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1. SUMMARY 
 

The company Vader Piet Beheer is initiating the development of the second wind 

farm facility on Aruba Island in an area known as Urirama, in the northeastern part 

of the island. Before the actual construction of the facility, Vader Piet Beheer 

decided, with the assistance of KEMA, to conduct a Social and Environmental 

Impact Assessment (SEIA) to determine potential negative effects that the turbines 

could have on the human communities, and also on the flora and fauna associated 

with the natural habitats represented in the area. In relation with the fauna, the 

SEIA seeks to identify and estimate the magnitude of potential negative effects of 

the wind farm facility on the populations of bats inhabiting the Urirama area. The 

present bat survey had three main goals: (1) to determine if bats actively use the 

area where the new wind park will be constructed, (2) to identify the species of 

bats foraging in the area and their relative abundances there, and (3) to infer the 

potential impact of the new wind farm on the survival of bats at Urirama. The 

fieldwork was conducted between April 13th and April 18th of 2012. We used two 

methodological approaches to detect bat activity in the study area: bat captures 

using mist nets and detection of bat calls using an ultrasound detector. Based on 

the results obtained, and understanding that they are representative of the 

conditions of the area during a specific time window during the year characterized 

by particular ecological and environmental circumstances, I conclude that the wind 

farm area at Urirama, in general terms, is not a suitable habitat that could be 

particularly attractive to bats of any of the species present on the island, and 

therefore, a wind farm in this area should be considered safe to the bat populations 

inhabiting this and the surrounding zones. As the field work took place in a period 

of high wind speeds in April, it was not possible to assess periods of low wind 

speeds, when potentially more bats could be flying in the study area. Shall bat 
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fatalities occur in the wind farm facility at Urirama at wind speeds lower than 6 

m/s, Vader Piet Beheer should be prepared to stop the turbines temporarily. Taking 

this recommendation into account, a low risk for bats during the whole year is 

guaranteed. Further to this, it is important to follow a general recommendation 

concerning the monitoring of potential bat fatalities associated with the wind farm 

at Urirama. As soon as the wind farm starts its operations, a monitoring program 

should be implemented to determine if bat fatalities could occur during those 

months of the year when the wind speed decreases in Aruba (September-

November). Based on the results of that monitoring program, the company 

operating the wind farm at Urirama will have the possibility to implement (if 

needed) mitigating actions to reduce bat fatalities, one of them being the temporal 

curtailment of operations during occurrence of specific wind speeds. 
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2. INTRODUCTION 
 

   The company Vader Piet Beheer is initiating the development of the second wind 

farm facility on Aruba Island. This project comprises the construction of 10 Vestas 

V112 turbines of approximately 3 MW each, in the northeastern coast of the island, 

in a location known as Urirama. This company developed and is currently 

operating the 30 MW wind farm at Vader Piet, in the southeastern coast of Aruba.  

 

   Previous to the construction of the new wind farm in Urirama, Vader Piet Beheer 

decided voluntarily to conduct a Social and Environmental Impact Assessment 

(SEIA) to determine potential negative effects that the turbines could have on the 

human communities established in the vicinities, and also on the flora and fauna 

associated with the natural habitats represented in the area. This SEIA is based on 

the international accepted Equator Principles (www.equator-principles.com), a set 

of environmental and social standards for managing environmental and social 

issues in connection with the development of projects financed globally. 

 

   In relation with the natural resources present in the area where the wind farm 

facility will be constructed, the SEIA seeks to identify and estimate the magnitude 

of potential negative effects on the flora and fauna present in the site and to 

propose management strategies to minimize and/or compensate those effects. On 

this regard, the specific focus of this survey was to estimate the potential impacts 

of this facility on the populations of bats present in this part of Aruba.  

 

   Aruba Island is inhabited by seven species of bats (Bekker 1996 and personal 

observations), which represent the majority of the native species of mammals 

known for the island. Bats play key ecological roles on Aruba, Curaçao and 

http://www.equator-principles.com/�
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Bonaire as pollinators of columnar cacti, seed dispersers, and insect predators 

(Petit, 1995, 1997; Sosa and Soriano, 1996; Nassar et al., 1997; Linares, 1998). 

The main threats to bats on these islands are habitat reduction and fragmentation 

and disturbance of caves used as diurnal roosts (Petit 1996, Petit and Pors 1996, 

Petit et al. 2006, and J.M. Nassar personal observations). Natural zones on Aruba 

are declining rapidly due to the continuous expansion of urban areas. As a 

consequence of this, each time less natural habitats remain available for bat 

populations. Based on these facts, it is very important to evaluate how the 

construction of a new wind farm facility in one of the few natural areas still 

undisturbed in Aruba is going to affect the local bat fauna. 

 

   It has been proved that wind turbines in wind energy facilities across the world 

can generate negative effects of variable magnitude on the survival of birds and 

bats (Ericsson et al. 2003, Bat Conservation International 2004, Barclay et al. 

2007, Kunz et al. 2007, Arnett et al. 2008, Curry 2009). Compared to the relatively 

low annual death rates of birds associated with turbines, several studies suggest 

that the impacts of wind farm developments on bat populations can be 

comparatively more severe (Kuvlesky et al. 2007). Besides death due to collision 

with the blades, bats flying through them can die due to barotrauma, ruptures in the 

bats’ lungs and hearts caused by the low-pressure zones blades create in their wake 

(Curry 2009). Bat death tolls in direct association with operating turbines can be as 

high as several thousand animals (1,500 - 4,000) in a few months (unpublished 

data cited by Kuvlesky et al. 2007); however, the lack of systematic multiyear 

studies and previous, possibly biased, estimates of fatalities at existing wind-

energy facilities, make it difficult to formulate general conclusions about the long-

term effects of bat deaths associated with turbines on the status of bat populations 

(Committee on Environmental Impacts of Wind-Energy Projects 2007).  
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   Recent reviews of the available literature on bat fatalities associated with wind 

energy facilities are helping us to elucidate some of the major information gaps 

that still exist in relation with this problem. One of the emerging patterns is that 

migratory species of bats (Lasionycteris noctivagans, Eptesicus fuscus, Myotis 

lucifugus, Pipistrellus subflavus, Tadarida brasiliensis and several species in the 

genus Lasiurus) are particularly susceptible to turbines during the migration season 

