportunity to do this research. This study focusses on three topics within this research. First of all, 

the feral livestock population density and structure  in the Washington Slagbaai National Park was 

estimated, Bonaire. Next to this, the role of the Opuntia species in the ecosystem has been studied. 

Finally, the diet composition of the goat has been assessed focussing on the columnar cacti as food 

source. The field work for this study has been done in the period between February and May 2015. 

The results of this study should be the first step towards controlling the feral livestock populations, 

reducing the ecosystem degradation and finally restoring the original ecosystem.  

2.2 Research questions  

This study thus consists of three parts; population density and structure, Opuntia distribution and 

diet composition. For every topic, research questions, predictions and hypothesis are formulated. 

The research questions are numbered and will come back in the results section.  

2.2.1 Population density and structure 

Main question 

1. What is the population density and structure of feral livestock species in the Washington Slagbaai 

National Park? 
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Sub questions 

1.1 What is the population density of goat, pig, donkey, sheep and feral cat? 

1.2 What is the population structure of goat, pig, donkey, sheep and feral cat? 

1.3 Are there differences in population density between the different areas? 

Because the first part of this study has an observational character, no hypotheses are formulated. 

Instead, a literature review has been done on the population density and structure of feral livestock 

on Bonaire and in the Washington Slagbaai National Park (WSNP). Recent studies estimate the goat 

population to be between 25000  and 30000 animals (Beleidsvisie, 2014)(Cortes, 2012) for Bonaire 

and 6000 for the WSNP (Beleidsvisie, 2014), amounting to about 1 animal per hectare (Buurt et 

Debrot, 2012). Donkey abundance is around 600 animals for the entire island of Bonaire (Beleidsvisie, 

2014). Considering the surface area of Bonaire and the WSNP, it is predicted that the goat density on 

Bonaire and in the WSNP is about 1 goat per hectare. For the donkey population density, the 

prediction is 0.02 donkeys per hectare for the WSNP. No studies have been done estimating the size 

of the other animal populations or saying something about population structure of the feral livestock 

species on Bonaire.  

1.4 Is there a relation between the distance method and the dung density method? 

As will be explained in the methods section, two methods have been used for estimating goat 

population density; dung counts and animal counts. The prediction is a positive relation between the 

two methods because both methods are used to estimate the same variable (goat density). The 

following hypothesis is tested; there is a positive relation between dung counts and goat counts. 

1.5 Is there an edge effect of the roads when using the dung method? 

The goats in the WSNP are known to be shy (expert knowledge Dolfi Debrot). Therefore it is expected 

that the goats avoid the roads (edge effect), resulting in a higher goat dung density further away 

from the roads. To test this, the following hypothesis is formulated; goat dung density is higher 

further away from the roads.  

2.2.2 Opuntia distribution 

Main question 

2. What is the distribution of Opuntia species? 

Sub questions 

2.1 Are there differences in Opuntia distribution between the different areas? 

Because the observational character of this research question, no predictions and hypotheses are 

formulated. 

2.2 Is there a relation between Opuntia distribution and goat density? 

Effect of goat on Opuntia density 

The possible relation between Opuntia density and goat density might work in two ways. First of all, 

goats might have a positive effect on Opuntia density. Goats are known to disperse viable seeds of 
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many plant species (Bazare et Valiente-Banuet, 2008), including cactus species (Baraze et Fernández-

Osores, 2013). Opuntia species seeds are being dispersed by many animals (Padron et al., 2011). 

Although no studies were found of goats dispersing Opuntia seeds, these studies suggest that this 

might be the case. Therefore it is predicted that when dispersing Opuntia attached to their body, 

goats have a positive effect on Opuntia density. Figure 1 illustrates this predication and the 

ecological concept. The following hypothesis is tested; there is a positive relation between goats 

and Opuntia density. In this case Opuntia density is the dependent variable and goat density the 

independent variable.  

  

Figure 1 Concept of the positive relation between Opuntia density and goat density. 

Effect of Opuntia on goat density  

The relationship can also work the other way around; Opuntia might influence goat density. Goats 

are known to feed on Opuntia species (Milian et al., 2002). However, feeding on the Opuntia might 

become more difficult when the Opuntia patches are very dense. Therefore a hump shape relation 

between Opuntia density and goat density is predicted, with goats avoiding (and thus not foraging) 

very dense Opuntia patches. Figure 2 illustrates this predication and the assumed ecological concept. 

The following hypothesis is tested; there is a hump shape relation between Opuntia density and 

goat density. In this case goat density is the dependent variable and Opuntia density the 

independent variable.  
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Figure 2 Concept of the hump shape relation between Opuntia density and goat density. 

There thus are 3 possible mechanisms playing a role in explaining the relation between Opuntia 

distribution and goat density; goats dispersing the Opuntia, goats foraging on Opuntia and goats 

avoiding dense Opuntia patches. In the hump shape relation, all the 3 mechanisms finally can be 

combined assuming goats disperse the Opuntia when foraging. 

2.3 Is the Opuntia distribution related to the distance from the road? 

Two assumptions are done to formulate a prediction and hypothesis. It is assumed there is a higher 

goat density further away from the roads and a positive relation between goat density and Opuntia 

density. Assuming both are true, it is predicted that Opuntia density is higher further away from the 

roads as a result of a higher goat density and a positive relation. Therefore the following hypothesis 

is tested; Opuntia density is higher further away from the roads.  

2.2.3 Diet composition 

Main question  

3. Are there differences in diet composition of goat during the dry season? 

Looking at the differences in diet composition of goat during the dry season, the focus is on the 

contribution of columnar cacti to the diet. When the dry season goes on, the diversity of vegetation 

species to forage on might become lower. At a certain moment, only the cacti species might be left 

for the goats to forage on. Therefore it is predicted that the contribution of columnar cacti to the 

diet of goat is higher in the dry season. Based on this, the following hypothesis is formulated; the 

contribution of columnar cacti to the diet of goat is higher in the dry season. This hypothesis is 

based on previous studies on goat diet, showing that the diet composition of goat changes thought 

the year and that cacti species are eaten only in a specific season (Ricardi et Shimada, 1992).   
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3. Study area  

3.1 Bonaire 
Bonaire is one of the Lesser Antilles islands that lie off the north-west coast of Venezuela. Bonaire 

lies about 50 km east of Curacao and 85 km from the mainland of Venezuela. The island covers a 

surface area of 288 km2 (Freitas et al., 2005). The southern part is mostly flat with maximum 

elevations up to 25 meters. The northern part of the island is more undulating with Mount Brandaris 

as the highest point of the island with 241 meters (Borst et Haas, 2005). The island Klein Bonaire is 

located 1 km from the central west coast of Bonaire. Klein Bonaire is a low coral-limestone island 

with sandy beaches (Burg et al., 2012). Bonaire consists of a volcanic core, surrounded by limestone 

formations (Debrot et Wells, 2013). On Bonaire the rocks at the surface can be divided in two 

different groups, namely the volcanic Washikemba Formation and limestone formations, see figure 3 

(Westerman et Zonneveld, 1949). 

 

Figure 3 Geological map Bonaire (Westerman et Zonneveld, 1949) 

Bonaire is very dry with an average annual rainfall of 450 mm, falling mostly in the period October till 

January. The last few years have been even dryer, having a negative effect on the vegetation (expert 

knowledge George Thode). The climate is defined as semi-arid according to the Köppen classification. 

Average daily temperature ranges between 25 and 31 ºC with an annual mean of 28 ºC. The high 

incoming radiation and the dominant eastern trade wind with typical wind speeds of 7 m/s, result in 

a high evaporation (Borst et Haas, 2005). 



 
8 

3.2 Washington Slagbaai National Park 
In the north-western part of Bonaire, the Washington Slagbaai National Park (WSNP) is situated, it 

was established in 1969 and covers an area of 5643 hectares. Before 1969 the Washington and 

Slagbaai plantations supplied salt, charcoal, aloe extract, dividivi pods, and goats for export to 

Curacao and Europe. The WSNP is under the management authority of the local NGO STINAPA 

(Debrot et Wells, 2013). The park management is planning on including the Labra-Brasil area (south 

of the park) to the national park. The study area of this study therefore includes three sectors, both 

Washington and Slagbaai (current national park) and Labra-Brasil (to be included in the future). The 

WSNP is surrounded by fences to prevent feral livestock entering the park. These fences however are 

not maintained very well, resulting in many gaps for the animals to enter the park. The Washington 

and Slagbaai part of the park are also separated by a fence, this fence is of better quality. However 

animals occasionally still cross the border between Washington and Slagbaai (personal observations). 

