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Here comes the sun, and I say “it’s all right” 

If you would have asked me at the start of my bachelor’s thesis whether 
I would’ve successfully completed an independent research project on 
Aruba, I probably would have laughed at you. I did not think myself 
capable of this, and honestly there were moments throughout entire 
process where I considered quitting. As you’re reading this right now, 
I didn’t, and I’m so very glad I didn’t. Instead I asked for help, pushed 
through, gave up a little, and learnt some valuable lessons along the way. 

The thing people tell you about research in advance, is that it’s going to end 
up changing in practice, and your expectations are going to be changed. 
That’s a fundamental part of the difference between theory and practice, 
and I think that a lesson I learnt both from the iterative learning process 
of doing an independent research project for my bachelor thesis, but also 
majorly from living the island life on Aruba for almost three months.

The preparatory course, and over 300 articles of literature I read in 

preparation for this did not at all prepare me for arriving on Aruba, but 
I suppose that’s also an inherent component of doing community based 
research that didn’t actually click with me until I was actually here. As 
the researcher, you’re not the expert, you’re a person with a passion for 
answering a question, and this project allowed me to do so with the 
collaboration and support of a whole book full of brilliant minds. 

I’d like to thank every single person I shared even a couple of minutes 
of conversation with, from the people on the bus to San Nicholas, the 
locals and tourists alike hiking through Parke Arikok, the students at 
UA sharing their tablespace with me. I’d specifically like to mention 
Duan and Olinda from StimAruba for inviting me on hikes and 
walking tours to see Aruba, and sharing their wonderful knowledge 
of the vegetation. I’d like to thank Giancarlo Nunes from Parke Arikok 
for collaborating with me on this project, joining me in the field, and 
sharing his knowledge. I’d like to thank Maarten Eppinga for approving 
my initial proposal and introducing me to my supervisor, Angeles 
Garcia-Mayor, who has been a lifesaver and a fountain of passion and 
knowledge. Thanks to Tobia for inviting me along on the AFY fieldtrips 
and getting my first hand-on experiences with research on the island. 
I’d like to thank Annemieke, Tatiana, and Marretje for listening to my 
rants and rambles about experimental design, and lending a helpful 
perspective. I’d like to thank my family and friends back home who 
gave me buckets of support in making this decision. I’d like to thank the 
rest of the UAUCU girls for their continued support, laughter, banter, 
singing and studying sessions. Last but not least, I’d like to thank Eric 
Mijts and Jocelyn Ballantyne for their continued support from the start 
of the preparatory class, and for making this programme a possibility. 

I had an amazing time, watching sunrises and sunsets on all the coasts 
and beaches of the island. Getting sunburnt at each and every single one 
of them. Exploring all of the small food places, supermarket, fruiterias 
and batido stands. I probably have some hearing damage from blasting 
the radio and vast collection of playlists that we’ve accumulated over 
our time here. I’ve got an entire collection full of photographs that I’m 
going to spend weeks editing and cleaning up when I get back home, 
sending them around with funny captions and memories. That, and 
writing up the more extensive and final version of my thesis, because 
that also needs to be done. 

Mirre Stevens, University College Utrecht
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Off-road driving and the ecosystem:  
An analysis of the impacts on  

landscape functionality.
Mirre Stevens

1. Introduction
Historically, Aruba’s terrestrial arid ecosystems have 
been perceived as barren and useless, so much so as to 
earn Aruba one of its first labels: “isla inútil”(Industries, 
n.d.). Nothing could be less true, arid ecosystems have a 
wide range of ecosystem services: they provide – erosion 
control and soil retention, water regulation, habitat for 
terrestrial fauna, recreational value, economic value 
as touristic attraction among others (Polaszek et al., 
2018; Schilstra et al., 2003; Wolfs et al., 2017). However, 
all of these services are under threat due to ecosystem 
degradation and biodiversity loss (Oosterhuis, 2016). 
Climate change and other anthropogenic stressors 
– among which deforestation, grazing and off-road 
driving – are influencing vegetation cover and ecosystem 
degradation (Asner et al. 2004; Bilotta et al., 2007; 
Buckley, 2004). 

Globally, the pressure of off-road driving on the ecosystem 
has increased drastically as the activity has gained 
popularity as a recreational activity (Goossens & Buck, 
2014). With the Aruban landscape fitting the stereotypical 
outback and the island receiving over 1.6 million tourists 
annually (CBS, n.d.), off-roading has become one of the 
main tourist attractions (Vogel, 2017). With an increase 
in the pressure, there is an urgent need to understand the 
effects of off-road driving on the vegetation, and to work 

towards managing and limiting these detrimental effect in 
a sustainable manner. 

Therefore, this research aims to look into the impacts of off-
road driving on landscape functionality of the Aruban xeric 
shrubland vegetation, through asking the following main 
research question: 

What are the impacts of off-road vehicle traffic on landscape 
functionality of the Aruban xeric shrubland ecosystem? 

This will be accomplished by answering the following sub-
questions: 
 
1.	 What is the extent of off-road vehicle usage and traffic on 

Aruba?  
2.	 Is there a statistically significant difference in LFA(Landscape 

Function Analysis) values between areas exposed to off-
road traffic and control areas? 

3.	 How big is the difference in landscape functionality 
between roadside and non-roadside locations? 

4.	 How do the soil quality, water infiltration, nutrient cycling 
LFA index values compare between research conditions?

5.	 How does the vegetation cover compare between research 
conditions?

6.	 Do the LFA index values differ within patch types between 
research conditions?

This paper will first provide a literature review. Second, it 
will outline further details on the study area. Then, it will 
explain the material and methods and, finally, it will present 
the preliminary data and analysis thereof. 

This research project was conducted with a community-
based approach, which means stakeholders were involved 
with the gathering of relevant data, decision-making on 
main research objectives and research areas, and will be 
involved with further analysis and conclusions. 