(Dürr and Bach 2004, Kuvlesky et al. 2007, Arnett et al. 2008, Baerwald and 

Barclay 2009). This is due in part to the fact that, when migrating, bats can fly at 

higher elevations above ground, within the blades’ range (Committee on 

Environmental Impacts of Wind-Energy Projects 2007, Curry 2009). Some wind 

farm facilities are constructed in the middle of routes normally used by bats during 

their annual migrations, and that increases the chances of fatalities during the long-

distance movements of the populations. In addition to this, there is evidence that 

shows that turbines can attract bats by the sounds produced from the blades in 

movement or because these tall structures can be interpreted as temporal roosts for 

bats during their migratory movements (Committee on Environmental Impacts of 

Wind-Energy Projects 2007).  

 

   In summary, even though our knowledge on the potential effects of turbines on 

bats has increased substantially during the last decade, we still do not understand 

well the magnitude of the impact these energy facilities have on bat populations 

and the long-term consequences for their survival. In particular, the available 

literature is mainly referred to temperate zones of Europe and North America, but 

the demand for construction of wind farms in tropical areas in the Caribbean and 

South America is increasing (Barros and Marques 2011, H. Hutting, NuCapital, 

personal communication), and we need to start examining the effects of eolic parks 

on tropical bats.  
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   The effect of turbines on the bat fauna of Aruba was a matter of concern when 

the first wind farm was planned at Vader Piet, a few years ago. In 2005, WEB 

Aruba and Parke Nacional Arikok financed an environmental assessment study to 

investigate the potential impacts that the projected wind park could have on the 

resident populations of bats in Aruba (Nassar 2005). The report generated from 

that impact assessment helped to determine several relevant points: (a) important 

diurnal roosts used by bats exist close to the site (< 2 km) where the wind farm 

operates now, (b) two nectar-feeding bats, Leptonycteris curasoae and 

Glossophaga longirostris, one of them migratory, foraged actively in part of the 

area where the wind farm is now, (c) part of the wind farm area was categorized as 

a ‘fluctuating risk area’, with possibilities for occurrence of periodical bat 

fatalities, and (d) several recommendations were formulated to minimize negative 

impacts to bat populations and to conduct a program to monitor bat and bird kills 

due to wind turbines. It is important to mention that, previous to the execution of 

the present impact assessment, the author of this report had the opportunity to 

examine the cave known as “Tunnel of Love”, which is at 700 m from the wind 

park at Vader Piet, and confirmed the presence of a colony of 800-1000 individuals 

of L. curasoae. This finding indicates that this particularly vulnerable species of 

bat is being able to survive in close proximity to the turbines.    

 

   The general purpose of the bat survey at Urirama was similar to the one 

conducted at Vader Piet in 2005, and had three main goals: (1) to determine if bats 

actively use the area where the new wind park will be constructed, (2) to identify 

the species of bats foraging in the area and their relative abundances there, and (3) 

to infer, based on the results of the bat survey, the potential impact of the new wind 

farm facility on the survival of bats in the Urirama area. 
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3. STUDY AREA AND METHODS 
 

3.1 Study area 

 

   Urirama is located in the northern part of Aruba, between the residential area 

Noord and the touristic area of Tierra del Sol. The specific area where the wind 

farm is planned corresponds to a coastal band of approximately 3,000 m long (Fig. 

1) with the following geographic coordinates at both extremes: 12°35’52.28”N, 

70°01’13.37”W and 12°34’40.88”N, 70°00’28.26”W. 
 

   Rather than following a straight line, the turbines were positioned following the 

 
 

      
 

    Figure 1. Location of the area assigned for the wind farm facility at Urirama, in northern Aruba. 
 
 
curve made by the coastline in that part of the island (Fig. 2). The turbines were 

numbered in ascending order, from the one located at the northwestern extreme of 

the wind farm to the one located at the southeastern extreme. The distance between  
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  Figure 2. Planned locations for the ten turbines to be constructed at Urirama, Aruba. Each turbine is identified 
  with a number. 
 

contiguous turbines varies from 500 m in the east extreme to 180 m in the west 

extreme. 

 

   The wind park area and lands surrounding it are mostly open habitat, deprived of 

vegetation. Less than 10% of the total surface in the zone has some type of plant  

life. The species growing there are mostly herbaceous, less than 30 cm tall, with 

some thorny woody elements (Vachellia tortuosa) and very few columnar cacti of 

the species Stenocereus griseus, locally known as ‘datu’. This is the only species 

that could be attractive to nectar-feeding bats there (Nassar et al. 1997), but their 

local density is very low. 

 

   The bat survey was conducted from April 13th to April 18th 2012. We chose five 
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of the ten turbines as focal points to conduct the two procedures implemented to 

detect bat activity: # 2 (12°35’34.07”N, 70°01’11.77”W), # 4 (12°35’34.07”N, 

70°01’07.35”W), # 6 (12°35’20.35”N, 70°01’00.63”W), # 8 (12°35’03.38”N, 

70°00’48.94”W) and # 10 (12°34’36.96”N, 70°00’30.91”W). With this selection, 

we obtained an adequate representation of the total area where the wind park will 

be constructed. Sites # 10 and # 8 are located in the eastern extreme of the farm, 

close to vegetation patches; site # 2 represents is located in the western extreme, 

close to irregular topography, and sites #4 and #6 represent the center of the area, 

located on flat terrain.    

 

   The wind speed recorded at the site at ground level (Kestrel 4000 Weather 

Tracker, Boothwyn, USA) during our study was on average 4.9 m/s. A detailed, 

still unpublished, report on the energy yield estimate at the Urirama wind farm area   

(L. Verhees, KEMA, Arnhem, March, 2012), indicates that the yearly average 

wind speed in the site is always above 8.0 m/s (range: 8.1 m/s - 10.15 m/s). The 

second part of the year always presents comparatively lower wind speeds (range: 

7.0 m/s - 9.8 m/s). And the months with the lowest average (1979-2011) wind 

speeds are comprised between September and November (range: 7.5 m/s - 8.3 

m/s). Specifically, during 2010 and 2011, the lowest average monthly wind speeds 

recorded were 4.6 m/s (September 2010) and 6.4 m/s (October 2011).  

