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‘We should find out as much as possible about 
someone before coming into conflict with him.’ 

 
 

Aesop’s Fables, in Collected Tales from Aesop’s Fables, 
Smithmark, 1988. 

 

 

 
 

The Yellow-shouldered Amazon parrot, photograph by S.Williams. 
 

 



  MSc Conservation Science 

2 
 

Declaration of own work 
 

 
 

I declare that this thesis: 

 

‘Crop damaging endangered parrots: Finding solutions for both people 

and parrots on Bonaire.’ 

is entirely my own work and that where material could be construed as 

the work of others, it is fully cited and referenced, and/or with 

appropriate acknowledgement given. 

 

 

Signature: 

 

 

 

 

 

 

 

Name of student: Danielle Parks 

 

Name of supervisor 1: Kai Lorenzen 

Name of supervisor 2: John Fa 

 
 
 
 
 
 



  MSc Conservation Science 

3 
 

CONTENTS 
 
ACRONYMS         6 
 

ABSTRACT         7 
 
ACKNOWLEDGEMENTS       8 
 
         

1. INTRODUCTION        9 
               
1.1Study species          9 
1.2Problem statement        10 
1.3Aims & Objectives        11 
1.4 Focus research questions       11 
1.4.1 Perceptions.         11 
1.4.2 Damage assessments       11 
1.4.3 Estimated Vs observed damage     12 
1.4.4 Deterrents         12  
1.5Hypothesis         13 
1.6Importance of research       13 
 

2. BACKGROUND        15     
                                   
2.1    Human-wildlife conflict        15 
2.2    Conflict in agriculture       15 
2.2.1 Crop damage        16 
2.3   Traditional responses to conflict     18 
2.3.1  Lethal control        18 
2.3.2 Trade          18  
2.4 Modern approaches        19 
2.4.1 Compensation schemes       19 
2.4.2 Human-wildlife conflict management     21 
2.4.3 Deterrents         22 
2.5 Common themes in HWC       23 
2.6 Perceptions         23 
2.6.1 Critical analysis        24 
2.7 Damage assessments       24 
2.7.1 Critical analysis        25 
2.8 Deterrents         25 



  MSc Conservation Science 

4 
 

2.8.1 Critical analysis        26 
2.9 Study site         28 
 

3.METHODS         29 
 
3.1 Initial set-up         29 
3.2 Perceptions         30 
3.3 Damage assessments       30 
3.3.1 Standing crop        31 
3.3.2 Assessment         31 
3.4 Estimated Vs observed damage      33 
3.5 Deterrents         33 
3.5.1 Pairing         34 
3.5.2 Attachment         34 
3.5.2 Additive damage        34 
 

4.RESULTS         36  
 
4.1 Perceptions         36 
4.2 Damage assessment        36 
4.2.1 Parrot damage        36 
4.2.2 Parrot Vs passerine damage      36 
4.2.3 Economic cost of parrot damage     38 
4.3 Estimated Vs Observed damage      39 
4.3.1 Percent damage estimation accuracy     39 
4.3.2 Cost estimation accuracy      41 
4.4 Deterrents         42 
 

5.1DISCUSSION        44  
 
Overview of results        44 
5.2 Perceptions         44 
5.3 Estimated Vs observed damage: Extent    44 
5.4 Estimated Vs observed damage: Cost     45 
5.5 Deterrents         45 
5.6 Limitations         47 
5.6.1 Perceptions         47 
5.6.2 Damage assessments       47 
5.6.3 Deterrents         48 
5.7 Recommendations        48 
5.7.1Perceptions         49 
5.7.2 Damage assessments       49 



  MSc Conservation Science 

5 
 

5.7.3 Deterrents         50 
5.8 Concluding remarks        51 
 
 

6.REFERENCES         553  
 
6.1Journals & books        553 
6.2 Online sources        61 
 

7.APPENDICES         63   
 
Copy of questionnaire (English)      63 
7.2 Supporting materials for questionnaires    67 
7.2.1 Visual aids: Species       67 
7.2.2 Visual aids: Percent estimation     68 
7.3 Copy of newspaper article       69 
 

 
List of Figures 
Fig 1.1 Photograph of A.barbadensis & Range map   9 
Fig 1.2 The Crested Caracara, Polyborus plancus    12 
Fig 2.1 Impact reduction scheme schematic    22 
Fig 2.2 Satellite image of Bonaire      28 
Fig 3.1 GIS location map of experimental gardens   29 
Fig 3.2 Examples of parrot damage to fruit     32 
Fig 3.3 Photograph of deterrent kite      33 
Fig 3.4Erected kite        35 
Fig 4.1 Total parrot Vs total passerine damage for individual trees 37 
Fig 4.2 Mean parrot Vs mean passerine     37 
Fig 4.3 Estimated Vs observed percent parrot damage   39 
Fig 4.4 Mean observed Vs mean estimated parrot damage  40 
Fig 4.5 Observed and estimated cost for individual fruit trees 41 
Fig 4.6 Mean observed Vs mean estimated cost of parrot damage 42 
Fig 4.7 Comparison of parrot damage with and without deterrents 43 
Fig 4.8 Mean parrot damage with and without deterrents  43  

 
List of Tables 
Table 2.1 Available deterrents       27 
Table 4.1 Chi2 results: estimated Vs observed damage   40 
Table 4.2 Chi2 results: estimated Vs observed cost   41 
 



  MSc Conservation Science 

6 
 

ACRONYMS 

 
CTA   Conditioned Taste Aversion 

HWC :   Human-wildlife conflict 

HWCM :   Human-wildlife conflict management 

LM :    Lear’s Macaw 

OFT :   Optimal foraging theory 

SLC :    Standardised limb count 

Y-sA :   Yellow-Shouldered Amazon parrot 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  MSc Conservation Science 

7 
 

Abstract 
 
Human-wildlife conflict is a topic of hot debate in conservation science, especially 

where endangered species are concerned. On the Caribbean island of Bonaire legal 

protection of the endangered Yellow-shouldered Amazon parrot (Amazona 

barbadensis), remains a contentious subject among resident fruit growers who 

perceive the parrot as a crop pest. The escalating negative attitudes of local people 

now threaten to undermine conservation efforts on Bonaire. To address this, the 

socio-economic problems central to the situation on Bonaire were investigated 

using questionnaires to establish and verify local opinions, and assessments to 

determine damage extent. Simple deterrents were also piloted in attempt to reduce 

conflict.  