3.3 Flora 
The vegetation is generally xerophytic with many areas dominated by columnar cactus intermixed 

with low scrub (Burg et al., 2012). Almost all trees on the island have been removed in the early 

nineteenth century and woody vegetation continued to be cut for charcoal production into the 

twentieth century (Debrot et Wells, 2013). Grazing livestock were introduced by 1700 and have 

altered the vegetation. In some regions in the WSNP there are patches of thick and tall thorn scrub 

forests (Debrot et Wells, 2013). The arid vegetation on Bonaire is dominated by three columnar cacti 

species (Smith et al., 2012)(DCNA, 2011): 

• Stenocereus griseus,  known locally as Yatu, grows straight up and branches out close to the 

ground, its thorns make up neat rows of rosettes.  

• Subpilocereus repandus, known locally as Kadushi, is the largest of the three cacti species 

and looks more like a tree as it branches out further from the ground, its thorns form dense 

rows that stick out in all directions.  

• Pilosocereus lanuginosus, known locally as Kadushi di Pushi and has long white hairy spines 

and yellow prickles on the top of its branches. 

Subpilocereus repandus and Stenocereus griseus provide food for several animal species during the 

dry season, when many other plant species are non-productive. They are a very important group of 

plants to the island ecosystem (Petit, 2001). Therefore, the cacti species Subpilocereus repandus and 

Stenocereus griseus are an example of keystone species (Smith et al., 2012). 

Next to these three columnar cacti species, the focus of this study is on the Opuntia species because 

they appear to dominate the undergrowth in many areas of the WSNP. Three Opuntia species are 

found on Bonaire; Opuntia curassavica, Opuntia wentiana and Opuntia elatior. In this study, only the 

first two species are taken into account because they are most abundant. Opuntia curassavica is 

growing on the ground and has smaller cladodes than the Opuntia wentiana which can grow larger 

than 2 meters (DCNA, 2011). 

3.4 Fauna  

3.3.1 Goat 

Goats (Capra hircus) are the principal livestock species held on the island (Buurt et Debrot, 2012). 

The goat grazing problem has been known to be an issue for a long time (Coblentz 1980, Brink 1998, 
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Debrot and Sybesma 2000; Freitas et al. 2005). In the WSNP, counts in 2009 indicate some 6000 

goats in the park, amounting to about 1 animal per hectare (Buurt et Debrot, 2012). On Bonaire 

people let their goats roam freely on the island because this is cheaper than buying food for the 

goats. Because of this, many goats have become feral and now live in the WSNP, Labra-Brasil and on 

public lands.  

In the WSNP there is a private area (Sabana) which is not owned by STINAPA. The owner of the 

Sabana holds goat, these goats are sold to people on the island. However, the fences surrounding the 

Sabana are damaged almost everywhere. This has resulted in goats of the Sabana entering the 

Washington part of the park. The owner of the Sabana claims that all the goats in the Washington 

part of the park are his property and shall not be caught by the STINAPA. The people of the Sabana 

catch around 100 goat and sheep per month in the Washington part of the park. 

During the fieldwork of this study (February – May 2015), the rangers of the WSNP started with the 

goat-catching project. Goats are only caught in the Slagbaai part of the park and in the first four 

weeks of the project 180 goat were caught. The rangers catch the goat by running after them and by 

using fenced off areas (illustrated by figure 4), these methods might not be very effective. The park 

management is still thinking about more effective measures to decrease goat numbers such as 

shooting the animals. The local people of Bonaire however do not like the idea of eradicating the 

goat population on the island.  

 

Figure 4 Traditional way of catching the goats, picture taken in the museum of WSNP. 

3.3.2 Other animals 

The donkey (Equus asinus) is an important problem on the Leeward islands, particularly on Bonaire. A 

public/private plan to sterilize the donkeys and keep them in a compound has failed to solve the 

serious ecological and safety problem they represent. Donkeys cause erosion and damage to 

gardens. They are also responsible for many traffic accidents on Bonaire and control of donkey 

numbers is essential (Buurt et Debrot, 2012). 

The Curacao Creole pig is a black haired pig and the Aruba Creole pig is usually blotched (Buurt et 

Debrot, 2012). On Bonaire both black and blotched pigs are found. Both belong to the same species 

Sus scrofa (expert knowledge Dolfi Debrot), in this study no distinction will be made between both 
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races. Feral pigs are a serious problem in the WSNP where they extensively uproot former aloe fields 

in search of invertebrates. Especially near Slagbaai and the Gotomeer pigs can be found.  

Next to goat, donkey and pig, sheep also occur in the WSNP. Most of the sheep live in the 

Washington part (North) of the park and thus are owned by the Sabana. The feral cat has also been 

included in this research because of the impact of feral cat on ground nesting birds.  
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4. Methods 

4.1 Introduction 
This study consists of three different parts, all related but having a different study design. The entire 

study is correlative because the natural occurring variation has been studied and no experimental 

manipulations were done. In the first part (section 4.3) the population density and structure of feral 

livestock has been estimated for the study area; the Washington Slagbaai National Park (WSNP) and 

the Labra-Brasil area. This has been done using line transect sampling (Buckland et al., 2010) and by 

looking at dung density. Secondly (section 4.4), the Opuntia distribution has been assessed for two 

Opuntia species. Finally (section 4.5), the differences in goat diet composition during the dry season 

were studied.  

When looking at vegetation composition and geology, the study area is not homogeneous. Because 

of this, strata were defined in the study area to make comparison of the data possible when using 

line transect sampling. Both the strata and the transect lines were also used when assessing dung 

density and Opuntia distribution. Because of this, the design of the strata and line transects are 

discussed first (section 4.2), followed by the more detailed methods of the three study parts. In the 

final section (section 4.6) the measurements are described. 

The first week of the study has been a pilot study, this period has been used to get a better 

understanding of the environment and the behaviour of the feral livestock species and to adapt the 

study design. In this chapter, the pilot study has been referred to several times. 

4.2 Strata and transect design 

4.2.1 Strata 

The density of feral livestock has been estimated for the Washington Slagbaai National Park (WSNP) 

and the Labra-Brasil area. This has been done using line transect sampling (Buckland et al., 2010) and 

by looking at dung density. Line transect sampling is a way of estimating animal density or abundance 

part of the ‘distance method’, further explanation is given in section (4.3). For now, only the design 

of the strata and the transect lines will be explained. 

Depending on the homogeneity of the environment the design of the transect lines should be done 

either randomly (homogeneous environment) or randomly stratified (heterogeneous environment). 

Because the vegetation and landscape in the study area are not homogenous, five strata were 

defined to distribute the transect lines randomly. Doing this, it is prevented that the transect lines go 

through areas with different environmental conditions (strata), having a negative effect on the 

precision of the density estimate. 

The strata were defined according to the vegetation map of Freitas et al. (2005), see appendix A. 

Looking at this vegetation map of Bonaire, the following eight vegetation types are present in the 

study area (Freitas et al., 2005): 

 D1 Undulating landscape  Eragrostis-Cyperus 

 D2 Undulating landscape Haematoxylon-Cacearia 

 D3 Undulating landscape Prosopis-Casearia 

 D4 Undulating landscape  Prosopis-Subpilocereus 
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 TL1 Lower terrace  Lithophilia-Sesuvium 

 TL7 Lower terrace  Croton-Prosopis 

 TM1 Middle terrace  Lithophilia  

 TM9 Middle terrace  Prosopis-Euphorbia 

When defining the strata in this study, some vegetation types were taken together to form one 

stratum. This was done because some vegetation types have a small surface area and have much in 

common with other vegetation types. Because the Labra-Brasil area was added to the study area 

later, the Labra-Brasil area was defined as one extra stratum, this can be justified by the more or less 

homogeneous environment in Labra-Brasil. Based on the vegetation types and the observations in 

the pilot study the following five strata were defined (figure 5): 

 A) Undulating landscape type D1  hills 

 B) Undulating landscape type D2  southern volcanic landscape 

 C) Undulating landscape type D3 + D4 + TM1 + TM9  northern volcanic landscape 

 D) Lower terrace TL1 + TL7  calcareous landscape 

 E) Labra-Brasil area 

 

Figure 5 Study area with strata, roads and borders between Washington, Slagbaai and Labra-Brasil (Google Earth Pro). 