 

3.2 Detection of bat activity with mist nets 

 

   The first methodological approach used consisted in the setting of ten 12 m X 2.6 

m nylon mist nets (50/2 38 mm mesh Avinet Inc., Dryden, NY, USA) positioned 

within a radius of 200 m from the base of each of the five selected turbines. Since  



Nassar - Bat activity and risk assessment at the Urirama Wind Farm Area 

 13 

          

     Figure 3. Turbines selected to conduct monitoring of bat activity in the wind farm area at Urirama, Aruba.  
     The chosen turbines were #2, #4, #6, #8 and #10. Indicated on these turbines are the four 200 m transects 
     set to identify bat activity using ultrasound detection. Mist nets to capture bats were set inside the semi-circle     
     depicted by those transects in each turbine location.  
 

the turbines are located along a line parallel and very close to the seashore, all the 

mist nets were located within the semi-circle facing towards the land, having as 

center the base of the turbine (Fig. 3). 

 

   Mist nets were set individually or in pairs, parallel to the direction of the wind 

 (Fig. 4). Distance of separation between mist nets varied between 50 m and 400 

m,   approximately. Each night, the ten mist nets were set in a sampling site 

according to the following chronological order: site # 10 (April 13th), site # 8 

(April 14th), site # 6 (April 15th), site # 4 (April 16th), and site # 2 (April 17th). The 

nets were opened at 19:30 h and closed at 00:00 h every night. No moonlight was 

observed during the five nights of sampling, because the period chosen for the bat  
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Figure 4. Mist net setting at sampling sites in the Urirama wind farm area, Aruba. The hard rock found on the 
ground had to be broken with nail and hammer to install the aluminum pools (A). Shown in the figure are sampling 
sites # 2 (B), # 6 (C) and # 8 (D). 
 

survey corresponded with calendar days during the new moon interval. This is the 

ideal condition to conduct bat captures in open habitats, because several species of 

Neotropical bats show moonlight aversion (Morrison 1978) and nets are easier to 

detect by bats during moonlight periods.  

 

   Mist nets were monitored every hour, after falling into the nets, bats were 

removed from them, kept in cloth bags, processed, marked by clipping their hair in  

a small area on the lower back, and finally released.  

 

 

A B 

C D 
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3.3 Detection of bat activity with ultrasound detector 

 

   During the same nights used to capture bats, bat activity was monitored in each 

of the five sites selected along the wind park area using a Pettersson Ultrasound 

Detector model D240X (Pettersson Elektronik AB, Uppsala, Sweden). 

This is a heterodyne and time expansion detector that can be connected to 

headphones to monitor bat passes on the site, and it can also be connected to a 

digital recorder (ZOOM H2) to register the time expanded (amplified duration) 

ultrasonic echolocation bat calls for analysis on a PC. If bat calls are recorded, they 

can be analyzed using the software Avisoft (Avisoft Bioacoustics, Berlin, 

Germany), which allows comparing the recorded calls against referential calls 

stored in a database. One week previous to the bat survey at Urirama, we generated 

a database of bat calls of the most common bat species present in Aruba 

(Mormoops megalophylla, Myotis nesopolus, Glossophaga longirostris and 

Leptonycteris curasoae). We used those calls to identify the species of bats 

detected during this survey. 

 

   From each one of the five sampling sites shown in Fig. 3, four transects of 200 m 

in length were set taking in consideration the actual terrain and trying to maximize 

the surface covered around the base of each turbine (inland and parallel to the 

shore), and keeping a minimum distance of 50 m to the sea. The azimuths of the  

selected transects are shown in Table 1, where the first number indicates the 

identity of the turbine and the codes T1 to T4 indicate the transect number in a 

North to South direction. The system of four transects was covered four times 

(rounds) during the night. Each round consisted of a walk conducted by the 

observer along the four transects holding the ultrasound detector, at forehead 

height, at an angle of approximately 45° with respect to the ground. Each transect 
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                  Table 1. Azimuths of the selected transects to conduct monitoring of bat activity using ultrasound                    
                  detection. The first number indicates the identity of the turbine and the codes T1 to T4 indicate  
                  the transect number in a North to South direction (see Fig. 3). 
 
 

was walked in the two directions during 9-13 min (Fig. 5) for a total walked 

distance of 1,600 m/round. During the walk along each transect, we selected four 

intervals of frequencies in the ultrasound detector: 20-40 kHz, 35-55 kHz, 50-70 

kHz and 65-85 kHz. We allowed an overlap of 5 kHz between successive intervals. 

These intervals cover fairly well the spectrum of frequencies used by the bats 

present in Aruba (Bekker 1996, Estrada et al. 2004, Vaughan et al. 2004) when 

flying and echolocating. Every 100 m walked along a transect we switched the 

interval of frequencies in the ultrasound detector. The chronological order in which 

the four intervals of frequencies were used changed for the four transects within a 

round: T1 (20-40 kHz→35-55 kHz→50-70 kHz→65-85 kHz), T2 (35-55 

kHz→50-70 kHz→65-85 kHz→20-40 kHz), T3 (50-70 kHz→65-85 kHz→20-40 

kHz→35-55 kHz), and T4 (65-85 kHz→20-40 kHz→35-55 kHz→50-70 kHz). 

Each round to detect bat passes lasted 40-50 min. A ‘bat pass’ is defined as an 

echolocation call detected, including feeding buzzes (Thomas and La Val 1988, 

Estrada et al. 2004). After a full round to detect and count bat passes ended, we 

spent 10-15 min of recognition along the same transects to register bat calls. The 

first round always started at 19:30 h and the last one started between 22:30 h and 

23:00 h, depending on the day.    