Results indicate that negative perceptions of the Yellow-shouldered Amazon parrot 

were not unfounded; parrots were responsible for a high proportion (50.32%) of 

crop damage compared to passerine birds (p = <0.001). Estimations of percentage 

damage by residents were concurrent with damage assessment data, however 

people significantly over-estimated the cost of this damage (p = <0.001). Predator 

mimicking deterrent kites however failed to significantly reduce parrot damage to 

fruit trees and subsequently cannot be suggested for use on Bonaire. 

Recommendations with respect to further research are described, and the future 

direction of conservation policy for both A. barbadensis and global matters of 

human-wildlife conflict are discussed. 

 

 

Word count: 11,915 
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1. Introduction 

 

1.1 Study Species 

The Yellow-shouldered Amazon parrot (Y-sA) Amazona barbadensis, occupies 

several areas within the Southern Caribbean region (Fig 1.1). Its range encompasses 

the northern coast of Venezuela, (including Falcón, Lara, Anzoátegui and Sucre) 

where it is found in isolated populations, to the nearby Venezuelan islands of La 

Blanquilla and Margarita. Disjunct populations of the Y-sA are also found on the 

Antillean islands (Netherland Antilles) of Bonaire to which the Y-sA is native, and 

Curacao where it was introduced (Birdlife International 1992; Collar 1996; 

Rodriguez-Ferraro & Sanz 2007; Williams 2009; IUCN 2010). The Y-sA historically 

populated Aruba but was extirpated in 1950 as a result of human persecution 

(Voous 1983). Population estimates for the species range from a total of 2,500–

10,000 with approximately 650 individuals on Bonaire.  

 

Fig 1.1. A) Photograph of A.barbadensis B) Range map (taken from www.iucnredlist.org). 

 

Venezuela  

A B 

http://www.iucnredlist.org/
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Population figures for the Y-sA were described as ‘decreasing’ when last assessed by 

BirdLife International in 2008 (BirdLife International 2010; IUCN 2010).  The 

threats associated with the decline of the species include; 

1. Over-exploitation and poaching for trade on the international pet market 

(Birdlife International 1992; IUCN 2010). 

2. Habitat destruction to a) make way for tourism development and b) due to 

over-grazing by invasive goats (De Freitas et al 2005; Williams 2009). 

3. Persecution by means of poisoning and shooting as a reaction to alleged crop 

damage (Voous 1983).  

The combination of small range size and pressure from increasing threats led to the 

classification of the Y-sA as vulnerable to extinction by the ICUN in 2008. In 

response, several conservation actions have been initiated. The Y-sA is now listed 

under Appendix I & II of CITIES, although legal enforcement of this protection is 

poor in Venezuela (CITES 2010). Anti-poaching, awareness-raising campaigns and 

re-introduction programs have also been launched (Sanz & Grajal 1998; Montanus 

2003). However there are still many challenges remaining for A. barbadensis and co-

operation at both the inter-national, national, and local level are imperative for 

successful recovery of the species. 

1.2 Problem statement  

On the Caribbean island of Bonaire trees bearing fruits such as Mango (Mangifera 

indica) and Naseberry (Manilkara zapota) are cultivated on private land, and 

harvested for uses such as sale within the immediate community, or for personal 

consumption. However frequent damage to crops that disallow future utilisation of 

fruit has provoked conflict between people and wildlife on Bonaire. Residents 

believe the Y-sA is responsible for the majority of the damage to fruit crops, and as a 

result the species is now perceived as a pest by the local community. The situation is 

aggravated by the consequent economic losses incurred by households in terms of 

lost sales or having to buy replacement fruit. The subject of fruit damage caused by 

the Y-sA has become a community talking point, and adverse perceptions of the 

species are spreading rapidly (Williams pers.comm.) The escalating negative 
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attitudes of fruit growers now threaten to undermine conservation efforts towards 

the Y-sA on Bonaire.  

1.3 Aims & objectives 

This study aims to tackle the problems faced by both people and parrots on Bonaire. 

Attitude and damage assessments will be conducted to establish and verify local 

perceptions of the Y-sA. Deterrents will also be developed in an attempt to reduce 

human-wildlife conflict (HWC) and diffuse the situation before it threatens the 

future conservation of the Y-sA. 

1.4 Focus research questions 

a) What is the perception of parrots on Bonaire, and are estimates accurate in 

terms of damage extent and economic cost? 

b) What is the actual damaged caused by parrots to fruit crops? 

c) What is the economic cost of this damage to local people? 

d) Can predator mimicking devices act as effective parrot deterrents?  

1.4.1 Perceptions  

Questionnaires will be conducted to understand local opinions of the Y-sA on 

Bonaire. Additional to this surveys will obtain information regarding people’s 

estimates of both the amount of parrot damage caused to fruit trees (in % damage), 

and resultant economic loss (in $ per month).  

1.4.2 Damage assessments 

Damage assessments will determine the extent of damage caused to Mango and 

Naseberry trees by A.barbadensis and passerine birds. Assessments will allow the 

quantification of: 

a) The damage parrots inflict on fruit crops in terms of percentage damage. 

b) The damage caused by other species e.g. passerine birds. 

c) The economic loss incurred by people due to parrot damage in terms of lost 

sales and the cost of purchasing replacement fruit. 
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1.4.3 Estimated Vs observed damage  

The results of questionnaires will then be compared with data collected from 

damage assessments to determine the accuracy of local opinions in reference to 

damage and cost estimates. 

1.4.4 Deterrents  

Experiments will be conducted using non-lethal deterrents modeled on previously 

successful work carried out in the USA (Hothem & DeHaven 1982; Conover 1984; 

Steensma et al 2009). These investigations used air-borne kites designed to mimic 

the target species natural predator, and stationed them above fruit crops. Such 

devices exploit an innate fear in the target by stimulating an avoidance response 

which consequently deters the pest from the area within its immediate vicinity 

(Conover 1979; Osborn & Hill 2005). Similar deterrent experiments were successful 

when trialed on avian pests in America, and should therefore be applicable 

elsewhere, and in this instance to parrots (Hothem & DeHaven 1982; Conover 1984; 

Steensma et al 2009). In this case kites will replicate the Crested Caracara, Polyborus 

plancus (Fig 1.2.) in terms of shape, size, colour and mobility. Although not a 

confirmed predator of Y-sA, parrots respond to the Caracara as though it were by 

squawking and immediately vacating the area (Williams pers.comm).  

