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Introduction
This document contains the written guidelines of the monitoring project in the Washington-Slagbaai
National park of Bonaire. These monitoring guidelines are a product of BonBèrdè, an independent
consultancy business focussed on nature conservation on the island of Bonaire. This document is
requested by and written for STINAPA.
The monitoring protocol will consist of a background information paper which includes all general
information about the protocol as well as factors to be studied in the field. This is the Monitoring
protocol. In addition to this document, a field guide is provided. The Field guide can act as a quickcheck in the field which will provide fast guidelines to the exact measurements of the monitoring
itself.

Justification & goal
As STINAPA is currently aiming to remove invasive herbivores from the Washington-Slagbaai National
park, the goal of the monitoring project is to assess the current state of the ecosystem inside the
park and keep measuring the possible changes over time, following the gradual removal of these
animals.
With the removal of invasive herbivores, the ecosystem viability is expected to increase and result in
a positive succession and regeneration of native trees. However, these expectations will have to be
measured in order to prove the necessity of invasive species management.
The monitoring protocol can provide STINAPA with the tools to measure the changes in the park over
time, using indicators of the possible regeneration. These indicators include:




Vegetation
Soil
Fauna

The monitoring protocol will include the exact indicators and factors that can be measured to assess
the ecosystem succession over time. Furthermore, the field guide will provide STINAPA with the
manual on how to execute the monitoring in the field. All the methods and proposed actions in these
documents are focussed to achieve the best results, while taking into account that the methods
should be practical to implement and replicate by STINAPA personnel.
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Sampling method
Based on previous experience with vegetation sampling on Bonaire, the proposed method for the
monitoring protocol will be square sample plots. With a study area the size of the entire National
park, which consists of over 5.000 hectares (including Labra, excluding Saliñas and beaches), it is
impossible to conduct a full area inventory. For research purposes, this is furthermore not necessary,
as relative plot sampling can provide an indication of the results for the entire area. The data
collected in these sample plots can then be extrapolated for the full sampling area, taking into
account that specific differences per vegetation type will be lost.
Naturally, the amount of sample plots will (together with the details of the collected data) decide the
reliability of the obtained results. With more sample plots per study area, the collected data
becomes more representative for the area, the Washington-Slagbaai National Park. However, as the
monitoring protocol is aimed to provide a hands-on tool that should be practical to execute, the
number of sample plots in this monitoring protocol can be set between 50 and 100 in total, with 50
plots being the absolute minimum.
Sample size
The larger the plot size, the better the results, the more time needed per plot. For this monitoring
protocol, it is recommended to use square sample plots of 10 x 10 meter. On Bonaire this is an
experienced convenient plot size where in most cases one is able to ‘oversee’ the plot, which limits
confusing and miscounting of the vegetation. It is furthermore large enough to have several mature
trees or shrubs in it, which will increase the quality of the data.
The size of each sample plot multiplied by the amount of sample plots will decide the total plot area
sampled. In this case; 50 sample plots of each 0.01ha in size (10 x 10 meter), will result in a total
sample area of 0.5ha. With 100 plots, the total sample area will be doubled (1ha). This will result in a
sample coverage of 0.01% of the WSNP with 50 sample plots and 0.02% with 100 sample plots. For
statistical analysis, this is likely not sufficient to obtain significant results, although this would also be
dependent on which specific data set is analysed. However, as the goal of this monitoring protocol is
to obtain data on the differences in vegetation over time in regard to the eradication of invasive
herbivores in the study area, the number of sample plots is deemed to be sufficient for serving this
purpose.
Therefore, the method of sampling will consist of square (permanent) sample plots, each measuring
10 x 10 meter in size. As mentioned before, the number of sample plots will be >50 in total.
Requirements for sampling methods
In this monitoring protocol, the WSNP as study area will have to be considered as a single
homogenous area. Due to the current size and amount of sampling plots, no further stratification
based on vegetation or soil type is made, as this would subsequently result in the need for an
increased sample size.
As sampling method, the use of random sample plots is initially recommended. This means that the
sample plots will be distributed randomly across the entire area of the WSNP. Obviously, this will
result in a large number of plots being inaccessible due to the difficult terrain. In order to make sure
all the selected sample plots are accessible for sampling, there is a need for additional requirements.
Therefore, the random plots will have to be selected based on certain requirements, which should
enable one to access all sample plots within reasonable time. For example; sample plots should not
be more than 50 meters away from an access road. In theory, as long as each random plot has the
exact same requirements, there is a limited added bias in the used sampling method. Please see the
schematic overview in Figure 1.
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Figure 1. Schematic overview of random plot selection based on the requirement that sample plots will have to be
accessible by road. In the enlarged example area, the yellow points represent sample plots which ae positioned at <50m.
from an access road. The final set of 50-100 sample plots will be randomly selected from these points. The red points do
not meet the requirements (<50m. from an access road) and are therefore not included in the final set of sample plots.