TRANSECT AZIMUTH  TRANSECT AZIMUTH  TRANSECT AZIMUTH 

2- T1 355 6-T1 5 10-T1 360 
2-T2 270 6-T2 285 10-T2 274 
2-T3 215 6-T3 265 10-T3 210 
2-T4 165 6-T4 205 10-T4 153 
4-T1 360 8-T1 330   
4-T2 300 8-T2 298   
4-T3 245 8-T3 250   
4-T4 185 8-T4 155   
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         0 m                                                                          100 m                                                                  200 m 
 
 
 
 
 
 
Figure 5. Transect of 200 m showing the directions in which the recordings of bat passes and calls were performed. 
Each arrow represents a 100 m path and boxes at each arrow indicate the intervals of frequencies set in the 
ultrasound detector to detect bat passes and to record bat calls.  
 

4. RESULTS AND DISCUSSION 
 

   The results obtained from the two methodological approaches used, bat mist 

netting and ultrasound detection, indicate that bat activity in the wind park area at 

Urirama was negligible (WM # 10: 0.33 bat passes/h, WM # 8: 0.32 bat passes/h, 

WM # 6: 0 bat passes/h, WM # 4: 0 bat passes/h, WM # 2: 0 bat passes/h) during 

the five days of monitoring.   

 

   The total sampling effort used to capture bats at Urirama was 7,800 h·m2 of mist 

netting, which is a considerable amount of survey effort to detect presence of bat 

species that fly at ground level in the study area. Only two nectar-feeding bats in 

the Phyllostomidae family were captured, one male individual of Miller’s Long-

Tongued bat, Glossophaga longirostris (Glossophaginae), at WM # 10 during the 

first night, and one individual of the Curaçoan Long-Nosed bat, Leptonycteris 

curasoae (Glossophaginae), at WM # 8 the second night that escaped before we 

were able to take it out of the net (Fig. 6).  

 20-40 kHz 
 

 35-55 kHz 

 50-70 kHz 65-85 kHz 

    200 m TRANSECT AND ULTRASOUND  FREQUENCIES 
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            Figure 6. The two species of bats detected in the wind park area at Urirama, Aruba. (A) Glossophaga   
            longirostris, captured in WM # 10 and (B) Leptonycteris curasoae, captured in WM # 8.  
 

 

   The presence of nectar-feeding bats in the two studied sites located at the east 

extreme of the area examined is probably correlated with the presence in that area  

of a few individuals of the cactus Stenocereus griseus, one of the columnar cacti 

used by the two species as primary source of food in arid zones in Northern South 

America (Petit, 1995, 1997, Nassar et al. 1997, Nassar et al. 2003). The specimen 

of G. longirostris captured presented pollen on its snout and head, suggesting that 

the animal was foraging for food in the surroundings. The rest of the sites within 

the wind park area were mostly deprived of vegetation, and the few plants 

observed are not included in the diet of these bats. Thus, it makes sense that no 

plant-feeding bats were observed in the rest of the sites studied.  

 

   G. longirostris is a fairly common species, broadly distributed from arid zones to 

dry forests and savannas in northern South America (Webster et al. 1998, Linares 

1998) and it is frequently observed in the ABC islands year round (Petit 1995, 
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1997, J.M. Nassar, pers. observation). L. curasoae, on the other hand, is a species 

categorized as “Vulnerable” A2c ver 3.1 in the IUCN Red List of Threatened 

Species (IUCN 2011); however, its presence in Urirama is markedly low compared 

with the Vader Piet area, where a colony of approximately 1,000 individuals of this 

species was observed two weeks (March 27th, 2012) before this study was 

conducted. Therefore, if we have to compare risk levels associated with this 

species between Urirama and Vader Piet, we have to assume that the former area 

represents a comparatively lower risk to this species than the latter, because L. 

curasoae does not seem to be attracted to Urirama.  

 

   In relation with the monitoring conducted with the ultrasound detector, only two 

bat passes were recorded during the five days of observations (Appendix I). Again, 

bat activity was detected in WM # 10 and WM # 8, in concordance with the results 

obtained using the mist netting approach. Both of these detections occurred when 

the ultrasound detector was set at the interval 20-40 kHz. Based on our own 

records of ultrasound frequencies used by the bat species present in Aruba, we 

have three potential candidates as the most probable species flying in the area: 

Molossus molossus (Molossidae) and the two nectar-feeding bats already 

mentioned. The calls of the former species, which is an insect-feeding bat, fit very 

well within the 20-40 kHz range, but considering the intensive and permanent 

winds with sea spray we observed in the study area during the entire period of 

observations, we think that it is very unlikely that this species is using that area to 

forage for insects. Part of the call of G. longirostris and L. curasoae is above 40 

kHz, but the last segment of it falls within that frequency range. Based on this and 

on the fact that we captured both species in the area, we assume that the calls 

recorded belong to those species and confirm that they can fly sporadically in the 

eastern portion of the wind park area at Urirama. 
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   In general, our knowledge on the heights at which bats fly is quite limited. The 

two species of nectar-feeding bats identified in this study, while foraging, should 

spend most of their time flying below 10 m, because most columnar cacti and 

agaves on Aruba are below that height. If we consider that the hub height of the 

Vesta V112 turbines that will be installed at Urirama is 80 m and the rotor 

diameter is 112 m; that means that the minimum tip height of the turbines is 

approximately 24 m. This is 10 m above the hypothetical height limit at which G. 

longirostris and L. curasoae should be flying while foraging. However, we do not 

know if the sounds of the turbines in movement could attract these species of bats, 

like they do with other species in the temperate zones (Arnett et al. 2008). 

Furthermore, in the case of L. curasoae, a potential migratory species in parts of its 

distribution in northern South America (Soriano et al. 2000, Newton et al. 2003), 

there is the possibility that, while migrating, these animals could fly at higher 

elevations, entering the height range at which the blades of the turbines operate.     

