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Executive summary 
 
The aim of the present project–commissioned by the management of the Washington-Slagbaai 
Park (WSP)- was to set-up a more strategic management of the natural elements of this protected 
area. 
 
The results are presented in three sections: I. Rare plant species; II. Exclosures and III. 
Monitoring. The survey of the rare plants resulted in the discovery of three plant species not 
previously known for Bonaire: Capparis linearis (a tree), Adiantum  capillus-veneris (a fern) and 
a yet undetermined Thelypteris sp.( (a fern). Occurrences were also documented for rare species 
already known to occur in the WSP. The survey also led to the rediscovery of Capparis 
tenuisiliqua for the WSPand Bonaire. Brassavola nodosa is reported for the first time for the 
WSP.  
 
The search for rare plants took place on a number of the higher hills in the WSP. The ‘Matadó di 
Pasku’ was the hill with the most rare plant species (15). Most of the higher hills in the WSP 
have a number of denuded areas or areas with scanty vegetation. This is the result of vegetation 
and soil degradation caused mainly by goat grazing. The negative impact of these animals is also 
reflected in the almost complete absence of seedlings or other stages of rejuvenation of the rare 
plants and the exclusive occurrence of the orchid Brassavola nodosa on rock boulders at 
inaccessible heights for goats. 
 
Isolation of vegetation results in reduction of its dispersal capabilities. As a way to counteract 
this it is recommended to fence off small areas around the rare tree species identified during the 
survey. A number of indigenous plant species have been identified that should receive priority in 
a monitoring and recovery plan: Capparis tenuisiliqua, C. linearis, Schoepfia schreberi, 
Maytenus tetragona, Eugenia procera, Myrcia curassavica, Psidium sartorianum and Celtis 
iguanaea. A monitoring protocol is presented to aid in the collection of the data. It has also been 
recommended to start a propagation program for the orchid species B. nodosa and Schomburgkia 
humboldtii. The latter was reported in a botanical study in 1994 and must occur in small numbers 
but could not be relocated. While Sideroxylon obovatum, Guapira fragans and G. pacurero were 
considered rare in a botanical study done in the WSP in 1994 we did not consider these species 
rare because they occur quite frequently on the hills visited and are also found in other areas of 
the island. The results of the present study indicate that it would be valuable to have a botanical 
survey done of the higher hills of the WSP that could not be visited in the present study. 
 
Three exclosures (9 x 9 m) and three adjacent control plots of the same size (accessible to goats, 
donkeys and pigs) have been established in the dominant Casearia-Prosopis vegetation type of 
the D3 landscape type of the WSP. Data collection took place in nine sub-plots of 3 x 3 for both 
the exclosures and adjacent control sites. The control site was the area of which the vegetation 
most resembled the vegetation inside the exclosure. 
 
TL7 was the second landscape type in which exclosures and control sites were established. TL7 
was chosen above the second most frequent landscape type (D2) of the WSP because its 
exclosures will provide insight into the development of limestone vegetations and effects of 
introduced animals (mammals) on them. Limestone vegetations are characterized by dominance 



of (semi-)evergreen plant species. The sample plots surveyed are characterized by a low number 
of plant species and high incidence of goat dung pellets.  
 
It is recommended to repeat the data sampling of the exclosures and control sites in two years 
order to gain insight in the short-term changes in the different vegetation types. Longer-term 
changes will be seen over a number of years. 
 
To gain a broader insight in natural vegetation development (which will also help to understand 
development in animal communities) it is necessary to establish several 50 x 50 m permanent 
plots in (at least) the two most dominant vegegation types in the WSP: Casearia-Prosopis type 
(D3) and Croton-Haematoxylon type (D2). Because the Slagbaai area will be the first part of the 
WSP where the goats will be removed, these plots should be placed in this part of the WSP. A 
data sheet to aid in the data collection (developed by ITC) is presented. A total understanding of 
the natural development of the vegetation of the whole WSP will be possible through the making 
of a detailed vegetation map (scale 1:10,000-1:25,000) and repeating it after 20 -30 yrs. 
 
Only one bat species (Glossophaga elongata) is found in the two caves and a well in the WSP. A 
monthly monitoring program of especially the cave on Seru Grandi is needed in order to 
determine its significance for G. elongata and possibly other bat species occurring on Bonaire. 
The easily accessible small cave at Slagbaai should be fenced off to prevent unnecessary 
disturbance of the bats roosting there by visitors of the WSP. 
 
The monitoring top priorities for bird species are: Buteo albicaudatus, Amazona barbadensis, 
Sterna hirundo, S. antillarum and Phoenicopterus ruber. Monitoring methods are presented for 
these species. 
 
No data is available on the impact of exotic plant species in the WSP, but it must be low because 
invasives were not recorded in any of the sample plots from the park used for the production of 
the vegetation map of  the island and Cryptostegia grandiflora was only seen on the Juwa. In 
order to be able to control the impact of these species (Cryptostegia grandiflora, Leucaena 
leucocephala, Azadirachta indica and Jasminum fluminense) they should be monitored. 
Deleterious exotic animals causing damage in the park at present include goats, donkeys, pigs, 
cats and dogs. These should be controlled and monitored also. It is therefore recommended to 
make it a duty of the WSP rangers to report on plant or animal exotic species seen during their 
patrols and fieldwork. A design for a simple monitoring protocol to record and monitor exotic 
species is presented. A quick assessment by a biologist of the level of presence of exotic plant 
species in the WSP will help form the basis of such a program for the exotic plant species and 
determine the necessary level of interventions by park management. At present there is a 
trapping program for goats in place using a number of fenced off areas in Slagbaai. 
 
Among the group of remaining animal species three species have been indicated as indicator 
species for monitoring: Poecilia vandepolii (euryhaline fish), Gecarcinus ruricola (land crab) 
and Phoebis agarithe (butterfly). 
 
Six habitat types have been distinguished in the WSP: Cave systems, salina habitat, freshwater 
habitat, vegetation types of Washikemba formation, vegetation types of limestone formations 



and beach landscape. Their characteristics, occurrences in the WSP, importance for the survival 
of native fauna and flora species and management and monitoring options are given for these 
habitat types. 
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Survey of rare plant species 

1. Introduction 

In recent years the management of the Washington-Slagbaai Park (WSP) has focused on 
improving the basic infrastructure in the park, increasing the number of park rangers and 
improving their performance, putting in place the necessary equipment and ensuring an 
adequate level of maintenance as well as drafting of a general nature conservation law for 
Bonaire.  

After these achievements the WSP management considered it time to devote attention to a 
more strategic management of the natural elements present within the WSP area. Setting up a 
baseline monitoring system for rare/endangered and important natural elements of the WSP 
was considered as an initial strategic project by the WSP management. As a first step in this 
strategic process management wanted to have a general inventory done of the natural 
elements in the WSP. A comparison with what is known for the remainder of the island would 
give good insight in to what critical elements the WSP would be harboring. 

Due to a number of research projects done by CARMABI on Bonaire in the last 10 years we 
knew that the collection of (new) data on the flora will greatly improve capabilities to evaluate 
natural value of natural areas. At the time of the start of the present research project the WSP 
management already had in place a system of monitoring plots for bird species occurring in the 
WSP. The park rangers were doing monthly bird observations in these plots. Based on the 
above we considered it urgent to look for occurrences of rare plant species in the WSP. 
Previous work done by students of the Wageningen Univeristy (Lo Fo Wong & de Jongh 1994) 
that the higher hills and their surroundings are places to concentrate efforts on. Based on the 
results of Lo Fo Wong & de Jongh (1994) we decided to concentrate our efforts on four hilly 
areas: Brandaris, the complex of Hobao, Seru Largu and Matado di Pasku as well as the complex 
of Juwana and LaSana. We also visited the area of Seru di Roi Hoba because of the fact that one 
of the park rangers knew the occurrences of a few specimens of Melicoccus bijuga on this hill. 

Field work for the inventory of rare plants and floristic composition of exclosures (treatment 
and non-treatment sites) were done on September 19, October 24, 25 and 26 (2007) and March 
3, 4, 5 and 6 of March 2008. 

2. The landscape and vegetation types of the WSP 

Fig. 1 shows the landscape types found in the WSP. The dominant types in the Washikemba 
areas are D3 (Prosopis-Casearia type) and D2 (Haematoxylon-Casearia type; De Freitas et al. 
2005). For the limestone (coastal) areas these are TL1 and TL7.  
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Fig. 1 Ecological vegetation map of Bonaire (de Freitas et al. 2005). 

D3 is dominated by two vegetation types none of which belongs to the primary vegetation 
types of Bonaire (De Freitas et al. 2005).  
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Fig. 2. D3 landscape type to the N of the Brandaris. 

 

Only three vegetation types are considered to be primary (i.e. less disturbed or reflecting 
original composition) types: Coccoloba-Metopium type, Conocarpus type and Rhizophora-Batis 
type (Stoffers, 1956; De Freitas et al., 2005). Only the first one mentioned is relevant for the 
present study. Severely disturbed patches of that type were found on most of the hills visited 
for the present research. Main characteristic of these patches was the occurrence of Coccoloba 
swartzii and Tabebuia billbergii trees sometimes accompanied by (semi-)evergreen tree species 
like Sideroxylon obovatum, Bourreria succulenta and Capparis spp. Stoffers (1956) indicated the 
occurrence of the discussed primary vegetation type on the Brandaris and Juwa in the WSP and 
suurounding areas. Juwa was not visited for the present study and the reason that Stoffers did 
not mapped this unit for other hills in the WSP is probably the result of the fact that these areas 
were too small to be mapped. The results of the present study also indicate that these areas 
remain small and that at least for the Brandaris hill a further deterioration has taken place as 
the presence of Coccoloba swartzii is limited to dispersed specimens or small groups of trees. 
Other characteristic species for the vegetation type were absent: No Metopium brownei or 
Antirhea acutata were found. This is not strange considering the fact that these hilly areas are 
heavily used by goats. Goats are known to cause detrimental effects on the natural vegetation 
of countries (islands) where they have been introduced (e.g. Debrot & de Freitas, 1993; Beers et 
al., 1993). 
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3. Results of the present study 

In this chapter we will present the data on the occurrences of rare species found on the hills of 
Brandaris (visited on October 24 and 26, 2007), Juwa (visited on September 20, 2007 and March 
4 and 6, 2008), Seru Yuwana & northern section of Matadó di Pasku (visited on March 3, 2008), 
Hobao (visited on March 4, 2008), southern section of Matadó di Pasku (visited on March 5, 
2008), Seru di Roi Hoba (visited on March 5, 2008) and Lasana (visited on March 5, 2008). 

We used the plant species identified as rare by Lo Fo Wong & de Jongh (1994) as our starting 
point: Maytenus sieberiana (at present M. tetragona), Schomburgkia humboldtii, Fagara 
monophyllum (at present Zanthoxylum monophyllum), Crateva tapia, Guapira pacurero, 
Guapira fragrans, Geoffroea spinosa, Spondias mombin, Psidium cf. sartorianum, Lygodium 
venustum, Manihot carthaginensis, Celtis iguanaea, Doryopteris concolor, Bumelia obovata (at 
present Sideroxylon obovatum), Melicocca bijuga and an unknown tree resembling M. bijuga. 

In the present report Guapira fragrans, G. pacurero and Sideroxylon obovatum are not 
considered as rare species based on the fact that these species were quite regularly 
encountered during our fieldwork. 

In Appendix 1 a list is presented of the plant species that have been found in the WSP. The list is 
based on the results of of the present fieldwork, Stoffers (1962-1984), Arnoldo (1967), Lo Fo 
Wong & de Jongh (1994), van Proosdij (2001) and de Freitas et al. (2005). 

3.1 Brandaris 

Figs. 3, 4 and 5 represent views from the north (different directions) on the Brandaris. These 
photos show the depauperated state of the vegetation of the Brandaris. 

  

Fig. 3            Fig. 4 
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Fig. 5     Fig. 6 

 

Appendix 2 provides the relevant details on the rare plant species of interest found on the 
Brandaris hill. Table 1 shows the rare plant species based on the results of the present study. 
The table gives also the number of specimens found for each species during the fieldwork. At 
the bottom of the table a number of species are given that need additional research in order to 
determine their rareness status for the island and the WSP. 

Table 1. BRANDARIS 

 Species No. of specimens found Rarity (relative) 
1 Capparis linearis 2 +++ 
2 Cheilanthes concolor (fern species) 6* + 
3 Eugenia procera 8 ++ 
4 Maytenus tetragona 2 + 
5 Maytenus versluysii 2 ++E 
6 Myrcia curassavica 4 ++E 
7 Nephrolepis biserrata 1* ++ 
8 Psidium sartorianum 2 ++ 
    
    
 Species requiring status determination:   
 Bursera simaruba 1  
 Tillandsia flexuosa 1*  
    
*Refers to occurrences (locations at which the species is found) and refers to more than one specimen 
found at a location. 
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The group of Nephrolepis biserrata      
ferns found on the top of the  
Brandaris under a ledge. 
      

 

Characteristic occurrences of the fern 
Dorypteris concolor. 
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Psidium sartorianum found on the northern slope of the Brandaris 

 

  

A specimen of the endemic Myrcia curassavica being tagged. 
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Eugenia procera on the northern  
slope of Brandaris chiki. 
 

3.2 Juwa 

  

Fig. 7. Views from the north on Juwa. 

Appendix 3 provides the relevant details on the plant species of interest found on the Brandaris 
hill. Table 2 shows the rare plant species based on the results of the present study. The table 
gives also the number of specimens found for each species during the fieldwork. At the bottom 
of the table a number of species are given that need additional research in order to determine 
their rareness status for the island and the WSP. 
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Table 2. JUWA 

 Species No. of specimens found Rarity (relative) 
1 Capparis tenuisiliqua 1 +++ 
2 Eugenia procera 1 ++ 
3 Schoepfia schreberi 1 ++ 
4 Croton niveus 2 ++ 
5 Maytenus tetragona 5 + 
6 Spondias mombin 5 ++ 
7 Celtis iguanaea 9 ++ 
8 Geoffroea spinosa 25 ++ 
9 Cheilanthes concolor 1*  
    
 Species requiring status determination:   
 Bursera simaruba 9  
 Usnea barbata 3*  
    
*Refers to occurrences (locations at which the species is found) and refers to more than one specimen 
found at a location. 

 

 

 

 

 

Leaves of Celtis iguanaea. 
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Leaves and part of habit of Capparis tenuisiliqua. 
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3.3 Seru Yuwana and northern and southern sections of Matadó di Pasku 

   

Figs. 8 & 9. Top of Seru Yuwana (in the background the Brandaris and saliña Slagbaai) 

 

  

Fig. 10 Matadó di pasku from the       Fig. 11 A more northern part of the Seru Largu 
Seru Largu with saliña Slagbaai in the       in the direction of the Seru Yuwana. 
background. 
 
         

Appendix 4 provides the relevant details on the plant species of interest found on the Seru 
Yuwana and Matadó di Pasku.  Table 3 shows the rare plant species based on the results of the 
present study. The table gives also the number of specimens found for each species during the 
fieldwork. At the bottom of the table one or more species are given that need additional 
research in order to determine their rareness status for the WSP and the island. 
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Table 3. SERU YUWANA & MATADO di PASKU 

 Species No. of specimens found Rarity (relative) 
1 Brassavola nodosa 2* ++ 
2 Cheilanthes concolor (fern species) 8* + 
3 Cheilanthes microphylla 1* ++ 
4 Crateva tapia 1 ++ 
5 Clusia sp. 1 +++ 
6 Eugenia procera 8 ++ 
7 Geoffroea spinosa 25 ++ 
8 Jacquinia armillaris 1 ++ 
9 Lygodium venustum 7 ++ 
10 Myrcia curassavica 3  
11 Maytenus versluysii 11 ++E 
12 Nephrolepis biserrata 4* ++ 
13 Psidium sartorianum 5 ++ 
14 Schoepfia schreberi 3 ++ 
15 Thelypteris sp. 1 +++ 
    
 Species requiring status determination:   
 Bursera simaruba 12  
 Usnea barbata 1*  
*Refers to occurrences (locations at which the species is found) and refers to more than one specimen 
found at a location. 

 

 

Habit Schoepfia schreberi. 
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Leaves and fruits of the endemic Maytenus versluysii. 

 

 

Leaves of the endemic Myrcia curassavica. 
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The only specimen of Clusia sp. in the WSP (the only 
mature specimen known to occur in the WSP was found dead) . 
 