4.2.2 Transects  

Every stratum should have the same effort and the research design should be stratified (Buckland et 

al., 2010). When using the distance method the sample effort is the length of the transect lines. The 

total length of the transect lines/km2 should thus be the same for all the strata to guarantee a similar 

effort for the entire study area. Looking in literature, an average effort of about 0.45 km 

transects/km2 has been used to get reliable results (see Appendix B).   

In Google Earth Pro, the five strata, the boundaries of the study area (both WSNP and Labra-Brasil) 

and the roads within the strata have been designed, see figure 5. Based on this, the surface area of 
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the strata were calculated (table 1). The total study area is 50.75 km2, this is not the entire WSNP and 

Labra-Brasil. Some parts have been excluded from the study area such as the private area (Sabana) 

and the Salinas because no transects could be walked in these areas.  

From literature (appendix B) it is known that an effort of about 0.5 km transect/km2 gives reliable 

results, this would mean 25 km of transects should be walked in the study area. The relative effort 

per stratum now was calculated, giving the length (km) of transects needed for every stratum (table 

1). In the pilot study it became clear that transects of 100 meter are best (workable). In some parts of 

the park the vegetation cover, especially Opuntia and Prosopis, is very dense, making it very time 

consuming to walk transects longer than 100 m. The number of transects (100 m) is given for every 

stratum in table 1. 

Table 1 Strata and transect line properties 

 

The transect lines within every strata have not been distributed completely random, but systematic 

random which is the preferred method according to Buckland et al. (2001). Doing this, there is no 

overlap between the transect lines and the transect lines cover the entire strata. In the pilot study it 

proved to be not realistic to randomly design the transect lines because of the dense vegetation and 

the inaccessibility of most areas. Therefore the roads in the strata were used as a basis from which 

the transects could be walked. The starting point of a transect is 15 m from the side of the road to 

compensate for an edge effect. The transects have been walked in right-angled direction of the 

roads, which is random because the direction of the roads is also (approximately) random.  

To distribute the transect lines as random as possible, first the length of the roads per stratum has 

been determined using Google Earth Pro (see figure 5 and table 1). Based on the total length of roads 

per stratum and the amount of transects needed per stratum, the distance on the roads between the 

transect lines was calculated (table 1). The transect lines were placed alternately both on the right 

and left side of the roads.   

Finally the transect lines were inserted in the GPS so the transects could be located in the field (see 

figure 6). By designing the transect lines like this, the effort for every stratum is the same. Similar, the 

total effort will also be the same among the entire study area when looking at dung density and 

Opuntia distribution because the same transect lines were used. The 250 transects lines used in this 

study, are the same transects that have been used in a different study (Barry van den Ende).  

Stratum
Surface area 

(km2)

Relative effort 

(km transects)

Number of 

transects

Length roads 

(km)

Distance 

between 

transects (m)

A 3.07 1.6 16 1.59 100

B 4.13 2.1 21 11.31 529

C 29.95 14.9 149 52.51 353

D 2.4 1.4 14 4.17 296

E 11.2 5 50 8.61 172

Study area 50.75 25 250 x x
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Figure 6 Location of the 250 transects in the study area.  

4.2.3 Sectors 

For the management of the WSNP, comparisons between the areas Washington, Slagbaai and Labra-

Brasil are very important since these three sectors are seen as separate management units with 

different management regimes. The five strata (A-E) are completely covered by Washington, Slagbaai 

and Labra-Brasil. Because of this, the total effort for the three sectors thus is also similar and the data 

can be compared. The three sectors have a surface area of 22.2 km2 (Washington), 17.4 km2 

(Slagbaai) and 11.2 km2 (Labra-Brasil). The number of transects per sector is 118 (Washington), 82 

(Slagbaai) and 50 (Labra-Brasil).  

4.3 Population density and structure 

4.3.1 Population density  

4.3.1.1 Distance method 

The ‘distance method’ (Buckland et al., 2010) has been used for estimating population density and 

abundance of the feral livestock species goat, donkey, pig, sheep and feral cat. There are some 

assumptions that need to be fulfilled when using distance sampling; objects directly on the transect 

line should always be detected, objects should be detected at their initial position, distances should 

be measured accurately and objects should not be measured twice (Thomas et al., 2002).  

Within the distance method, line transect sampling is one of the most used techniques for estimating 

wildlife populations (Hedley et Buckland, 2004, De Tores et Elscot, 2010). There are two basic 

principles for line transect sampling that must be met. First, the position of the transects should be 

random or systematic random within the survey area to be representative (Buckland et al. 2001, 

2010). Next to randomization, enough lines should be used to get a representative estimate of 

animal density (Buckland et al., 2010). The strata and transect design has already been discussed in 

the previous section. 
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Figure 7 Observer-animal distance (d) and the angle (ϴ) from the line of detection with the transect line. With this, the 
perpendicular distance (x) can be calculated (Ecological Methods 2, 2014) 

When walking along the transect line, the observer records the animals, the distance to the detected 

animal d (observer-animal distance) and the angle ϴ from the line of detection with the transect line. 

With this, the perpendicular distance x can be calculated (shortest distance from the detected animal 

with the transect line), illustrated by figure 7. The perpendicular distances are used to estimate a 

detection function, the probability an animal will be detected as a function of the distance to the 

transect line. When the detection function has been estimated, the proportion of animals detected 

can be determined and after that the animal density can be estimated. The observations of the 

animals were done both left and right from the transect line.  

Distance Software can be used to analyse the data collected with line transect sampling (Thomas et 

al., 2010). Because no covariates are included in this analysis, conventional distance sampling (CDS) 

was used. There are a lot of settings in Distance that can be adjusted to the count data and the 

environmental conditions of the study area. Different settings of the detection function have been 

explored; for the key function, uniform, half-normal, hazard-rate and negative exponential and for 

the series expansion, cosine, simple polynomial and hermite polynomial.  

As a fitting criterion in Distance, AIC (akaike information criterion) was used, giving a value for the fit 

of the detection curve. The model (with specific settings) with the lowest AIC is preferred. The 

settings for the model definition in this analysis are half-normal for the key function and cosine as 

series expansion. These settings are based on the lowest AIC value and the settings used in previous 

research on Bonaire (Lageveld  et al., 2015) and Sint Eustatius (unpublished data, Dolfi Debrot). 

 

Figure 8 Stratification settings in Distance Software 

Distance Software can only analyse data with one layer of stratification. Because estimations are 

wanted for both the sectors and the strata, two different datasets were needed for the analysis; 

stratification by sector (1-3) and by stratum (A-E). The strata were defined in the model definition by 
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using the layer type ‘stratum’. Figure 8 shows the other settings that were used for the stratification. 

With the data filter the species were selected by selecting one species per analysis in the layer type 

‘observation’. For every analysis the distance data were right truncated, discarding the largest 5 

percent of the data as suggested for line transect sampling by Buckland et al. (2001). 

4.3.1.2 Dung density method  

Next to the Distance method, dung density is used as a proxy for goat density. Fresh goat dung has 

been counted in two plots on every transect line, at the start (close to the road) and at the end of the 

transects (far away from the road). The central point of every plot is the start or end point of the 

transect line in the GPS. Around this central point, the fresh goat dung has been counted in a radius 

of 2 meters, meaning every plot has a surface area of 12.6 m2 . The ‘fresh’ goat dung is characterised 

by a brown or black colour, this has been observed in the pilot study. Goat dung which is older has a 

more greyish or white colour. Counting dung has only been done for estimating goat density because 

these animals are most abundant and goat dung can be found almost everywhere in the park.  

This method does not give an exact estimate for the goat population density. However, differences in 

dung density between plots close to and far away from road can be used to test for an edge effect. 

Moreover the dung density method serves as a back-up for estimating goat density. From the pilot 

study it became clear that it might not be possible to walk transects everywhere.  

4.3.1.3 Observing 

It is important to observe the animals in a fixed time frame every day, to exclude time becoming a 

confounding factor. Looking at the daily pattern of goat, at night they sleep in the hills, in the 

morning they go to lower grounds to graze and in the evening they return to the hills again (expert 

knowledge Dolfi Debrot, observation pilot study). The transects have been walked when the animals 

were actively grazing (between 8:00 am and 16:00 pm) because then the distance method works 

best.  