 

 

                  Fig 1.2. A) The Crested Caracara, Polyborus plancus B) P. plancus in flight. 

 

 

A B 
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1.5 Hypothesis 

1. Local people will have an exaggerated negative perception of parrots i.e. 

perceptions of parrot damage and economic cost will be higher than in reality.  

2. The incurred damage and economic cost of parrots will be high. 

3. Predator mimicking deterrents will significantly reduce additive parrot crop 

damage. 

1.6 Importance of research 

It is important that the problem on Bonaire is diffused swiftly. On Aruba a similar set 

of circumstances, in which the Y-sA was persecuted for damage to millet crops, 

escalated so severely that it was driven to extinction on the island (Voous 1983). 

Parrots are long lived species with a slow life history. Reduced adult survival in such 

species can be exceedingly damaging for population viability, so if a similar response 

developed on Bonaire it could have potentially devastating effects on the Y-sA 

(Bucher 1992; Bennet & Owens 1997). The proactive investigation of this matter is 

therefore of great significance to the future conservation of the Y-sA in order to 

avoid the situation reaching a similar level on Bonaire.  

Additionally there is a total absence of empirical data on the extent of damage and 

economic loss caused by A.barbadensis on Bonaire. Therefore this investigation 

provides a vital first step towards resolving the present situation. There is also 

scope to determine the accuracy of community views on Bonaire as previous studies 

have shown that local perceptions of damage are often exaggerated (Bucher 1992; 

Naughton-Treves & Treves 2005). The colorful and noisy nature of parrots also 

makes them more conspicuous than other species and as a result of this subject to 

unjustified blame (Bucher 1992). Such data is invaluable considering the large gaps 

in knowledge regarding perceived Vs actual damage and economic loss (Bucher 

1992; Messmer 2000). If the results of this investigation show local perceptions to 

be exaggerated and that the Y-sA causes less damage than thought, then it may also 

help diffuse the situation and decrease hostility towards the parrot.   

To add to this, as yet simple deterrent techniques to reduce damage and 

consequently pacify perceptions have been left un-explored. Research into effective 

deterrents is particularly important as they offer potential to create a solution for 
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people that does not harm the parrots themselves or undermine their conservation 

(Seamans et al 2002). If successful such deterrents can also be replicated and used 

elsewhere. The work carried out as part of this investigation should also stimulate 

further research into finding suitable solutions to situations of HWC that work for 

both residents and the species in question. Previous attempts to resolve conflicts 

relating to crop damage often failed to address the situation in its entirety, focusing 

on either the socio-economic or biological sciences (Messmer 2000). This study is 

distinct in that it aims to address the situation as a whole, examining both the socio-

economic and conservation science aspects of the problem; a task that could be 

regarded as long over-due (Bucher 1992).  

This thesis will now provide a literature review examining the issues relevant to the 

focus of this work by first discussing the concept of HWC. Attention will be paid to 

the conflicts associated with agricultural production, particularly crop damage. Case 

studies and previous work relevant to the central themes of this paper will be 

introduced and methods associated with the reduction of HWC conflict to present 

day will be critically explored. The report will then proceed to detail the methods 

used in this investigation, explain the results produced by the study, and discuss the 

wider implications of its findings. 
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2. BACKGROUND  

2.1 Human-wildlife conflict 

HWC is a subject of extreme controversy in conservation science, particularly when 

wildlife has a detrimental impact on human livelihoods (Thirgood et al 2005). As a 

result, conflict has been well documented across species (Siex & Struhsaker 1999; 

Osborn & Parker 2003; Treves & Karanth 2003; Thompson et al 2009). This 

culminates in the agricultural industry where livestock depredation and crop 

damage from wildlife causes economic loss, and as a result animals are persecuted 

(Messmer 2000; Woodroffe et al 2005a).  Consequently HWC has become a global 

conservation issue, especially where endangered species are concerned (Osborn & 

Hill 2005).  

2.2 Conflict in agriculture 

In 2009 Sutherland et al cited HWC as one of the top 100 most important biological 

questions to address in the immediate future by asking;  ‘What factors shape human 

(in)tolerance of the presence and activities of wild animals, especially where those 

animals induce human–wildlife conflict?’ (Sutherland et al 2009).  As the human 

population increases, greater pressure is put on land and the production of food and 

animal products derived from agriculture (Leisinger et al 2002). Higher demand for 

these products has led to a significant expansion of the agricultural industry into 

natural habitats (Thirgood et al 2005). The continuous growth of the industry and 

subsequent degradation of natural habitat for agricultural purposes has increased 

competition between humans and wildlife for environmental resources (Osborn & 

Hill 2005). This over-spill has increased the occurrence of human-wildlife 

interactions. Such interactions with wildlife can be either positive or negative. In the 

agricultural industry interactions are usually negative as wildlife often cause 

damage to crops or deplete livestock, which is detrimental to stakeholder 

livelihoods (Thirgood et al 2005). As well as being essentially an economic issue, 

damage can also be considered an aesthetic problem in which it is just a plain 

nuisance (Messmer 2000).  
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The species held responsible for damage are regarded as a pest, which can be 

defined as any animal that damages crops and/or livestock at any stage of its life 

(Porter & Sheppard 1998; Naughton-Treves & Treves 2005). The cost associated 

with pest species is frequently quoted as one of the greatest economic challenges 

faced by farmers (Naughton-Treves & Treves 2005). A survey carried out in 1998 

found that 80% of participants reported annual wildlife damage with 54% claiming 

losses of over $500 (Conover 1998; Messmer 2000). The cost of wildlife damage to 

both crops and livestock can be either direct in terms of the damage done, or 

indirect in terms of money spent preventing damage. Indirect costs can also be 

affiliated with the opportunity cost of prevention; i.e. the opportunities foregone in 

terms of time and money in order to prohibit further wildlife damage (Norton-

Griffiths & Southey 1995; Thirgood et al 2005).  

 

2.2.1 Crop damage 

Crop damage is a subject of particular HWC, (Bucher 1992; Woodroffe et al 2005a; 

Feber et al 2007; Sillero-Zubiri et al 2007) with yearly losses to crops estimated at 

53 million US dollars alone (Messmer 2000). In cases where damage is severe it can 

threaten food/livelihood security, displace agriculture and even prevent human 

settlement (Naughton–Treves & Treves 2005; Woodroffe et al 2005a).  The subject 

of crop raiding has subsequently received much attention in terms of prevention, 

control and management (Osborn & Hill 2005; Thirgood et al 2005).  