 

Leaves and fruit of Eugenia procera. 

 

The fern Lygodium venustum. 
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This Thelypteris sp. (fern) was not previously known for Bonaire. 
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3.4 Hobao 

 

Fig. 12. View from the south on the Hobao 

 

Fig. 13. The northern section of the Hobao. 

 

Appendix 5 provides the relevant details on the plant species of interest found on the Hobao 
hill. Table 4 shows the rare plant species based on the results of the present study. The table 
gives also the number of specimens found for each species during the fieldwork. At the bottom 
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of the table a number of species are given that need additional research in order to determine 
their rareness status for the island and the WSP. 

Table 4. SERU HOBAO 

 Species No. of specimens found Rarity (relative) 
1 Brassavola nodosa 5* ++ 
2 Cheilanthes concolor (fern species) 4* + 
3 Geoffroea spinosa 9 ++ 
4 Lygodium venustum 1 ++ 
5 Maytenus versluysii 3 ++E 
6 Nephrolepis biserrata 2* ++ 
7 Spondias mombin 3 ++ 
8 Adiantum capillus-veneris 1 +++ 
    
 Species requiring status determination:   
 Bursera simaruba 1  
 Tillandsia flexuosa 2*  
 Usnea barbata 2*  
*Refers to occurrences (locations at which the species is found) and refers to more than one specimen 
found at a location. 

 

 

Brassavola nodosa on the nothern slope  
of Hobao. 
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Usnea in a Tabebuia billbergii tree. 

 

Adianthum capillus-veneris a new fern species for Bonaire.
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3.5 Lasana 

 

Fig. 14. Western section of Lasana 

 

 

Fig. 15. On top of the Lasana. 

Appendix 6 provides the relevant details on the plant species of interest found on the Lasana 
hill. Table 5 shows the rare plant species based on the results of the present study. The table 
gives also the number of specimens found for each species during the fieldwork. At the bottom 
of the table a number of species are given that need additional research in order to determine 
their rareness status for the island and the WSP. 
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Table 5. LASANA 

 Species No. of specimens found Rarity (relative) 
1 Brassavola nodosa 1* ++ 
2 Geoffroea spinosa 4 ++ 
3 Spondias mombin 3 ++ 
    
 Species requiring status determination:   
 Bursera simaruba 3  
 Tillandsia flexuosa 1*  
 Usnea barbata 1*  
*Refers to occurrences (locations at which the species is found) and refers to more than one specimen 
found at a location. 

 

 

Tillandsia flexuosa in columnar cactus on  
Lasana. 
 

 

 

 



24 

 

3.6 Seru di Roi Hoba 

 

Melicoccus bijuga at the foot of northern slope of 
Seru Roi Hoba. 
 

Appendix 7 provides the relevant details on the plant species of interest found on the Seru Roi 
Hoba hill. Table 6 shows the rare plant species based on the results of the present study. The 
table gives also the number of specimens found for each species during the fieldwork. At the 
bottom of the table a number of species are given that need additional research in order to 
determine their rareness status for the island and the WSP. 

 

Table 6. SERU ROI HOBA 

Species No. of specimens found Rarity (relative) 
Crateva tapia 5 ++ 
Melicocca bijuga 3 ++ 
   
Species requiring status 
determination: 

  

Bursera simaruba 1  
 

3.7 Denuded areas 

Significant parts of almost all of the higher hills in the WSP are denuded in higher or less extent 
of vegetation. This situation is probably caused by goat grazing taking place since long in the 
WSP. Goats are known to cause deleterious effects on island vegetations (Debrot & de Freitas 
1993). Hills with significant number of denuded areas include Brandaris, Seru Juwa, Matadó di 



25 

 

Pasku, Hobao, Seru Yuwana, Seru Largu, Seru Palmita, Seru Kamina and Seru Mangel (see e.g 
Figs. 2-13). A program of reforestation should be established in order to remediate this 
situation and accelerate vegetation recover. Natural vegetation and soil recovery are known to 
take decades. Research shows that dispersal capability of natural vegetation decreases as its 
isolation increases (Pueyo et al., 2006).  
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4. Discussion and conclusions 

Although rare plant species have been found on all of the hills surveyed, the vegetation on all these 
hills have been affected seriously by human disturbance. At present there is a strong presence of goats 
in all these areas. Goats are known to negatively impact the natural vegetation of areas in which they 
were introduced. As a consequence all of these hills have disturbed vegetation types in which only 
patchy distribution of trees are found.  

In a monitoring and recovery plan the following tree species need to receive priority attention: 

Capparis tenuisiliqua, and Capparis linearis, together with the newly discovered fern species 
(Thelypteris sp. and Adianthum capillus-veneris). Photos should be made of the lower surface 
of the two fern species for record keeping and the final determination of the species. It is also 

necessary to monitor (e.g. yearly) the status of the other rare fern species found in the WSP (Lygodium 
venustum and Nephrolepis biserrata).  

Salient features of the vegetation we surveyed were:   

1) The almost complete absence of seedlings or young specimens of the rare tree species. The 
growing of Brassavola nodosa and Tillandsia flexuosa plants in places which are out of reach for 
goats.  

2) A reduced vitality was also observed in a number of the rarer tree species (Psidium sartorianum, 
Myrcia curassavica, Eugenia procera, Maytenus tetragona and Celtis iguanaea). These species can 
form easily part of a monitoring program because they are found in the areas where the first 
monitoring priority plant species are also found. 

3) Three species considered as rare by Lo Fo Wong & de Jongh (1994) were not considered rare in the 
present study because they were found quite regularly on the hills visited and are also found in 
other parts of the island (Arnoldo 1967; Stoffers 1980 (a) & 1982). 

We also would like to propose to have a research done in order to determine if the following species 
can also be considered as a rare species: Tillandsia flexuosa, Bursera simaruba, and Usnea barbata. All 
three are species are characteristic elements of the better developed vegetation types on our islands 
(Stoffers, 1956). 

In order to ensure survival of the rarer species and those with specimens with reduced vitality 
(Capparis tenuisiliqua, C. linearis, Schoepfia scherberi, Maytenus tetragona, Eugenia procera, Myrcia 
curassavica, Psidium sartorianum and Celtis iguanaea) it is necessary to monitor these species with the 
additional advantage to be able to collect seed for their propagation. It is important to collect data on 
the phenology and vitality of these species in order to understand plant community development on 
our islands. Data on phenology can be compared with results of phonological studies on Curaçao (semi-
arid climate vs. arid climate of Bonaire; Sarmiento 1976) and will help understand plant community 
development and plant species strategy better.  As a way of plant community development small areas 
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can be fenced off so that seedling establishment and development can take place (Child et al. 1984; 
Newman & Redente 2001). This will also permit seed collection to be able to propagate in a nursery. 

The results of the present study shows that Matadó di Pasku and surrounding hills (Seru Largu and Seru 
Yuwana) is important because it harbors the larger number of the rarer species (15). Only C. 
tenuisiliqua, C. niveus (both Juwa: 9 rare spp.), C. linearis (Brandaris: 8 rare spp.) and the Adianthum 
fern (Hobao: 8 rare spp.) are not found there. 

Considering the results of the present study and the fact that a number of the higher hills (and 
surrounding gullies) could not be visited due to the limited amount of time available, we recommend to 
a similar survey of those other hills and surrounding areas. 

 

I. Exclosures 

1. Introduction 

Exclosures are a good method to study the impacts of introduced animals on the natural vegetation (e.g. 
Koblentz 1980; Noy-Meir 1990) and the natural regeneration of the vegetation. Introduced grazers are 
known to cause ecological degradation on (island) ecosystems (biodiversity loss, soil degradation and 
structural simplification; Hamann 1979; de Bie et al. 1987; Albaladejo et al. 1998; Campbell & Donlan 
2004).  

Exclosures K6, K7 and K13 are the three exclosures that have been used in the Casearia-Prosopis 
vegetation type of the D3 landscape type (see Appendix 7 for the map showing the location of the 
exclosure sites). These exclosures were surveyed on October 27, 2007 (K13), October 28, 2007 (K6) and 
March 2, 2008 (K7). The survey results for the sample plots can be found in Appendix 9. 

K9, K10 and K11 are the exclosures in the Croton-Haematoxylon vegetation type of the lower terrace 
landscape type TL7. K10 and K11 were surveyed on March 1, 2008. K9 needs to be surveyed yet. The 
survey results are found in Appendix 10. 

All exclosures were approximately 9x9 meters. Each exclosure was divided into nine 3x3 m sample plots. 
Of each sample plot all species were recorded, their coverage and/ or numbers. The structural of the 
vegetation is reported according to a tree layer (>1 m) and a lower layer (<1 m). The latter comprises 
both shrubs and herbs. If shrubs were higher than one meter they were put in the ‘tree’ layer. 

All control sites (with free access to goats and donkeys) were also 9x9 m. The 9x9 m plane bordering the 
exclosure of which the vegetation most resembled the vegetation inside the exclosure was selected and 
surveyed. The treatment site (exclosure) was also divided in nine 3x3 m sample plots. The same 
parameters were describes as for the plots inside the exclosure. 
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2. Sampling results of  the exclosures and adjacent treatment areas 

In the total of 90 sample plots that were surveyed 97% had two or more goat dung pellets in it. An 
average of 50 goat dung pellets was found in such a sample plot. In an island-wide vegetation study 52 
% of the plots contained goat dung (and 36% donkey excrement; de Freitas et al. 2005). 

D3 exclosures 

In the D3 exclosures in the tree layer, Prosopis juliflora and Casearia tremula are the most common 
species. In the lower layer (shrub layer) Croton flavens, Phyllanthus botryanthus and Ritterocereus 
griseus occur frequently. Opuntia wentiana and Cyperus nanus are often found in the herb layer. Inside 
the exclosures an average of 5.5 plant spp. (2-12) were found. The average and value range for the three 
control areas were 5.3 (2-9). 

 

 

Exclosure K6 
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Exclosure K7 
 
 
 
 

 
 
Exclosure K13 
 
 

TL7 exclosures 

The TL7 exclosures are located in a limestone area (Lower Terrace) and are characterized by the absence 
of a tree layer (>1m). This is reflected in the different species profile:  Frequent species are Croton 
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flavens (a shrub), Eragrostis urbaniana (a grass), Prosopis juliflora (as a shrub) and Bulbostylis sp. (a 
sedge). A lower number of plant species (compared to the D3 exclosures) are also found in these sample 
plots. Inside the exclosures an average of 4.1 plant spp. (2-7) were found. The control plots had an 
average of 4.5 plant species (3-7). A low number of species is characteristic for areas where introduced 
mammal grazers roam frequently (Debrot & de Freitas 1993; Child et al. 1984). These exclosures are 
placed in a limestone area (lower terrace) and will provide insight into the effect of goats on the 
vegetation of a different geological formation than that of D3 (Washikemba volcanic formation). 

 

Exclosure K11 
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Exclosure K10 
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3. Conclusions 

The exclosures of D3 and TL7 are characterized by a low number of species. This is typical 
for areas that have been disturbed by introduced animals (goats, donkeys, pigs and sheep). 
The TL7 exclosures also differ from the D3 exclosures by the absence of a tree layer. 
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II. Monitoring 

1. Plant species 

In section I the results of the survey of rare species were presented based on visits to a 
number of the higher hills in the WSP. In that section a list of monitoring priorities for 
plant species was presented. It is also advisable to come up with a propagation program 
for the orchid species found in the WSP. Schomburgkia humboldtii was reported for the 
WSP by Lo Fo Wong & de Jongh 1994. Brassavola nodosa was reported for the first time 
for the WSP in the present study and was only found growing on rock boulders at height 
inaccessible to goats and on the shaded faces of these rocks. Adequate sites and host 
trees should be selected for the establishment of these two species. The success of 
these management tools can be monitored by using very simple techniques and forms. 
As a data collection tool in the field the monitoring protocol (‘Special Plant survey form’) 
presented in Appendix 11 can be used. This can be combined with a method used by De 
Freitas & Debrot (in prep.) for the categorization of the level of phenological activity of 
plant species. 

2. Exotic plant species 

At the moment none of the potentially serious exotic plant species on the islands 
(Cryptostegia grandiflora, Leucaena leucocephala, Azadarichta indica, Pedilanthus 
tithymaloides, Jasminum fluminense) is a serious problem in the WSP. L. leucocephala 
has been observed along the way to the Park in “kunukus”. Cryptostegia grandiflora has 
only been observed on the Juwa (Sept. 20, 2007). It must still have a low presence 
though (Stoffers 1982; Beers et al. 1997). C. grandiflora establishes itself especially well 
in gullies and along roadsides (Winkel 2003). On Curaçao C. grandiflora showed a 
preference for the volcanic formation soils (Curaçao Lava Formation). Jasminum 
fluminense has been found at Put Bronswinkel (Stoffers 1982). On Curaçao this species 
has been spreading into nature slowly but steadily (pers. observ.). On Curaçao and 
Bonaire A. indica (neem tree) is tarting to spread into nature rapidly. On Curaçao P. 
tithymaloides is becoming a frequent species in limestone vegetations. 

A possible way to monitor and combat these species is to have the park rangers learn to 
recognize the seedlings and mature specimens of these species and to report and have 
them reported and mapped. The reporting can be done through simple forms (items to 
be filled out would be the date, time of the day, name of the observer, location, number 
of specimens observed, status as seedling or established specimen, action taken and a 
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rough sketch of the location (“element occurrence”). Seedlings could be easily removed 
by pulling them out of the ground.  

It is especially important to combat and monitor these exotic species in areas 
surrounding important vegetation types and rare species. Areas of attention on the 
short term would be Juwa (Cryptostegia grandiflora) and Put Bronswinkel (Jasminum 
fluminense). 

 

3. Plant communities 

3.1 Use of exclosures 

Exclosures have been established in two of the most dominant landscape types in the 
WSP. Although D2 was the second most dominant landscape types it was decided to use 
a landscape type of a limestone formation. Relatively undisturbed vegetation types on 
limestone formations are characterized by a higher presence or dominance of evergreen 
plant species (Stoffers, 1956; 1980; Beers et al. 1997; de Freitas et al. 2005). Comparison 
of these exclosures over time with the quadrant outside will show the succession of the 
vegetation types over time. It is recommended to have a second survey after two years 
in order to determine possible short-term changes (Noy-Meier 1990). After three years 
another survey can be done and after ten years the next one and should reveal the long 
term changes. 

 

3.2 Permanent plots and detailed vegetation map 

Here there are two options that will serve to follow the longterm development of plant 
communities. On the one hand permanent plots can be used if only a more limited focus 
is achievable (depending on funds availability).  The two more dominant vegetation 
types in the WSP are the Casearia-Prosopis type (D3) and the Croton-Haematoxylon type 
(D2; de Freitas et al. 2005). Several plots of 50 x 50 m can be established in these two 
vegetation types in the Slagbaai part of the WSP (the goats will be eliminated first from 
Slagbaai). Sub-plots of 10 x 10 m can be used for the data recording. More details on 
this method ca be found in a number of publications (e.g. van ‘t Riet, 1997; Ray et al., 
1998; Rogers & Reilly, 1998; ). This should be repeated after 10-15 years and will show 
the possible changes that have taken place in the most dominant vegetation types 
distinguished. This data will also be important to understand possible changes in animal 
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communities that might have taken place. The understanding of this correlation is 
especially important for the survival of the endemic and endangered Amazona 
barbadensis (‘lora’) of Bonaire. The form presented in Appendix 12 can be used to guide 
the data collection. This form (‘ITC Relevé Data Sheet/ Vegetation Survey’) was 
developed by the ITC (International Institute for Aerospace Survey and Earth Sciences, 
The Netherlands).  

If more funds become available it should be considered to make a vegetation map for 
the whole park on a detailed scale (1:10,000-1:25,000; Loth 1990). Using this scale will 
produce a map based on vegetation types and not landscape types. At this scale every 
natural vegetation area is checked and thus results in very little generalization. The 
research can be repeated after e.g 20-30 years and will show in all detail the trends in 
the vegetation development for all vegetation types in the WSP. Such a map has been 
produced for the Christoffel National Park of Curaçao (Bokkestijn & Slijkhus 1987).  