 

   How do we translate the reported results in terms of potential negative impacts of 

a wind park facility at Urirama on the bat populations of Aruba? Compared with 

the results of a similar risk assessment study conducted at the Vader Piet wind 

energy facility in eastern Aruba (Nassar 2005), the level of bat activity recorded 

for the segment of coastal line examined at Urirama is markedly lower. Even if for 

technical reasons the turbines had to be moved over a few hundred meters (100-

500 m) north or south from the current position, I consider that the level of bat 

activity will remain low, because the general landscape of the area does not change 

significantly within that distance range. At Vader Piet, in a single night, 13 nectar-

feeding bats (4 L. curasoae and 9 G. longirostris) were captured using 6 mist nets. 

In Urirama we only captured two bats with a comparatively higher sampling effort. 

Besides this, several of the main diurnal roosts used by bats in Aruba are located at 
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a short distance (0.7-1.6 km) of the wind park facilities at Vader Piet. In the case of 

Urirama, we are not aware of important caves used by bats as diurnal roosts near 

the location selected for the wind park. In the case of Vader Piet, as it was 

mentioned above, despite of the existence of the wind park, there is a colony of 

nearly 1,000 animals of L. curasoae at the “Tunnel of Love” cave. This colony size 

is comparatively larger than the one reported by Nassar in 2005 (N= 400-500) for 

the same cave before the construction of the wind farm at Vader Piet. 

 

   As it was mentioned in the Introduction section, one of the emerging patterns in 

relation with bat fatalities in wind farms is that migratory species of bats are 

particularly susceptible to turbines during the migration season. This is because, 

while migrating, some species can fly at higher distances from the ground, within 

the blades’ range (Dürr and Bach 2004, Committee on Environmental Impacts of 

Wind-Energy Projects 2007, Kuvlesky et al. 2007, Arnett et al. 2008, Baerwald 

and Barclay 2009, Curry 2009). The migratory behavior of L. curasoae in northern 

South America has not been well established yet. It is possible that part of the 

population of this species in Aruba migrates seasonally to Venezuela or to the 

nearby islands (Curaçao or Bonaire), looking for safe maternal roosts or abundant 

food resources; but if this were true, Urirama would be a fairly unlikely site within 

the potential migratory routes of L. curasoae when leaving or entering the island, 

because it is located in the northwestern extreme of the island, far away from 

Curacao and the Paraguana Peninsula. 

    

5. CONCLUDING REMARKS 
 

   It is important to caution the users of this report in relation with the accuracy of 

the conclusions that can be derived from the results obtained in this study. They are 
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based on the observations conducted during five days during an interval of time 

when plant resources used by nectar-feeding bats on Aruba are very abundant all 

over (personal observation) and winds are strong in the island. Ideally, additional 

surveys using the same sampling effort should be conducted during parts of the 

year with contrasting conditions, in terms of food availability and weather 

parameters. With certain confidence I can predict that, since bat plants are very 

scarce at Urirama, the presence of Leptonycteris curasoae in the zone should not 

increase significantly for the rest of the year. It is likely also that this prediction 

can be extended to Glossophaga longirostris to some degree, although not totally, 

because this species feeds heavily on cactus products, but also eats insects. 

However, this species generally flies at low elevations and should not be affected 

by the wind turbines, unless they fill attracted by their sound. Remaining open 

questions include: What is the level of activity regarding insect-feeding bats in the 

area when the winds decrease in speed between September and November? Can 

wind speeds at Urirama drop to a level at which wind turbines become lethal to 

bats? Historically, the lowest wind speeds in Aruba occur between September and 

November (L. Verhees, KEMA, Arnhem, March, 2012). During the last two years, 

the lowest monthly average wind speeds recorded for the Urirama area varied 

between 4.6 m/s (September 2010) and 6.4 m/s (October 2011). According to a 

recent review paper on bat fatalities associated with wind farm facilities, Arnett et 

al. (2008) found that most of these fatality records occur when wind speeds drop 

below 6.0 m/s. In the case of Aruba, and more precisely, in the case of Urirama, 

the average monthly (1979-2009) wind speed for September and October have 

been above that threshold level; however, it is important to mention that during the 

last two years, monthly wind speed values fell within the range in which bat 

fatalities are normally reported at wind farm facilities. We need to keep these 

figures in mind, but if wind speeds at Urirama remain most of the time above 6.0 
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m/s, we should not expect substantial bat fatalities in that area, even if bats are 

flying and foraging there. 

 

   Despite the present gaps of information, this study produced results that can help 

predict the potential risk to bat populations in relation with the eventual 

construction of a wind farm facility at Urirama. Overall, the location is not 

considered a suitable habitat that could be attractive to bats of any of the species 

present in the island, because: a) the scarce vegetation present in the area is not 

considered of dietary importance for the bat species that rely on fruits, pollen or 

nectar in Aruba; b) the proximity of the area to the sea (< 50 m) and the dominant 

windy conditions (wind speeds ≥ 6.0 m/s) in the site, in combination with the 

abundant sea spray that reaches the first hundred meters toward land, makes this 

zone of little value as a foraging area or commuting route to both insect-feeding 

and plant-feeding bats during most part of the year; c) the absence of caves that 

could be used as diurnal roosts by bats in the vicinities, makes this area even less 

attractive to them; and d) its location, opposite to Curaçao and the Paraguana 

Peninsula, makes it an unlikely point within the potential migratory route used by 

Leptonycteris curasoae when leaving the island or returning from other locations 

outside Aruba. Therefore, based on the preceding arguments, I consider the wind 

farm area at Urirama of low risk to the bat populations inhabiting this and the 

surrounding areas. As the field work took place in a period of high wind speeds in 

April, it was not possible to assess periods of low wind speeds, when potentially 

more bats could be flying in the study area. Shall bat fatalities occur in the wind 

farm facility at Urirama at wind speeds lower than 6 m/s, Vader Piet Beheer should 

be prepared to stop the turbines temporarily. Taking this recommendation into 

account, a low risk for bats during the whole year is guaranteed. However, I 

encourage an additional survey during those months of the year when the wind 
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speed drops below the annual average values (September-November) to confirm 

that the results obtained in this study are maintained over time.  