2.Theoretical Background/Literature Review
First, this literature review examines the basics of arid ecosystems 
by looking at the definitions and terminology involved, and 
describing the patch formations and dynamics. Second, 
ecosystem degradation and anthropogenic factors influencing 
this are discussed with a particular focus on grazing and off-
road driving. Then, the Aruban context is described.

2.1 Arid Ecosystems and Patch Dynamics
Arid ecosystems are ecosystems that are characterised 
by their low moisture levels. Globally, arid ecosystems 
vary greatly in terms of the amount of rainfall they 
receive, but through evaporation exceeding this rainfall 
they are generally moisture deficient (WWF, n.d.). The 
characterized vegetation of these ecosystems is woody-
stemmed shrubs. Although there is a diverse spread of 
flora and fauna species, most of which are adapted to 
this low water availability and often have remarkable 
evolutionary adaptations to minimize water loss (EPG, 
n.d.-a).  Two examples of arid ecosystems are xeric 
shrublands (EPG, n.d.-a; WWF, n.d.) and tropical dry 
forests (EPG, n.d.-b; Fajardo et al., 2012; WWF, n.d.). 
Their global distributions are shown in Figure 1 and 
Figure 2, respectively. 

 

Figure 1: Distribution of xeric shrubland on the earth (source Ecology Pocket Guide &TEOW)
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According to the WWF (WWF, n.d.) xeric shrubland are 
categorised with the desert biome type, due to their similar 
arid and moisture deficient conditions but xeric shrublands 
also have similarities with the tropical dry forest ecosystems, 
a semi-arid ecosystem with rainfall periods but long dry 
seasons, resulting in overall moisture deficiency(WWF, 
n.d.).  Due to these differences in water availability (through 
retention capacity or rainfall), tropical dry forests are able to 
support larger flora but both remain less productive compared 
to rainforests and wetter ecosystems (Fajardo et al., 2012)

In these low production ecosystems many species track 
seasonally variable and patchy resources, and therefore, 
require larger natural landscapes to persist (WWF, n.d.). 
The water sources for the system, as well as the riparian 
habitats, in particular, are critical for the survival of many 
species(World Wildlife Fund, n.d.). 

2.1.1 Patch Mosaic Distribution
In ecosystems that are strongly water-limited, plant cover is 
usually less than 60% and not continuous (Aguiar & Sala, 
1999). Instead, the vegetation in a lot of arid ecosystems is 
distributed heterogeneously but semi-ordered in a pattern 
of highly vegetated areas and low plant cover areas, called 
the two-phase mosaic (Aguiar et al., 1996). The areas with 
high plant cover are called vegetated patches, and the low 
cover areas are often called the low-cover matrix.  Examples 
of these non-continuous spatial distributions are shown in 
Figure 3. This two-phase mosaic arrangement affects several 
of the ecosystem processes, from abiotic processes like 
water dynamics and nutrient cycling, to biotic interactions 
like competition and seed dispersal (Aguiar & Sala, 1999). 

The two-phase patch mosaic distribution essentially causes 
a concentration of resources into these high-cover patches 

and a scarcity of resources in the low-cover matrix. This 
heterogeneous spread of resources has implications for the 
productivity and diversity of an arid ecosystem (Noy-Meir, 
1973, 1981). 

An empirical study (Sala et al., 1988) indicated a linear 
relation between annual precipitation and production.  This 
relation indicates that there is a precipitation threshold 
below which there should be no production. This “ineffective 
precipitation” would, in the case of homogeneously 
distributed vegetation, lead to no production. However, 
the heterogeneous distribution allows a shifting of the 
effectiveness of the scarce precipitation, i.e. water levels that 
would not lead to production in homogenous distribution do 
lead to production in heterogeneous, due to patching. This is 
because water redistribution in patch ecosystems determines 
new resource statuses in which the low-cover matrix area 
is a source of water for the high-cover sink patches (Aguiar 
& Sala, 1999). It leads to the matrix being much drier and 
poorer in nutrients and resources than average, whereas the 
vegetated patched become richer with higher concentrations 
of nutrients, water and other resources. This increased 
concentration in the sink patch then becomes above the 
resource threshold needed for production, and the source 
patches, which were already below the threshold, do go 
further below the threshold but production remains zero still. 

Figure 3: Two types of pattern shapes (Aguiar & Sala, 1999)

2.1.2 The Patch Formation Process
There are multiple patch patterns, though two of the 
more frequent and recognizable pattern distributions 
are called the tiger and leopard patterns (Aguiar & 
Sala, 1999) after the similarity between the patch sketch 
pattern and the fur patterns of these creatures. The tiger 
pattern is banded patches of a more rectangular elongated 
shape (Figure 3a) with the leopard pattern being a more 
polka dot spotted pattern with irregular shapes (Figure 
3b). There are two similar but different development 
mechanisms at play in the formation of these patches 
both illustrated in Figure 4.

In the tiger pattern formation process, illustrated by the 
Chihuahuan desert patch example in Figure 4a, there 
is an upslope vegetation growth movement combined 
countering the downslope water and run-off. The patch 
has vegetation in the building and growing phase on the 
upslope side and vegetation in the degenerative phase on 
downslope side. This leads to a general upslope vegetation 
movement (Aguiar & Sala, 1999). The building phase 
of new vegetation is on the upslope side of the patch as 
the downslope water direction and consequent resource 
transport means the nutrient concentration is highest 
there, which is an optimal condition for new growth. 
Whereas the downslope side is the most nutrient depleted, 
as “use for production” is higher than delivery from source 
inter patch. In this dynamic system the main vector of 
movement and transport is run-off and the water direction. 
The water direction is determined almost entirely by the 
slope gradient, as water is moved by gravitational pull. 
This means that this pattern and movement are mostly 
directed by the slope of the landscape.
	  