 

4. Bats 

Only Glossophaga elongata was observed in the WSP (Pos Nobo, Cave at Slagbaai and 
the Cave of Seru Grandi; Rojer 2008). These sites harbor approximately one fifth of the 
whole island population of G. elongata on Bonaire (85 specimens; Rojer 2008). Besides 
the Cave of Seru Grandi no other important cave structures are found in the WSP, but in 
other parts of Bonaire (Wagenaar Hummelinck 1979). Just like Leptonycteris curasoae 
this species feeds on flowers of columnar cacti. L. curasoae is known to be able to 
migrate over kilometers to e.g. feed (www.natureserve.org) and could reach the WSP 
from its important roost at Roi Sangu. One of the research topics for the WSP would be 
to have an expert in bats sound determine the role of the WSP plays for other 
indigenous bat species at night. In Appendix 13 a number of actions are mentioned to 
improve the chance for survival of the bat population in the WSP. The highest priority 
should receive the monitoring of the bat population in Seru Grandi in order to 
determine the value of this cave for the bat population of the WSP. This could be done 
monthly, but the gestation period of July-September should be avoided. A simple 
monitoring method for bats rossting in caves is described in Petit et al. (2006). 

5 Birds 

Over 210 species of bird have been recorded from Bonaire (see Appendix 14). Only 55 of 
these species are resident (current or former) breeding species, the vast majority being 
migrants, winterers, and occasional vagrants (Wege & Anadón 2008). Most of the 
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migrants are Neotropical migrants from breeding grounds in North America, although 
many (50–60 species) are vagrants (recorded on average less than once a year). A 
smaller number of species are of South American origin, representing either dispersing 
individuals or austral migrants overshooting their northern South American wintering 
grounds having originated from breeding grounds further south or west. Despite the 
presence of a large number of migrants, or non-breeding birds, the ABC (Aruba, Bonare 
and Curaçao) islands are of limited importance as a stop-over site for birds (Prins et al., 
in prep.). 
 
 Bonaire’s resident avifauna is a rather unique, with species of West Indian origin mixed 
with those originating in South America (Wege & Anadón 2008). This is demonstrated by 
the presence of two Northern South America biome-restricted birds, namely Bare-eyed 
Pigeon Patagioenas corensis and Yellow-shouldered Amazon A. barbadensis, as well as a 
number of more wideranging South American species. Amazona barbadensis is also one 
of three restricted-range species that constitute the Netherlands Antilles secondary 
Endemic Bird Area (EBA), the other two being West Indian birds, namely Caribbean 
Elaenia Elaenia martinica and Pearly-eyed Thrasher 
Margarops fuscatus. At least 16 subspecies have been described from Aruba, Bonaire 
and Curaçao; four exclusively from Bonaire. The Bonaire form of Brown-throated 
Parakeet Aratinga pertinax xanthogenius is particularly well differentiated 
(based on plumage and vocalizations), and a subspecies of Grasshopper Sparrow 
Ammodramus savannarum caribaeus found only on Bonaire and Curaçao appears 
vocally distinct from other North American and Caribbean forms. Similarly, vocalisations 
of White-tailed Nightjar Caprimulgus cayennensis insularis from Bonaire and Curaçao 
are distinct from mainland forms. Further taxonomic research is needed 
on all of these subspecies. The Vulnerable A. barbadensis has a disjunct range in 
northern coastal Venezuela (Falcón, Lara, Anzoátegui and Sucre) and the islands of 
Margarita and La Blanquilla. The Bonaire birds are clearly important in the context of a 
global population estimated at 2,500–9,999 individuals (Wege & Anadón-Irizarry 2008).  
 
The important bird species for the WSP are presented in Appendix 14 where also 
information is presented on research and monitoring priorities (see last column). The 
selection is based on the following publications: Debrot (2006), Voous (1957 & 1983), 
Harms & Eberhard (2003), Wage & Andazon-Irizarry (2008). The highest priority bird 
species for the Park are: Buteo albicaudatus (white-tailed hawk), Amazona barbadensis 
(Yellow-shouldered parrot), the tern species Sterna albifrons (Least tern) & S. hirundo 
(Common tern), and Phoenicopterus ruber (Caribbean flamingo). Columba squamosa 
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can serve as an indicator species for vegetation development as it has a preference for 
higher and dense vegetation (pers. observ. on Curaçao; Voous 1983). First it will have to 
be established in which areas in the WSP it is found and then the transect method can 
be used (Bibby et al. 1992; Wunderle 1995). We have seen a single or two specimens 
flying in western and eastern direction in the gully between Seru Matadó di Pasku and 
Seru Largu on March 5, 2008. 

5.1 Buteo albicaudatus (white-tailed hawk) 

Here line transects can be used to assess this raptor population in the WSP. The 
monitoring can be combined with that for Polyborus plancus (Crested caracara) which is 
also threatened by increasing urbanization and persecution (Nijman et al., in press; 
Flikweert 2003). The WSP is the most important area for the Crested caracara on 
Bonaire (Flikweert 2003). Cars can be used for transport and the roads serve as the 
transect routes (Bibby et al. 1993). The method involves driving slowly (17-40 km per 
hour) and counting all birds that one or two observers detect, usually within a specified 
distance (e.g. 0.4-1.6 km) on each side of the road, and on calm (normal) days. The more 
often this is done the more accurate the results will be (Martin & Schmitt 1996). It is 
important to do the repeat surveys on the same time of the day in order to get reliable 
results (Bunn et al. 1995). It is advisable to do the monitoring daily over e.g. a period of 
a month. After that the method described by Flikweert (2003) and Nijman et al. (in 
press) can be followed in order to obtain more detailed info on the use of habitats 
(vegetation/landscape types) by the white-tailed hawk. For B. albicaudatus it is best to 
survey in the late morning or afternoon hours (Ministry of Sustainable Resource 
Management 2001).  

The method used by Flikweert (2003) is based on the selection of 1 km2 samples in the 
principle landscape types of Bonaire. The selection of the sample plots was based on the 
color landscape ecological vegetation map of the island (de Freitas et al. 2005). A 
stratified random technique is used so that the landscape types are included 
proportional to their relative cover. Landscape types with low relative cover (<2%) are 
excluded. To avoid edge effects relatively large homogenous patches of vegetation are 
used as sample plots. Plot size is estimated by i) choosing a fixed location from where 
the plot is observed (observation point) and ii) the landscape within 120° in the 
direction overlooking the surface of the chosen plot. The point count method is used 
(Bibby et al. 2000). All observations are done from the observation point using 
binoculars (7x50). Each plot is visited for six hours and is sampled during two fixed 
periods (of three hours). The idea is that this will give insight in temporal variation in 
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species abundance. During the observation periods, all raptors seen in the column 
above the plot surface were recorded. In addition behavioral data was collected 
(adapted from Masman et al. 1988): 1) Perching; 2) Walking or alighting on the ground; 
3) Flight-hunting; and 4) Other behavior e.g. travelling. Also data on flight modes, 
direction of flight, interaction with other animals, behavioral sequences, the time and 
duration of the presence of the bird in the sample plot were recorded. 

In the present fieldwork no Buteo albicaudatus was observed in the WSP. Polyborus 
plancus was observed on September 20 (2007; 2 specimens) and March 4 (2008; one 
specimen) near the Juwa hill. On March 3 and 4 this species was also seen near 
respectively Seru Yuwana (one specimen) and Matadó di Pasku (2 specimens). On March 
5 (2008) this species was seen between the Hobao hill and Seru Yuwana (a group of 5 
specimens). By taking the appropriate management measures the chances should be 
fair to increase the population of this species, because it is not considered a sensitive 
species (Stotz et al. 1996).  

 

5.2 Amazona barbadensis (Yellow-shouldered parrot) 

This species is considered to be a sensitive species of medium level (Stotz et al. 1996). 
This species is found in most parts of the WSP except the northern coastal area between 
Playa Chikitu and Malmok (Reijns &van der Salm 1980). These authors used two 
methods to locate and estimate flock sizes: point count-transect method and the flight 
observation method and used the second method to determine the distribution of the 
species and population size. The first method is especially recommended in flat areas 
where you can cover large distances in a relatively short amount of time. They 
recommended using it in the peak of the breeding season. The method involves a 
previous laying down of the route to be followed and points at which to stop to count 
the birds by sight or sound for e.g. 5 minutes. The method involves an observer standing 
in one location for a fixed amount of time period and recording all birds (or a specific 
species) detected. Each point count should be at least 100 m apart, and preferably 150 
to 200 m apart. At least 30 counts should be conducted, depending on the abundance 
and the purpose of the count (Wunderle 1994). 

The flight observation method is based on using a fixed vintage point on a hill as 
observation point. For this method to be used for monitoring purposes it is necessary to 
the boundaries of the areas to be counted on a map. This allows the same areas to be 
counted in the future to assess population changes (Bibby et al. 1992).  
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Important roosting sites in the WSP include areas around the Brandaris, Seru Mangel 
and Shishiribana (S. Williams, pers. comm.). The former are also important nesting 
areas. Reijns & van der Salm (1980) also mention the area of Slagbaai, Kasikunda and 
Seru Pretu as roosting sites. The area of Seru Mangel is also important for food. Birds 
were heard during the present study around Juwa (March 6, 2998) and Seru Yuwana 
(March 5, 2008) 

Ritterocereus griseus (yatu), Cereus repandus (kadushi) and Prosopis juliflora (kuida) and 
Tabebuia billberghii are the most important food plants of A. barbadensis. Therefore it is 
highly recommended to reforest the barren north coast area and other barren areas in 
the WSP as much as possible with these species. This would also be beneficial to the bat 
population of WSP/Bonaire (see the paragraph on bats). The former three plant species 
are often found in coastal areas on Bonaire and Curaçao. P. juliflora is also tolerant to 
saline soils.  

5.3 Sterna hirundo (Common tern) and S. antillarum (Least tern) 

Before counting terns it is important to search the study area throughout to determine 
the distribution of the colony. Care must be taken however to not disturb the 
population because terns are extremely sensitive to human disturbance (will desert 
their nests). For smaller colonies it is best to use direct counts. For this method the 
counting unit is the Apparently Occupied Nest-Site defined as those birds sitting tight 
and apparently incubating eggs or brooding chicks. Ideally these Apparently Occupied 
nest-sites are counted from a position where the whole of the colony can be viewed. 
Problems might occur when the whole colony cannot be viewed, and where both 
members of the pair sit slightly apart and both are counted as incubating (Bibby et al. 
1993).  

Another method more used with larger colonies is that of ‘Flushing counts’ Bibby et al. 
1993). For this method the counting unit is the flying bird. The procedure is to flush all 
birds present at a colony into the air using a loud noise (e.g. a horn) and the count the 
birds several times while they are in the air. By averaging these counts the mean 
number of birds at the colony can be calculated. The timing of these counts is important 
if accurate results are to be obtained. 

The Leeward Dutch Antilles are a critical breeding area for the Common tern (Sterna 
hirundo). Breeding by this species starts in April or May and egg-laying may continue 
until July or early August (Debrot et al. in press; Voous 1983). This species has been 
found breeding at Slagbaai (Debrot et al. in press). 
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More than 20% of the total Caribbean breeding population of Least tern (S. antillarum) 
is found on Curaçao and Bonaire. The majority of breeding takes place on Bonaire. 
Several of the large traditional breeding sites are found in relatively inaccessible areas 
(or on private property). It may be that breeding site selection with this species is partly 
dictated by nearby food availability (Debrot et al. in press). Egg-laying may start by mid 
May and continue until mid July. 

5.4 Phoenicopterus ruber (Caribbean flamingo) 

For this species it is not only important to count the numbers at sites in the Park, but 
also to monitor the food species in the waterbodies in the WSP (Slagbaai, saliña Matijs). 
This can be done monthly over a period of one year and the repeated over a two year 
period. On Curaçao such a studies has given important insight into the different role of 
three Salinas studied (Cuppens & Vogels 2004; Smelter 2005). 

The counting of the birds can be done using direct counts or estimation counts (Bibby et 
al. 1993).  

It is also important to monthly monitor the dispersion of food items in the salinas of 
Slagbaai and Matijs in order to determine their importance for the survival of the 
flamingo on Bonaire. Corresponding methods are described in Smelter (2005) & 
Cuppens & Vogels (2004). 

 

6. Exotic animal species 

Goats, dogs, cats, donkeys and pigs should be eliminated by e.g. shooting during after-
closure hours. Sightings by park rangers should be recorded for monitoring purposes 
and effective eradication. The reporting and monitoring can be done through very 
simple forms (items to be filled out would be the date, time of the day, name of the 
observer, location, number of specimens observed, action taken and a rough sketch of 
the site where the animal was observed. Data on the characteristics and impacts of 
these animals are found in Appendix 15. 

7. Other native animal species 

Three species of fresh- and brackishwater fishes have been found on the ABC islands: 
Poecilia vandepolli, Rivulus marmoratus bonairensis and Cyprinodon dearborni. In a 
study of fish species found in aquatic habitats in the WSP only Cyprinodon dearborni was 
found (Hulsman et al. 2008). Site 0.2 cited in Hulsman et al. (2008) as a site in the WSP is 
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not correct and therefore the spp. Agonostomus monticola and O. mossambicus do not 
occur in the WSP. Kristensen (1970) found C. dearborni in saliñå Bartol, saliña Slagbaai, 
saliña Tam and Playa Funchi and also Poecilia vandepolli in saliña of Slagbaai.  It is 
recommended to use P. vandepolli as an endemic element of the salina habitat (Debrot 
2006) for monitoring. Methods to do this monitoring can be found in Cuppens & Vogels 
2004; Smelter 2005. A combination with the monitoring of Artemia salina (bine shrimp) 
and Ephydra cinerea (brine fly) is necessary in order to understand the use of the Salinas 
by flamingos. 

Besides data on euryhaline fishes, data are also presented for worms, Rotifers, 
Arachnids, snails, euryhaline fishes, Crustacea and butterflies (Appendix 16). Besides P. 
vandepolli also Gecarcinus ruricola (a land crab) and and Phoebis agarithe (a butterfly) 
could be monitored as indicator species. The latter species is typical for better 
developed vegetation types (Debrot & Miller 2004). 

8. Habitat types in the WSP 

Six habitat types can be distinguished in the WSP. These are cave systems, salina 
habitat, freshwater habitat, vegetation types of Washikemba formation, vegetation 
types of limestone formations and beach landscape. Their characteristics, occurrences in 
the WSP, importance for survival of native fauna and flora species and management and 
monitoring options are given in Table 7. 

Table 7. Habitat types that can be distinguished in the WSP, their characteristics, 
importance and related management and monitoring options. 

 Characteristics Importance for 
animal species 

Representative 
localities in the 
WSP 

 P 

Cave systems High humidity Important for 
roosting and 
breeding of bat 
fauna. 

Knowledge of 
cave dwelling 
insects, spiders, 
and other 
terrestrial 
invertebrates is 

Structure of the 
cave of Seru 
Grandi has been 
affected by 
phosphate 
mining 
(Wagenaar 
Hummelinck  
1979). 

Access to public 
only under 
guidance. For 
recommendations 
on monitoring of 
bats see §3.5.  
Fence off cave at 
Slagbaai to 
prevent 
disturbance of 

1 
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still limited 
(Wagenaar 
Hummelinck  
1979). 

roosting bats. 

Salina habitat High 
fluctuations in 
salinity.  Habitat 
of halophytic 
plant species 
(e.g. Sesuvium 
portulacastrum, 
Batis maritima, 
Conocarpus 
erecta) 

High 
Importance for 
survival of 
regionally 
endangered 
Caribbean  
flamingo. Also 
key for wading 
birds. 

Saliña Slagbaai, 
Saliña Matijs, 
Saliña Bartol. 

Monitor to 
establish 
importance of 
salinas in the WSP 
for survival of 
flamingos.  
Relocate present 
car route to 
restore function 
as nesting area. 
Determine if it 
plays a role as 
foraging area of 
Noctilio leporinus? 

1 

Fresh water 
habitat 

 Very important 
to native and 
migratory bird 
species. Typical 
habitat for 
freshwater 
fauna (e.g. 
freshwater 
snail 
Potamopyrgus 
parvulus) and 
plant species 
(e.g. Marsilea 
ancylopoda, 
Heteranthera 
limosa, 
Corchorus 
aestuans, etc.). 

Pos di Roi Hoba 

Bron di Pos 
Merikano 

Should be 
maintained (they 
have been 
neglected 
throughout the 
years). 

1 

Main 
vegetation 

No climax 
vegetation in 

These 
vegetation 

Casearia-
Prosopis type & 

Establish 
permanent plots 

2 
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types 
Washikemba 
geological 
formation 

the WSP (de 
Freitas et al. 
2005). 

types play a 
key role in the 
survival of 
important 
native bird spp. 
like Amazona 
barbadensis, 
Aratinga 
pertinax, and 
Columba 
squamosa. 