 

   In relation with the necessity to formulate and implement a mitigating plan to 

counteract the potential negative impacts that the wind park could have on the bat 

populations of Aruba, the current results suggest that, for most part of the year, a 

mitigating plan should not be necessary. If insect-feeding bats become active in the 

area between September and November and significant fatalities occur at the wind 

farm facility, then some mitigating actions might have to be taken. One of the most 

successful ones in reducing bat fatalities is the curtailment of operations during 

periods when high levels of bat activity in the area are expected. This strategy has 

proved to be very effective decreasing bat fatalities in wind farms (Kunz et al. 

2007, Arnett et al. 2008). The turbines’ blades can be set parallel to the wind but 

allowed to spin freely, in what is called a ‘feathered’ condition. The blades in this 

position move very slowly, allowing bats to avoid fatal collisions against them. 

 

   Independently of the fact that a second survey be conducted or not during a 

different part of the year at Urirama, I do recommend developing a 1-year 

monitoring program to estimate bat fatalities associated with the wind farm facility 

as soon as it starts its operations. This is the usual approach that has been used 

across many wind farms in the temperate zones, and thanks to this programs we 

have today a robust database that helps us to understand in detail the problem 

associated with bat fatalities in the temperate zones (Committee on Environmental 

Impacts of Wind-Energy Projects 2007, Kunz et al. 2007, Arnett et al 2008). It is 

time to start measuring bat fatality levels in wind farms in the tropical zones; but 

this action should not be the unique responsibility of the companies involved in 

wind generated energy. Local institutions involved in the protection of the natural 
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environments of Aruba, like for example, Fundación Parke Nacional Arikok, the 

Aruba’s Department of Agriculture and the Veterinary Service, should be active 

part of this monitoring program. 

 

6. ACKNOWLEDGEMENTS 
 

   This study was possible thanks to financial support provided by KEMA, Mr. José 

Lecler assisted in the field work with bat mist netting and M.Sc. Fernando Simal 

helped to design and conducted the monitoring of bat activity with the ultrasound 

detector.  

 

7. CITED LITERATURE 
 

Arnett, E.B., Brown, W.K., Erickson, W.P., Fiedler, J.K., Hamilton, B.L., Henry, 
T.H., Aaftab, J., Johnson, G.D., Kerns, J., Koford, R.R., Nicholson, C.P., 
O’Connell, T.J., Piorkowski, M.D., Tankersley Jr., R.D. 2008. Patterns of fatality 
of bats at wind energy facilities in North America. Journal of Wildlife Management 
72: 61-78. 
 
Baerwald, E.F. and R. Barclay, R.M. 2009. Geographic variation in activity and 
fatality of migratory bats at wind energy facilities. Journal of Mammalogy 90: 
1341-1349. 
 
Barclay, R.M.R., Baerwald, E.F, and Gruver, J.C. 2007. Variation in bat and bird 
fatalities at wind energy facilities: assessing the effects of rotor size and tower 
height. Canadian Journal of Zoology 85:381-387. 
 
Barros, M.A.S and Marques, R.V. 2011. A importância do monitoramento de 
parques eólicos para a conservação de morcegos na América Latina. Boletín de la 
Red Latinoamericana para la Conservación de los Murciélagos 2(1): 2-4. 
 
Bat Conservation International. 2004. Wind energy and bats. Bats – Newsletter 2: 
9. 



Nassar - Bat activity and risk assessment at the Urirama Wind Farm Area 

 26 

Bekker, J.P. 1996. Basisrapport zoogdierkundig onderzoek Aruba. Veere.  
 
Committee on Environmental Impacts of Wind-Energy Projects. 2007. 
Environmental Impacts of Wind-Energy Projects. National Research Council of 
the National Academies, The National Academies Press, Washington, D.C. 267 pp. 
 
Curry, A. 2009. Deadly flights. Science 325: 386-387.  
 
Dürr, T., and Bach, L. 2004. Bat deaths and wind turbines -a review of current 
knowledge, and of the information available in the database for Germany. Bremer 
Beiträge für Naturkunde und Naturschutz 7: 253-264. 
 
Ericsson, W., Kronner, K., and Gritski, B. 2003. Nine Canyon Wind Power Project 
Avian and Bat Monitoring Report. Northwest Wildlife Consultants, Inc. Pendleton, 
Oregon, US. 
 
Estrada, A., Jiménez, C., Rivera, A., Fuentes, E. 2004. General bat activity 
measured with an ultrasound detector in a fragmented tropical landscape in Los 
Tuxtlas, Mexico. Animal Biodiversity and Conservation 27: 1-9. 
 
IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2. 
<www.iucnredlist.org>. Downloaded on 23 April 2012) 
 
Kunz, T.H., Arnett, E., Erickson, W.P., Hoar, A.R., Johnson, G.D., Larkin, R.P., 
Strickland, M.D., Thresher, R.W., Tuttle, M.D. 2007. Ecological impacts of wind 
energy development on bats: questions, research needs, and hypotheses. Frontiers 
in Ecology and the Environment 5: 315-324. 
 
Kuvlesky, W.P. Jr., Brennan, L.A., Morrison, M.L., Boydston, K.K., Ballard, 
B.M., and Bryant, F.C. 2007. Wind energy development and wildlife conservation: 
Challenges and opportunities. Journal of Wildlife Management 71: 2487-2498. 
 
Linares, O.J. 1998. Mamíferos de Venezuela. Sociedad Conservacionista Audubon 
de Venezuela, Caracas, Venezuela. 
 
Morrison, D.W. 1978. Lunar phobia in a Neotropical fruit bat, Artibeus  
jamaicensis (Chiroptera: Phyllostomidae). Animal Behavior 26: 852-855  
Nassar, J.M. 2005. Bat activity in the wind park area at Vader Piet, Aruba: An 
assessment of risk on the bat fauna. Water – En Energiebedrijf Aruba N. V., 
Aruba. 21 pp. 

http://www.iucnredlist.org/�


Nassar - Bat activity and risk assessment at the Urirama Wind Farm Area 

 27 

Nassar, J.M., Ramírez, N., and Linares, O. 1997. Comparative pollination biology 
of Venezuelan columnar cacti and the role of nectar-feeding bats in their sexual 
reproduction. American Journal of Botany 84: 918-927.  
 