Figure 2: Distribution of tropical dry boreal forests on the earth (Source pocket ecology & TEOW).
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The patch dynamics for spotted more irregular vegetation 
patches are illustrated by the Patagonian steppe example 
in Figure 4b. The main nutrient movement here is due to a 
different movement vector, namely, transportation by wind 
and animals (Aguiar & Sala, 1999). The transportation vectors 
for these methods of transport are not as unidirectional as 
the slope vector in the case where the main vehicle is water. 
Wind direction can have a main general vector of movement, 
but even then, there are fluctuations, and animal transport 
is multidirectional (Aguiar & Sala, 1999), as such resource 
movement more irregularly changes the patches. In this 
situation, the building phase occurs anywhere in the low-
cover matrix, and once a singular shrub has been established 
the start of a sink is created as resources moved by the wind 
get “stuck” forming a neighborhood with higher resource 
concentrations as well as aerial protection that promotes 
subsequent seed accumulation and seedling establishment. 
A small patch can thereby grow into a mature patch, until the 
phase where the patches’ internal competition for resources 

outweighs the benefit of nutrient accumulation and the patch 
enters the degenerative phase. In the degenerative phase, 
the shrub dies due to the increasing competition, and this 
decrease in shrub presence decreases the sinking effect of 
the patch leading to an increase in grass mortality, which in 
turn leads to a further thinning and dying of vegetation in 
the patch. What remains are a scattering of individual shrubs 
within a larger inter patch matrix, allowing the process to 
begin again if there is enough nutrient accumulation (Aguiar 
& Sala, 1999). 

2.2 Degradation and Anthropogenic Factors
Throughout recorded history major changes have 
occurred to arid ecosystems. Vegetative loss, increased soil 
erosion, reduced productivity, and loss of native species, 
to name a few (Glendening, 1952; Mabbutt & Floret, 
1980). This ecosystem degradation is attributed to direct 
human activities and climate change, both of which are 
anthropogenic factors (Brown et al., 1997).  

The largest stressor is climate change, through direct climate 
change and indirect influences over other stressors (J. H. Brown 
et al., 1997). Climate change leads to changes in precipitation 
levels and precipitation extremities, often resulting in either 
lower annual rainfall or more extreme annual rainfall. Water is 
the most limiting resource in arid ecosystem; as such changes 
in these precipitation patterns (small volume differences or 
differences in precipitation patterns) may be expected to have 
substantial effects on the ecosystem (J. H. Brown et al., 1997). 

The schematic in Figure 5 shows the positive-feedback loop 
of some degradations and stressors relevant to vegetation 
cover, where vegetation loss results in changes in solar 
radiation (Albedo), surface roughness, moisture loss through 
evapotranspiration, dust levels in the atmosphere, which 
contributes to climate change and decreases in precipitation. 
These then further increase the loss of vegetation cover, 
strengthening the cycle (D’Odorico et al., 2013).   In addition, 
the vegetation loss also increases soil erosion and loss of soil 
fertility, which increases the loss of vegetation cover.  

 

Figure 5: The cyclical positive-feedback loop of land 
degradation(D’Odorico et al., 2013)

Stressors occur at this global level through climate change, 
as well as at a more local level through local stressors. The 
management of stressors upon an ecosystem is a complex 
combination of building resistance to global stressors and 
directly managing more local ones (C. J. Brown et al., 
2013). 

Xeric shrublands are not only sensitive to global stressors 
like climate change but are also highly sensitive to local 
stressors like grazing, off-road driving, and other causes of 
soil disturbances and cover alterations (C. J. Brown et al., 
2013; Buckley, 2004; Oosterhuis, 2016; WWF, n.d.).

2.2.1 Grazing
Grazing is cattle and livestock fully or partially living off the 
land, traditionally through pastures but also often through 
unregulated free roaming. This grazing pressure can be a 
stressor on the environment, especially when unregulated, 
as this often results in overexertion on the ecosystem – 
called overgrazing. Overgrazing results in desertification 
and deforestation with consequent changes in the vegetation 
structure, hydrology, biogeochemistry and bio-atmosphere 
exchanges of the grazed ecosystem (Asner et al., 2004). 

These influences through grazing occur in two main ways, 
the direct grazing and trampling (Hiernaux et al., 1999). 

Grazing is the consumption of plant matter and results 
in changes in vegetation cover through decreased 
regeneration of vegetation (Zhou et al., 2010), and 
composition through selective grazing on specific species, 
decreasing their numbers disproportionally (Denters, 
1979; Zhou et al., 2010). In arid ecosystems, this often 
results in the development of brush type vegetation of 
the species not preferred by the grazer (Amiri et al., 2008; 
Denters, 1979).

Trampling – repeated compression of the dirt - results 
in compaction of the soil reducing water infiltration 

Figure 4: Illustration of the two patch dynamics explained by (Aguiar & Sala, 1999) 
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(Mwendera & Saleem, 1997), soil moisture content, and 
water holding capacity (Stavi et al., 2008). These increases in 
bulk density and decreases in water infiltration can result in 
decreased vegetation cover and increased soil vulnerability 
(Bilotta et al., 2007; Coughenour, 1991). 

For arid ecosystems, the consequences of these changes 
may be significant due to already sensitive environmental 
balances. Semi-arid regions most commonly receive 
grazing pressures from goats due to their ability to thrive 
in tough and arid conditions (Campbell & Donlan, 2005).

2.2.2 Off-road driving
Another anthropogenic stressor on xeric shrublands is off-
road driving. This include the driving of motorized vehicles 
on unpaved roads, dust roads, dirt tracks and outside of 
pathways (Buckley, 2004). The impact of dirt road and 
off-road driving on the environment has been recognized 
for almost 85 years (Bates, 1935), and off-road driving is 
becoming more popular and widespread as a recreational  
activity on all continents  (Goossens & Buck, 2014; Jones 
et al., 2016).  