Croton-
Haematoxylon 
type. 

in those two 
vegetation types 
in order to 
understand 
development of 
these vegetation 
types and the 
possible impact of 
these 
developments on 
key bird species 
like Amazona 
barbadensis, 
Aratinga pertinax, 
Columba 
squamosa and 
others. 

Main 
vegetation 
types 
limestone 
geological 
formation 

No climax 
vegetation in 
the WSP (de 
Freitas et al. 
2005). 

Phenological 
research on 
Curaçao has 
shown that 
limestone 
areas are 
characterized 
by (semi-
)evergreen 
plants and 
plant species 
that provide 
food (flowers, 
fruits) more 
consistently 
over the year 
as compared to 
other 
geological 
formations (de 
Freitas & 
Debrot, in 

Mainly leeward 
coastal areas 
between Boka 
Bartol and Boka 
Slagbaai (de 
Freitas et al. 
2005). 

Reforest with 
(semi-)evergreen 
plant species like 
Antirhea acutata, 
Erithalis fruticosa, 
Jacquinia 
armillaris, 
Guaiacum spp., 
Metopium 
brownei, 
Coccoloba 
swartzii, etc.). 

2 
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prep.)  

Beach 
landscape 

This landscape 
type 
characterized by 
presence of 
halophytic 
shrubs and 
herbs. Potential 
sites for ‘strand 
scrub 
community’ 
(edaphic climax 
community) (de 
Freitas et al. 
2005).  

The seaward 
zone (in case of 
sandy beaches) 
is mainly  
important as 
nesting areas 
for sea turtles. 
Could also be 
important for 
reproduction of 
Evertebrates. 

 Saliña Bartol 
and Playa 
Chikitu (de 
Freitas et al. 
2005) 

Maintain beach 
areas as naturally 
as possible (no 
recreational 
activities or only 
low impact 
recreational 
activities at low 
frequency). 
Monitor for sea 
turtle nesting (if 
applicable) and 
pollution of 
beaches with oil 
and plastic. Do 
beach cleanups 
regularly. Monitor 
vegetation 
development over 
longer period of 
time. 

2 

 

 

9. Conclusions  

It has been possible to identify important elements of the flora and fauna as well as 
main habitat types that should receive priority in management, research and 
monitoring.  Appropriate methods and protocols have been indicated and presented. 
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Appendix 1.  List of plant species that occur in the WSP. 

TREES Pap. name Characteristics Geogr. 
distribution 

Rare 
plant 
WSP 

Recommendation P 

Acacia 
tortuosa 

(H)obada, 
wabi 

LV     none 3 

Bourreria 
succulenta 

Watakeri, 
palu di 
lora, beshi 
di lora? 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Bursera 
karsteniana 

Palu di sia 
blanku 

LV ABC Isls. & 
northern 
Ven. & 
Colombia 

  Propagate for use 
in reforestation 

2 

Bursera 
simaruba 

Palu di sia 
kòrá 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Bursera 
tomentosa 

Palu di sia 
djaka, palu 
di sia krus, 
tik-tak 

LV ABC Isls. & 
northern 
Ven. & 
Colombia 

  Propagate for use 
in reforestation 

2 

Caesalpinia 
coriaria 

Dividivi, 
watapana 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Capparis 
flexuosa 

Stòki, 
mòster 

LV Widespread 
in the 
region 

  None 3 

Capparis 
hastata 

Palu di 
lora, palu 
di tambú, 
stòki di 
buriku 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Capparis 
indica 

Oliba 
machu 

LV Widespread 
in the 
region 

  None 3 
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Capparis 
linearis 

  V ABC Isls. & 
northern 
Ven. & 
Colombia 

Very rare Monitor plants to 
collect seeds for 
propagation and 
ensure survival 

1 

Capparis 
odoratissima 

Oliba LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Capparis 
tenuisiliqua 

  V Very rare Very rare Monitor plant to 
study phenology 
and to collect 
seeds for 
propagation. 

1 

Casearia 
tremula 

Palu di 
Boneiru, 
guyaba 
baster 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Celtis 
iguanaea 

Bèshi di 
yuana, 
palu di 
djuku 

LV Widespread 
in the 
region 

Rare Propagate for use 
in reforestation 

2 

Clusia sp. Kuchía V C. rosea is 
widespread 
in the 
region 

Very rare Monitor this very 
young specimen 
and ensure 
survival 

  

Coccoloba 
swartzii 

Kamari LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Condalia  
henriquezii 

Palu di 
bèshi 

LV B,C & 
northern 
Ven. 

  Propagate for use 
in reforestation 

2 

Cordia 
dentata 

Kohara di 
mondi 

LV Widespread 
in the 
region 

  Propagate for use 
in reforestation 

2 

Crateva tapia Ishiri V Widespread 
in the 
region 

Rare Propagate for use 
in reforestation. 

1 

Crescentia 
cujete 

Palu di 
kalbas, 
kalbas di 
Fontein 

LV Widespread 
in the 
region 

  None 3 
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Crossopetalum 
rhacoma 

Beishi, 
palu di 
pushi 

L Widespread 
in the 
region 

  Propagate for use 
in reforestation 
in limestone & 
coastal areas 

2 

Croton niveus Bara 
blanku 

LV Widespread 
in the 
region 

Rare Monitor sites of 
occurrence 
annually. 

2 

Eugenia 
procera 

  V Widespread 
in the 
region 

Rare Study phenology 
of this (and other 
rare plant spp.). 
Collect seeds for 
propagation for 
use in 
reforestation.  
Fence off areas 
around these 
plants to ensure 
rejuvenation. 

1 

Ficus brittonii Palu di 
mahawa, 
mahòk di 
mondi 

LV ABC Isls. & 
northern 
Ven. 

Very rare Ensure survival of 
specimens 

2 

Geoffroea 
spinosa 

Palu di taki V ABC Isls & 
South-Am. 

Rare Propagate for use 
in reforestation 

2 

Guaiacum 
officinale 

Wayaká LV Widespread 
in the 
region 

  None 3 

Guaiacum 
sanctum 

Bera, 
burobari, 
wayaká 
shimaron 

L Widespread 
in the 
region 

Rare? If present in the 
WSP collect 
seeds for 
propagation 

2 

Guapira 
fragrans 

  LV Widespread 
in the 
region 

  Collect seeds for 
use in 
reforestation 

2 

Guapira 
pacurero 

Mafobari, 
maushibari 

LV Widespread 
in the 
region 

  Collect seeds for 
use in 
reforestation 

2 
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Haematoxylon 
brasiletto 

Brasía LV Widespread 
in the 
region 

  None 3 

Jacquinia 
armillaris 

Palu di 
huku 

LV Widespread 
in the 
region 

Very rare Plant more 
specimens in the 
WSP 

2 

Machaonia 
ottonis 

Tete di 
porko 

LV B,C & 
northern 
Ven. & 
Colombia 

  None 3 

Malpighia 
emarginata 

Shimaruku LV Widespread 
in the 
region 

  Use in 
reforestion (fruits 
for birds) 

2 

Manihot 
carthaginensis 

Marihuri LV Widespread 
in the 
region 

(Very?) 
Rare 

Monitor survival 
of specimens 

2 

Maytenus 
tetragona 

Dakawa LV Limited 
distr. In 
Caribbean 

Rare Study phenology 
in order to collect 
seeds for 
propagation for 
use in 
reforestation.  
Fence off areas 
around some 
specimens to 
ensure 
rejuvenation. 

1 

Maytenus 
versluysii 

  V Endemic to 
Bonaire & 
Curacao 

Rare Study phenology 
in order to collect 
seeds for 
propagation for 
use in 
reforestation.  
Fence off areas 
around some 
specimens to 
ensure 
rejuvenation. 

1 

Melicocca 
bijuga 

Kenepa V Widespread 
in the 
region 

Rare Propagate 
especially for 
gullies 

2 
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Myrcia 
curassavica 

  V Endemic to 
Bonaire & 
Curaçao 

Rare Study phenology 
in order to collect 
seeds for 
propagation for 
use in 
reforestation.  
Fence off areas 
around some 
specimens to 
ensure 
rejuvenation. 

1 

Pithecellobium 
unguis-cati 

Bè(i)shi di 
yuana 

LV Widespread 
in the 
region 

quite 
common? 

None 3 

Prosopis 
juliflora 

Kuida LV Widespread 
in the 
region 

Very 
common 

Is one of the 
favorite 
foodplants of the 
lora. Use in 
roferestation in 
coastal and saline 
areas. 

2 

Psidium 
sartorianum 

  LV Widespread 
in the 
region 

Rare Study phenology 
in order to collect 
seeds for 
propagation for 
use in 
reforestation.  
Fence off areas 
around some 
specimens to 
ensure 
rejuvenation. 

2 

Randia 
aculeata 

Rabu di 
kabai, 
wakura, 
wakuri 

LV Widespread 
in the 
region 

  None 3 

Schoepfia 
schreberi 

  LV Widespread 
in the 
region 

Rare None 3 
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Sideroxylon 
obovatum 

Palu di 
lechi, 
rambèshi 

LV Widespread 
in the 
region 

Not rare Use in 
reforestion of 
denuded areas 

2 

Spondias 
mombin 

Hoba V Widespread 
in the 
region 

Rare Use in 
reforestation in 
gullies (fruits for 
lora and 
parakeets) 

1 

Tabebuia 
billbergii 

Kibrahacha LV Widespread 
in the 
region 

Quite 
common 

Use in 
reforestion of 
denuded areas 

2 

Ximenia 
americana 

Kashu di 
mondi 

L Widespread 
in the 
region 

Rare Use in 
reforestation of 
coastal areas 
(fruit tree) 

2 

Zanthoxylum 
monophyllum 

Bosua LV Widespread 
in the 
region 

(Very) 
Rare 

Monitor survival 
of specimens 

2 

Zanthoxylum 
flavum 

Kalab(a)ri L Widespread 
in the 
region 

Not rare? Use in 
reforestation in 
limstone areas. 

2 

L=preference for limestone soils; V=preference for Washikemba formation soils. 
  

SHRUBS Pap. name Characteristics Geogr. 
distribution 

Rareness 
status in 
the WSP 

Recommendations P 

              

Abutilon hirtum Tres or LV. Native Widespread 
in region - 

None 3 

Acalypha 
cuspidata 

  LV. Native Widespread 
in region - 

None 3 

Ayenia magna   LV. Native Widespread 
in region - 

None 3 

Bastardia 
viscosa 

Basora 
blanku 

LV. Native Widespread 
in region - 

None 3 

Bernardia 
corensis 

  LV. Native Widespread 
in region - 

None 3 
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Cardiospermum 
corindum 

  LV. Native Widespread 
in region - 

None 3 

Convolvulus 
nodiflorus 

  LV. Native Widespread 
in region - 

None 3 

Corchorus 
hirsutus 

Basora kòrá LV. Native Widespread 
in region - 

None 3 

Corchorus 
hirtus 

  LV. Native Widespread 
in region - 

None 3 

Cordia 
curassavica 

Karishuri LV. Native Widespread 
in region - 

None 3 

Cordia bullata   V. Native Widespread 
in region - 

None 3 

Croton flavens   LV. Native Widespread 
in region - 

None 3 

Cryptostegia 
grandiflora 

Klinó LV. Native Native of 
Madagascar 

- 

Eliminate and 
monitor 

1 

Exotic species 

Cynanchum 
boldinghii 

  LV. Native Endemic to 
ABC Isls. - 

None (very hardy) 3 

  

Heliotropium 
angiospermum 

Kokolodé LV. Native Widespread 
in region - 

None 3 

Indigofera 
suffriticosa 

Pinda 
shimaron 

LV. Native Widespread 
in region - 

None 3 

Ipomoea 
incarnata 

Trompèt LV. Native Widespread 
in region - 

None 3 

Isocarpha 
oppositifolia 

Madalena di 
Seru pretu 

LV. Native Widespread 
in region - 

None 3 

Jasminum 
fluminense 

Hasmin LV. Native of 
Africa 

- 

Eliminate and 
monitor 

1 

Exotic species 

Jatropha 
gossypiifolia 

Flaira LV. Widespread 
in region 

- 

None 3 

Native 

Lantana 
camara 

Mata di 
sanger 

LV. Widespread 
in region - 

None 3 

Native 

Lantana 
involucrata 

Bushurumbu LV. Widespread 
in region 

- 

None 3 

Native 
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Lithophyla 
muscoides 

  LV. Widespread 
in region 

- 

None 3 

Native 

Melochia 
tomentosa 

Basora kòrá LV. Widespread 
in region 

- 

None 3 

Native 

Phyllanthus 
botryanthus 

Liki-lòki, 
karkidaki, 
kashidaki 

LV. ABC Isls. & 
north S-AM 

- 

None 3 

Native 

Rhynchosia 
minima 

  LV. Widespread 
in region 

- 

None 3 

Native 

Rivina humilis Stakamahachi LV. Widespread 
in region - 

None 3 

Native 

Samyda 
dodecandra 

Bara-tai 

LV. Native 

Widespread 
in (Car.) 
region 

Rare Monitor, collect 
seeds for 
reforestation 
purposes. 
Understory shrub 
of better 
developed 
vegetations. 

1 

  
Serjania 
curassavica 

Kabuya di 
mondi 

LV. ABC Isls. & 
Colombia 

- 

None 3 

Native 

Tephrosia 
cinerea 

  LV. Widespread 
in region 

- 

None 3 

Native 

Tournefortia 
volubilis 

Klasmulato LV. Widespread 
in region 

- 

None 3 

Native 
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L=occurrrence on limestone soils; V=occurrence on Washikemba formation soils. 
   

GRASSES & 
SEDGES 

Pap. 
name 

Characteristics Geogr. 
distribution 

Rareness 
status in 
the WSP 

Recommendations P 

Antephora 
hermaphrodita 

 Native. 
LV 
 

Widespread 
in the region 

 None 3 

Aristida 
adscencionis 

 Native. 
LV. 
Comon weed 
on open 
grounds 
(Stoffers 1963 

Widespread 
in the region 

 None 3 

Aristida 
swartziana 

 Native. 
LV. 
Rocky 
savannas and 
open grounds 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Bulbostylis 
curassavica 

 Native 
perennial. 
L (dry 
limestione 
rocks; Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Bulbostylis 
pauciflora 

 Native. 
L.( dry 
limestione 
rocks; Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Chloris inflata  Native. 
V.  
Common 
weed (Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Chloris mollis  Native. 
LV. 
Common 
weed (Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Cyperus 
amabilis 

 Native. 
LV. 
Sandy and 

Widespread 
in the region 

 None 3 
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stony places 
at lower and 
middle 
elevations 
(Stoffers 
1963) 

Cyperus 
confertus 

Koko 
djamina 

Native. 
LV. 
Dry and moist 
places at 
lower 
elevations 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Cyperus elegans  Native. 
V.  
Wet saline soil 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Cyperus 
esculentus 

yerba di 
koko, 
koko di 
amina 

Native. 
LV. 
Coastal sands 
and waste 
places 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Cyperus 
filiformis 

 Native.  
LV. 
Moist sandy 
and rocky 
places at 
lower and 
middle 
elevations 
(Stoffers 
1963) 
 

Widespread 
in the region 

 None 3 

Cyperus 
fuligineus 

Yerba 
maishi 
chikitu 

Native. 
L, often in salt 
habitats 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Cyperus 
guanipensis 

 Native. 
V. 
On roadsides 
(Stoffers 

Ven., ABC 
Isls. 

 None 3 
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1963) 
Cyperus nanus  Native. 

LV. 
 

Widespread 
in the region 

 None 3 

Cyperus 
squarrosus 

 Native. 
LV.  

Widespread 
in the region 

Rare? 
(Howard 
1979) 

None 3 

Dactyloctenium 
aegyptium 

Habri-
man 

Native. LV. Widespread 
in the region 

 None 3 

Digitaria 
californica 

Yerba 
ginete 

Native. 
LV. 

Widespread 
in the region 

 None 3 

Eleocharis 
mutata 

 Native. 
Pioneer in 
(salt) ponds 
and swamps 
(Stoffers 
1963). 

Widespread 
in the region 

 None 3 

Eragrostis 
ciliaris 

 Native. 
LV. 
Open grounds 
and waste 
places 
(Stoffers 
1963). 

Widespread 
in the 
region.  

 None 3 

Eragrostis 
diversifolia 

 Native. 
LV. 
Waste places 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Eragrostis 
urbaniana 

 Native. 
L. 