Nassar, J.M., Beck, H., Sternberg, L., and Fleming, T.H. 2003. Dependence on 
cacti and agaves in nectar-feeding bats from Venezuelan arid zones. Journal of 
Mammalogy 84: 106-116.  
 
Newton, L., Nassar, J.M., Fleming, T.H. 2003. Genetic population structure and 
mobility of two nectar-feeding bats from Venezuelan deserts: inferences from 
mitochondrial DNA. Molecular Ecology 12: 3191-3198.  
 
Petit, S. 1995. The pollinators of two species of columnar cacti on Curaçao, 
Netherlands Antilles. Biotropica 27: 538-541. 
Petit, S. 1996. The status of bats on Curaçao. Biological Conservation 77: 27-31. 
 
Petit, S. 1997. The diet and reproductive schedules of Leptonycteris curasoae  
curasoae and Glossophaga longirostris elongata (Chiroptera:  Glossophaginae) on  
Curaçao. Biotropica 29: 214-223. 
 
Petit, S., and Pors, L. 1996. Columnar cactus survey and carrying capacity for  
nectar-feeding bats on Curaçao. Conservation Biology 10: 769-775. 
 
Petit, S., Rojer, A., and Pors, L. 2006. Surveying bats for conservation: the status 
of cave-dwelling bats on Curaçao from 1993 to 2003. Animal Conservation 9: 207-
217. 
 
Soriano, P.J., Ruiz, A. and J.M. Nassar. 2000. Notas sobre la distribución e 
importancia ecológica de los murciélagos Leptonycteris curasoae y Glossophaga 
longirostris en zonas áridas andinas. Ecotropicos 13: 91-95. 
 
Sosa, M., and Soriano, P.J. 1996. Resource availability, diet and reproduction in 
Glossophaga longirostris (Mammalia: Chiroptera) in an arid zone of the 
Venezuelan Andes. Journal of Tropical Ecology 12: 805-818. 
 
Thomas, D.W., and La Val, R.K. 1988. Survey and census methods. In: Ecological 
and behavioral methods for the study of bats (ed. Kunz, T.H.) pp. 77-90, 
Smithsonian Institution Press, Washington, D.C. 
 



Nassar - Bat activity and risk assessment at the Urirama Wind Farm Area 

 28 

Vaughan-Jennings, N., Parsons, S., Barlow, K.E., and Gannon, M.R. 2004. 
Echolocation calls and wing morphology of bats from the West Indies. Acta 
Chiropterologica 6: 75-90. 
 
Webster, Wm.D., Handley Jr. C.O., and Soriano, P.J. Glossophaga longirostris. 
Mammalian Species 576: 1-5.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Nassar - Bat activity and risk assessment at the Urirama Wind Farm Area 

 29 

8. APPENDIX I. 
 
Results of the monitoring process to detect bat activity using ultrasound detection. 
 

Wind turbine #: 10 
   Date: April 13th , 2012 

         Observer: Fernando Simal 
(perisimal@gmail.com) 

          
  

Location: N12°34’36.96” W70°00’30.91” 
   Temperature : 27.1 °C 

 
Max wind speed: 14.7 km/h 

 
Rel. hum.: 79.8 %  

 
                0-100 m 101-200 m 201-300 m 301-400 m   

 TRANSECT START TIME kHz PASS kHz PASS kHz PASS kHz PASS END TIME 
 T1 19:30 I 0 II 0 III 0 IV 0 19:40 
 T2 19:42 II 0 III 0 IV 0 I 0 19:52 
 T3 19:54 III 0 IV 0 I 0 II 0 20:04 
 T4 20:06 IV 0 I 0 II 0 III 0 20:16 
 T1 20:30 I 0 II 0 III 0 IV 0 20:40 
 T2 20:42 II 0 III 0 IV 0 I 0 20:52 
 T3 20:54 III 0 IV 0 I 0 II 0 21:04 
 T4 21:06 IV 0 I 0 II 0 III 0 21:16 
 T1 21:40 I 0 II 0 III 0 IV 0 21:50 
 T2 21:52 II 0 III 0 IV 0 I 0 22:02 
 T3 22:04 III 0 IV 0 I 1 II 0 22:14 
 T4 22:16 IV 0 I 0 II 0 III 0 22:26 
 T1 22:45 I 0 II 0 III 0 IV 0 22:55 
 T2 22:57 II 0 III 0 IV 0 I 0 23:07 
 T3 23:09 III 0 IV 0 I 0 II 0 23:19 
 T4 23:21 IV 0 I 0 II 0 III 0 23:31 
     Intervals of frequency: I (20-40 kHz), II (35-55 kHz), III (50-70 kHz) and IV (65-85 kHz) 
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Wind turbine #: 8 

   Date: April 14th, 2012 
      Observer: Fernando Simal  

          (perisimal@gmail.com) 
 

Location: N12°35’03.38” W70°00’48.94” 
   Temperature: 27.1 °C 

 
Max. wind speed: 17.0 km/h 

 
Rel. hum.: 77.0 % 

 
                0-100 m 101-200 m 201-300 m 301-400 m   

 TRANSECT START TIME kHz PASS kHz PASS kHz PASS kHz PASS END TIME 
 T1 19:31 I 0 II 0 III 0 IV 0 19:40 
 T2 19:42 II 0 III 0 IV 0 I 0 19:55 
 T3 19:57 III 0 IV 0 I 0 II 0 20:09 
 T4 20:10 IV 0 I 0 II 0 III 0 20:20 
 T1 20:35 I 0 II 0 III 0 IV 0 20:45 
 T2 20:47 II 0 III 0 IV 0 I 0 20:57 
 T3 20:59 III 0 IV 0 I 0 II 0 21:12 
 T4 21:13 IV 0 I 0 II 0 III 0 21:22 
 T1 21:45 I 0 II 0 III 0 IV 0 21:55 
 T2 21:56 II 0 III 0 IV 0 I 0 22:05 
 T3 22:06 III 0 IV 0 I 0 II 0 22:19 
 T4 22:20 IV 0 I 1 II 0 III 0 22:30 
 T1 20:48 I 0 II 0 III 0 IV 0 22:57 
 T2 22:59 II 0 III 0 IV 0 I 0 23:09 
 T3 23:10 III 0 IV 0 I 0 II 0 23:22 
 T4 23:23 IV 0 I 0 II 0 III 0 23:32 
     Intervals of frequency: I (20-40 kHz), II (35-55 kHz), III (50-70 kHz) and IV (65-85 kHz) 
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Wind turbine #: 6 