The walking speed of walking the transect lines should be around 1 km/h (Ickes, 2001) and should be 

kept as constantly as possible. When there were objects (for example thick shrubs) on the transect 

line, the observer just walked around these objects to observe the animals from a different point on 

the transect line. The animals are very shy, making it important to be as silent as possible when 

walking the transects (expert knowledge Dolfi Debrot). Goats often ran away when they saw the 

observer. In this case, the position of the first sighting of the goat was measured. 

4.3.2 Population structure 

To be able to say something about the population structure of the animals, the sex of every animal 

was determined during the line transect sampling. The age class was also assessed using previously 

determined classes (young, sub-adult, and adult). Even after the pilot study it sometimes was difficult 

to determine the sex or age class of the animals, especially when the animal-observer distance was 

large. In these cases, the animal was given the sex ‘unknown’ or age class ‘sub adult or adult’.  

4.4 Opuntia distribution  
The Opuntia distribution has been estimated on the 250 transect lines to test for a relation between 

Opuntia distribution and goat density. This was done in the same plots that were used for the dung 

counts, so in plots with a 2 meter radius at both the start and the end of a transect line. In the pilot 

study, it was discovered that the species Opuntia wentiana and Opuntia curassavica are most 
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common in the study area, therefore only these species are included. The Opuntia cover has been 

estimated for both species, ranching from 0% (no Opuntia) to 100% (Opuntia covering the entire 

soil). Opuntia curassavica is growing low on the ground and therefore only the average height of 

Opuntia wentiana was estimated with a measuring stick. 

4.5 Diet composition  
In the last part of the study, the diet composition of goats has been analysed. The focus was on the 

amount of columnar cacti eaten by the goats because goats are known to seriously affect these cacti. 

During the pilot study it has become clear that it is not possible to randomly select animals for diet 

observation. The vegetation is too thick to follow animals and observe their foraging behaviour. 

Therefore, the roads were used for doing the observations. Every goat that was spotted when driving 

on the roads in the study area was used as an experimental object. Selecting the animals like this is 

not completely random but it is the only way to study the diet composition of goats in the WSNP.  

When a goat was spotted along the road, the animal was observed for 2 minutes. If the animal did 

not forage within these 2 minutes a different goat was looked for. If the goat did forage within 2 

minutes the observation started and the foraging of the goat was observed for 5 minutes. The 

vegetation species and the time the goat foraged on were determined. To prevent time becoming a 

confounding factor, the observations were done in a fixed time frame every day which was when the 

animals were most actively foraging (morning and late afternoon).  

The average driving speed was about 15 km/h. Within one hour, an average of two suitable 

observations of goat diet composition could be done. Regarding the time available for the fieldwork, 

only 42 diet observations were done, at the beginning of the dry season (end February) and later on 

in the dry season (end April). 

4.6 Measuring 
These are all the data gathered for the 250 transects: 

 Direction transect  Compass   

 Difficulty transect  1-10 

 Elevation transect  0-90 degrees 

 Goat sound  notation 

 Animal way back  notation 

 Coordinates sleeping area  GPS receiver  (Trolle et al., 2008) 

 Effective strip width  estimation  

 Species  pig/goat/donkey/sheep/feral cat 

 Date + time of the day  GPS receiver   

 Start transect  GPS  GPS receiver  (Trolle et al., 2008) 

 Position animal observation  GPS receiver  (Trolle et al., 2008) 

 End transect GPS  GPS receiver  (Trolle et al., 2008) 

 Observer-animal distance (d)  Laser range finder (Buckland et al., 2010) 

 Angle with transect line(ϴ)  Compass  (Ramesh et al., 2012) 

 Sex animals  male/female/unknown 

 Age classes animals  adult – sub adult – young – unknown 

 Health status  +/- 
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 Animal behaviour 

For every plot on the transect lines, the following parameters were determined: 

 Goat dung count  counting  

 Average Opuntia wentiana height  measuring stick 

 Opuntia wentiana and Opuntia curassavica cover  estimation  

 Leaf litter  notation 

Looking at the diet composition of goats, the following parameters were assessed:   

 Date + time of the day  GPS receiver   

 Time spend foraging (of 5 min)  stopwatch 

 Vegetation species  binocular  

 Foraging on ground / vegetation  observing 

 Status vegetation  alive/dead 

 Position animal observation  GPS receiver  (Trolle et al., 2008) 

 Sex animals  male/female/unknown 

 Age classes animals  adult – sub adult – young – unknown 

 Health status  +/- 

 

  



 
19 

5. Results 

5.1 Population density and structure 

5.1.1 What is the population density of goat, pig, donkey, sheep and feral cat? 

To answer this research question, the count data of the line transect sampling were analysed using 

Distance Software. Distance Software has given estimations of the abundance (N) and density (D) of 

the five species per stratum (A-E) and per sector (1-3). Because the analysis with Distance Software 

corrects for the detection and truncates and stratifies the data, these estimations should be seen as a 

good approximation of reality.  

 

Figure 9 Detection function of the first analysis (perpendicular distance on the x-axis, detection probability on the y-axis) 

In total, 10 analyses were done using two data sets; analyses for 5 species for both the strata (A-E) 

and the sectors (1-3). Next to the N and D estimations, Distance also gives the AIC, the ESW, the 

probability of detection (P) and the 95% confidence interval (CI) of N and D, details about these 

parameters can be found in the previous section. Distance shows the detection function of the best 

fitted curve for every analysis. Figure 9 shows the detection function of the first analysis (species is 

goat and stratification with strata). In the graph, the probability of detection (P) is plotted against the 

perpendicular distance, showing a decrease in P with a higher perpendicular distance. 

Table 2 gives the summed estimations of N and D of the two datasets (stratification with stratum and 

sector). The results differ only in a small amount, caused by the differences in stratification. N gives 

the total abundance (number of animals) and D the animal density (per square kilometre and per 

hectare). The 95% CI gives information about the reliability of the estimations. Goat estimations have 

a relative smaller 95% CI compared to the other estimations because of a larger sample size. These 

sample sizes are indicated by the count data used as input for the Distance analysis and can be found 

in table 3.  

Total goat abundance for the entire study area (WSNP and Labra-Brasil) is estimated to be around 

11064 (8513 – 14378) goats. Goat density is estimated to be around 2.18 (1.68 – 2.83) goats per 

hectare. These estimations were given by Distance Software, using the model with the lowest AIC 

(akaike information criterion), giving a value for the fit of the detection curve. Finally, table 2 gives 

the effective strip width (ESW) calculated by Distance. 
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Table 2 Results Distance estimations for total animal abundance (N) and average density (D) for stratification by strata 
(A-E) and by sector (1-3) 

 

 

Table 3 Count data of the 250 transects for the 5 animal species  

 

The results of goat abundance and density per stratum are now described (table 4), the Distance 

estimates of the other animals are given in Appendix C. Obviously, the abundance (N) estimations are 

higher in strata with a higher surface area (for example stratum C and sectors Washington and 

Slagbaai). Looking at the sectors, goat numbers are highest in Washington, 5886 (4262 - 8127), 

suggesting that at least 4262 goats live in the Washington part of the WSNP. Looking at the density 

estimates, goat density is highest in stratum B (southern volcanic landscape); 3.66 (1.69-7.89) goats 

per hectare. In stratum E (sector Labra-Brasil), the goat density is lowest; 0.45 (0.14-1.4) goats per 

hectare. Goat density in sectors Washington and Slagbaai is about the same, the same is true for the 

strata A, C and D. 