Widespread 
in the region 

 None 3 

Paspalum 
bakeri 

 Native. 
L. 

Widespread 
in the region 

 None 3 

Lipocarpha 
micrantha 

 Native. Widespread 
in the region 

 None 3 

Sporobolus 
pyramidatus 

Brakgras 
dushi 

Native. 
Sandy and 
saline soils at 
low elevations 
(Stoffers 
1963) 

Widespread 
in the region 

 None 3 

Sporobolus 
virginicus 

Brakuha Native. 
On clayey or 
sandy, saline 
soils (Stoffers, 
1963). 

Widespread 
in the region 

 None 3 
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L=preference for limestone soils; V=preference for Washikemba formation soils 

. 

 

 

FERNS Pap. 
name 

Characteristics Geogr. 
distribution 

Rareness 
status 

Recommendations P 

Adiantum 
capillus-veneris 

- Native.  
On moist 
limestone, or 
other non-
acidic ledges, 
shaded cliffs, 
and old-
masonry walls 
at low to 
middle 
elevations 
(10-400m), 
rare or locally 
frequent 
(Proctor 
1989). 

Widespread 
in region 

Very rare Monitor survival 
of plant and study 
possibilities to 
protect site 

1 

Cheilanthes 
concolor 

- Native. 
On open 
slopes and in 
scrub (Stoffers 
1962) 

Widespread 
in region 

Quite rare Monitor presence 
in rainy seasons 

2 

Cheilanthes 
microphylla 

- Native. 
On rocky 
banks and in 
open woods, 
at lower 
elevations 
(Stoffers 
1962) 

Widespread 
in region 
(but 
sporadic; 
Proctor 
1989) 

Rare Monitor sites 
annually 

2 

Lygodium 
venustum 

- Native. 
Terrestrial 
ferns of rather 
dry habitats 
(Stoffers 
1962). 

Widespread 
in tropical 
America, but 
uncommon 
and 
scattered in 
the West 
Indies 
(Stoffers 

(Very) 
Rare 

Monitor sites 
annually. Look 
into possibilities 
to introduce plant 
to other suitable 
places in the WSP. 

1 
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1962) 
Nephrolepis 
biserrata 

Lisimbein Native. 
Usually in 
moist places, 
terrestrial or 
epiphytic 
(Stoffers 1962; 
Proctor 1989). 

Widespread 
in region 
(Stoffers 
1962) 

(Very) 
Rare 

Monitor sites 
annually. Look 
into possibilities 
to introduce plant 
to other suitable 
places in the WSP. 

1 

Pityrogramma 
calomelanos 

- Native. 
In dry 
woodland, in 
secondary 
growth, on 
open banks 
and barren 
slopes, at 
various 
elevations .  A 
very variable 
species 
(Stoffers 
1962) 

Widespread 
in region 

Very rare Reported for  the 
Brandaris by Van 
Proosdij (2001). 

 

Thelypteris sp. - Native. 
Terretsrial 
ferns . Largest 
genus of ferns 
(Stoffers 
1962) 

  Monitor survival 
of plant and study 
possibilities to 
protect site. Look 
into possibilities 
to  

1 

 

 

ORCHIDS & 
BROMELIADS 

Pap. 
name 

Characteristics Geogr. 
distribution 

Rareness 
status 

Recommendations P 

Brassavola 
nodosa 

Orkidia Native orchid. 
Grows on 
trees and rock 
boulders 
(Arnoldo 
1971) 

Widespread 
in the region 

(Very) rare Cultivate and 
transplant some 
specimens to 
suitable tree 
species and sites 
in the WSP. 

1 

Schomburgkia 
humboldtii 

Banana 
di mondi 

Native orchid. 
Grows on 
trees (Arnoldo 
1971) 

ABC Isls. & 
Ven.  
(Stoffers 
1981) 

(Very?) Rare Cultivate and 
transplant some 
specimens to 
suitable tree 
species and sites 
in the WSP. 

1 
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Tillandsia 
flexuosa 

Teku di 
palu 

Native 
epiphytic 
herb. 

Widespread 
in the region 
(Howard 
1979) 

Rare Determine 
rareness of this 
species for the 
WSP and Bonaire. 
Based on those 
results determine 
strategies to 
protect or 
propagate species.  

2 

Tillandsia 
recurvata 

Barba di 
palu 

Native 
epiphytic 
herb. 

Widespread 
in the region 
(Stoffers 
1981) 

 None 3 

 

CACTI Pap. 
name 

Characteristics Geogr. 
distribution 

Rareness 
status 

Recommendations P 

Cereus 
repandus 

Kadushi  Native.  
LV 

ABC islands 
& northern 
Ven. 
(Debrot 
2006) 

 Plant cuttings in 
denuded areas 
and in coastal 
areas (near Cave 
of Seru Grandi) for 
bats and birds 
(Lora and 
parakeet e.g.). 

2 

Melocactus cf. 
macracanthus 

Bushi, 
kabes di 
indjan, 
milon di 
seru 

Native.  
LV. 

Endemic to 
ABC Isls. 
(Thomson 
2005; 
Debrot 
2006). 

 None 3 

Opuntia 
curassavica 

Yùfrou, 
pupu di 
pushi 

Native . 
LV. 

Formerly 
thought to 
be endemic 
to ABC Isls 
&Tortuga. 
But has 
been found 
also on St.-
Eustatius & 
Redonda 
(Wagenaar 
Hummelinck 
1994).  

 None 3 

Opuntia 
wentiana 

Infrou Native. 
LV. 

ABC Isls. & 
north. Ven. 

 None 3 
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& Colombia 
(Stoffers  
1982) 

Pilosocereus 
lanuginosus 

Kadushi 
spañó 

ABC islands & 
northern 
Venezuela 

ABC Isls. & 
north. Ven. 
& Colombia 
(Stoffers  
1982) 

 None 3 

Stenocereus 
griseus 

Yato, 
yatu 

ABC islands & 
northern 
Venezuela 

ABC Isls. & 
north. Ven. 
& Colombia 
(Stoffers  
1982). 

 Plant cuttings in 
denuded areas 
and in coastal 
areas (near Cave 
of Seru Grandi) for 
bats and birds 
(Lora and 
parakeet e.g.). 

2 

L=occurrence on limestone soils; V=occurrence on Washikemba formation soils 
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Appendix 2. Rare plant species found on the Brandaris 

 

BRANDARIS 

(24 0ct) 

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS 
coord./ 

tag/nail 

Maytenus 
sieberiana 

+  2 2  ± 040001 
(tag) 

Sideroxylon 
obovatum 

 30m off 
path 

1     

E top of 
Brandaris: 

       

Cheilanthes 
concolor 

  small 
groups 

    

 to the W:        

Sideroxylon 
obovatum 

       

Nephrolepis 
biserrata 

++ under 
ledge of 
the E top 

small 
number  

    

40m to W:        

Guapira 
fragrans 

           - ±  tag: 
040002 

on northern 
slope more 
to W: 
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Guapira 
pacurero 

  2    tag: 
040003 

Guapira 
fragrans 

  2     

Capparis 
linearis 

+++  2        - 2m  tag: 
040004 

Psidium 
sartorianum 

++  1        - 3.4m   

Myrcia 
curassavica 

++E  1       - 6m ±  

Cheilanthes 
concolor 

+       

Bursera 
simaruba 

  1  5m   

Maytenus 
versluysii 

++E         -  ± tag: 
040005 

Guapira 
pacurero 

  1     

Sideroxylon 
obovatum 

  1     

Guapira 
fragrans 

  1     

Psidium 
sartorianum 
(P.S.) 

++  1         - 4.4m       + 040006 

(tag) 

Myrcia 
curassavica 

++E 10m W of 
E.P. 

1  4m        - 040007 

(tag) 

Myrcia 
curassavica 

++E  1         - 5m        ± 040008 

(tag) 
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unknown 
fern sp. 
(young C. 
concolor?) 

  2     

in gully:        

Sideroxylon 
obovatum 

  1  4m   

more to W 
along first 
part of hill: 

       

Sideroxylon 
obovatum 

  several     

Cheilanthes 
concolor 

+  quite 
abundant 

    

 

 

BRANDARIS 
(26 0ct) 

R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS 
coord./ 

tag/nail 

N slope W 
section 
Brandaris 
(‘Branadris 
chikí’): 

       

Sideroxylon 
obovatum 

  several     

Myrcia 
curassavica  

++E  1 none 3.90m + 12 º 
16’655”
N-068 º 
23’908” 
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tag: 
0017 

Eugenia 
procera  

++  1 none 2.5m ± 12 º 
16’635”
N-068 º 
27’907” 

 

tag: 
0018 

15m to the E:        

Maytenus 
versluysii 

++  1     

S slope:        

Sideroxylon 
obovatum 

  several     

Cheilanthesc
oncolor 

+  quite 
abundant 

    

Sideroxylon 
obovatum 

  several     

western 
border 
Brandaris: 

       

Cheilanthes 
concolor 

+  abundant     

Tillandsia 
flexuosa 

+      12°16’5
6”N-
068°24’
103”W 

Eugenia 
procera 

++  1 none 4m + 12°16’5
45”N-
068°24’
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128”W 

Cheilanthesc
oncolor 

+  abundant     

Eugenia 
procera 

  4    040020,
040021, 
040022, 
040023 

(4 tags) 

Eugenia 
procera 

  2     

Cheilanthes 
concolor 

+  abundant     

Sideroxylon 
obovatum 

  1     

- R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

- ++E  = Endemic species. 
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Appendix 3. Rare plant species found on the Juwa 
 
JUWA, 
September 
20, 2007 

starting 
point: 
12°15’967”N-
68°22’125”W 

       

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

Guapira 
pacurero 

  1    12°15’944”
N- 

68°22’125”
W 

Guapira 
fragrans 

  2    12°15’882”
N-
68°22’175”
W 

Guapira 
fragrans 

  2     

Guapira 
pacurero 

  1     

Guapira 
pacurero 

  2     

Sideroxylon 
obovatum 

      12°15’831”
N-
68°22’151”
W 

Guapira   1    12°15’831”
N-
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fragrans 68°22’151”
W 

Guapira 
pacurero 

  3     

Guapira 
fragrans 

  1     

flat part 
(top): 

       

Sideroxylon 
obovatum 

  2    12°15’763”
N-
68°22’186”
W 

to E:        

Guapira 
fragrans 

       

Guapira 
pacurero 

       

Geoffroea 
spinosa 

++  2   + 12°15’744”
N-
68°22’159”
W 

Guapira 
pacurero 

  1     

more to E:        

Guapira 
fragrans 

  3     

Bursera 
simaruba 

  1     

S-slope E top:        

Guapira   1     
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fragrans 

Guapira 
fragrans 

  2     

Bursera 
simaruba 

  1     

most E part 
top: 

       

Guapira 
pacurero 

  3     

to W:        

Guapira 
pacurero 

  1     

Guapira 
fragrans 

  1     

Guapira 
pacurero 

  1    12°15’745”
N-
68°22’203”
W 

Guapira 
pacurero 

  1    12°15’775”
N-
68°22’243”
W 

Guapira 
pacurero 

       

back to N:        

Guapira 
fragrans 

  3    12°15’831”
N-
68°22’299”
W 

Sideroxylon 
obovatum 

  1    12°15’852”
N-
68°22’310”
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W 

Guapira 
fragrans 

  3    12°15’852”
N-
68°22’310”
W 

Guapira 
fragrans 

  5    12°15’888”
N-
68°22’319”
W 

to NW:        

Sideroxylon 
obovatum 

  1    12°15’887”
N-
68°22’329”
W 

Guapira 
fragrans 

       

nearby (SW):        

Guapira 
fragrans 

  2     

Guapira 
pacurero 

  3     

Sideroxylon 
obovatum 

  3 & 6    12°15’892”
N-
68°22’343”
W 

Guapira 
fragrans 

  1    12°15’892”
N-
68°22’343”
W 

Maytenus 
tetragona 

+  1  3m ± 12°15’902”
N-
68°22’355”
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W 

Guapira 
fragrans 

  1     

more to NW 
(in large N-S 
gully): 

       

Bursera 
simaruba 

  1    12°15’921”
N-
68°22’363”
W 

Bursera 
simaruba 

  1     

Celtis 
iguanaea 

++  1   + 12°15’945”
N-
68°22’394”
W 

Guapira 
pacurero 

  1    12°15’953”
N-
68°22’420”
W 

Guapira 
pacurero 

      12°16’008”
N-
68°22’419”
W 

Geofrroea 
spinosa 

++ 1    + 12°16’024”
N-
68°22’239”
W 

Geofrroea 
spinosa 

++ 1    + 12°15’995”
N-
68°22’170”
W 

Geofrroea ++ 1    + 12°15’983”
N-
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spinosa 68°22’160”
W 

Geofrroea 
spinosa 

++ partition 
Slagbaai/Wa
shington 

   +  

March 4, 
2008 

       

E-W gully to 
the S of 
Yuwa: 

       

Croton niveus ++  2 4m  +  

Guapira 
pacurero 

       

Machaonia 
ottonis 

    well 
developed  

  

in S direction:        

Spondias 
mombin 

++  3   +  

Sideroxylon 
obovatum 

  1     

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
 

JUWA 

March 6, 2008 

       

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 
(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS 
coord./tag/nail 

most E part N        
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slope Juwa: 

Maytenus 
tetragona 

+  1 -  + N12º15’872”-
W068º22’003” 

somewhat 
higher on slope: 

       

Guapira 
pacurero 

  2    tag: 040310 

Sideroxylon 
obovatum 

  1     

Guapira 
pacurero  

  1 1 7m  N12º15’872”-
W068º22’003”  

 

tag: 040311 

Guapira 
pacurero 

  several     

Bursera 
simaruba 

  1     

in the gully 
more to the S: 

       

Geoffroea 
spinosa 

++  7   +  

on the slope 
again: 

       

Sideroxylon 
obovatum 

  2     

Guapira 
pacurero 

  1   - N12º15’823”-
W068º22’066” 

 

tag: 040312 
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10m to E:        

Schoepfia 
schreberi 

++  1  2.5m + N12º15’822”-
W068º22’067” 

 

tag: 040313 

higher:        

Guapira 
pacurero 

  1    N12º15’805”-
W068º22’071” 

 

Guapira fragrans   1     

lower on slope:        

Geoffroea 
spinosa 

++  3   +  

Bursera 
simaruba 

  1     

Usnea barbata   several 
Tabebuia 
trees 

    

Eugenia procera 

(with Usnea 
barbata) 

++  1  + + N12º15’731”-
W068º22’109” 

 

tag: 040314 

Guapira 
pacurero 

  2     

Guapira fragrans   1     

Cheilanthes 
concolor 

  On small 
rocks 

    

8m to S:        
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Guapira fragrans        

Usnea barbata        

Bursera 
simaruba 

  1     

Guapira 
pacurero 

  5    N12º15’697”-
W068º22’084” 

 

20m E:        

Guapira 
pacurero 

  several     

on top:        

Guapira fragrans   2     

descent Eside 
hill: 

       

Maytenus 
tetragona 

  1   + N12º15’683”-
W068º22’005” 

 

tag: 040315 

Maytenus 
tetragona 

+  1   +  

Guapira fragrans   2     

Guapira 
pacurero 

  1     

Geoffroea 
spinosa 

++  2   + N12º15’687”-
W068º21’942” 

 

in a gully to the 
E of Juwa: 
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Guapira fragrans       N12º15’654”-
W068º21’936” 

 

Guapira fragrans        

Bursera 
simaruba 

  1     

in the distance 
before 
descending in 
gully: 

       

Spondias 
mombin 

  1   +  

Geoffroea 
spinosa 

++  1   +  

where the gully 
makes a turn 
from the S to 
theW: 

       

Guapira fragrans   1     

Bursera 
simaruba 

  1     

more to W in 
gully: 

       

Celtis iguanaea ++  2   + N12º15’677”-
W068º21’829” 

 

tag: 040316 

Guapira 
pacurero 

  2     

18m further to        
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W in gully: 

Capparis 
tenuisiliqua 

+++  1  2.5m + N12º15’677”-
W068º21’829” 

 

tag: 040317 

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 
(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

few m to W:        

Celtis iguanaea ++  6   +  

Guapira 
pacurero 

  1     

Geoffroea 
spinosa 

++  6   +  

Guapira fragrans   1     

Maytenus 
tetragona 

+  1 10 3m + N12º15’707”-
W068º21’794” 