Another important aspect to be taken into account is to include requirements on which plots or
areas to avoid. The goal of the monitoring project is to assess the general dry forest ecosystem in the
WSNP. Therefore, areas such as Saliñas, beaches and rock escarpments should be excluded. This can
be done prior to the selection of the plots, by excluding these areas from the study area in which the
plots will be selected. However, rock escarpments might not be possible to exclude beforehand. That
means that selected plots can also be discarded based on visual inspection in the field. It is therefore
important to have a list of randomly selected plots which exceeds the final number of plots (so, for a
total of 50-100 sample plots, there should be a list of roughly 125 plots which can be selected. In that
case, one would have 25 ‘spare’ plots in case others have to be excluded)
The current method suggests using plots which are all accessible by road, making the field work more
efficient and practical. However, that also means that there is a possible bias, which is the factor
‘roads’. In order to account for this bias, there will have to be a buffer zone between the bias and the
sample plots. Based on field observation, 20 meters will be sufficient to diminish the effects of the
roads on the collected data. Based on the abovementioned requirements for the sampling methods,
the 125 plot units can be distributed randomly over the full area of the study area (WSNP), after
which a final selection of 50-100 sample plots is made based on the following requirements:
-

<50m. from the nearest access road
>20. from the nearest access road
No Saliña, beach or rock escarpment
Area is accessible for monitoring

Methodology
Throughout the field work, it is important to remember that the methodology remains the same for
each individual (sub-) plot. This means that although (small) adaptations to the current monitoring
protocol might be acceptable, they should always be implemented equally in all plots and each time
the field work is repeated. If one should decide to change (a part of ) the methodology during the
work, or in one of the repeated inventories, this could increase the risk of skewing the data and
influencing the outcome of the data output.
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Selecting plots in the field1
When all sample plots, including the ‘spare’ plots, have been identified, the final selection will take
place in the field. As mentioned in the previous chapter, here it is possible to discard a sample plot
based on its field characteristics. As all selected plots are permanent and will be used repeatedly for
monitoring, this selection should be done with care. For further specification, the final selection is
based on the following requirements:





The sample plot is situated no more than 50 meters from the nearest accessible service road.
The sample plot is situated more than 20 meters (road buffer zone) from the nearest access
road.
The sample plot is relatively easy accessible from the road. For example; no cliff face, water
or other barrier in between road and plot. Walking distance between access road and plot
should preferably not exceed 5 minutes.
The vegetation in and around the sample plot fits the general description of the dry tropical
forest ecosystem. For example; no Saliña, rock escarpment, beach, or possibly recent
disturbed area of human cause*.

*Be aware that the following areas still need to be included: non-vegetated areas with at least some soil present, Rooi
areas, areas with disturbance by invasive herbivores such as trails and sleeping sites, areas with growth of exotic species
cover, such as Agave, Aloë Vera and Palu di Lechi (Cryptostegia grandiflora).

Plot orientation
After making the final selection of the sample plots in the field, one is left with the set-up and
orientation of the actual plot. The methodology of the plot orientation should be equal for all plots,
as to avoid biases or confusion of methodologies used. As all plots will have their own GPS
coordinate, this will be used as the starting point for setting up each sample plot. Figure 2 explains
the methodology of setting up each actual plot.