Species N 95 % CI D (1/km2) 95 % CI D (1/ha) ESW (m) AIC

Goat 11064 8513 - 14378 218 167,7 - 283,3 2,18 15,63 1106,31

Donkey 199 46 - 860 3,9 0,9 - 16,9 0,04 15,5 18,45

Sheep 816 320 - 2078 16 6,3 - 40,9 0,16 14,78 66,65

Pig 60 12 - 312 1,2 0,2 - 6,1 0,01 x x

Feral cat 257 59 - 1029 4,9 1,2 - 20,3 0,05 12,21 17,02

Total estimates stratum (A-E)

Species N 95 % CI D (1/km2) 95 % CI D (1/ha) ESW (m) AIC

Goat 11072 8513 - 14401 218,2 167,7 - 283,8 2,18 15,63 1106,31

Donkey 209 49 - 887 4,1 1 - 17,5 0,04 15,5 18,45

Sheep 795 305 - 2070 15,7 6 - 40,8 0,16 14,78 66,65

Pig 63 12 - 333 1,3 0,2 - 6,6 0,01 x x

Feral cat 241 58 - 1004 4,7 1,1 - 19,8 0,05 12,21 17,02

Total estimates sector (1-3)

Stratum Goat Sheep Donkey Pig Feral cat

Washington 105 8 0 0 2

Slagbaai 71 4 2 1 1

Washington-Slagbaai 176 12 2 1 3

Labra-Brasil (Stratum E) 7 0 1 0 0

Total 183 12 3 1 3

Stratum A 16 0 0 0 0

Stratum B 24 0 2 0 0

Stratum C 125 12 0 1 3

Stratum D 11 0 0 0 0
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Table 4 Goat abundance (N) and density (D) estimates per stratum and per sector with the 95% confidence interval (CI) 

 

5.1.2 What is the population structure of goat, pig, donkey, sheep and feral cat? 

When walking the 250 transects, 183 goats, 3 donkeys, 12 sheep, 1 pig and 3 feral cats were 

observed. Because of the low number of observations of donkey, sheep, pig and feral cat, only the 

population structure of goats has been analysed in this section. Figure 10 and table 5 give an 

overview of the population structure of goat in terms of age and sex.  

 

Figure 10 Sex distribution of goat among the age classes 

Looking at the age, 20.2% of the goat population are young animals, 30.1% sub-adults and 48.1% 

adults. When looking at the sex distribution it is clear that there are around twice as many female 

goats as there are male goats. For 30.1% of the goat observations, the sex could not be determined 

with certainty, these goats were mostly young animals. The sex ratio (female/male) for the adults is 

2, this is the most reliable ratio because there are relatively few goats with an unknown sex in this 

age class.  

Stratum N 95 % CI D (1/km2) 95 % CI D (1/ha)

A 859 395 - 1870 280 129 - 609 2,8

B 1510 700 - 3260 366 169 - 789 3,66

C 7589 5626 - 10237 254 188 - 342 2,54

D 603 209 - 1741 251 87 - 725 2,51

E 502 161 - 1566 45 14 - 140 0,45

Sector N N LCL D (1/km2) 95 % CI D (1/ha)

Washington 5886 4262 - 8127 265 192 - 367 2,65

Slagbaai 4685 3114 - 7046 269 179 - 405 2,69

Labra 502 161 - 1566 45 14 - 140 0,45

Estimates goat per stratum

4 

28 

55 

2 

9 

28 
31 

18 

5 

0

10

20

30

40

50

60

Young Sub-adult Adult

G
o

at
s 

Female

Male

Unknown

Sex 



 
22 

Table 5 Sex distribution among the age classes and the sex ratio 

 

Table 6 shows the health status of the goats for the different age classes. Overall, around 10% of the 

goats are lame (visible physical malfunction) and 75% is fit (no visible malfunction). Comparing 

between the age classes, sub-adults seem to have more physical malfunctions than the young and 

adult goats.   

Table 6 Goat health status per age class 

 

5.1.3 Are there differences in goat population density between the different areas? 

To test for differences in goat population density between the strata (A-E) and sectors (1-3), the goat 

count data of the line transect sampling were used. Because these data are count data with a Poisson 

distribution, Chi square (χ2) tests were used to test between differences in density (goat count/km2) 

of two different areas. This was done for 3 combinations of sectors and 6 combinations of strata, see 

table 7. For the χ2 tests, the null hypothesis is that the observed values are the same as the expected 

values (no differences in density between the areas). 

First the expected goat count/km2 was calculated, dividing the total goat count of the two areas by 

the surface area of the two areas. After this, the expected goat count per area was calculated, 

assuming the same goat count density for both areas. This was done by multiplying the expected 

goat count/km2 for both areas with the surface area of one area.  The effort (transects/km2) per 

stratum or sector is not always exactly the average for the entire study area. Therefore a correction 

was done for this; in a stratum with a higher effort, the number of goat counts was corrected 

downwards. In table 7, the column ‘observed’ gives these corrected count data for every area.   

Young Sub-adult Adult Total  %

Female 4 28 55 88 48,1

Male 2 9 28 40 21,9

Unknown 31 18 5 55 30,1

Sex ratio (f/m) 2,0 3,1 2,0 2,2 x

Total 37 55 88

 % 20,2 30,1 48,1

SexAge class

Sex

Age 

class

Age class Fit Lame Unknown

Young 81,1 10,8 8,1

Subadult 63,6 10,9 25,5

Adult 84,1 6,8 9,1

Total 76,5 9,3 14,2
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Table 7 Chi square (χ
2
) tests for 3 combinations of sectors (1-3) and 6 combinations of strata (A-D) 

 

With the formula χ2 =∑ (observed-expected)2/expected, the χ2 was calculated for all the 

combinations of areas. Because the degrees of freedom (df) is 1, the critical χ2 is 3.84. If the χ2 is 

higher than the critical χ2, there are significant differences in goat density between the areas. The last 

column of table 7 shows that there are only differences in goat density between the Washington and 

Labra-Brasil and between Slagbaai and Labra-Brasil. Figure 11 shows that the goat density is lower in 

Labra-Brasil compared to Washington and Slagbaai. No significant differences in goat density were 

found between the strata and between Washington and Slagbaai. 

 

Figure 11 Observed goat densities (goats/hectare) for the sectors  

Washinton 97,38 105 99

Slagbaai 76,50 71 75

Washinton 70,66 105 99

Labra-Brasil 35,73 7 8

Slagbaai 50,60 71 75

Labra-Brasil 32,57 7 8

A 16,61 16 15

B 22,34 24 24

A 13,11 16 15

C 127,87 125 126

A 13,91 16 15

D 10,87 11 9

B 18,08 24 24

C 131,14 125 126

B 20,89 24 24

D 12,14 11 9

C 125,04 125 126

D 10,02 11 9
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p>0.1
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p>0.50,04 1 3,84 No
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5.1.4 Is there a relation between the distance method and the dung density 

method? 

Correlation 

As explained in the methods section, the goat density was estimated by counting goats (line transect 

sampling) and by counting goat dung (proxy for goat density). A positive correlation between both 

methods is expected. Dung has been counted at the start and the end of the transects, these data 

were averaged to get one dung count value for every transect. The average dung counts of all the 

transects are given in table 8 per stratum. The average dung density per stratum was calculated by 

dividing the count by 12.6 (surface area plot).   

Table 8 Average dung count and dung density (dung/m
2)

 for every stratum 

 

For every transect the average goat dung count and goat count are available, both being count data 

with a Poisson distribution. Because these count data are non-parametric, a Spearman correlation 

test was done; there is a positive weak correlation between goat count and average dung count (ρ 

=0.243, n=250, p=0.00).The scatterplot (figure 12) shows this positive correlation although it is not 

very clear because the correlation is weak (ρ =0.243). For skewed count data, a Kendall’s tau-b 

correlation test can also be used. The results of this correlation test also show a weak positive 

correlation (τb =0.190, n=250, p=0.00) between average dung count and goat count. 

 

Figure 12 Relation between goat count and average dung count  

Stratum count
dung density 

(dung/m2)

A 51,8 4,1

B 31,7 2,5

C 43,0 3,4

D 4,9 0,4

E 3,3 0,3

Washington 44,6 3,5

Slagbaai 36,5 2,9

Labra-Brasil 14,4 1,1
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In the previous analysis, the goat count data were used to investigate a possible correlation between 

dung density and goat density. This relation was also tested with the estimated goat densities from 

the Distance method, see table 2. When testing for a correlation between goat density (Distance 

method) in the 3 sectors and the goat dung density, again the non-parametric Kendall’s tau-b 

correlation test was used since the data are skewed. Doing this, the tests show a weak positive 

correlation when using the average dung density (τb =0.192, n=250, p=0.00), dung density at the end 

of the transects (τb =0.207, n=250, p=0.00) and dung density at the start of the transects (τb =0.163, 

n=250, p=0.00). These results are similar to the previous results in which the count data were used.  

Regression 

A regression was also done to describe the relation between goat count and dung count. First, the 

average dung counts were grouped using the values of the goat counts. Then, the sample size of 

every group was determined using a pivot table in Excel. So for example, for every goat count value, 

the average dung count and the frequency (weight) of this value was calculated.  