 

tag: 040318 

Spondias 
mombin 

++      N12º15’707”-
W068º21’794” 

 

 

 

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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Appendix 4. Rare plant species found on Seru Yuwana and Matadó di Pasku 
  

SERU 
YUWANA  & 
MATADO DI 
PASKU 

March 3, 
2008 

R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS 
coord./ 

tag/nail 

Geoffroea 
spinosa 
(along the 
fence) 

++  1   +  

in W 
direction: 

       

Geoffroea 
spinosa 

++  3   +  

Guapira 
fragrans 

  1     

80 m to the 
W: 

       

Geoffroea 
spinosa 

++  3   +  

30-40m to 
the W: 

       

Geoffroea 
spinosa 

++  4   +  

Sideroxylon 
obovatum 

  1     

On E slope 
top other top 
of Seru 
Yuwana: 
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Sideroxylon 
obovatum 

  several     

Bursera 
simaruba 

  several     

Sideroxylon 
obovatum 

  1     

Cheilanthes 
concolor 

+  several     

Guapira 
pacurero 

  several     

Bursera 
simaruba 

  1     

on top of hill:        

Sideroxylon 
obovatum 

  1     

Guapira 
fragrans 

  1     

parallel to E 
end of Ser’i 
Mangel: 

       

Guapira 
fragrans 

  several  big ones   

Sideroxylon 
obovatum 

  several  big ones   

Guapira 
fragrans 
(near 
crossing-
place) 

  1     

Guapira 
fragrans 

  1     



89 

 

Sideroxylon 
obovatum 

  1     

60m to E:        

Sideroxylon 
obovatum 

  2     

Guapira 
fragrans 

  1     

20m to E:        

Guapira 
fragrans 

  1     

in the valley:        

Geoffroea 
spinosa 

++  2   +  

Schoepfia 
schreberi 

++  1   +  

Cheilanthes 
concolor 

+  small 
group 

    

Psidium 
sartorianum 

++  1 1  ± nail 

Myrcia 
curassavica 

++E    2 a few 4m + nail 

slightly to E:        

Schoepfia 
schreberi** 

++  1 a few   nail 

Geoffroea 
spinosa 

++  2     

Schoepfia 
schreberi (SE 
of **) 

++  1  3m   
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Crateva tapia ++  2     

Guapira 
fragrans 

   several    

Clusia sp. (in 
B. 

tomentosa) 

+++  1  20cm   

still on N 
slope: 

       

Eugenia 
procera 

++  1 1 3m   

Sideroxylon 
obovatum 

  1     

Guapira 
fragrans 

  1     

40m to E:        

Geoffroea 
spinosa 

++  3   +  

Cheilanthes 
concolor 

+  group     

Guapira 
pacurero 

  1     

Geoffroea 
spinosa 

++  3   +  

40m to E:        

Myrcia 
curassavica 

++E    1          - nail 

Geoffroea 
spinosa 

++  several     

Guapira 
fragrans 
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Guapira 
pacurero 

       

Psidium 
sartorianum* 

++  1  4m + nail 

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS 
coord./ 

tag/nail 

in S-N gully 
(in which PS* 
occurs) 
towards the 
top: 

       

Brassavola 
nodosa 

++  group     

Eugenia 
procera 

++  2  3 & 4 m + nails 

Cheilanthes 
concolor 

++  small 
groups 

    

Maytenus 
versluysii 

++E    1  5m + Nail (tag 
106?) 

Psidium 
sartorianum 

++  2  4m ± nail 

on top in W 
direction 
→20m lower 
on the slope: 

       

Jacquinia 
armillaris 

++  1  3.4m +  

Maytenus 
versluysii 

++E    2   +  

lower in the        
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gully that we 
descend into: 

Eugenia 
procera 

++  1   ± nail 

lower on the 
E-side of 
western 
slope rock: 

       

Nephrolepis 
biserrata 

++  <10     

Lydodium 
venustum 

++  3     

Cheilanthes 
microphylla 

++  small 
groups 

    

Lygodium 
venustum 

++  1     

Nephrolepis 
biserrata 

++  veel     

cf. 
Cheilanthes 
concolor 

  1     

30m to the E 
of bees: 

       

Eugenia 
procera 

++  2 3  - nail 

Maytenus 
versluysii 

++  1   + nail 

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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southern 
section of 
MATADO DI 
PASKU (March 
5, 2008) 

       

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

from Roi di Pos 
Merkano 
(between 
Nslope Hobao 
& Wslope Seru 
Yuwana in E(S) 
direction until 
top Seru 
Yuwana: 

       

Bursera 
simaruba 

  several     

Guapira 
fragrans 

  1     

Sideroxylon 
obovatum 

  1     

Cheilanthes 
concolor 

+  1     

after 80m in SE 
direction: 
stonegate and 
after that on 
top: 

       

Sideroxylon 
obovatum 

  1     
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Nephrolepis 
biserrata 

++       

Lygodium 
venustum 

++       

In gully to the 
W of Matadó 
di Pasku: 

       

Geoffroea 
spinosa 

++  2   +  

50m further:        

Geoffroea 
spinosa 

++  2   +  

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

on southern 
slope Matadó 
di Pasku: 

       

Maytenus 
versluysii 

++  1 - 4m ++ N12º16’462”-
068º23’177”W 

near E border 
top hill: 

       

Celtis iguanaea ++  1 - 3.5m ± N12º16’424”-
068º23’145”W 

Guapira 
fragrans 

  1 -   N12º16’424”-
068º23’145”W 

Lygodium 
venustum 

++  3    N12º16’424”-
068º23’145”W 

On top 
opposite 
cadastral mark 
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on top Seru 
largu: 

Eugenia 
procera 

++  1 -  + nailed (earlier 
visit) & now tag 
040302.  

Jacquinia 
armillaris 

++  1   + tag: 040303 

Maytenus 
versluysii 

++  5 -  + tag: 040304 (on 
closest one to 
the Jacquinia) 

Lygodium 
venustum 

++  1     

Nephrolepis 
biserrata 

++  1     

Thelypteres sp. +++  1     

Lygodium 
venustum 

++  1     

10m to E:        

Eugenia 
procera 

++  2   ± tag: 040305 

Maytenus 
versluysii 

++  1  - + tag: 040306 

30m to N:        

Psidium 
sartorianum 

++  1  - + tag: 040307 
(also nailed the 
day before) 

slightly to W:        

Brassavola 
nodosa 

++  small 
group 

    

Cheilanthes +  small     
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concolor group 

Geoffroea 
spinosa 

++  several   +  

E section top 
Seru largu.: 

       

Sideroxylon 
obovatum 

  several     

Usnea barbata        

Guapira 
fragrans 

  1     

Sideroxylon 
obovatum 

  1    N12º16’567”-
W068º23’070” 

 

(tag: 040308) 

Bursera 
simaruba 

  1     

20m to  W 
after 25m W: 

       

Guapira 
fragrans 

       

Cheilanthes 
concolor (on 
rocks) 

+       

30m from 
partition-wall: 

       

Guapira 
fragrans 

       

on N slope of 
S.Yuwana: 
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Guapira 
pacurero 

  1     

Bursera 
simaruba 

  2     

Sideroxylon 
obovatum 

  2     

Bursera 
simaruba 

  2     

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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Appendix 5. Rare plant species found on Seru Hobao 
 

HOBAO 

(March 4, 
2008) 

a lot of goat 
dung 
everywhere 
on this hill 

      

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

along E-W 
fence between 
Hobao & 
Brandaris: 

       

Tillandsia 
flexuosa 

+(+) in kadushi several     

Maytenus 
versluysii 

++  1         +  

after 80m:        

Maytenus 
versluysii 

++  1         +  

Geoffroea 
spinosa 

++  1         +  

Guapira 
fragrans 

  1     

after 20m to 
theE: 

       

Geoffroea 
spinosa 

  1         +  

Guapira 
fragrans 

  1     

on horizontal        
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top in sw 
direction on 
top of Hobao: 

Sideroxylon 
obovatum 

  1     

rock formation 
top Hobao: 

       

Nephrolepis 
biserrata 

++  8     

Sideroxylon 
obovatum 

  2 (big 
ones) 

    

in SW 
direction: 

       

along W-side         

Nephrolepis 
biserrata 

++  several 
small 
groups 

    

Lygodium 
venustum 

++  a small 
number 

    

Sideroxylon 
obovatum 

  1     

40m to the 
SW: 

       

Maytenus 
versluysii 

++E             + Tag: 00004300 

Adiantum fern +++  3    threat: 
accessible to 
goats 

few meters to 
the W: 
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Brassavola 
nodosa 

++  many     

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

25m to the W:        

Brassavola 
nodosa 

++ Npart 
rock 
formation 
top of hill 

many     

Brassavola 
nodosa 

++ same 
location: 
slightly 
more to 
the W  

quite a lot     

few m to SW:        

Sideroxylon 
obovatum 

  1     

20m to W:        

Cheilanthes 
concolor 

+       

Bursersa 
simaruba 

    7m   

Usnea barbata  in 
Tabebuia 
billb. 

     

Brassavola 
nodosa 

++ on small 
rock in W 
direction 

several 
small 
groups 

    

Cheilanthes 
concolor 

+ where 
rock 

quite 
abundant 
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formation 
turns to 
the ES 

Spondias 
mombin 

++ Halfway 
the 
Wslope 

  7m       +  

Usnea barbata  in other 
Tabebuia 
billb. 

     

Tillandsia 
flexuosa 

+(+)  2 (in 
Prosopis) 

    

Guapira 
fragrans 

 Surr. 
highest of 
2 tops 

1     

30m to the 
E(last ¼ of 
slope) 

       

Guapira 
fragrans 

  1     

way back 
along E-W 
fence: 

       

Geoffroea 
spinosa 

++  1         +  

Spondias 
mombin 

++  2     

Geoffroea 
spinosa 

  2         +  

Sideroxylon 
obovatum 

  1     

cf. Maytenus 
sp. (in the 

  1     
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distance) 

along N-S 
fence: 

       

to the S of 
fence: 

       

Sideroxylon 
obovatum 

  several     

in SW 
direction: 

       

Sideroxylon 
obovatum 

top of hill  1     

Sideroxylon 
obovatum 

slightly 
higher up 

 1     

50m to the W:        

Sideroxylon 
obovatum 

  1     

in gully on side 
of saliña 
Slagbaai: 

       

Geoffroea 
spinosa 

++  2         + N12º16’368”-
W068º22’596” 

Geoffroea 
spinosa 

++ at a 
distance 

         +  

in gully to the 
S of MdP and  
in E-W 
direction: 

       

Guapira 
fragrans 

  1     

Guapira   1     
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pacurero 

Geoffroea 
spinosa 

  1         +  

S slope in N 
direction (way 
back): 

       

Guapira 
pacurero 

  1     

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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Appendix 6. Rare plant species found on Lasana 
LASANA 
(March 5, 
2008) 

       

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

along dirt 
road: 

       

Geoffroea 
spinosa 

++  2   +  

W slope 
Lasana: 

       

Spondias 
mombin 

++  3   +  

Bursera 
simaruba 

  several     

higher on 
Wslope: 

       

Spondias 
mombin 

++     +  

along dirt 
road: 

       

Guapira 
pacurero 

  several     

Geoffroea 
spinosa 

++  1   +  

S slope:        

Geoffroea 
spinosa 

++  1   +  
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Spondias 
mombin 

++  1   +  

Guapira 
pacurero 

  several     

Cynancum 
boldinghii 

       

highest part S 
slope Lasana: 

       

Tillandsia 
flexuosa 

+  group   +  

Usnea barbata        

On top of 
Lasana to NW: 

       

Guapira 
fragrans 

  2 -    

Guapira 
pacurero 

  1     

Brassavola 
nodosa 

++  6 (on 13m 
high rock 
boulder) 

    

on way-back:        

Guapira 
fragrans 

  1     

Guapira 
pacurero 

  1     

we end-up in E-
W gully near 
dirt road 

       

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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Appendix 7. Rare plant species found on Seru Roi Hoba 
Seru Roi Hoba 
(March 6, 
2008) 

       

Species R¹ Location 
reference 

Number of 
specimens 

Seedlings 

(number) 

Height of 
specimen 

General 
condition 
of 
specimen 

GIS coord./ 

tag/nail 

entrance near 
Rigot: 

       

Crateva tapia ++  1   +  

trail towards 
Seru Roi Hoba: 

       

Crateva tapia ++  3   + N12º15’127”-
W068º22’015” 

 

tag: 040320 

30mNE:        

Bursera 
simaruba 

  1     

Melicocca 
bijuga 

++  1  4m  termites N12º15’193”-
W068º22’076” 

 

tag: 040319 

Melicocca 
bijuga 

++  1  4m +  

Bursera 
simaruba 

  1     

N slope Seru 
Roi Hoba: 
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Melicocca 
bijuga 

++  1  8m +  

Cynanchum 
boldinghii 

++  1     

wayback:   several     

Crateva tapia   1  5.5m + N12º15’150”-
W068º22’992” 

 

tag: 040321 

• R¹ = real rare species (indicated by a +, ++ or +++; +++ indicates a first record for Bonaire or 
rediscovery of a species thought extinct). 

• ++E  = Endemic species. 
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Appendix 8. Map showing locations of the six exclosures surveyed. 
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Appendix 9. Results for the exclosures and treatment sites in the D3 landscape (Washikemba 
formation). 



110 

 

 

Exclosure K6   
1 Vegetation layer Coverage Number of plants Height

  (%)  
 tree layer:   
 P. juliflora 16 1 
 C. tremula 1 2 
 lower layer:    
 <1m   
 C. flavens 1 10 85 (110max)
 P. botryanthus <1 5 90 (110max)
 O. wentiana <1 3 20 (35max)
 O. curassavica <1 8 
 C. nanus <1 19 
 Cyerus sp. <1 6 3(ma
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 24  
    

2 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 C. tremula 14 1 
 P. julifora 9 1 
 P. botryanthus 2 8 130 (200max)
 lower layer:   
 <1m:   
 C. flavens 1 5 85 (120max)
 C, tremula <1 3 
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 44  
    

3 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 C. tremula 10 6 450 (510max)
 P. juliflora 18 1 
 lower layer:   
 <1m:   
 P. botryanthus <1 3 85 (100max)
 O. wentiana <1 6 20 (40max)
 O. curassavica <1 2 
 C. tremula <1 4 10 (12max)
 C. confertus <1 2 
 Other parameters:   
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 Goat dung pellets   
 Stones 2  
 Litter 45  
    

4 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 C. tremula 7 3 460 (480max)
 P. juliflora 18 1 
 P. botryanthus 2 11 110 (220max)
 lower layer:   
 <1m:   
 O. wentiana <1 3 8 (12max)
 G. officinale <1 2 
 C. tremula <1 1 
 C. flavens <1 1 
 C. nanus <1 7 2 (5max)
 C. confertus <1 1 
 Other parameters:   
 Goat dung pellets   
 Stones 1  
 Litter 40  
    

5 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 P. juliflora <1 1 
 C. tremula 30 4 430 (450max)
 P. botryanthus 6 54 160 (229max)
 C. flavens <1 1 
 lower layer:   
 <1m:    
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 77  
    

6 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 C. tremula 14 1 
 P. juliflora 25 1 
 P. botryanthus 2 16 120 (190max)
 lower layer:   
 <1m:   
 O. wentiana <1 2 65 (100max)
 C. flavens <1 1 
 C. tremula <1 6 
 O. curassavica <1 1 
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 C. nanus <1 7 
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 40  
    

7 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 P. juliflora 13 1 
 C. tremula 30 6 350 (440max)
 P. botryanthus 3 27 160 (210max)
 O. wentiana <1 11 100 (170max)
 lower layer:   
 <1m:   
 C. flavens <1 14 40 (50max)
 C. nanus <1 37 4 (6max)
 C. confertus <1 5 3 (6max)
 O. curassavica <1 3 
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 33  
    

8 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 P. juliflora 9 3 310,410,570
 C. tremula 17 5 430 (460max)
 P. botryanthus 2 27 130 (210max)
 lower layer:   
 <1m:   
 O. curassavica <1 2 
 C. nanus <1 2 
 Other parameters:   
 Goat dung pellets   
 Stones <1  
 Litter 66  
    

9 Vegetation layer Coverage Number of plants Height
  (%)  
 tree layer:   
 P. juliflora 35 1 
 C. tremula 20 4 460 (510max)
 P. botryanthus 1 8 120 (145max)
 lower layer:   
 <1m:   
 C. flavens <1 3 20 (30max
 C. tremula <1 3 
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 C. nanus <1 4 
 O. wentiana <1 1 
 O. curassavica <1 1  
 Other parameters:    
 Goat dung pellets    
 Stones <1   
 Litter 25   
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OutsideExclosure # K6       