Off-road vehicle (ORV) activities cause a series of 
influences on the land.  They increase soil erosion and 
compaction (Buckley, 2004), increase wind erosion 
(Goossens & Buck, 2009), cause direct damage to 
vegetation and soil life (Kutiel et al., 2002; Kutiel, et al., 
1999; Lovich, 2002), and indirect damage to vegetation 
and soil life (Buckley, 2004; Forman & Alexander, 1998; 
Kutiel et al., 2002, 1999; Lovich, 2002; Vogel, 2017). Off-
road vehicles cause dust and air pollution through dust 
emission (Buckley, 2004; Goossens & Buck, 2009; Vogel, 
2017), which impacts soil life (Etyemezian et al., 2004; 
Kuhns et al., 2010; Nolet & M., 2009; Soukup et al., 2012) 
and the vegetation (Darley, 1966; Emberson et al., 2001; 
Farmer, 1993; Sarma, et al., 2017; Sukopp & Werner, 
2011; Thakar & Mishra, 2010). 

Dust emission is the non-natural wind erosion, often caused 
by vehicles, and although there are differences between dust 
emission and wind erosion, they share the three steps in 
the process. These steps are the detachment, transport, and 
deposition of the particles in question.  

In the detachment step of the off-road vehicle dust 
emission, the force exerted by the tires upon the soil starts 
the detachment through loosening particles, either forcing 
them to become airborne or making them more prone to 
being detached by wind forces. The stability of the soil, 
as well as the speed of travel and the tire tread of the off-
road vehicle, are determinant factors in the amount of 
detachment that occurs (Goossens, 2005; Goossens & 
Buck, 2009, 2014; Vogel, 2017). The more unstable soil 
being travelled on by rougher tires on vehicles travelling 
higher speeds result in more detachment. 

There are three types of transportation; suspension, 
saltation and surface creep. Suspension occurs with the 
finest particles. As they are throwing into the air during 
detachment they can be carried high and transported over 
extremely long distances, even thousands of kilometres. It 
is often the transportation most visible to the naked eye. 
The most common form of transportation is saltation, 
where fine soil particles are thrown in the air and increase 
velocity as they are transported. Surface creep is the 
movement of heavier particles that cannot be suspended 
in the wind, that get rolled across the surface and as such 
creep forward. 

Then, there is deposition of the particles.  Deposition 
occurs in highest quantities close to the detachment 
location, and exponentially decreases as transport 
distance increases as shown in Figure 6.  Within the 
closest distances the transportation types are suspension 
and saltation, and when the deposition evens out it is 
mostly particles falling out of suspension (Goossens & 
Buck, 2014; Vogel, 2017). 

The effects of suspension dust emission are not yet definitely 
known, but research is indicating that there are effects on human 
health (Goossens & Buck, 2014) as well as the vegetation. The 
effects of dust emission on vegetation is through effecting soil 
quality, which through degradation affects vegetation cover, as 
well as through several forms of direct damage to the plants 
(Emberson et al., 2001; Forman & Alexander, 1998; Matsuki et 
al., 2016; Sarma et al., 2017; Sukopp & Werner, 2011). 

3.Aruban Context
3.1 Climate
Aruba is located in the Southern Caribbean near the coast 
of South America. The small island is 30 kilometres off of 
the coast of Venezuela, just northwest of the Paraguaná 
Peninsula.  Aruba lies within a semi-arid to arid zone that 
extends from the Orinoco deltas in eastern Venezuela 
to northern Columbia (Stoffers, 1956), with an average 
temperature of 27°C and a range of 24-32°  and an average 
rainfall of 470mm between 1981 and 2010 (Departamento 
Meteorologico Aruba, 2010). The rainfall is seasonal, and 
concentrated in the rainy season from late September to 
February, with the heaviest rain in October and November 

(Denters, 1979; Departamento Meteorologico Aruba, 
2019). The potential evaporation for Aruba is 1600mm/
year (N.V. & Sogreah, 1968), but more recent values for 
Curaçao 2400mm/year (County & Report, 2008) and 
Bonaire 2600mm/year (Oosterhuis, 2016) may suggest 
higher potential evaporation values for Aruba.  With these 
specific conditions Aruba is classified as ‘BSh’ (hot-semi 
arid) in the Köppen Climate Classifications (KÖppen, 1900; 
Peel, Finlayson, & McMahon, 2007; Rudolf Geiger, 1954). 

3.2 Geography
Aruba is located along the transverse fault of the Caribbean 
tectonic plate moving towards the South American plate, 
and was created due to volcanic activity along this fault line. 
The Aruba Lava Formation is the predominant geological 
rock present on the island, consisting of a basalt type 
called diabase, schists and volcanic tuffs (Westermann, 
1931), with intrusions of tonalite batholith and over 
layer of reef and eolianite limestone stemming from the 
Cenozoic age(Oosterhuis, 2016). The limestone forms the 
characteristic terraces of much of the Aruban North Coast 
near Alto Vista and Vader Piet, and range from sloping 
plateaus like the Sero Domi and much flatter terraces. 

Figure 6: Dust deposition per distance to the source, showing the exponential decrease of dust deposition over transportation 
distance (Vogel, 2017)
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including the Aruba Birdlife Conservation, post photos and 
queries on Facebook regarding the impacts of these vehicles 
on the Aruban vegetation and wildlife (Aruba Birdlife 
Conservation, n.d.) indicating a wider societal worry.

Vogel (2016) mapped the dust roads of Aruba (with the 
exception of the side-roads in Parke Arikok) as seen in 
Figure 7. The majority of off-road driving occurs along the 
North coast of Aruba, with hotspots being the area from 
California Lighthouse to Daimari, and Vader Piet to Seroe 
Colorado. However, there are also a lot of unpaved road spread 
throughout Aruba, in addition to the dust roads within Arikok 
(which are mapped partially in Figure 8).  Also, it must be 
noted that off-road driving does not only occur on unpaved 
and dust roads, but also off of roads in vegetated or natural 
zones often in roadsides or near roads (Buckley, 2004).  

there, the upcoming extent and impact of off-road driving 
is still mostly unknown. 