Figure 2. Start from the GPS coordinate, indicated in this figure by the flag symbol. Mark this point, this will be the southwestern corner of the plot. From here, measure 10 meters in both eastern and northern direction and mark the points at
the ends (these will be the north-western corner and south-eastern corner). Then, finish the 10m. x 10m. square plot by
marking the north-eastern corner. Finally, check if the plot is a full square using Pythagoras, visualized in green. If a=3
and b=4, c should be 5 when the plot is fully square.

1

This chapter will be repeated in the field guide.
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Sub-plots
When the plot has been positioned and marked, the following step is to set-up the sub-plot within
the larger plot. This sub-plot will be used for the data collection of soil cover and litter layer. In order
to keep this part of the monitoring practical and efficient, there will only be a single sub-plot for each
larger plot.
Start the orientation of the sub-plot from the GPS coordinate of the larger plot and repeat the same
steps as used for laying out the 10 x 10 meter plot (Figure 2), but with the adjusted measurements of
1 x 1 meter. See Figure 3 for reference.

Figure 3. Position of the sub-plot (1m. x 1m.) within the large plot (10m. x 10m.)
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Factors
The actual data collection is divided in 4 different ‘factors’. Each of these factors will have their own
set of variables, which all have to be measured (Figure 4) in each individual (sub-)plot. In this
document, each of the factors will be described and explained. However, the actual guidelines on
how to perform the measurements will be explained in detail in the field guide of the monitoring
protocol.

Figure 4. Overview of all factors and subsequent variables included in this monitoring protocol.

Fauna
Upon arrival at the plot, the fauna measurement will always be the first step to be executed. This is
important due to the disturbance caused by human presence around the plot. This does not affect
the vegetation or soil related factors, but does so to the factor fauna. That is why this measurement
will have to be executed when disturbance is minimal; at the start of the inventory. In order to
minimize the disturbance even more, a few minutes of adjustment time will be given before the
actual start of the inventory. A more detailed explanation will be included in the field guide.
The measurement of fauna is in this case measured by bird abundance. The variables here are the
number of species and the total amount of birds counted. The observation is simultaneously done
visually and audibly during 5 minutes of recording time. In order to keep the documentation of this
factor practical and within the limitations of the observer, it is not necessary to document the actual
species name. Successfully identifying bird species requires background knowledge which might not
be available to those who will be executing the field work. As it will be easier to distinguish one
species from another, regardless the actual species name, this will be the variable used in this
monitoring protocol.
Do not use binoculars for the data collection of bird abundance! Using binoculars will increase the
observers visibility and therefore influence the collected data. In that case, the exact same binoculars
would have to be used each time the monitoring is repeated. To avoid complicating the
methodology, binoculars are not included in this monitoring protocol.
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Trees and shrubs
In the dry tropical ecosystem of Bonaire, the difference between a tree and a shrub is not always
clear. The suggested distinction made in this monitoring protocol is to differentiate per species,
although one might observe a tree-like shrub and shrub-like tree from both categories in the field.
For later data analysis, it might not even be necessary to make the distinction between tree and
shrub. Therefore it is more convenient to keep both categories linked as a single factor during the
field work. In the species list on page 11 however, trees and shrubs will be listed independently. In
regard to the field work, any individual belonging to any of these species will be included.
Besides the native trees and shrubs, a third category is included to the list; the exotic vegetation.
Although exotics are not part of the native dry tropical forest ecosystem on Bonaire, they have been
included in the list because excluding them could result in untrue results in cases where they are
present but not counted. However, due to the limited presence in the WSNP, it is unlikely these
exotics will appear in any of the sample plots.
Measuring the factor trees and shrubs in the field will likely take up most of the fieldwork. That is
because for each individual tree or shrub, the height, cover and species will have to be recorded. This
includes both mature trees and shrubs as well as smaller specimens and seedlings. At times, it might
not be practically doable to measure each individual, especially in areas with a large amount of
seedlings present. In these cases, there is the possibility of using estimation as a tool to make the
fieldwork more efficient. For a more detailed explanation on how to use estimates please see
‘Estimating individuals’ on page 10.
Cacti
There are likely going to be many cacti in the sample plots. Measuring cacti can be of high interest for
monitoring the ecosystem development, as they have both positive and negative interactions with
the invasive herbivores in the study area. The columnar cacti species Cereus repandus or Kadushi is
much favoured by goats. The fig cactus Opuntia caracassana or Tuna is rarely eaten by goats but is
unintentionally dispersed by them. It is therefore interesting to observe the difference in survival of
these and other cacti species when invasive herbivores are removed from the study area.
In order to keep the fieldwork practical, the methodology used for the trees and shrubs will also be
applied to the cacti. This means that during the data collection in the field, there does not need to be
an additional category on cacti. In the field guide, trees, shrubs and cacti will be explained at the
same time, and data collection in the field will also happen simultaneously.
There are a total of 7 native cacti known to Bonaire, although the Opuntia eliator might no longer be
present in the WSNP. That leaves 3 columnar cacti species, 2 Opuntia sp. and one species of Melon
cactus. For all cacti, height, cover and species will be recorded for each individual. As the same
methodology applies to both trees, shrubs and cacti, this means that estimation can also be used as a
tool to make the fieldwork more efficient.
Columnar cacti
Cereus repandus
Pilosocereus lanuginosus
Stenocereus griseus