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of Seedlings
  (%)  (cm)    
 tree layer:       
 C. tremula 10 1 660     
 P. juliflora 3 1 450 3   
 P. juliflora 13 1 530 7   
 lower layer:        
 <1m       
 C. flavens <1 7 70 (115max)    
 O. wentiana <1 6 17 (30max)    
 O. curassavica <1 10 5    
 C. tremula <1 16 5 (7max)    
 C. nanus <1 17 4    
 Other parameters:       
 Goat dung pellets     85  
 Stones 1      
 Litter 33      
        

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 C. tremula 14 1 540 5   
 P. julifora 20 1 520 3   
 P. botryanthus       
 lower layer:       
 <1m:       
 C. flavens <1 6 90 (120max)    
 O. wentiana <1 3 100 (120max)    
 C. tremula <1 11 7 (10max)    
 R. aculeata <1 1 5    
 O. curassavica <1 14 4 (8max)    
 C. nanus <1 14 3    
 C. confertus <1 2 6    
 Other parameters:       
 Goat dung pellets     57  
 Stones 1      
 Litter 33      
        

3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 C. tremula 2 1 500    
 P. juliflora 17 1 650    
 G. pacurero 28 1 550    
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 lower layer:        
 <1m:       
 C. flavens <1 7 18 (max45)     
 C. tremula <1 4 5    
 C. nanus <1 34 3 (max7)     
 O. curassavica <1 1 4    
 C. confertus <1 1 6    
 Other parameters:       
 Goat dung pellets     68  
 Stones <1      
 Litter 10      
        

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 C. tremula 3 2 650, 700 7   
 P. juliflora 40 1 700 7   
 lower layer:       
 <1m:       
 C. tremula <1 17 8 (11max)    
 C. flavens <1 15 40 (110max)     
 O. wentiana <1 5 30 (70max)    
 O. curassavica <1 6 4    
 C. nanus <1 30 4    
 Other parameters:       
 Goat dung pellets     37  
 Stones 2      
 Litter 40      
        

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 P. juliflora 4 1 450 3   
 P. juliflora 8 1 550 7   
 C. tremula 17 2 520, 560    
 C. tremula 7 1 510 8   
 lower layer:       
 <1m:        
 P. botryanthus <1 2 12 (15max)    
 C. flavens <1 55 10 (35max)    
 C. tremula <1 25 4 (max6)    
 O. wentiana <1 2 9 (12max)    
 O. curassavica <1 6 4 (10max)    
 C. nanus <1 32 4 (6max)    
 Other parameters:       
 Goat dung pellets     29  
 Stones 1      
 Litter 22      
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6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 C. tremula 20 1 440    
 P. juliflora 18 1 450 3   
 C. flavens 1 42 30 (110max)    
 lower layer:       
 <1m:       
 R. aculeata <1 2 7    
 C. tremula <1 13 4    
 O. curassavica <1 26 4    
 C. nanus <1 34 3    
 C. confertus <1 2 3    
 Other parameters:       
 Goat dung pellets     24  
 Stones 1      
 Litter 14      
        

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 P. juliflora 4 1 420     
 P. juliflora 25 1 530    
 C. tremula 6 2 500, 600    
 C. tremula 16 1 510 Nof7   
 lower layer:       
 <1m:       
 C. flavens <1 21 15 (32max)    
 C. tremula <1 15 7 (12max)     
 C. confertus <1 1 6     
 O. wentiana <1 2 6, 32    
 O. curassavica <1 8 5 (6max)    
 C. nanus <1 37 3    
 Other parameters:       
 Goat dung pellets     21  
 Stones <1      
 Litter 22      
        

8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 P. juliflora 16 1 360 (410max) 7   
 C. tremula 4 1 220     
 C. tremula 6 1 420    
 C. tremula <1 1 120    
 P. botryanthus 2 1 130    
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 lower layer:        
 <1m:       
 C. flavens <1 5 75 (140max)     
 C. flavens <1 12 6    
 C. tremula <1 6 5 (11max)     
 O. curassavica <1 31 2    
 C. confertus <1 5 5    
 C. nanus <1 25 3    
 Other parameters:       
 Goat dung pellets     73  
 Stones 1      
 Litter 3      
        

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.   
  (%)  (cm)    
 tree layer:       
 P. juliflora 16 2 150, 220 NWof9   
 C. tremula 11 2 250, 270    
 lower layer:       
 <1m:       
 C. flavens 2 10 100 (130max)    
 C. flavens <1 6 5    
 C. tremula <1 2 25    
 C. confertus <1 4 4    
 O. curassavica <1 38 5 (8max)    
 C. nanus <1 4 5    
 Other parameters:       
 Goat dung pellets     45  
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Exclosure K7 

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of 
  (%)  (cm)   
 tree layer:      
 C. tremula 20 1 500   
 C. tremula 8 1  2  
 P. juliflora 8 1 390 5  
       
 lower layer:      
 O. wentiana <1 5 70-140   
 O. wentiana <1 3 30   
 O. wentiana <1 6 <20   
 C. tremula <1 3 20   
 C. tremula <1 3 10   
 C. tremula <1 25 <8   
 C. flavens <1 1 15   
 P. botryanthus <1 1 30   
 R. aculeata <1 2 2, 4   
 C. nanus <1 32    
 Other parameters:      
 Goat dung pellets     120 
 Stones 3     
 Litter <1     
       

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 17 2 400   
 P. juliflora 11 1  5  
 lower layer:      
 <1m:      
 R. aculeata <1 3 3, 6   
 O. wentiana <1 3 90   
 O. wentiana <1 1 30   
 O. wentiana <1 7 <15   
 C. tremula <1 7 <8   
 P. botryanthus <1 3 6, 10, 15   
 C. flavens <1 3 3, 10   
 G. officinale <1 1 6   
 Other parameters:      
 Goat dung pellets     40 
 Stones 13     
 Litter <1     
       

3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
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 C. tremula 22 2  6  
 C. tremula 10 1  2  
 P. juliflora 8 1  Wof3  
 lower layer:      
 <1m:      
 O. wentiana <1 2 35   
 O. wentiana <1 5 <15   
 C. flavens <1 2 30, 60   
 C. flavens <1 3 10   
 C. tremula <1 2 20   
 C. tremula <1 8 <10   
 P. botryanthus <1 2 10   
 R. aculeata <1 2 4, 6   
 O. curassavica <1 1 5   
 C. nanus <1 84    
 C. cf. rotundus <1 1    
 G. officinale <1 1 6   
 cf. B. succulenta <1 1 2   
 Other parameters:      
 Goat dung pellets     50 
 Stones 17     
 Litter 7     
       

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 14 1 460   
 C. tremula 6 1  Eof4  
 P. juliflora 3 1  5  
 lower layer:      
 <1m:      
 C. flavens <1 1 22   
 C. flavens <1 2 3   
 P. botryanthus <1 2 30, 15   
 O. wentiana <1 2 45   
 O. wentiana <1 12 10   
 R. aculeata <1 4 5   
 C.tremula <1 3 6   
 C. nanus <1 37    
 Other parameters:      
 Goat dung pellets     20 
 Stones 13     
 Litter 3     
       

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 18 1 400   
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 C. tremula 7 1  2  
 P. juliflora 11 1 430   
 lower layer:      
 <1m:      
 R. aculeata <1 1 2   
 C.tremula <1 6 5,7   
 C. flavens <1 1 2   
 O. wentiana <1 2 50   
 O. wentiana <1 4 20   
 O. wentiana <1 9 <15   
 C. nanus <1 20    
 Other parameters:      
 Goat dung pellets     50 
 Stones 14     
 Litter 8     
       

6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 33 2 560, 630   
 P. juliflora 8 1 420 9  
 P. juliflora 6 1  Wof3  
 P. juliflora      
 lower layer:      
 <1m:      
 O. wentiana <1 2 60-70   
 O. wentiana <1 9 25-40   
 O. wentiana <1 11 <20   
 P. botryanthus 1 7 30-60   
 P. botryanthus <1 8 <20   
 C.tremula <1 2 20   
 C.tremula <1 5 6   
 C.flavens <1 2 120   
 C.flavens <1 13 <15   
 C. nanus <1 6    
 Cyperus sp. <1 3    
 Other parameters:      
 Goat dung pellets     60 
 Stones 22     
 Litter 12     
       

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 14 1 420   
 P. juliflora 3 1  5  
 lower layer:      
 <1m:      
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 O. wentiana <1 3 60-80   
 O. wentiana <1 12 40-50   
 O. wentiana <1 9 <10   
 P. botryanthus <1 2 35, 2   
 R. aculeata <1 1 6   
 C.tremula <1 6 5   
 C. nanus <1 30    
 Other parameters:      
 Goat dung pellets     50 
 Stones 13     
 Litter 2     
       

8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 6 1  6  
 P. juliflora 6 1  4  
 lower layer:      
 <1m:      
 C.tremula <1 6 <10   
 O. wentiana <1 5 90   
 O. wentiana <1 18 <90   
 P. botryanthus <1 1 60   
 P. botryanthus <1 4 <60   
 C. flavens <1 1 2   
 C. nanus <1 35    
 Other parameters:      
 Goat dung pellets     60 
 Stones 12     
 Litter 2     
       

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 P. juliflora 10 1 300   
 C.tremula 2 1  6  
 C. flavens <1 1 115   
 lower layer:      
 <1m:      
 P. botryanthus 1 15 100 (2x)   
 O. wentiana <1 16 70 (2x)   
 C. tremula <1 2 5   
 C. nanus <1 30    
 Cyperus sp.  <1 4    
 Other parameters:      
 Goat dung pellets     70 
 Stones 11     
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OutsideK7      

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of
  (%)  (cm)   
 tree layer:      
 C. tremula 3 1 560   
 C. tremula 1 1 560 4  
 C. tremula 2 1 500 Sof1  
 P. juliflora 2 1  Eof4  
 C. flavens <1 4 100   
 O. wentiana <1 3 100   
 lower layer:      
 <1m: (0.5% total)      
 P. botryanthus <1 1 80   
 R. griseus <1 14 <60   
 O. wentiana <1 28 <30   
 C. nanus <1 20    
 Cyperus sp. <1 6    
 C. tremula <1 12 <8   
 C. flavens sls 3    
 sls unknown spp  many    
 Other parameters:      
 Goat dung pellets     52 
 Stones <1     
 Litter 6     
       

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 6 1 580   
 C. tremula 33 1 600   
 O. wentiana <1 2 110   
 P. botryanthus <1 2 100   
 lower layer:      
 <1m:      
 O. wentiana <1 38    
 C. tremula      
 R. aculeata <1 1 10   
 C. tremula <1 16sls    
 P. juliflora sls 1    
 C. nanus <1 22    
 Cyperus sp. <1 2    
 Other parameters:      
 Goat dung pellets     70 
 Stones 12     
 Litter 1     
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3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 7 2 510, 520   
 C. tremula 1 1  Sof3  
 lower layer:      
 <1m:      
 P. botryanthus <1 1 70   
 C. tremula <1 12 <8   
 O. wentiana <1 44 <90   
 R. aculeata sls 1    
 Other parameters:      
 Goat dung pellets     40 
 Stones 11     
 Litter <1     
       

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. coriaria 4 1 220   
 P. juliflora 11 1  5  
 C. tremula 8 1  5  
 P. juliflora <1 1 100   
 P. botryanthus  1 100   
 lower layer:      
 <1m:      
 P. botryanthus <1 4 <100   
 C.flavens <1 5 <20   
 C.tremula <1 6 <20   
 C. nanus <1 50    
 Cyperus sp. <1 2    
 cf. B. succulenta sls 1    
 Other parameters:      
 Goat dung pellets     30 
 Stones 1     
 Litter 3     
       

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 44 4 550, 600 (3x)   
 P. juliflora 7 1 520   
 O. wentiana <1 1 160   
 O. wemtiana <1 3 110   
 lower layer:      
 <1m:      
 P. botryanthus <1 1 70   
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 C.tremula <1 16 <7   
 O. wentiana <1 37    
 C.nanus <1 14    
 unknown sls <1 many    
 Other parameters:      
 Goat dung pellets     40 
 Stones 1     
 Litter 2     
       

6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula 11 1 590   
 P. juliflora 7 1 500 5  
 O. wentiana <1 1 150   
 P. juliflora      
 lower layer:      
 <1m:      
 O. wentiana <1 21    
 C. tremula <1 7 <8   
 C. nanus <1 7    
 Other parameters:      
 Goat dung pellets     60 
 Stones 4     
 Litter 3     
       

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. coriaria 4 1  4  
 C. tremula 11 1 600   
 C. tremula 6 1  5  
 P. juliflora 11 1  5  
 O. wentiana <1 1 120   
 O. wentiana <1 1 100   
 lower layer:      
 <1m:      
 O. wentiana <1 35    
 P. botryanthus <1 5 <80   
 C. flavens <1 4    
 R. aculeata <1 2    
 C. tremula <1 18 <40   
 C. nanus <1 35    
 Cyperus sp.  <1 5    
 Other parameters:      
 Goat dung pellets     30 
 Stones 1     
 Litter 2     
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8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      

 C. tremula 20 4 
510 (2x), 530, 

560   
 P. juliflora 3 1  9  
 lower layer:      
 <1m:      
 O. wentiana <1 19 <90   
 C. tremula sls 6    
 C. nanus <1 3    
 Other parameters:      
 Goat dung pellets     50 
 Stones 12     
 Litter 2     
       

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 P. juliflora 1 1 290   
 C.tremula 36 3 420, 440, 460   
 O. wentiana <1 2 110   
 lower layer:      
 <1m:      
 O. wentiana <1 18    
 C. tremula <1 3 <5   
 C. nanus <1 10    
 Other parameters:      
 Goat dung pellets     50 
 Stones 2     
 Litter 9     
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ExclosureK13 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no. Number of 

  (%)  (cm)   
 tree layer:      
 C. tremula 22 6 400   
 P. juliflora 7  400 S of 1  
       
 lower layer:      
 <1m:      
 R. griseus  1    
 C. tremula  1    

 
Other 

parameters:      

 
Goat dung 

pellets     15 
 Stones 16     
 Litter 17     
       

2 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      

 C. tremula 14 3 
390, 60, 

140   
 P. juliflora 9  240   
 R. griseus      
 lower layer:      
 <1m:      
 R. griseus  2 370, 130   
 C. tremula  13    

 
Other 

parameters:      

 
Goat dung 

pellets     45 
 Stones 11     
 Litter 24     
       

3 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 8 1 390 6  
 P. juliflora 3 1 240 9  
 P. juliflora 8 1  W of 7  
 P. juliflora <1 1  5  
 lower layer:      
 <1m:      
 C. tremula 3 sls     

 
Other 

parameters:      
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Goat dung 

pellets     30 
 Stones 13     
 Litter 3     
       

4 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 3 1  1  
 C. tremula 3 1  8  
 C. tremula 4 1  5  
 P. juliflora 13 1 3.5   
 lower layer:      
 <1m:      
 R. griseus <1     
 C.tremula 2 sls     

 
Other 

parameters:      

 
Goat dung 

pellets     52 
 Stones 13     
 Litter 12     
       

5 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 4 2 410, 370   
 C. tremula 13     
 P. juliflora 18  350   
 P. juliflora 4   7  
 lower layer:      
 <1m:      
 C. repandus <1     
 C.tremula 6 sls     

 
Other 

parameters:      

 
Goat dung 

pellets     80 
 Stones 12     
 Litter 9     
       

6 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 6 1 370   
 P. juliflora 28 1  7  
 P. juliflora 1   Wof7  
 P. juliflora 3   Wof3 tcIndju:28% 
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 lower layer:      
 <1m:      
 C.tremula <1 1 35   
 C.tremula 11sls     

 
Other 

parameters:      

 
Goat dung 

pellets     8 
 Stones 24     
 Litter 4     
       

7 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 37 2 330, 330   
 P. juliflora 7 1  Nof7  
 P. juliflora 6 1  4  
 lower layer:      
 <1m:      
 C.tremula 3sls     

 
Other 

parameters:      

 
Goat dung 

pellets     15 
 Stones 26     
 Litter 9     
       

8 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 C. tremula 3 1  7  
 C. tremula 1 1  7  
 P. juliflora 7 1  4  
 P. juliflora 19 1  9  
 lower layer:      
 <1m:      
 C.tremula 3sls  6,8,15   

 
Other 

parameters:      

 
Goat dung 

pellets     13 
 Stones 44     
 Litter 9     
       

9 
Vegetation 
layer Coverage 

Number of 
plants Height 

Present in plane 
no.  