Damage to crops can be caused by animals ranging from insects to elephants 

(Woodroffe et al 2005a). Small species such as insects, rodents and birds often cause 

low level damage at a continuous rate, whereas larger species such as primates and 

elephants (see Box 1.) cause high level damage during rare crop raiding events 

(Naughton-Treves & Treves 2005). It can therefore be argued that damage caused 

by both small and large species is of equal proportion as damage from small species, 

although less noticeable, has a cumulative effect (Naughton-Treves & Treves 2005).  

The impact crop damage has on individual households differs according to their 

vulnerability. A farm can be said to be at high risk of damage if it is located either 

near the natural habitat of the pest species, or alongside a reserve boarder (Sillero-

Zubiri et al 2007). The difference in terms of impact is due to the abilities of farmers 
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to cope with damage. Those with alternative sources of income are more resilient to 

damage than those who rely on a single crop as their exclusive income (Woodroffe 

et al 2005a).  

Box 1. Case study: African Elephants and crop raiding. 

One of the most cited examples of HWC is the conflict between African elephants, Loxodonta 
Africana and crop farmers (Osborn & Parker 2003; Woodroffe et al 2005a). The expansion 
and movement of African populations into 
elephant habitat has significantly increased the 
incidence of conflict situations between the 
species and the agricultural community as 
elephants raid crops in search of food. Such 
damage is highly localised and irregular; 
however when it takes place the level of 
damage and associated costs can be 
catastrophic, (Thirgood et al 2005). Just one 
incident can amount to >50% of an individual’s 
annual income creating a situation in which 
damage is in-frequent yet disastrous when it 
occurs (Thirgood et al 2005).  

 

Attempts to prevent damage carried out by local farmers also carry a high risk; the loss of 
human life. African elephants are therefore not only regarded as a serious pest but 
represent a significant threat to human life in Africa (Knickerbocker & Waithaka 2005). The 
situation is only exuberated by the legal protection of elephants as an endangered species, 
causing local resentment towards government bodies (Naughton–Treves & Treves 2005). 
The situations severity has led to the development of a number of responses such as;  

 Manual crop guarding -although this is risky to carry out (Osborn & Hill 2005). 
 Using visual and acoustic deterrents such as fire and loud noises to scare elephants 

away from crops (Hoare 2000). 
 Re-location of farms to areas further from park boarders as damage occurrence 

decreases with distance (Naughton–Treves & Treves 2005). 
 Building electric fences around National Park boundaries to contain elephant 

populations within them (Knickerbocker & Waithaka 2005). 
 Using bee hives and bee noises to elicit an innate fear response to deter elephants 

from crops (King et al 2007). 
 Focusing on education and awareness-raising within local communities (Borah et al 

2005; Woodroffe et al 2005). 
 Tourism promotion and the distribution of its benefits to farmers as a form of 

compensation (Barnes 1996; Tisdell & Zhu 1998). 
 Allowing organised culling and trophy hunting to control population size (Loveridge 

et al 2007). 

The attention given to this situation has made a dramatic difference to the successful 
reduction of conflict between people and elephants in Kenya. Preventative measures have 
significantly decreased the occurrence of both crop damage and human deaths in the last 
decade (Knickerbocker & Waithaka 2005). 

 

Crop damage caused by African elephants.          

Source: minnesota.publicradio.org 
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2.3 Traditional responses to conflict 

2.3.1 Lethal control 

Human responses to conflicts with wildlife have traditionally been in the form of 

lethal control (Osborn & Hill 2005; Thirgood et al 2005). This is achieved by 

decreasing populations of the pest species by shooting, trapping, or poisoning to 

keep numbers to a level at which conflict is sufficiently reduced (Treves & 

Naughton-Treves 2005).  

When lethal control is implemented across a wide geographical scale it can severely 

reduce the number of wild individuals in the pest populations (Thirgood et al 2005). 

The result of this can be especially damaging at the conservation level if the species 

in question is endangered, in which actions could threaten the species continued 

existence or even lead to its extinction (Woodroffe et al 2005a ; Thirgood et al 

2005). The approach encounters further problems as most lethal devices are not 

specific to the target species and therefore kill species indiscriminately, damaging 

not only the pest population but other non-intended targets (Osborn & Hill 2005). 

Lethal reactions to conflict can therefore be biologically unsustainable (Sillero-

Zubiri et al 2007).  

The realisation of the long term effects of lethal control has made such responses 

increasingly controversial and unacceptable in the view of both scientists and the 

public (Thirgood et al 2005; Sillero-Zubiri et al 2007). However the often polarised 

opinions of different stakeholders when it comes to controlling species can make 

handling situation particularly problematic (Osborn & Hill 2005). Simply prohibiting 

lethal responses to protect species is not a realistic solution, as it is unfair on those 

left harbouring the cost of conservation (Bucher 1992; Woodroffe et al 2005). The 

creation of such stringent policies also builds tension between government 

authorities and local communities who are often driven to break the law in order to 

protect their livelihood (Osborn & Hill 2005; Woodroffe et al 2005).  

2.3.2 Trade 

A less severe measure of control is to use legal trade in the species to control its 

population level. However this is also hazardous as extraction for trade is unlikely to 

cease, (and liable to resist stopping) once a population has reached a level at which 
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conflict is reduced, namely as trade drivers are independent of underlying conflict 

problem (Bucher 1992).  

The issues associated with traditional approaches leave conservationists with the 

challenge of reconciling human and wildlife needs without inflicting severe 

detrimental impacts on natural populations and people’s livelihoods (Sillero-Zubiri 

et al 2007). To do this alternative options to those used traditionally need to be 

developed (Thirgood et al 2005).  

 

2.4 Modern approaches 

2.4.1 Compensation schemes 

One option is to compensate those subject to economic losses as a result of the 

conservation of pest species (Nyhus et al 2005). This method has been used in the 

case of the Lear’s Macaw (Box 2.). However this technique has its own set of 

associated problems. The correct distribution of funds is one obstacle to overcome 

when attempting to compensate farmers, as it is not possible to set a standard 

compensation rate due to the irregularity of crop damage (Bucher 1992; Osborn Hill 

2005). This makes it difficult to compensate people accurately (Woodroffe et al 

2005b). Compensation schemes are also highly susceptible to corruption as people 

in recipient of compensation are incentivised to exaggerate damage in order to gain 

extra reimbursements (Woodroffe et al 2005b; Nyhus et al 2003). This means that 

independent assessments often have to be carried out on an individual level to 

ensure the amount of compensation awarded is correct, making the process both 

costly and labour intensive (Osborn & Hill 2005; Nyhus et al 2005). A further 

problem associated with re-imbursement is its long term sustainability (Nyhus et al 

2003). Payments that are costly and frequently made must have substantial long 

term funding to succeed. This is often hard to secure, and occasionally even exceeds 

the value to the resource receiving protection (Nyhus et al 2003; Nyhus et al 2005). 
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Box 2. Case Study: the Lear’s Macaw compensation scheme. 