Then a weighted regression was done using dung count as dependent variable. A linear regression 

was done using goat count as independent variable because a linear relation was expected (y=ax+b). 

The regression has been weighted by the square root of the sample sizes of the groups, giving more 

weight in the regression to grouped values based on more data. 

 

Figure 13 Relation between goat count and dung count (y=5.855x+31.485) 

The results show that the regression model is significant (p=0.029) with an R square of 0.575, 

explaining more than half of the variation. Both coefficients calculated by the regression model are 

significant b=31.485 (p=0.002) and a=5.855 (p=0.029). With these coefficients, the formula describing 

the relation between dung count and goat count is y=5.855x+31.485, see the graph in figure 13. 

Similar to the correlation tests, regression analysis suggests a positive relation between goat count 

and dung count (the two methods used for estimating goat density). 
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5.1.5 Is there an edge effect of the roads when using the dung method? 

Chi square tests 

To test for a possible edge effect of the roads for the goat density, Chi square (χ2) tests were used to 

test for differences in dung density between the start of the transect (15 m from the road) and the 

end of the transect (115 m from the road). Chi square tests were done because the dung density data 

are count data.  

In total 4 tests were done; for the total dung count in Washington, Slagbaai, Labra-Brasil and the 

entire study area, see table 9. The null hypothesis is that the observed values are the same as the 

expected values (no differences in dung count between start and end transect). To be able to 

compare dung counts in one area, the dung counts were summed for all the transects within this 

area, for both 15 and 115 meters from the road, given in table 9 in the column ‘observed’. The 

expected dung count was calculated as the average of the 15 and 115 observed counts. 

Table 9 Chi square (χ
2
) tests for differences in dung density 

 

With the formula χ2 =∑ (observed-expected)2/expected, the χ2 was calculated for the 4 areas. 

Because the degrees of freedom (df) is 1, the critical χ2 is 3.84. In all cases the χ2 is higher than the 

critical χ2, meaning there is a significant difference in goat dung count between the plots at 15 meter 

and 115 meter from the road. Looking at the bar graphs in figure 14, it can be seen that the total 

dung count 115 meter from the road is higher than the dung count at 15 meter from the road. The 

‘dung density’ thus is higher further away from the road in all 4 areas. This suggests an edge effect of 

the roads when using dung count as a proxy for goat density, suggesting the goats avoid the roads.  

 

Figure 14 Differences in dung density close to the roads (15m) and far away from the roads (115) using Chi square tests 

observed expected

15 4739 4935

115 5131 4935

15 2729 3096

115 3464 3096

15 475 792

115 1110 792

15 8166 9017

115 9869 9017

Washington

Slagbaai

Labra-Brasil

Study area p<0.001 Yes

p<0.001 Yes

p<0.001 Yes

115,59 3,84

160,85 1 3,84

254,46 1 3,84

87,29 1 3,84

Reject Ho?
Dung count Critical χ2 

(p=0.05)

p<0.001 Yes

Distance 

from road
Area χ2 df p
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Wilcoxon matched pairs tests 

When assuming that the dung counts close to the roads and far away from the road are related, a 

Wilcoxon matched pairs test can be done. Because the data are count data and do not have a normal 

distribution after transformation, a paired t-test is not allowed. Similar to the Chi square tests, this 

was done to test for differences in dung density between the start of the transect and the end of the 

transect. Table 10 gives the results of the 4 Wilcoxon tests done for Washington, Slagbaai, Labra-

Brasil and the total study area. 

Table 10 Wilcoxon matched pairs test for differences in dung density 

 

Now the results only show a significant difference in dung density close to the road and far away 

from the road for Slagbaai and the entire study area, see figure 15. This suggests that the goats avoid 

the roads in the entire study area. However, for Washington and Labra-Brasil no significant 

difference was found, suggesting no edge effect of the roads on the goat density in these areas.  

 

Figure 15 Differences in dung density using Wilcoxon matched pairs tests 

 

  

Area n t p Reject Ho?

Washington 118 0,32 0,75 No

Slagbaai 79 3,41 0,00 Yes

Labra-Brasil 49 1,63 0,10 No

Study area 246 2,48 0,01 Yes
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5.2 Opuntia distribution 

5.2.1 Are there differences in Opuntia distribution between the different areas? 

To answer this research question, the Opuntia curassavica cover (OC)and the Opuntia wentiana 

cover (OW) and height (OW height) were compared between the sectors Washington, Slagbaai and 

Labra-Brasil. These 3 parameters were estimated for every transect twice (start and end transect) 

and therefore first the average was calculated per transect. For the OW height, the 0-values were 

removed from the dataset because zero height means no Opuntia. For the OW and OC it is important 

to include zero values in the analysis because it actually says something about the cover.  

The 3 parameters are not normally distributed (even after different transformations). Because of 

this, Kruskal-Wallis tests were done, testing for differences for non-parametric data between 3 

groups. Kruskal-Wallis tests were done for OW, OC and OW height, the results are shown in table 11. 

When there is a difference between 2 sectors, the rank average and test statistics were used to 

decide in which sector the parameter is higher. The Kruskal-Wallis tests give the following significant 

results: 

 higher OW in Washington than in Slagbaai and Labra-Brasil 

 higher OW in Slagbaai than in Labra-Brasil 

 higher OC in Slagbaai than in Washington  

 higher OW height in Washington than in Slagbaai and Labra-Brasil 

Table 11 Results of the Kruskal-Wallis test 

 

The sample sizes were unequal for the 3 sectors, Washington (n=118), Slagbaai (n=82), Labra-Brasil 

(n=50) for OW and OC and Washington (n=101), Slagbaai (n=69), Labra-Brasil (n=9) for OW height. 

This explains why no significant differences were found between sectors where differences are 

expected with equal sample sizes. 

n df
Test 

statistics
p Sector n

Rank (sample 

average)

Test 

Statistics
p Difference

Washington 118 164,76

Slagbaai 82 114,09

Washington 118 164,76

Labra-Brasil 50 51,57

Slagbaai 82 114,09

Labra-Brasil 50 51,57

Washington 118 111,70

Slagbaai 82 143,02

Washington 118 111,70

Labra-Brasil 50 129,32

Slagbaai 82 143,02

Labra-Brasil 50 129,32

Washington 101 101,00

Slagbaai 69 68,43

Washington 101 101,00

Labra-Brasil 9 36,78

Slagbaai 69 68,43

Labra-Brasil 9 36,78

25,972 0,000

2

2

2

Parameter

Kruskal-Wallis Test Pairwise comparison

250 92,162 0,000

62,515 0,000 Yes

31,648 0,218 No

OW

OC

OW height

250 11,232 0,004

171

32,574 0,000 Yes

64,222 0,001 Yes

-17,617 0,335 No

13,704 0,733 No

-31,321 0,003 Yes

50,673 0,000 Yes

113,188 0,000 Yes
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The boxplots in figures 16-18 show the differences in average OW, OC and OW height between the 

sectors. Because the data are not normal, boxplots with medians and 4 quartiles were used because 

these are more informative than bar graphs with error bars.  

 

Figure 16 Differences in Opuntia wentiana cover (OW) between the sectors 

 

Figure 17 Differences in Opuntia curassavica cover (OC) between the sectors 
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Figure 18 Differences in Opuntia wentiana height (OW height) between the sectors 

5.2.2 Is there a relation between Opuntia distribution and goat density? 

As explained in the research questions, the possible relation between Opuntia density and goat 

density might work in 2 ways. First of all, correlation tests were done to test for a positive effect of 

goats on Opuntia density. The relationship can also work the other way around; Opuntia might 

influence goat density. To test for the possible hump shape relation, regression analyses were done. 

Effect of goat on Opuntia density 

The Opuntia distribution has been measured with 3 parameters (OC, OW, OW height). Goat density 

has been estimated by both counting goat and by counting goat dung. Both for the Opuntia 

parameters and the dung count the averages per transect have been used in this analysis. In total 6 

combinations of Opuntia distribution and goat density can be tested for a significant correlation. As 

an example, the relation between goat count and OW height is shown in the scatterplot (figure 19), 

the other graphs can be found in Appendix D.  

 

Figure 19 Scatterplot showing the relation between OW height and goat count  
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The 3 parameters of Opuntia distribution are not normally distributed (after transformations). Both 

goat count and goat dung count have a Poisson distribution and thus are also non-parametric. 