  (%)  (cm)   
 tree layer:      
 P. juliflora 17 1 360   
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 C.tremula 18 3 
320, 300, 

310   
 lower layer:      
 <1m:      
 C.tremula 10sls     

 
Other 

parameters:      

 
Goat dung 

pellets     58 
 Stones 51     
 Litter 8     
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Appendix 10. Results for the exclosures and treatment sites in the Lower Terrace landscape 
(TL7 landscape type). 
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Exclosure K10 (TL7)      

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of 
  (%)  (cm)   
 tree layer:      
 lower layer:       
 <1m      
 C. flavens 1 7 45 (4), 9 (3)   
 E. urbaniana 22  2 (-7)   
 Other parameters:      
 Goat dung pellets     70 
 Stones 10     
 Litter <1     
       

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 2 10 55(3),30(2),15(5)   
 Euph. sp. <1 5 2   
 Bulbostylis sp. <1 6 2   
 E. urbaniana 4  2   
 Other parameters:      
 Goat dung pellets     30 
 Stones 14     
 Litter 5     
       

3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 B. viscosa <1 1    
 C. flavens <1 7 40(5),72(1),14(1)   
 E. urbaniana 5  2 (9max)   
 Other parameters:      
 Goat dung pellets     90 
 Stones 11     
 Litter 5     
       

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
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 C. flavens 1 12 65(4),35(6),25(2)   
 E. urbaniana 9  3 (12max)   
 Bulbostylis sp. <1 3    
 Other parameters:      
 Goat dung pellets     24 
 Stones 3     
 Litter 2     
       

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens <1 16 35   
 E. urbaniana 4  3   
 Bulbostylis sp.  <1 2    
 Other parameters:      
 Goat dung pellets     68 
 Stones <1     
 Litter 9     
       

6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 B. viscosa <1 1 120   
 C. tremula      
 lower layer:      
 <1m:      
 C.flavens 7 14 60 (90max)   
 E. urbaniana <1 9    
 Bulbostylis sp. <1 10 2   
 O. wentiana <1 3 6   
 Cyperus sp. <1 1 5   
 Other parameters:      
 Goat dung pellets     52 
 Stones <1     
 Litter 8     
       

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 4 17 35 (max50)   
 P. julifora <1 1 6 Wof7  
 Bulbostylis sp.  <1 11 2   
 E. urbaniana 7 many 4   
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 Other parameters:      
 Goat dung pellets     155 
 Stones <1     
 Litter 1     
       

8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 4 9 60 (max 75)   
 O. wentiana <1 2 5, 7   
 E. urbaniana <1 20 4   
 Bulbostylis sp. <1 7 3   
 Other parameters:      
 Goat dung pellets     87 
 Stones 10     
 Litter 1     
       

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 5 11 35 (max60)   
 O. wentiana <1 1 10   
 Bulbostylis sp. <1 3    
 E. urbaniana <1 2 5   
 Cyperus sp.  <1 1 8   
 Other parameters:      
 Goat dung pellets     23 
 Stones <1     
 Litter 5     
       

 
OutsideExclosure K10 (TL7)       

1 Vegetation layer Coverage 
Number of 

plants Height Present in plane no. Number of
  (%)  (cm)   
 tree layer:      
 lower layer:       
 <1m      
 C. flavens 4 14 45 (60max)   
 B. viscosa 1 3  2, 4, Eof1  
 E. urbaniana <1 8 4 (9max)   
 Bulbostylis sp. <1 32 2   
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 Other parameters:      
 Goat dung pellets     48 
 Stones <1     
 Litter 12     
       

2 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens <1 11 25 (65max)   
 B. viscosa 14 6 60 (90max)   
 E. urbaniana <1 1 4   
 Other parameters:      
 Goat dung pellets     72 
 Stones <1     
 Litter <1     
       

3 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 B. viscosa 11 2 100, 120   
 C. flavens 4 4 80, 120   
 lower layer:      
 <1m:      
 P. juliflora <1 1  Wof3  
 O. wentiana <1 1 15   
 E. urbaniana <1 3 3 (6max)   
 Bulbostylis sp. <1 2 2   
 Other parameters:      
 Goat dung pellets     83 
 Stones <1     
 Litter 10     
       

4 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      

 C. flavens 2 7 
90 

(110max)   
 P. juliflora 1 1 45   
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 B. viscosa 4 3 
90 

(110max)   
 E. urbaniana <1 <40 3   
 Bulbostylis sp. <1 3 3   
 Other parameters:      
 Goat dung pellets     139 
 Stones <1     
 Litter 4     
       

5 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      

 C. flavens 5 8 
65 

(120max)   
 B. viscosa <1 1 60   
 E. urbaniana <1 >40 4(10max)   
 Other parameters:      
 Goat dung pellets     189 
 Stones <1     
 Litter 5     
       

6 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 C. tremula      
 lower layer:      
 <1m:      
 C.flavens 7 10 70   
 P. juliflora <1 1 10   
 B. viscosa <1 2 60   
 E. urbaniana <1 19 3(6max)   
 Bulbostylis sp. <1 1 2   
 Other parameters:      
 Goat dung pellets     59 
 Stones <1     
 Litter 6     
       

7 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
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 <1m:      

 P. juliflora 14  
70 

(120max)   

 C. flavens 6 8 
75 

(110max)   
 Bulbostylis sp.  <1 6 3 (6max)   
 E. urbaniana 1 many 4(10max)   
 Other parameters:      
 Goat dung pellets     54 
 Stones <1     
 Litter 5     
       

8 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      

 C. flavens 5 6 
75 

(125max)   

 P. juliflora 1 1 
80 

(120max) Eof9  
 E. urbaniana <1 <40 2 (9max)   
 Bulbostylis sp. <1 4 3 (5max)   
 Other parameters:      
 Goat dung pellets     140 
 Stones <1     
 Litter 10     
       

9 Vegetation layer Coverage 
Number of 

plants Height Present in plane no.  
  (%)  (cm)   
 tree layer:      
       
 R. griseus 3 1 350 Eof9  

 P. juliflora 20 1 
100 

(120max) Eof9  
 lower layer:      
 <1m:      

 C. flavens 6 5 
90 

(110max)   
 Bulbostylis sp. <1 5 2   
 E. urbaniana 2 many 3 (8max)   
 R. griseus <1 4    
 Other parameters:      
 Goat dung pellets     43 
 Stones 7     
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 Litter 8     
       

 
Exclosure K11      

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of 
  (%)  (cm)   
 tree layer:      
 lower layer:       
 <1m      
 C. flavens 14 10 70 (80max)   
 P. juliflora 2 1 20 (30max) 2  
 P. juliflora 2 1 20 Eof1  
 O. wentiana <1 1 2   
 L. muscoides <1 6    
 Euph. Sp. <1 3 2   
 E. urbaniana <1 <40 4 (8max)   
 S. pyramidatus <1 2 4 (6max)   
 Other parameters:      
 Goat dung pellets     25 
 Stones 80     
 Litter 4     
       

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. julifora 9 1 35   
 P. julifora 16 1 35 6  
 C. flavens 7 11 80 (120 max)   
 E. urbaniana <1 >40 3 (8max)   
 S. pyramidatus <1 4 2   
 Other parameters:      
 Goat dung pellets     0 
 Stones 20     
 Litter 15     
       

3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. juliflora 1 2 15 (20 max)   
 P. juliflora 6 1  6  
 C. flavens 4 12 65 (100 max)   
 E. urbaniana 25 many 3 (10 max)   
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 O. wentiana <1 1 10   
 L. muscoides <1 3 1   
 S. pyramidatus <1 7 6   
 Other parameters:      
 Goat dung pellets     66 
 Stones 9     
 Litter 10     
       

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. juliflora 6 1 60 (70max) 5  
 C. flavens 15 11 70 (120max)   
 Melocactus <1 1 5   
 Euph. Sp. <1 7 2   
 Other parameters:      
 Goat dung pellets     57 
 Stones 44     
 Litter 30     
       

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. flavens 7 6 100 (110 max)   
 lower layer:      
 <1m:      
 P. juliflora 30 1 9 5  
 P. juliflora 3 1 60 6  
 Other parameters:      
 Goat dung pellets     2 
 Stones 13     
 Litter 40     
       

6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula      
 lower layer:      
 <1m:      
 P. juliflora 45  70 (110 max)   
 C. flavens 3 6 75 (105 max)   
 E. urbaniana 7 many 5 (12 max)   
 Other parameters:      
 Goat dung pellets     0 
 Stones <1     
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 Litter 13     
       

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 9 9 80 (120 max)   
 P. julifora <1 1 10 5  
 P. juliflora 1 1 50 8  
 Bulbostylis sp.  <1 4 1   
 E. urbaniana 1 many 3 (9max)   
 L. muscoides <1 6 1   
 O. wentiana <1 2 5   
 Other parameters:      
 Goat dung pellets     52 
 Stones 12     
 Litter 22     
       

8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. flavens 4 8 100 (115 max)   
 lower layer:      
 <1m:      
 P. juliflora 11 1 80 5  
 P. juliflora 25  50 (60max) 9  
 O. wentiana <1 1 2   
 Other parameters:      
 Goat dung pellets     0 
 Stones 8     
 Litter 14     
       

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 3 10 60 (100 max)   
 P. juliflora 24 1 45 (60max)   
 E. urbaniana 1 many 6 (14max)   
 O. wentiana <1 10 5 (8max)   
 Other parameters:      
 Goat dung pellets     3 
 Stones 1     
 Litter 22     
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OutsideExclosure K11      

1 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no. Number of 
  (%)  (cm)   
 tree layer:      
 lower layer:       
 <1m      
 C. flavens 2 6 60 (80max)   
 P. juliflora <1 1 16 4  
 P. juliflora 10 3 22 (28 max)   
 O. wentiana <1 4 4 (7max)   
 E. urbaniana 3 many 5 (15max)   
 S. pyramidatus <1 3 6   
 Other parameters:      
 Goat dung pellets     47 
 Stones 7     
 Litter 5     
       

2 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. julifora <1 1 5 1  
 P. julifora 28 1 85 (120 max) 3  
 P. julifora <1 1 4 (10 max)   
 C. flavens 1 6 70 (100max)   
 E. urbaniana 11 many 4 (10max)   
 S. pyramidatus <1 3 6 (7max)   
 O. wentiana <1 5 7 (10max)   
 Other parameters:      
 Goat dung pellets     7 
 Stones <1     
 Litter <1     
       

3 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 P. juliflora 23 1 125   
 P. juliflora 10 1 100   
 C. flavens 5 4 110 (130max)   
 lower layer:      
 <1m:      
 P. juliflora <1 1 30 Eof1  
 P. juliflora <1 1 35 Sof1  
 E. urbaniana 3 many 4 (10max)   
       
 Other parameters:      
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 Goat dung pellets     2 
 Stones <1     
 Litter 11     
       

4 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. juliflora 7 1 40   
 P. juliflora <1 1 15 5  
 C. flavens 1 6 45 (60max)   
 E. urbaniana 2 many 3 (10max)   
 S. pyramidatus <1 2 7   
 O. wentiana <1 1 3   
 Other parameters:      
 Goat dung pellets     41 
 Stones 4     
 Litter 6     
       

5 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. juliflora 2 2 15   
 P. juliflora 16 1 50 6  
 C. flavens 5 6 40 (65 max)   
 E. urbaniana 3 many 9 (14max)   
 S. pyramidatus <1 5 7   
 Other parameters:      
 Goat dung pellets     12 
 Stones <1     
 Litter 3     
       

6 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 C. tremula      
 lower layer:      
 <1m:      
 P. juliflora 10 1 80 (100max)   
 P. juliflora 4 1 75 (90max) 3  
 C. flavens 1 8 75 (90max)   
 E. urbaniana 11 many 4 (12max)   
 Other parameters:      
 Goat dung pellets     37 
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 Stones <1     
 Litter 1     
       

7 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens <1 6 30 (40max)   
 P. julifora 16 2 40 (50max)   
 E. urbaniana 3 many 3 (10max)   
 Cyperus sp. <1 3 6   
 S. pyramidatus <1 12 8   
 Bulbostylis sp. <1 4 2   
 O. wentiana <1 2 2   
 Other parameters:      
 Goat dung pellets     46 
 Stones 8     
 Litter <1     
       

8 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 P. juliflora 20 1 20 7  
 C. flavens 1 10 40 (50max)   
 O. wentiana <1 3 15 (30max)   
 E. urbaniana 9 many 4 (10max)   
 S. pyramidatus <1 5 7   
 Other parameters:      
 Goat dung pellets     59 
 Stones <1     
 Litter 3     
       

9 Vegetation layer Coverage 
Number of 

plants Height 
Present in plane 

no.  
  (%)  (cm)   
 tree layer:      
 lower layer:      
 <1m:      
 C. flavens 1 8 45 (85max)   
 P. juliflora      
 E. urbaniana 11 many 4 (12max)   
 L. muscoides <1 1 2   
 Bulbostylis sp. <1 12 3   
 Other parameters:      
 Goat dung pellets     83 
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 Stones <1     
 Litter 2     
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Appendix 11. Plant survey protocol (adapted from The Nature Conservancy, 1982). 
 

SPECIAL PLANT SURVEY FORM 

Element Name:      Element Code:   Occ #:   

Surveyor(s):       Date:          Time:  to  

Site Name:      

Repeat visit:  Yes    No Repeat visit needed:  Yes    No when: 

EO boundaries mapped:  Yes    No 

             

Biology 

 

Phenology  Approx . # Indiv.  Population Area  Age Class 

      In leaf         1-10          1 m²          % Seedlings 

      In bud         11-50         1-5 m²         % Immature 

      In flower         51-100         5-10 m²         % 1st year 

      In fruit         101-1000         10-100 m²         % Mature 

      Seed dispersing        1001-10000        100-1000 m²         % Senescent 

      Dormant         10001 +         other 

 

Comments on above: 

 

Compared to your last visit to this site:  

Approx . # Indiv.  Population Area   Age Class 
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       more         more         same 

       same         same         diff 

       less          less 

 

Evidence of reproduction: 

 

 

 

Type of reproduction:  sexual    asexual   both: 

 

Success at each stage of life cycle: 

 good fair poor uncertain 

Reproduction     

Dispersal     

Establishment     

Maintenance     

Comments: 

 

 

 

 

Vigor: 1)  very feeble          2)  feeble          3) normal          4)  exceptionally vigorous 
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Evidence of symbiotic or parasitic relationships: 

             

Habitat 

 

Aspect Slope  Light  Topographic Position 

        N       Flat        Open         Crest          

        E       0-10        Filtered         Upper Slope          

        S       10-35       Shade         Mid-Slope         

        W       35 +            Lower Slope          

     Vertical           Bottom 

 

Elevation:  m to  m Surface Relief:      

 

Substrate/Soils: 

 

Associated Natural Community/Plant Community: 

 

Community description: 

 

Characteristic associated species: 
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Estimated size of potential Habitat: (as in population area) Boundaries mapped: Yes No 

 

             

Cross section of Local topography (Habitat) /include, scale, direction, EO position/ 

 

 

 

 

 

             

General description: 

 

 

 

             

Conservation 

 

Evidence of disturbance: 

 

 

Threats to EO: 
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Conservation/Management needs: 

 

 

Research needs: 

 

 

Data Security:  Yes    No Explain: 

 

 

             

Summary 

 

EO Quality: 

 

 

EO Condition: 

 

 

EO Viability: 
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EO Defensibility: 

 

 

EO Rank: 
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Identification 

 

Photographs (Check one or more) 

 

 Subject   Type 

       Plant         slide 

       Habitat        Digital 

       Diagnostic Feature 

       Other 

 

 

If collection was made, give collection # and repository for each specimen 

 

Determination (Check one ore more, fill in blanks) 

 

 How was plant name determined? 

       Flora (title        ) 

       Reference Specimen 

       Photo/Diagram (source      ) 

       Determiner (name       ) 

       Other         
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Do other rare species co-occur atthis site?   Yes    No 

 

List: 

 

 

 

 

 

Identification Problems? 
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Appendix 12. Vegetation survey protocol (developed by ITC, International  Institute for 
Aerospace Survey and Earth Sciences). 
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