3.6 Off-road driving
Another anthropogenic pressure on Aruba is off-road 
driving. It has been gaining popularity within the Aruban 
tourism industry, as a considerable source of income through 
both off-road driving tours as well as individual vehicle 
rental (Oosterhuis, 2016; Vogel, 2017). Off-road vehicular 
activities are one of the main tourist attractions, as such high 
quantities of these vehicles can be seen around the island 
especially around the tourist high season from November to 
May (Oosterhuis, 2016).  Through personal communications 
as part of my community-based research approach, concerns 
were raised about the drastic increase in tour operator 
and vehicle number quantities on Aruba. Several NGO’s, 

limestone where water infiltration can be preserved as 
groundwater for longer times. These aquifers are a water 
source for deep-rooted plants during the dry season and as 
such allows for species with higher water needs and more 
luxuriant evergreen vegetation to flourish in these areas 
(Oosterhuis, 2016; Stoffers & Mansour Elassaiss, 1965).

3.5 Vegetation
The vegetation of Aruba and the other leeward Dutch Antilles 
were first mapped in the early 1950s (Stoffers, 1956) – with 
the conclusion that at that time little of the original vegetation 
remained. Historically the Aruban vegetation was much 
denser tropical dry forest (van Nooren, 2008). The initial dry 
forests contained significant cover area of Brasilwood, giving 
Aruba it’s early name as the “Brasilwood island”, which was 
cut and exported for a multitude of purposes during the 19th 
and early 20th century (Alofs, 1997; Versteeg & Ruiz, 1995).  
In the mid-20th century, further deforestation occurred 
to make way for gold-mining and Aloe vera plantations 
(Industries, n.d.). The interest in maintaining the original 
vegetation of Aruba led to a vegetation survey in the late 
1970s (Denters, n.d.), where it was found that a further 
decrease in vegetation cover, height and proportion of trees 
had occurred between the 1940’s and the 1970’s. This trend 
seems to have occurred in recent years (Oosterhuis, 2016; 
Willemsen, 2011). This reduction of plant cover has led to 
increased erosion and soil degradation (N.V. & Sogreah, 
1968; Stoffers, 1956) in turn causing less regrowth. 

The establishment of National Parke Arikok – covering 18% 
of Aruba – has safeguarded some Aruban vegetation from 
further degradation due to direct deforestation, but some 
anthropogenic pressures on the vegetation remain. The 
grazing pressure in Parke Arikok was found to be at 1400 
goats with reasonably uniform pressure distribution due to 
the size of the area, and no regions being extremely difficult 
for goats to access (Veerbeek, 2016). The effects of grazing 
on the National Parke have been researched in the past 
(Veerbeek, 2016), and although much more could be done 

The extreme north end of Parke Nacional and most of the 
southern half are limestone plateaus, with the central and 
northern areas of the park having Aruba Lava Formation 
at the surface. 

3.3 Landscape, soils and hydrology
The geological description – called lithology – of Aruba 
largely determines the landscape and soils of Aruba. Surveys 
on the lithology of Aruba have resulted in detailed landscape-
soil maps (N.V. & Sogreah, 1968). The three main landscape 
categories posited reflect the three main geological units, 
tonalite, Aruba Lava Formation, and limestone. The tonalite 
are easily weathered, with deep soils with high infiltration 
capacities, there are hills and shallow valleys with dry-river 
beds (rooien) and occasional large boulders. The landscape 
of the Aruba Lava Formation is recognisable by its high 
hills combined with deeper steep rooien, and the soils are 
characteristically shallow, with low infiltration capacity and 
regular rock exposures. The limestone terraces are flat, with 
rough surfaces with cracks through which the rainwater 
disappears; there are no rooien as the cracks are an alternative 
to surface runoff, which produces the valleys. The soils are 
alkaline and minimal, consisting of the eroded limestone 
particles, and are not dispersed evenly over the surface but 
are generally found in the surface cracks.

The ocean determines the Aruban coastline, the trade winds 
that are dominant from the east/northeast result in rough 
seas on the north and east coasts of the island, resulting in 
cliff sides with some beaches where the accumulation of run-
off particulates from the rooien have developed sandy inlets. 
There are some sand dunes and some salty valleys with tidal 
or seasonal submersion. Examples of these are Boca Daimari, 
Dos Playa and Boca Prins (Oosterhuis, 2016).

3.4 Hydrology
The hydrologies of the Aruban lithological zones are 
different. The lava formation rocks have low water 
permeability and the soils are shallow, as opposed to the Figure 7: Dust roads present on the island as mapped by Vogel (2016)
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From personal observations almost all vehicles were 
travelling over the park’s speed limit of 20km/h (unless 
waiting in a traffic jam due to large quantities of vehicles 
waiting to pass “one-lane” road segments). Furthermore, 
on several occasions individuals under the age of 18 were 
seen driving the vehicles, as well as multiple drivers whom 
were not confident in their off-road driving ability. Several 
observations were also made of vehicles driving outside of 
the dust-road boundaries.

4. Materials and Methods
4.1Research Questions and Sub-Questions
1.	 What are the impacts of off-road vehicle traffic on  
	 landscape functionality of the Aruban xeric shrubland  
	 ecosystem?	
	 a.	 What is the extent of off-road vehicle usage and  
		  traffic on Aruba?
	 b.	 Is there a statistically significant difference in LFA  
		  values between areas exposed to off-road traffic and  
		  control areas?
	 c.	 How big is the difference in landscape functionality  
		  between roadside and non-roadside locations?
	 d.	 How do the soil quality, water infiltration, nutrient  
		  cycling LFA index values compare between research  
		  conditions?
	 e.	 How does the vegetation cover compare between  
		  research conditions?
	 f.	 Do the LFA index values differ within patch types  
		  between research conditions? 

4.2 Hypothesis
Based on literature about the effects of off-road vehicle 
traffic and dust deposition on vegetation the difference in 
land functionality between dust-road roadsides and non-
roadside locations is expected to be statistically significant. 
As such, my main research hypothesis is that there is a 
difference in land functionality between roadside and non-
roadside conditions. 