Because of this the Spearman correlation test and the Kendall’s tau-b correlation test (corrects for 

skewed data) were used. Table 12 gives an overview of all the 12 correlation tests that have been 

done. The differences between the Kendall and Spearman correlation test are small and have no 

effect on the final results. A weak positive correlation was found between: 

 dung count and OW 

 dung count and OW height 

 goat count and OW and  

 goat count and OW height 

This thus means that there is a weak positive correlation between Opuntia wentiana distribution 

(OW and OW height) and goat density (goat count and dung count). No correlation was found 

between Opuntia curassavica cover and goat density.  

Table 12 Correlation tests for the relation between Opuntia density and goat density 

 

Effect of Opuntia on goat density 

To test for a possible effect of Opuntia density on goat density again the same 6 parameters were 

used. Because a hump shape relation is expected, 6 regression analyses were done to test for the 

relation between the parameters describing Opuntia density and goat density. First, the average goat 

density values were grouped using the values of the 3 parameters of Opuntia. Then, the sample size 

of every group was determined using a pivot table in Excel. So for example, for every Opuntia 

wentiana height value, the average dung count and the frequency of this value was calculated.  

Then a weighted regression was done using goat density as dependent variable. Linear regression 

was used for this and therefore both Opuntia density and the square of Opuntia density were used as 

independent variables because a hump shape relation was expected (y=ax2+bx+c). The regression has 

been weighted by the square root of the sample sizes of the groups, giving more weight in the 

regression to grouped values based on more data.  

The results in table 13 show that only one regression model is significant, with 42% of the variation 

explained. This suggests that only the relation between Opuntia wentiana height and goat counts is 

Combination Correlation test p n
Correlation 

coefficient
Correlation?

Dung count Kendall (τb) 0,000 250 0,197 Weak + positive

OW Spearman (ρ) 0,000 250 0,279 Weak + positive

Dung count Kendall (τb) 0,840 250 0,010 No

OC Spearman (ρ) 0,873 250 0,010 No

Dung count Kendall (τb) 0,000 250 0,177 Weak + positive

OW height Spearman (ρ) 0,000 250 0,254 Weak + positive

Goat count Kendall (τb) 0,000 250 0,200 Weak + positive

OW Spearman (ρ) 0,000 250 0,244 Weak + positive

Goat count Kendall (τb) 0,897 250 0,007 No

OC Spearman (ρ) 0,880 250 0,010 No

Goat count Kendall (τb) 0,000 250 0,220 Weak + positive

OW height Spearman (ρ) 0,000 250 0,271 Weak + positive
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hump shaped. The relation between Opuntia wentiana height and dung counts is also strong, 2 of the 

3 predictors are significant. The model however is not significant and the explained variation is only 

22%. The other regression models are far from significant, suggesting no hump shape relation 

between goat density and Opuntia wentiana cover and Opuntia curassavica cover. 

Table 13 Results weighted regression analysis for the relation between Opuntia density and goat density 

 

Figure 20 shows the graph for the only significant regression model (OW height and goat density) 

after averaging the goat density data per OW height group. The maximum of the parabola calculated 

by using the formula (y = -0,0001x2 + 0,026x + 0,018) is 87.54 for OW height. This suggests that the 

positive relation between goats and Opuntia wentiana turns over from positive to negative at an 

Opuntia wentiana height of about 87 centimetres. 

 

Figure 20 Relation between OW height and goat counts (y = -0,0001x
2
 + 0,507x + 28,410) 

R Square p Predictors B p

Constant 28,410 0,001

OW height 0,507 0,050

OW height^2 -0,003 0,064

Constant 0,018 0,938

OW height 0,026 0,007

OW height^2 -0,0001 0,029

Constant 39,825 0,000

OW 0,310 0,684

OW^2 -0,013 0,352

Constant 0,529 0,010

OW 0,033 0,161

OW^2 -0,001 0,197

Constant 32,789 0,000

OC 0,269 0,630

OC^2 -0,005 0,540

Constant 0,867 0,000

OC -0,011 0,542

OC^2 0,000 0,521

CoefficientModel
Relation

OW height - Dung 0,219 0,138

0,020 0,794

0,018 0,810

OW height - Goat

OW  - Dung

OW  - Goat

OC  - Dung

OC  - Goat

0,424 0,012

0,165 0,237

0,120 0,361
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5.2.3 Is the Opuntia distribution related to the distance from the road? 

The 3 parameters for Opuntia distribution (OW, OC and OW height) have been estimated for every 

transect twice (15 meters from the road and 115 meters from the road). Therefore the data of 

Opuntia distribution can be seen as paired data since. To test for differences in Opuntia distribution 

between the plots of 15 meter and 115 meter, Wilcoxon matched pairs tests were done because 

even after transformations the data of all the 3 parameters are not normally distributed.  

Table 14 Wilcoxon matched pairs test for Opuntia distribution 

 

The results (table 14) of the Wilcoxon matched pairs test show no differences in Opuntia distribution 

between the start and the end of the transects looking at the entire study area. There however are 

three cases with significant differences when looking at the separate areas; OC in Washington and 

OW and OW height in Labra-Brasil. When looking at the graphs in figures 21-23, the following can be 

concluded; in Washington the Opuntia curassavica cover is higher at the start of the transects and in 

Labra-Brasil the Opuntia wentiana cover and height are higher at the start of the transects. These 

results suggest a higher Opuntia density further away from the roads (edge effect) in some areas. 

  

Figure 21 Opuntia curassavica cover in Washington at the start and end of the transects 

Area Parameter n t p Difference

OW 118 -0,12 0,91 No

OC 118 -3,25 0,00 Yes

OW height 118 -0,44 0,66 No

OW 82 0,53 0,59 No

OC 82 0,80 0,42 No

OW height 82 -0,05 0,96 No

OW 49 -2,55 0,01 Yes

OC 49 -0,14 0,89 No

OW height 48 2,72 0,01 Yes

OW 249 -0,73 0,47 No

OC 249 -1,52 0,13 No

OW height 249 1,07 0,29 No

Study area

Labra-Brasil

Slagbaai

Washington
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Figure 22 Opuntia wentiana height in Labra-Brasil at the start and end of the transects 

 

 Figure 23 Opuntia wentiana cover in Labra-Brasil at the start and end of the transects 
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5.3 Diet composition 

Are there differences in diet composition of goat during the dry season? 

No statistical tests were done with these data because the sample size is not big enough, time to 

increase the sample size was lacking. Therefore only general observations were done, suggesting 

goats forage more on cacti species and become less specific when foraging later on in the dry season. 

In total 42 observations of foraging goats have been done, 20 at the end of February (begin dry 

season) and 22 at the end of April (dry season). At the start of the dry season goats were observed 

foraging on 6 plant species and in the dry season on 12 plant species (figure 24). 

  
Figure 24 Diet composition of goat at the start of the dry season (a) and in the dry season (b) 

Looking at the contribution of cacti species to the diet composition of goat in both periods, no cacti 

were eaten at the start of the dry season and 10 cacti were eaten in the dry season (figure 25). In the 

dry season, goats were observed foraging on Yatu (5 times), Kadushi (twice) and Opuntia (twice). 

Goats foraging on Yatu were foraging on Yatu regeneration. In both cases of foraging on Kadushi, 

branches of the Kadushi had been fallen of the main cactus, the goats were feeding on these 

branches. For Opuntia, goats were observed feeding on part of Opuntia lying on the ground. The 

goats were struggling a lot when eating the Opuntia because it often attached to their head, when 

this happened they tried to detach the Opuntia parts and continued eating. Appendix E contains 

pictures made during the field work of foraging traces of goats on different species. 

  

Figure 25 Contribution of cacti species to the diet at the begin of the dry season (a) and in the dry season (b)  

a) b) 

a) b) 
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6. Discussion 
On the short term, the most important results of this study are the density estimates of feral 

livestock. The main objective of the goat eradication project is to reduce goat density to 0.1 goats per 

hectare in the Washington Slagbaai National Park (DROB,2013). This study estimates current goat 

density (D) to be around 2.7 (1.8-4) goats per hectare in the WSNP, which is much higher than the 

objective. This emphasizes the need to control goat numbers in the park to reduce further ecosystem 

degradation. Reducing goat density to 0.1 goats per hectare has proven to be successful on Curacao 

in reducing the negative ecological impacts of the goats and restoring the ecosystem (Buurt et 

Debrot, 2012). The abundance (N) of goats is estimated to be around 11064 (8513-14378) animals 

for the entire study area. Looking at the population structure of the goats, 20% are young animals, 

50% adults and there are twice as many female goats than male goats.  