Other cacti
Melocactus macracanthos
Opuntia caracassana
Opuntia curassavica
Opuntia eliator*

*Rare, not likely to be observed in any of the sampling plots
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Cover of vegetation in data input
Measuring the cover will be done using two perpendicular axes. In this case, although the actual tree
is not likely to have a perfectly round shape, this will have to be assumed for later data input. To
calculate the area cover of an individual tree, the diameter is recorded in north-southern and eastwestern direction on the field form. For the data analysis, the average diameter of both
measurements is used to calculate the area of the circular hypothetical tree cover (Figure 5)

Figure 5. visualization of calculating tree cover.

Soil and litter layer
Measuring the soil and litter layer will be done using the sub-plots, which measure 1 meter x 1 meter
instead of the 10 meter x 10 meter that is used for the measurements of the vegetation. Measuring
the complete area of the larger plot would be impractical in this case and would furthermore not
substantially increase the quality of the data.
Measuring the soil, specifically the percentage of bare soil cover, is interesting to monitor for habitat
restoration purposes. One would expect to find a lower percentage of bare soil following the removal
of invasive herbivores. Although the actual measurement will be easy to execute, it is important to
keep in mind the requirements for what does and what does not classify as bare soil. These specific
requirements apply when measuring the percentage of bare soil:
-

Rocks, bedrock and any stones larger then gravel do not classify as (bare) soil
Any organic matter, such as sticks, roots, leaves or other litter layer does not classify as (bare)
soil.
If an area is covered directly or indirectly up to a height of 1 meter by any type of living or
dead vegetation, rock formation or other structure, this area does not classify as bare soil,
even though the soil might be bare at ground level.

Measuring the litter layer will be done similarly to the measurement of the soil. Also in this case the
1 meter x 1 meter plot is used instead of the larger 10 meter x 10 meter plot. Similar to the
measurement of the soil, it is important that the requirements for the classification are followed
when measuring the percentage of litter layer present in the 1 meter x 1 meter plot:
-