3.7 Shete - Conchi Dust Road
To gain a better understanding of the extent of off-road 
driving occurring within the study area, informal counts 
of vehicle traffic was made along the Shete to Conchi 
dust road during LFA fieldwork days (Feb-March, 2019). 
Informal observations were being made on the quantity, 
type and driving pattern (behavior/speed/keeping to the 
roads) of any vehicles driving on the Shete-Conchi road. 
From personal observation tours with specific companies 
driving on an decently scheduled basis (with fluctuations to 
allow for traffic), this notion was also confirmed in personal 
communication with Park Officials regarding tour vehicle 
presence in the park. 

Only vehicles travelling towards Conchi were counted, 
to minimize potential miscounting and double counting 
of returning vehicles. Due to counting locations being on 
the Shete-Conchi dust road, and the Shete entrance only 
officially opened at 9:00am, vehicles seen prior to 9:00am 
were counted as “before hour” vehicles, as well as those 
entering the park after 15:30 when the Shete entrance 
closed. The values may also be undercounted due to main 
attention being focused on LFA data collection. Human 
error in counting may have occurred as such values were 
rounded to the nearest 5. 

The average observed quantity of tour vehicles during 
opening hours was around 200-350 tour vehicles and 80 
individual cars, on several (three) early morning 30-70 
pre-opening hour tour vehicles were counted. During 
several (four) afternoons (15:30-17:00) 50-85 tour and 20+ 
individual vehicles were counted and during two (two) later 
evenings (17:00-19:30) an additional 60-90 tour and 20+ 
individual vehicles were counted. 

If daily schedule continuity is assumed, - as well as the 
consistency of “random visitors”- a daily average for the Shete 
to Conchi road is 510-715 vehicles, making a round-trip, 
resulting in 1020-1430 one-way journeys and dust emissions. 

map based on known effects of dust emissions, as can be 
seen in Figure 8. In this study, the impacts, specifically on 
the vegetation, were posed as a future research area. 

Through personal communications with stakeholders the 
main dust road from the Shete National Park entrance to 
Conchi Natural Pool was explained to be one of the busiest 
and most trafficked roads, due to the attraction of swimming 
in the natural pool. In addition the management of Parke 
Arikok indicated an interest in knowing the impact of this 
road upon the vegetation. Due to this, and the necessity 
to select feasible scope for my research, this dust road was 
chosen as the main experimental study area. 

The extent of the impacts of off-road driving on Aruba has 
partially been touched upon in earlier research projects 
on Aruba. A study was done on the dynamics of the dust 
emissions on Aruba, looking mostly at the dust transport 
dynamics in relation to Aruban soil types, vehicle speeds, 
and vehicle types (Vogel, 2017). This study found that the 
vehicles on Aruba were indeed producing dust pollution 
that exceeded natural background deposition rates, up to 
almost 60 g m-2 h-1 close to the road (Vogel, 2017). 

Another study (Oosterhuis, 2016) was conducted to map 
the vegetation of Parke Arikok, in which the dust roads used 
at the time were marked out together with a theoretical risk 

A theoretical map of vegetation at risk of degradation due to the effects of off-road driving, taken from (Oosterhuis, 2016)



UAUCU Student Research Exchange Collected Papers 2019UAUCU Student Research Exchange Collected Papers 2019

48 49

4.5 Site Descriptions

Figure 9: Map of Field Locations

	 strength purposes) (Tongway & Hindley, 2004a)
	 o	 Within same category (slight, moderate, steep)
	 o	 Within same category (upper, mid, lower)
•	 Elevation (Denters, 1979)
	 o	 Within 50m from each other
•	 Lithography (hydrology) (Denters, 1979; Oosterhuis,  
	 2016; Stoffers, 1956)
	 o	 Within same category  (Aruba Lava Formation,  
		  Limestone, Tonalite)

4.3.2 Sample Size 
Statistical tests require minimum sample sizes to have 
enough power to be statistically viable. In order to determine 
the required sample size (number of pairs) for location 
selection, a power test was run using the expected mean and 
standard deviation of the LFA value difference scores. The 
expected mean difference was 10, with a standard deviation 
of five, meaning a minimum of five pairs (10 locations) was 
required for statistical validity. 

A total of 14 locations (seven pairs) were completed and 
analysed for this collected paper, and additional locations 
will be done for the final thesis. 

4.4 Data Analysis
Paired t-tests will be run to analyse difference scores for the 
location LFA index values, vegetation cover percentages, 
patch type LFA index values between the experimental 
conditions. 

As my main research hypothesis is that there is a difference 
in land functionality between roadside and non-roadside 
conditions, the null hypothesis (H0) -namely, there is no 
difference in land functionality between roadside and 
non-roadside conditions- was established for statistical 
testing. 

4.3Experimental Design 
In order to assess the impact of off-road vehicle traffic on 
the landscape functionality of the Aruban xeric shrubland 
ecosystem, a pair-based experimental design was set up. A 
pair was made of two plots, one adjacent to the dust road 
(roadside) and one in a control zone (non-roadside). Land 
functionality indicators were measured in both to then run 
a paired t-test (see Methodology 4.6)  

Due to desire to exclude the influence of other variables as 
impacting land functionality, a series of control conditions 
were set-up, and pair-based locations were selected so as 
to be homogenous within these. These control variables 
are elements that, according to literature, may influence 
vegetation growth, nutrient cycling, water infiltration and 
soil quality in arid ecosystems. 

As such, the experimental conditions are 1) the roadside 
condition (R) – plots adjacent or starting within 10m 
downwind of the Shete – Conchi dust roads, and 2) the non-
roadside condition (N) – plots not within 200m downwind 
of an active dust road.

The 200m distance was chosen due to literature (Vogel, 
2017) suggesting that Aruban dust deposition stayed 
constant after this distance, and longer distances would 
greatly diminish the locations available for paired plot 
locations due to the extensive control variables. 