In Canudos and Jeremoabo, Brazil subsistence corn farmers who rely on crop yields to feed 
their family and livestock regard the endangered Lear’s Macaw (LM), Anodorhynchus leari 
as a pest. The recovery of the LM as a result of conservation efforts has increased the 
intensity of crop raiding and local farmers are suffering greater losses of yield as a result. 
The typically wasteful feeding behaviour of the parrots, who often only partially damage 
and drop food only aggravates the situation, (see photograph below).  

 
Traditionally farmers implemented guarding to deter parrots however questionnaires 
confirmed that this was having a significant 
social impact on farming families who 
regularly kept their children back from 
school to guard corn fields. Guarding 
methods are however becoming increasingly 
less effective as the parrots grow accustomed 
to guard presence. As a result farmers have 
resorted to killing the LM in order to protect 
their crops. This reaction represents a 
significant threat to the future recovery of the 
LM. The danger of persecution form farmers 
is now considered to be an even greater 
threat to the parrots than threats such as 
habitat loss or poaching.  
 
 
 
In response Parrots International and the Lymington Foundation formed a partnership in 
2006 in order to implement a compensation scheme for farmers suffering from crop 
damage. In this case farmers are reimbursed with sacks of corn, not money. In order to 
compensate correctly initial assessments were conducted to create a compensatory scale 
using farm size to predict expected yield, (average yield= 4 sacks of corn per 1/3Ha). 
Compensatory corn is then awarded according to the level of damage determined by 
damage assessments. The scale used at present awards farms experiencing low level 
damage with 1 sack of corn, those with moderate damage receive 2, crops damaged to a 
high level are given 3, and farms suffering from severe damage are provided with 4 
compensatory sacks of corn.  
 
The project aims to create a win-win situation in which farmers are rewarded for allowing 
the parrots to feed as 110% of losses are compensated for. Therefore parrot presence 
becomes an asset rather than a problem for farmers, and killing the LM is no longer 
beneficial. In 2006 a total sum of 16 farmers each received compensation of 60Kg of corn 
costing £20,000. Following the success of the project it has since been granted further 
funding of £30,000 per year (Parrots International 2010). 
 
Despite this the project may face problems in the future due to the large cost of 
compensating a small number of farmers. The cost of the project will also increase as 
populations of the Lear’s Macaw recovers and required compensation rises simultaneously, 
making it potentially unsustainable in the future. There is also a risk that farmers will 
exaggerate damage in order to receive larger amounts of compensatory corn further 
jeopardising the long term sustainability of the project.  
 

Lear’s Macaw eating subsistence farmers 

corn. (Photo credit M.Stafford, Parrots 

International). 
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2.4.2 Human-Wildlife Conflict Management 

The current approach to damage prevention is known as ‘Human-Wildlife Conflict 

Management’ (HWCM) (Messmer 2000). This strategy aims to identify a problem 

and take steps to mitigate it, in order to find a workable solution. HWCM prioritises 

actions that are both effective and sustainable in that they do not put pressure on 

the continued survival of the species or its surrounding environment (Messmer 

2000). This type of approach incorporates the views and opinions of all involved 

stakeholders, and works with them to build tolerance to reduce conflict situations 

(Decker et al 2002; Woodroffe et al 2005b; Sillero-Zubiri et al 2007). It also uses 

what is known about the species ecology and employs this in management plan 

development (Messmer 2000; Osborn & Hill 2005). HWCM is designed so it can be 

applied to any HWC situation weather economic or aesthetic, real or perceived by 

using a multi-faceted toolbox of options (Messmer 2000). The logic of HWCM can be 

summarised by the schematic below (Fig 2.1.) (Sillero-Zubiri et al 2007). 
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Fig 2.1. Diagram detailing the impact reduction scheme employed to reduce situations of 

HWC. Taken from Sillero-Zubiri et al 2007. 

 

2.4.3 Deterrents 

Additional to this deterrents, coined by Hunt in 1983 as ‘something that hinders or 

discourages’, can be used to keep pest species away and reduce undesirable 

behaviour towards standing crops (Hunt 1983; Osborn & Hill 2005). Once set-up 

deterrents typically require little or no further labour, however some forms of 

deterrent such as physical guarding can be very labour intensive (Osborn & Hill 

2005). Technologically advanced deterrents can also be extremely costly, especially 

when applied over a large scale for extended periods of time (Bucher 1992; Harris & 
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Davis 1998; Osborn & Hill 2005). The choice of deterrent used is often affected by 

the cost of damage to crops. If damage assessments find the cost of damage to be 

minimal then expensive deterrents can be discarded as unsustainable. However if 

results indicate high level damage then more costly deterrents can be used and still 

be economically viable (Fukuda et al 2008). 

 

2.5 Common themes in HWC 

In cases of HWC associated with crop damage three themes dominate the literature:  

 

1) The opinions and perceptions of local stakeholders, including their accuracy.  

2) Damage quantification; is damage enough to warrant a response? 

3) The scope to develop effective deterrents. 

I will now critically discuss the application of these considerations to date, while 

referring to previous studies that have utilised them. 

2.6 Perceptions 

Communities can represent a vital ingredient or obstacle to conservation success 

(Naughton-Treves & Treves 2005; Woodroffe et al 2005a; Sillero-Zubiri et al 2007). 