  Date: April 15th, 2012 
     Observer: Fernando Simal 

         (perisimal@gmail.com) 
 

Location: N12°35’20.35” W70°01’00.63” 
  Temperature : 25.5 °C 

 
Max. wind speed: 15.7 km/h Rel. hum.: 85.9 % 

               0-100 m 101-200 m 201-300 m 301-400 m   

TRANSECT START TIME kHz PASS kHz PASS kHz PASS kHz PASS END TIME 
T1 19:30 I 0 II 0 III 0 IV 0 19:40 
T2 19:42 II 0 III 0 IV 0 I 0 19:52 
T3 19:54 III 0 IV 0 I 0 II 0 20:04 
T4 20:06 IV 0 I 0 II 0 III 0 20:16 
T1 20:30 I 0 II 0 III 0 IV 0 20:40 
T2 20:42 II 0 III 0 IV 0 I 0 20:52 
T3 20:54 III 0 IV 0 I 0 II 0 21:04 
T4 21:06 IV 0 I 0 II 0 III 0 21:16 
T1 21:40 I 0 II 0 III 0 IV 0 21:50 
T2 21:52 II 0 III 0 IV 0 I 0 22:02 
T3 22:04 III 0 IV 0 I 0 II 0 22:14 
T4 22:16 IV 0 I 0 II 0 III 0 22:26 
T1 22:45 I 0 II 0 III 0 IV 0 22:55 
T2 22:57 II 0 III 0 IV 0 I 0 23:07 
T3 23:09 III 0 IV 0 I 0 II 0 23:19 
T4 23:21 IV 0 I 0 II 0 III 0 23:31 

    Intervals of frequency: I (20-40 kHz), II (35-55 kHz), III (50-70 kHz) and IV (65-85 kHz) 
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Wind turbine #: 4 

   Date: April 16th, 2012 
      OBSERVER: Fernando Simal 

          (perisimal@gmail.com) 
 

Location: N12°35’34.07” W70°01’07.35” 
   Temperature: 26.9 °C Max. wind speed: 21.9 km/h 

 
Rel. hum.: 81.2 % 

 
                0-100 m 101-200 m 201-300 m 301-400 m   

 TRANSECT START TIME kHz PASS kHz PASS kHz PASS kHz PASS END TIME 
 T1 19:30 I 0 II 0 III 0 IV 0 19:40 
 T2 19:40 II 0 III 0 IV 0 I 0 19:50 
 T3 19:51 III 0 IV 0 I 0 II 0 20:01 
 T4 20:01 IV 0 I 0 II 0 III 0 20:11 
 T1 20:30 I 0 II 0 III 0 IV 0 20:40 
 T2 20:40 II 0 III 0 IV 0 I 0 20:50 
 T3 20:50 III 0 IV 0 I 0 II 0 21:00 
 T4 21:00 IV 0 I 0 II 0 III 0 21:10 
 T1 21:34 I 0 II 0 III 0 IV 0 21:44 
 T2 21:45 II 0 III 0 IV 0 I 0 21:55 
 T3 21:55 III 0 IV 0 I 0 II 0 22:06 
 T4 22:06 IV 0 I 0 II 0 III 0 22:16 
 T1 22:30 I 0 II 0 III 0 IV 0 22:40 
 T2 22:40 II 0 III 0 IV 0 I 0 22:50 
 T3 22:51 III 0 IV 0 I 0 II 0 23:01 
 T4 23:01 IV 0 I 0 II 0 III 0 23:11 
     Intervals of frequency: I (20-40 kHz), II (35-55 kHz), III (50-70 kHz) and IV (65-85 kHz) 
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Wind turbine #: 2 

   Date: April 17th, 2012 
      Observer: Fernando Simal 

          (perisimal@gmail.com) 
 

Location: N12°35’34.07” W70°01’11.77” 
   Temperature: 26.6 °C 

 
Max wind speed: 18.8 km/h 

 
Rel. hum.: 82.8 %  

 
                0-100 m 101-200 m 201-300 m 301-400 m   

 TRANSECT START TIME kHz PASS kHz PASS kHz PASS kHz PASS END TIME 
 T1 19:35 I 0 II 0 III 0 IV 0 19:45 
 T2 19:46 II 0 III 0 IV 0 I 0 19:56 
 T3 19:57 III 0 IV 0 I 0 II 0 20:07 
 T4 20:09 IV 0 I 0 II 0 III 0 20:19 
 T1 20:47 I 0 II 0 III 0 IV 0 20;57 
 T2 20:58 II 0 III 0 IV 0 I 0 21:08 
 T3 21:09 III 0 IV 0 I 0 II 0 21:19 
 T4 21:19 IV 0 I 0 II 0 III 0 21:29 
 T1 21:50 I 0 II 0 III 0 IV 0 22:00 
 T2 22:00 II 0 III 0 IV 0 I 0 22:10 
 T3 22:10 III 0 IV 0 I 0 II 0 22:20 
 T4 22:20 IV 0 I 0 II 0 III 0 22:30 
 T1 23:00 I 0 II 0 III 0 IV 0 23:10 
 T2 23:10 II 0 III 0 IV 0 I 0 23:20 
 T3 23:21 III 0 IV 0 I 0 II 0 23:31 
 T4 23:31 IV 0 I 0 II 0 III 0 23:41 
     Intervals of frequency: I (20-40 kHz), II (35-55 kHz), III (50-70 kHz) and IV (65-85 kHz) 

 
 
 