4.3.1 Control Variables 
The control variables were:
•	 Distance from ocean (for salinity and direct wind  
	 purposes) (Denters, 1979)	
	 o	 Within the same range (100–499m, 500-999m,  
		  1000-1499m, 1500+)
•	 Slope direction (for wind purposes) (Denters, 1979;  
	 Tongway & Hindley, 2004b)
	 o	 Within 45° on transect compass bearings
•	 Slope angle & transect location on slope (for run-off  
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4.6 Methodology
The Landscape Function Analysis (LFA) is a method that uses 
rapid and simple field-observed surface indicators to assess 
the functioning of an ecosystem at a hill slope scale (Tongway 
& Hindley, 2004c).  This method allows for 1) the analysis 
of vegetation cover and types – through spatial analysis of 
different vegetation patch types and bare-ground inter-patches 
(the Landscape Organisation Assessment (LOA) component), 
as well as  2) the assessment of their functional status through 
the use of soil surface indicators relating to the functioning of 
water infiltration, nutrient cycling and soil quality (the Soil 
Surface Assessment (SSA) component). 

From there, indices on the soil quality, water infiltration 
and nutrient cycling are calculated.  

The LFA consists of these three major components as well 
as the calculations (data reduction and tabulation). These 
major components are 1) describing the geographic setting 
of the site, 2) characterizing landscape organisation and 
spatial distribution of fertile patches and inter-patches and 
3) the soil surface assessment (SSA) of each patch / inter-
patch types identified in step two.

4.6.1. Step 1: Describing Geographic Setting of the Plot
In this step, the objective is to identify the location of a 
plot within its landscape and to gather data on its values 
for the control variables to ensure field suitability for 
planned location pairing. The details collected include 
GPS location, elevation, transects’ compass bearing (slope 
direction), slope (slope angle), lithology, distance from 
ocean, and soils. 

In addition, the topographic location of the site within the 
overall landform pattern is recorded to further correct for 
this in locations pairings. The topographic identifications 
shown in Figure 10 are possible, but in this study location 
choices were limited to crests and upper, mid, and lower 
slope locations.

same south-facing rooi hill slope (Rooi Fluit) but both 
locations were selected mid slope so as to be outside of the 
direct rooi influence. Both sites have equal wind protection 
from higher hill slopes breaking direct wind, and as such, 
the difference in distance from ocean is negligible. This pair 
was deemed acceptable.

Pair 6– Location 11 (P6R) & 12 (P6N)
GPS Co-ordinates: 12°31’13” N 69 °56’6” W & 12°31’8” N 
69 °56’9” W
Distance from Ocean: 580m & 630m
Transect Compass Bearings (Slope Direction): 44°N & 65°NE
Slope Angle: Medium & Medium
Elevation: 110m & 100m
Slope Topographical Location: Upper & Upper
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: These locations were spatially close to 
each other, but on parallel hill slopes of different ridges. The 
non-roadside plot was within eyesight of several dust roads, 
but not within 200m downwind of any of them. As such, 
this pair was deemed acceptable.  

Pair 7– Location 13 (P7R) & 14 (P7N)
GPS Co-ordinates: 12°30’56” N 69 °56’31” W & 12°30’35”N 
69° 56’ 34”W
Distance from Ocean: 1800m & 1850m
Transect Compass Bearings (Slope Direction): 140°SE 164°S
Slope Angle: Medium & Medium
Elevation: 130m & 160
Slope Topographical Location: Midslope & Midslope
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: The locations are both very inland, 
close to western park borders. The roadside location is on 
the first hill slope just after the Shete entrance, in between 
a dust road going up the hill and the main dust road to 
Conchi heading east. The non-roadside location is within 
200m upwind from the dust road from Sero Arikok to 
Conchi, but as such, deemed outside the downwind dust 
pollution zone. The pair was deemed acceptable.  

such, all the characteristics matched up, and the pair was 
deemed acceptable. 

Pair 3 – Location 5 (P3R) & 6 (P3N)
GPS Co-ordinates: 12°31’10” N 69 °56’11” W & 12°30’57” 
N 69 °56’7” W
Distance from Ocean: 770m & 800m
Transect Compass Bearings (Slope Direction): 30° NE & 5°N
Slope Angle: Slight & Slight
Elevation: 100m & 90m
Slope Topographical Location: Upper & Upper
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: This conditions are very similar, the data 
were collected on different days due to rainfall after completion 
of location five, but the pair was deemed acceptable. 

Pair 4 – Location 7 (P4R) & 8 (P4N)
GPS Co-ordinates:  12°31’2” N 69 °56’21” W & 12°31’4” N 
69 °56’26” W
Distance from Ocean: 1100m & 1200m
Transect Compass Bearings (Slope Direction): 122°SE & 103°E
Slope Angle: Very Slight & Very Slight
Elevation: 130m & 140m
Slope Topographical Location: Upper & Upper
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: The non-road plot is within eyesight of 
a busy road, but outside of the established 200m downwind 
from a busy road. As such, pair was deemed acceptable.

Pair 5 – Location 9 (P5R) & 10 (P5N)
GPS Co-ordinates: 12°30’56” N 69 °56’40” W & 12°31’8” N 
69 °56’36” W
Distance from Ocean:  1850m & 1500m
Transect Compass Bearings (Slope Direction): 96°E & 114°E
Slope Angle: Medium & Medium
Elevation: & 110m
Slope Topographical Location: Mid/Lower & Mid/Upper
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: Both these locations are part of the 

Pair 1 – Location 1 (P1R) & 4 (P1N)
GPS Co-ordinates:  12° 31’ 20” N 69°56’02” W & 12°31’25” 
N 69°56’01 W	
Distance from Ocean: 430m  & 280 m
Transect Compass Bearings (Slope Direction): 288°W & 
315°NW
Slope Angle: Slight & Slight
Elevation:  60m & 40m
Slope Topographical Location: Upper & Upper/Mid Slope
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: The roadside plot was adjacent to 
one of the highest trafficked dust roads in the Shete-
Conchi  “Delta”. This close to the coast, vegetation was 
patchy everywhere, with quite direct wind exposure. 
The non-roadside plot was within 200m of a dust road 
that had one vehicle on it during the entire field day, 
but otherwise, was within similar conditions. Due 
to difficulties finding an alternative pair location, 
and the general “abandoned” dust road was deemed 
insignificant enough to be negligible, this pair was 
deemed acceptable. 