Perceptions are typically determined using questionnaires and surveys (Conover & 

Decker 1989; Jacobson et al 2003). Historically surveys have found that perceptions 

of wildlife rely heavily on the personal experience of the stakeholder (Osborn & Hill 

2005). Those who suffer the economic consequences of wildlife such as damage, 

tend to have a negative opinion of the animal in question, and subsequently support 

control of the pest species. Those removed from the situation however often hold 

the opposite view and favour its protection (Osborn & Hill 2005). Situations where a 

species is negatively perceived need to be handled appropriately regardless of 

whether perceptions are accurate or not, as circumstances (especially in small 

communities) may escalate to a level at which conservation is undermined by an 

unsustainable response (Sillero-Zubiri et al 2007). Considering this it can be said 

that damage perception should be regarded with the same importance as actual 

damage when dealing with a situation of HWC (Naughton–Treves & Treves 2005; 

Sillero-Zubiri et al 2007). 
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2.6.1 Critical analysis 

People perceptions often deviate from the case in reality. When farmers are asked to 

estimate damage extent there is a worldwide tendency to exaggerate. Damage is 

therefore often perceived to be of a greater extent than is the case (Bucher 1992; 

Naughton-Treves & Treves 2005). Farmers also struggle to place an accurate cost on 

the damage caused by wildlife to their crops (De Grazio 1978). The irregular 

occurrence of damage makes it difficult to draw accurate comparisons between 

people’s perceptions and estimations of damage (which are based on past 

experience), and actual damage levels (which are measured during the present), as 

damage does not always reoccur in the same manner as previously (Bucher 1992; 

Thirgood et al 2005). To add to this, certain species such as those that are 

conspicuous in terms of either appearance or behaviour often receive the majority 

of the blame for damage although they are usually not the only culprits (Bucher 

1992). For example birds are more often cited as a pest species over insects or fungi 

which are equally as widespread and able to cause damage, yet significantly less 

noticeable (De Grazio 1978). Considering the problems associated with people’s 

perceptions responses to HWC cases should take into account not only qualitative 

but quantitative data (Sillero-Zubiri et al 2007; Messmer 2000). 

 

2.7 Damage assessments  

The combination of miscalculated damage and unjustified blame highlights the need 

to collect quantitative data (Fukuda et al 2008). It is important to determine the 

level of damage quantitatively using appropriate statistical methods in order to 

justify political decisions, establish perception accuracy, and analyse if the current 

response is rationale (De Grazio 1978; Bucher 1992; Fukuda et al 2008). Damage 

assessment methods vary according to scale (Linehan 1967). When damage is small 

scale or easily identified, actual counts of the number of damaged items are used 

(Linehan 1967). Large scale damage assessments however require the use of 

estimations (Shields 1992). These are usually extrapolated from data collected over 

a smaller proportion of the affected area. 
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2.7.1 Critical analysis 

Damage is difficult to quantify with accuracy for a number of reasons. The first 

complication arises because damage takes place at an irregular rate over both space 

and time (Bucher 1992; Osborn Hill 2005). Problems are magnified when annual 

damage estimates are extrapolated from much shorter periods of time. Pest species 

are generally opportunistic, and by virtue of this raid crops when the opportunity 

arises (Bucher 1992; Osborn & Hill 2005). This means that damage is often patchily 

distributed and highly localised, so in instances where it occurs its extent is severe. 

Other factors affecting the variability of damage include the location of the farm in 

relation to the pest species natural habitat (Bucher 1992). Farms situated in close 

proximity to pest territory have been found to suffer most from damage, creating 

‘damage hotspots’ which are likely to bias results when data is collected within them 

(Naughton-Treves & Treves 2005). Damage levels also vary temporally according to 

season (Osborn & Hill 2005). Levels are at their highest in the dry season during 

which natural food becomes scarce and animals are more likely to exploit 

alternative sources such as crops (Siex & Struhsaker 1999). Damage is also often 

positively correlated with poor agricultural practices (Bucher 1992; Sillero-Zubiri et 

al 2007). All the above factors can cause over-estimation of the case in reality. 

Damage levels can also be easily underestimated such as when sampling takes place 

in a region of especially low damage, or human error causes some damage to be 

overlooked during assessments (Somers & Morris 2002). These factors make 

comparisons between individual sites difficult to assess. The variable nature of 

damage also makes it hard to quantify in terms of cost as annual loss estimates are 

typically extrapolated from a brief assessment period which may have been 

influenced by one or more of the biasing factors discussed (Naughton-Treves & 

Treves 2005). Additionally the irregularities associated with damage often make 

large scale control too costly to be economically viable (Bucher 1992). 

2.8 Deterrents  

The most popular alternative to lethal control is the use of deterrents (Bucher 1992; 

Osborn & Hill 2005). Deterrents can be as simple as a partitioning fence, or more 

complex (Harris & Davis 1998; Osborn & Hill 2005). Simple excluding deterrents 

such as fencing or netting can be effective, however these are easily overcome by 
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organisms able to fly or break through them (Osborn & Hill 2005). More complex 

deterrents use visual, acoustic, or chemical cues to exploit the instincts of target 

species and elicit a behavioural response such as fear to deter the animal (Harris & 

Davis 1998; Bucher 1992 Osborn & Hill 2005).  

Visual deterrents are designed to appear frightening to the target species by 

representing something unusual or by mimicking a predator (Conover 1979; Inglis 

& Isaacson 1984; Seamans et al 2002; Fukuda et al 2008). Acoustic deterrents 

typically make noises at timed intervals to continuously scare away pests (Steensma 

et al 2009). Chemical deterrents can be in the form of conditioned taste aversion 

(CTA) where a non-palatable chemical is sprayed on the crop (Osborne & Hill 2005). 

Examples of deterrents and the circumstances in which they were used can be found 

in Table 2.1. below. 

 

2.8.1 Critical analysis  

The use of deterrents is easily criticised. Visual deterrents encounter problems 

when used over a long period of time as they begin to lose effectiveness once target 

species become accustomed to their presence (Conover 1979; Fukuda et al 2008; 

Steensma et al 2009). Acoustic deterrents are also prone to becoming habituated 

(Bucher 1992; Osborn & Hill 2005).  Additionally they are known to sometimes have 

the opposite effect to what is anticipated. This happens when mock distress or 

predator calls are used to deter pests as the noise provokes a defensive response by 

alerting individuals within the immediate vicinity, causing the recruitment of further 

individuals (Bucher 1992). Chemical deterrents have been cited as worthy of further 

investigation, (Osborn & Hill 2005) yet they are by no means risk free. The 

chemicals used in such deterrents are often harmful to environment causing 

pollution as well as harm other non-target species (Harris & Davis 1998).  
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Table 2.1. The range of available deterrents currently used to protect crops from avian 
damage. Adapted from Harris & Davis 1998. 