At the start of the goat-catching project (April 2015), around 45 goats were removed from the WSNP 

every week. With the current catching effort, around 2300 goats will be caught in one year, meaning 

around 25% of the population is caught yearly.  Catching only a small fraction of the population might 

have no effect in reducing goat density in the long term. This is supported by the “pest removal 

principle”; the population density will only decrease when the rate of removal is greater than the 

rate of increase (Hone, 2007). Southwel et Pickles (1993) calculated the minimum rate of removal for 

goats to be 31% on a yearly base. This percentage is based on a yearly population growth of 38% 

(Southwel et Pickles, 1993).) The current rate of removal (25%) is lower than the minimum rate of 

removal to stop population growth (31%). Therefore a more effective way of catching the goats 

should be used by STINAPA to decrease goat density to 0.1 goats per hectare. In Appendix F, two 

scenarios are given; using the minimum rate of removal (31%) and using a rate of removal of 50%. 

When increasing the current rate of removal to 31%, it will take many years to decrease goat density 

in the WSNP. Catching away 50% of the population every year will decrease the goat density much 

faster, making the goal of 0.1 goats per hectare (500 goats) more realistic. Additionally, the catching 

project could be combined with the ENSO cycle to increase chances of successful restoration of the 

dry ecosystem on Bonaire (Holmgren et al., 2006a).  

For the other animals the density estimates (per hectare) are much lower for the entire study area; 

around 0.16 (0.06-0.41) sheep, 0.05 (0.01-0.2) feral cats, 0.04 (0.01-0.2) donkeys and 0.01 (0-0.06) 

pigs. The impact of these species to the ecosystem however can be substantial, the feral cat for 

example is a serious threat to ground nesting birds (Buurt et Debrot, 2012). Sheep density is even 

higher than goat density on Curacao and therefore sheep alone might have a negative impact on the 

ecosystem in the long-term. It thus is very important to monitor and control these populations in the 

future, especially if they appear to benefit from a lower goat density. 

The 95% confidence interval (CI) gives a minimum and maximum for both N and D and is a measure 

for the accuracy of the estimations. For the sheep, donkey, pig and feral cat estimations this 95% CI 

is relatively large because less observations have been done in the field. Much more goats have been 

observed and therefore the estimates of N and D for goat are more accurate with a narrower 95% CI. 

Because there is only one road in Labra-Brasil, the transects are less representative for the area 

resulting in less accurate estimations compared to the estimations for the WSNP. Furthermore, the 

results indicate there might is a bias for the Distance estimations because it is suggested there are 

more goats further away from the roads. Because the transects are near the roads, it is possible that 

the goat numbers are higher in reality compared to the estimations of Distance. For this it is assumed 
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that goat dung is a good proxy for goat density based on the positive correlation and regression 

between both methods. Considering the possible bias it thus can be said that at least 8513 goats are 

living in the study area. 

Another objective of this study is to investigate the relation between Opuntia distribution and the 

goat density, this relation was expected to work in two ways. Looking at the effect of goat on 

Opuntia density, a positive correlation was found, suggesting Opuntia wentiana density is higher 

with a higher goat density. According to the prediction, an explanation might be that goats disperse 

the Opuntia wentiana. No positive correlation was found between goat density and Opuntia 

curassavica density, suggesting goats do not disperse this Opuntia species. This positive relation 

between goats and Opuntia wentiana can also be seen in the differences in goat density and Opuntia 

wentiana density between the sectors. For example, goat density and Opuntia wentiana cover are 

both higher in Washington and Slagbaai compared to Labra-Brasil, suggesting a positive relation. 

Looking at of the effect of Opuntia on goat density the results suggest there is a hump shape 

relation between Opuntia wentiana height and goat density. This would mean that with a higher 

Opuntia wentiana height, goat density increases because goats are expected to forage on Opuntia 

wentiana. At a certain Opuntia wentiana height the relation becomes negative. This might be 

explained by less foraging due to the thickness of the Opuntia patches. This hump shape relation 

however was not found for Opuntia wentiana and Opuntia curassavica cover, more research 

therefore could be done about the relation between Opuntia distribution and goat density.  

It might be arbitrary to explain the current vegetation distribution with only the current animal 

density because it takes time for the vegetation to develop. Moreover, other factors such as soil 

characteristics and other vegetation species might also influence the vegetation distribution.  For 

example, the current Opuntia wentiana distribution could also be explained by goat density 20 years 

ago. Future research about Opuntia distribution on Bonaire should try to include these other factors 

and if possible historical animal densities.  

For the Opuntia curassavica only a significant higher cover was found in Slagbaai compared to 

Washington. A possible explanation could be the lower Opuntia wentiana cover in Slagbaai, resulting 

is less competition. Further research could be done about the Opuntia curassavica distribution, also 

including factors like amount of litter, tree cover, soil characteristics and possible competition. In 

some areas the Opuntia wentiana dominated the undergrowth vegetation making it very time-

consuming to walk transects without scaring of the animals. Next to this, the terrain was sometimes 

very hilly, steep climbs and descends took much time when walking transects. It therefore is 

recommended to look at these factors carefully before designing transects when using the Distance 

method. 

Looking at the diet composition of goat, this study shows goats eat many different vegetation 

species, ranging from deciduous shrubs (like Prosopis), to dead plant material, bark of columnar cacti 

and Opuntia. Only in the dry season goats were observed eating columnar cacti and Opuntia and the 

goats seem to become less specific in foraging when it gets dryer. For further research it is important 

to have a higher sample size, look at the vegetation composition in different areas and study the diet 

composition year-round.   
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7. Conclusion 
Goat density in the Washington Slagbaai National Park is very high; around 2.7 goats per hectare. 

The current effort of the goat catching project very likely will not be sufficient in bringing down goat 

numbers to 0.1 goats per hectare and reducing the negative impact on the ecosystem. Therefore it is 

important to develop a more effective way of catching the goats in the park. Population density of 

the other animal species is lower but should nevertheless be monitored because they might benefit 

from a lower goat density. When feral livestock populations are controlled sufficiently, STINAPA 

could focus on restoring the natural ecosystem of the Washington Slagbaai National Park.  

A density dependent relation between goat density and Opuntia wentiana density was found. The 

results suggest goats disperse Opuntia when foraging but avoid very dense Opuntia patches. There 

however might be more factors explaining Opuntia distribution so more research could be done 

about this relation. Looking at the diet composition of goats, goats appear to be less specific when 

foraging in the dry season and only forage on cacti species in the dry season, also on this topic more 

research could be done. 
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Appendix 

A Vegetation map  

 

Figure 27 Vegetation map of Bonaire (Freitas et al., 2005) 
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B Sampling effort 
Table 15 Literature review to determine sampling effort 

Authors Effort Effort per km2 

Ramesh 2012  353km/895km2 0.4km/ km2 

Trolle 2008  629km/ 1063km3 0.6km/ km2 

Liu 2006  469km/2740km2 0.17km/ km2 

Nayak 2014  1062km/5569km2 0.19km/ km2 

Hamrick et al., 2005  120km/132km2 0.91km/ km2 

Average  0.45km/ km2 
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C Distance analysis outputs 

 

 

Figure 27 Distance output for donkey 
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Figure 28 Distance output for sheep 

 

 

Figure 29 Distance output for pig 
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Figure 30 Distance output for feral cat 
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D Relation goat density and Opuntia distribution  

 

Figure 31 Scatterplot showing relation between OW height and the dung count (Av dung) in the 3 sectors 

 

Figure 32 Scatterplot showing relation between OW and the dung count (Av dung) in the 3 sectors 
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Figure 33 Scatterplot showing relation between OW  height and goat count (goat) in the 3 sectors 

 

Figure 34 Scatterplot showing relation between OW and goat count (goat) in the 3 sectors 
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E Pictures of vegetation damage  

 

Figure 35 Opuntia wentiana 

 

Figure 36 Yatu 

 

Figure 37 Kadushi 
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F Catching scenarios  

 

Figure 38 Decrease of goat population when using the minimal removal rate of 0.31 and a yearly growth of 0.38 

 

Figure 39 Decrease of goat population when using a removal rate of 0.50 and a yearly growth of 0.38 

 

  