Pair 2 – Location 2 (P2R) & 3 (P2N)
GPS Co-ordinates: 12° 31’ 21” N 69° 55’ 59” W & 12°31’25”N 
69°56’06” W
Distance from Ocean: 350m & 380m
Transect Compass Bearings (Slope Direction): 131° SE & 
113° SEE
Slope Angle: Medium & Medium
Elevation: 60m & 50m
Slope Topographical Location: Upper & Upper
Lithography: Aruba Lava Formation & Aruba Lava Formation
General Comments: This roadside plot is a “rectangle” 
of land in between a several dust roads in the dust road 
“Delta” just prior to Conchi and is not sheltered from the 
direct wind, and the non-roadside plot is not sheltered 
from the wind, the lower slope is adjacent to the rooi and 
quite steep but the upper hill has medium slope angles, 
location chosen was outside of rooi influence area. As 
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Table 1 for further details).  Patches are separated by bare-
ground, any singular patch with mixed category presence 
will be noted as such in the data sheets but will be treated 
as belonging to the patch type with majority cover presence 
(if <60%).  Spatial metrics were recorded for the ground 
cover of a patch, this involved measuring the patch length 
along the transect line and the run-off obstruction width of 
a path as shown in Figure 11 – ground cover in this case was 
to mean the basal cover and any adjacent area covered by 
litter as explained in Table 1. This means that area covered by 
the canopy of the vegetation was not considered part of the 
patch unless there was evidence of shielding and build-up to 
indicate ground-level obstruction of run-off flow. Figure 12 
shows additional examples of patch length and obstruction 
width measurement.   Canopy measurements were recorded 
on the LOA as a “sub-category” of bare ground patch, 
alongside different extents of ground cover via other non-
vegetation means and other factors, so as to enable selection 
of “representative” canopy covered bare-ground patches in 
the SSA selections.

4.6.2 Step 2: Landscape Organisational Analysis (LOA)

In this step, the spatial organisation and vegetation cover 
proportions are estimated using a combination of at three 
or four 4 20-30m transects (combining to a minimum of 
100m) along which patches were identified and their spatial 
metrics (length and cross-section width) were measured. 
Transects were started upslope, and aligned with main 
slope and run-off directions. The first transect was set at the 
corner of the patch area, and consequent transects were set 
15m apart in a semi-parallel orientation depending on slope 
direction variations. This was done to minimize transect 
selection for interesting patches. Both GPS location and 
transects’ compass bearing were recorded. 

Along a transect, the patches and inter-patches were 
identified, their spatial metrics recorded, and observations 
about other lithographic elements such as rills, canopy covers 
and major landmarks were noted.  The patch identification 
categories established for this fieldwork were as follows: Tree 
(T), Acacia (A), Tall Cacti (Ct), Small Cacti (Cs), Shrub (S), 
Grass (G), Shrub Log Complex (L) and Bare ground (B) (see 

Figure 10: The identification of topographic position in the landscape adapted from Tongway & Hindley, 2004.

Figure 12: A diagrammatic illustration of how to measure obstruction width and patch lengths of complicated patches.

Figure 11: Diagrammatic illustration of obstruction width and patch length of a grass patch.
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Figure 13: Boxplot of LFA Values for Pair 1-7. 

Table 2: Relation of Soil Surface Indicators to Land 
Functionality Indices

5. Data
5.1Landscape Functionality in Both Experimental 
Conditions
Figure 13 shows the spread of the LFA values per calculated 
index, with the orange boxes being those for the roadside 
plots and the yellow those for the non-roadside plots. The 
specific calculated data points and the results of the paired 
t-tests are shown in Table 3, Table 4, and Table 5. 

The soil surface assessment was done according to the LFA 
Methodology (Tongway & Hindley, 2004a) and involves 
simple visual indicators, rainsplash protection,  perennial 
vegetation cover, litter (cover, origin, decomposition/
incorporation), cryptogram cover, crust brokenness, soil 
erosion type and severity, deposited materials, soil surface 
roughness, surface nature, slake test, and soil texture.  (See 
Tongway & Hindley, 2004 for full protocol).

4.6.4 Step 4: Landscape Functional Analysis/Indicator 
Calculation
Once the data is completed and the data has been gathered, it 
will be entered into the LFA spread sheets that come with the 
LFA field manual (Tongway & Hindley, 2004a). This will then 
be used to estimate the stability, water infiltration and nutrient 
cycling indices based on different combinations and weightings 
of the indicators. The relation of the different indicators to the 
landscape functionality indices is shown in Table 2. 

Table 1: Patch Types with Description

4.6.3 Step 3: Soil Surface Assessment
Once an organisational analysis of the landscape of a plot 
has been completed, soil surface assessments (SSA) were 
performed on each patch and inter-patch type. Per patch 
and inter-patch type it was aimed to do five SSA sub-plots, 
but in practice for most patch types there were less than five 
plots present for an SSA, so as many as were possible were 
done.  The sub-plots aimed to be 1mx1m, but due to patch 
sizes in practice a varied sub-plot size proportional to the 
patch size selected for SSA was used.

If more than five patches were available of a specific patch 
type, then five random and representative patches were 
selected, through looking at proportion of patches with 
other identifiable features and selecting patches with a 
representative proportion of these identifiable features. 
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5.1.3 Nutrient Cycling Index
The nutrient cycling index is calculated by combining 
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cover (including origin and degree of decomposition), 
cryptogram cover, and soil surface roughness. 

There was a statistically significant difference in the scores 
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(M=34.76, SD=5.11) conditions; t (6)=9.15, p=<0.001.  

5.2 Further Data Analysis
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5.1.1Stability Index
The stability index is calculated by combining surface 
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Table 4: Water Infiltration Index
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