 

Deterrent  
 

Method Efficiency Reference 

 
Visual  

 
Scarecrow 

 
Moderately 
recommended  

 
Nakamura 1997 

 Reflective tape Moderately 
recommended 

Summers & Hillman 
1990 

 Predator models Moderately 
recommended 

Conover 1979, 1983  

 Predator mimicking 
kites 

Recommended Hothem & DeHaven 
1982; Conover 1984 

  
Warning colours 

 
Recommended 

 
Littauer 1990 

  
Dead birds 

 
Moderately 
recommended 

 
Inglis &Isaacson 1984 

 Live predator 
encouragement 

Highly 
recommended 

Harris & Davis 1998 

    
Acoustic Shot-guns Not recommended Nomsen 1988 
 Pyrotechnics Moderately 

recommended 
Nelson 1990 

 Distress calls Moderately 
recommended 

Keidar et al. 1975; 
Steensma et al 2009 

  
Predator calls 

 
Moderately 
recommended 

 
Frings & Frings 1967 

 High Intensity sound Not recommended Harris & Davis 1998 
    
Chemical Chemical taste 

aversion using ReJeX-
iT 

Moderately 
recommended 

Harris & Davis 1998 

    
Exclusion Netting Moderately 

recommended 
 

Foster 1979 
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2.9 Study site  

Research was conducted on the Caribbean Island of Bonaire (Fig 2.2.) located 

between 12° 1’ - 12° 9’ North and 68° 11’ - 68° 25’ West approximately 80km North 

from the coast of Venezuela. The island covers an area of 288km2, is 39km long and 

between 4.8-11.3km wide (www.infobonaire.com/maps.html). Bonaire is part of the 

Netherlands Antilles (Dutch Caribbean) and has a population of ~14,000 consisting 

mainly of local Bonaireans and Dutch inhabitants. The climate has an average annual 

temperature of 28oC and a mean precipitation of 463mm a year, of which >50% falls 

from October–December (www.geographia.com/bonaire/). Due to low annual 

rainfall the vegetation found on Bonaire is xerophytic in nature, characterised by a 

number of cactus species and thorny scrub. Since European colonisation in 1526 

and its subsequent development the islands habitat has been subject to significant 

degradation. Over-grazing by invasive free-ranging goats (Capra aegagrus hircus) 

has also played a major role in its deterioration (Williams 2009). 

 

 
 

Fig 2.2. Satellite image of Bonaire (taken from www.bing.com).    

 

 

http://www.infobonaire.com/maps.html
http://www.geographia.com/bonaire/
http://www.bing.com/
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3. METHODS 

3.1 Initial set-up 

Data collection took place from the 01st May – 10th July 2010. Fruit growers were 

recruited through the local media (see Appendix 7.3 for newspaper article), by 

developing networks with community groups, local council, the National Park 

Foundation STINAPA, and through the Department for Agriculture. Participant’s 

gardens were located across the island in all the major inhabited areas (Fig 3.1.).  

 

 

Fig 3.1. GIS map indicating the location of the gardens used in deterrent experiments. 
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3.2 Perceptions 

Questionnaires were constructed based on advice from Oppenheim 1992 & Gillham 

2000. The resultant Surveys were completed by residents from all homes 

participating in deterrent experiments, as well as by homeowners from all other 

gardens inventoried. Questionnaires were conducted before the completion of initial 

damage assessments, to ensure responses were not biased by the viewing of damage 

assessments. The questionnaire was translated into both English and the local 

language, Papiamentu for clarity. Each questionnaire included a cover page which 

outlined the study and provided personal contact details. Caution was taken to 

appear neutral when describing the project on the cover page so as not to influence 

people’s answers. For example the word ‘conservation’ was avoided. The 

questionnaire itself encompassed three pages of questions, taking on average 15 

minutes to complete. Questionnaires were completed by householders in my 

presence to ensure questions were fully understood, enable assistance to be 

provided if required, and that all were answered. Questionnaires included both open 

and closed ended questions to allow the collection of both quantitative and 

qualitative data for analysis. Visual aids were used to assist participants, avoid 

confusion, and ensure understanding (see Appendix 7.2 for copies of visual aids). All 

those surveyed were shown a photograph of the Y-sA and the Brown-Throated 

Parakeet, both of which inhabit Bonaire, and were asked to respond only in 

reference to the parrot. Pie charts were also used to assist people with answering 

questions involving percentage estimation. For a full copy of the questionnaire see 

Appendix 7.1. Following pilot studies some questions were simplified to assist 

future use. The focus of questionnaires was to determine local opinions of the Y-sA 

and why such views were held with particular reference to estimated percentage 

damage and cost.  

3.3 Damage assessments 

Damage assessments were carried out on two species of fruit tree; Mango and 

Naseberry. These species were selected for study due to the large size of their fruits 

and because of the frequent and conspicuous parrot damage they sustain. This made 

them suitable candidates for making accurate standing crop counts and damage 

assessments. Assessments were carried out on all fruiting Mango and Naseberry 
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trees inventoried using the same methodology; by first estimating standing crop and 

then examining damage extent. 

3.3.1Standing crop  

Fruit standing crop was estimated using both actual counts (Linehan 1967; Nelms et 

al 1990), and the standardised limb count (SLC) method of the United States 

Department of Agriculture for fruits and nuts (Shields 1992). Actual counts were 

carried out for all assessed tress, and involved individually counting all fruit on the 

tree to gain a figure for total fruit crop. Counts were repeated three times per tree 

and an average was taken for accuracy. The SLC was used in combination with 

actual counts when trees had a crop exceeding >100 fruits. To do this a portion of 

the tree representing ~10% of total crop was designated, the fruit in the section 

counted, and subsequently scaled-up to gain a total estimate (Shields 1992). Both 

methods provided concurrent and workable standing crop figures for trees.  

3.3.2 Assessment 

Once standing crop was determined damage was assessed by counting the following 

on each tree:   

a) The number of fruit damaged by parrots (easily distinguishable from bite marks, 

see Fig 3.2.). 

b) The number of fruit damaged by passerine birds. 

c) The number of fruit damaged by an animal that was not a bird.  

d) The number of undamaged fruit. 

This method was repeated for fruit on the surrounding ground as parrots are 

known to frequently drop fruit (Snow 1971; Nelms et al 1990; Shields 1992).  
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Fig 3.2. Examples of damage both on the tree (top) and the ground (bottom) caused by 

parrots to Mango (left) and Naseberry (right) fruit. 

 

This enabled percentage damage figures to be obtained and allowed the economic 

cost of damage (in $ per month) to be determined (Linehan 1967; Nelms et al 1990). 