Any living organic matter, such as roots, trees and other vegetation does not classify as litter
layer.
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Considerations for including plants
Plant or herbaceous species are not included in basic inventory in regard to the practicalities of
executing the monitoring inventory. That is because in order to include plants as part of the
inventory, one would need to have knowledge on a much larger number of species compared to the
tree or shrub species. Plant species are furthermore usually harder to distinguish between each other
and there are simply much more of them (although this problem could be neutralised by decreasing
the plot size, thereby further complicating the overall methodology). However, for future
consideration, one should remember that including plants will give a much more detailed view on the
ecosystem recovery. Due to their fast growth and dispersal rate, plants will be the first visible sign of
vegetation recovery.
Estimating individuals2
When performing the field work, one will likely encounter plots which will have an extremely large
amount of specimens, most likely in the form of seedlings. So what to do if there are so many
seedlings that it will be impossible to count them all individually? In some areas, the amount of tree
seedlings or cactus shoots can be so numerous that it becomes too time consuming to try and count
each individual. Trying to individually count these numbers furthermore poses the danger of
miscounting, double counting and other confusion. Therefore, it can sometimes be advisable to use
an estimation instead of individual count. Using estimations instead of actual individual count will
naturally devaluate the preciseness of the collected data, but is sometimes an unavoidable choice
one should make in order to keep data collection practical and the monitoring effectively doable.
However, a guideline on how and when to use estimation will be necessary in order to keep the
methodology the same in each of the plots. Requirements for estimation remain the same for trees,
shrub and cacti in this monitoring protocol:
-

Do not estimate if the number of individuals per species is <30 per plot.
Do not estimate individuals >1.5m. in height
Estimated data should equal data from individual count (see Figure 6)

Figure 6. For later data analysis, it is important that the data input is the same for the individual counts as well as for the
estimated counts. On the left is a normal situation; there are different counts of individuals, in this example made simple
by using only 4 different heights (6 individuals of the largest height, 7 individuals of the second largest height, etc.). On
the right, there would be too many specimens to count individually (>30 individuals of the same species, all <1.5m. in
height). However, the data is still collected for each individual specimen. The only difference is that in the situation on
the right, the numbers are estimated.
2

This chapter will be repeated in the field guide
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List of trees and shrubs
In this list, all tree and shrub species are included which might occur in the study area (WSNP).
Several species have been excluded from this list as they will not be encountered in the habitat type
of the WSNP. Most of these species are mangrove trees, which are only found in areas that are
excluded from the study area as they are not part of the dry tropical forest habitat this monitoring
protocol is focussing on. The list has been divided in 3 different sections; trees, shrubs and exotic
species. All species are listed in alphabetical order.

Native tree species
Amyris ignea*
Bourreria succulenta
Bursera karsteniana
Bursera simaruba
Bursera tomentosa
Caesalpinia coriaria
Casearia tremula
Clusia rosea*
Coccoloba swartzii
Coccoloba uvifera**
Conocarpus erectus**
Cordia dentata
Crateva tapia*
Crescentia cujete
Crossopetalum rhacoma
Croton niveus**
Cynophalla hastata
Cyrtocarpa velutinifolia*
Ficus brittonii*
Geoffroea spinosa
Guaiacum officinale
Guaiacum sanctum
Guapira fragrans
Guapira pacurero
Haematoxylum brasiletto

Jacquinia arborea
Krugiodendron ferreum
Machaonia acuminata
Malpighia emarginata
Malpighia glabra*
Manihot carthagenensis**
Maytenus tetragona
Maytenus versluysii*
Metopium brownei
Monilicarpa tenuisiliqua*
Myrcia curassavica*
Prosopis juliflora
Psidium sartorianum*
Quadrella indica
Quadrella odoratissima
Randia aculeata
Schoepfia schreberi*
Sideroxylon obovatum
Spondias mombin*
Tabebuia billbergii
Vachellia tortuosa
Ximenia americana*
Zanthoxylum flavum*
Zanthoxylum monophyllum*

* Rare, not likely to be observed in any of the sampling plots
**Not likely to be observed in any of the sampling plots due to difference in habitat type

Native shrub species
Bontia daphnoides
Phyllanthus botryanthus
Celtis iguanaea
Pithecellobium unguis-cati
Condalia henriquezii
Samyda dodecandra*
Cordia curassavica
Senna bicapsularis
Cynophalla flexuosa
Stenostomum acutatum
Erithalis fruticosa
* Rare, not likely to be observed in any of the sampling plots
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Exotic species
Delonix regia
Leucaena leucocephala
Mangifera indica
Manilkara zapota
Melicoccus bijugatus

Tamarindus indica
Terminalia catappa
Thespesia populnea
Ziziphus spina-christi
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