Methods were piloted to accomplish accurate standing crop estimates by practicing 

techniques, and determine the accuracy of actual counts Vs the SLC method early on. 

Findings indicated that the SLC method was a good indicator of standing crop as 

results were closely matched to those gained from counts. The pilot study also 

enabled the accomplishment of correct identification of parrot/passerine damage 

which ensured future accuracy in the study. 
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3.4 Estimated Vs observed damage  

Specific attention was given to survey questions that asked people to estimate 

percentage damage caused by parrots to their fruit trees and provide an estimate of 

the economic cost of this loss. Such responses will later be compared to actual 

percentage damage and cost figures as determined from damage assessments using 

Chi2 goodness of fit statistics to understand if local perceptions are an accurate 

representation of reality. To do statistics correctly percent data was converted to 

counts as Chi2 analysis cannot be carried out on percentage data. The cost of parrot 

damage was based on the retail price of fruit (1.82 ANG). For households that grew 

fruit to eat, consumption was capped at 30 per month and the replacement cost of 

this was calculated accordingly using the average supermarket prices. 

3.5 Deterrents 

Past studies noted that realism and mobility significantly increased deterrent kite 

effectiveness and prevented rapid habituation (Conover 1979). Lessons learned in 

such studies were utilised in kite design for this investigation and mobility was 

ensured. Kites designed to visually replicate the parrot’s native predator, the 

Crested Caracara, Polyborus plancus in terms of shape, size, colour, and movement 

(Fig 3.3.) were used to ascertain if they had a significant deterrent effect on Y-sA.    

 

Fig 3.3. Photograph of the deterrent kite used to mimic the Crested Caracara. 
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3.5.1 Pairing 

To accurately test deterrent effectiveness, gardens containing fruit trees were 

paired (Nelms et al 1990). A pair constituted two trees located in separate gardens; 

one containing a kite deterrent, and another in which no deterrent was placed. 

Therefore each tree was considered as a separate experimental unit (Seamans et al 

2002). Gardens were paired strategically according to tree type and size to ensure 

pairs had similar environmental variables in order to draw fair comparisons. 

Associated pairs contained the same tree type (Mango or Naseberry) and similar 

sized trees (large, medium, or small). For example large Mango trees were paired 

with large Mango trees, and small Naseberry trees were paired with small 

Naseberry trees. Therefore in this case selection of gardens was strategic and not 

random. In total experiments were carried out on 12 pairs and 24 individual trees 

(12 trees with a deterrent treatment and 12 trees without).  

3.5.2 Attachment 

Kite deterrents measuring 48cm by 360cm were attached to 7.6cm by 5.1cm 5.49m 

wooden poles using flexible wire, to enable continuous mobility of the device and 

the consequent mimicry of a Caracara in flight. Poles were then attached to 

experimental trees so the kite was centrally positioned at a uniform height of 2m 

above tree canopy to ensure consistency across all test trees (Fig 3.4.).  

3.5.2Additive damage  

All paired trees were subject to an initial damage assessment immediately before 

deterrent trials commenced to establish the baseline standing crop, and gain initial 

damage data to allow additive damage to treatment and non-treatment trees to be 

compared and assessed. Once deterrents had been erected experiments between 

pairs were run alongside each other for 30 consecutive days over which all trees 

were visited every 3 days to continually assess for additive damage. Additive 

damage in this case was classified as; additional damage on the tree or ground that 

had occurred since the previous assessment over the past 3 days. Upon every visit a 

damage assessment, following the protocol described earlier in section 3.3.2, was 

carried out in order to assess this. Data for trees with and without deterrent kites 

were compared using a Mann-Whitney U test. 
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Fig 3.4. Photograph of a successfully erected deterrent kite above a Mango tree. 

 

Pilots revealed initial problems with kite attachment and physical durability led to 

re-design and replacement of original methods. For example the string used to 

initially attach kites to the pole rapidly became tangled, rendering the kite un-able to 

fly. This was consequently replaced with flexible metal wire that was lightweight 

enough to allow the kite to fly but strong enough not to break and by virtue of its 

nature, not tangle. Other problems included the identification of kite weak points 

that were prone to breakage which were subsequently reinforced. These new 

methods worked well and were adopted as a result.  
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4. RESULTS  

4.1 Perceptions 

Attitudes towards the Y-sA on Bonaire are largely negative. A total of 44 participants 

completed questionnaires concerning attitudes towards the Y-sA.  All participants 

(100%) frequently saw parrots in their garden, with 89% saying that they saw 

parrots every day. Surveys found that parrots were most often seen in groups of 5-

10 individuals. Nearly all (98%) participants believed that the YsA was responsible 

for damage to their fruit trees. When asked how respondents felt about the presence 

of parrots on their land 55% replied that they either disliked or strongly disliked 

seeing parrots in their garden. When asked why people felt negatively towards the 

Y-sA all respondents said that they believed the Y-sA ate their fruit. Only 25% of 

people said they either liked or strongly liked seeing the Y-sA on their land. A 

number of participants (20%) said they felt neutrally about parrots in their garden. 

There was a strong desire to deter parrots from damaging fruit crops, however 

when asked how much they were willing to pay (WTP) to deter the Y-sA the 

majority (55%) wished to pay no more than $10 for a deterrent device. 

4.2 Damage assessment 

 4.2.1 Parrot damage. 

The Y-sA is responsible for a high proportion of damage to Mango and Naseberry 

trees. Mean parrot damage to fruit crops over 30 days was 50%. The highest parrot 

damage observed in this study was 100% where no fruit remained on the tree at the 

end of the 30 day period. The lowest observed parrot damage was 12% (Fig 4.1.). 

 4.2.2 Parrot Vs passerine damage. 

Parrots are responsible for significantly more damage to fruit trees than passerine 

birds on Bonaire (Mann-Whitney U test: W= 218.0, n1= 12, n2= 12, p = <0.001). The 

highest passerine damage observed in this study was 27%. The lowest observed 

passerine damage was 0%. Damage from parrots was higher than passerine caused 

damage in 100% of cases (p = <0.001) (Fig 4.1.). Mean passerine damage to fruit 

trees over a period of 30 days was 6% compared to 50% caused by the Y-sA (Fig 

4.2.) 98% of people were correct in thinking that parrots damage more than 

passerines. 



  MSc Conservation Science 

37 
 

 

      Parrot damage         Passerine damage 

Fig 4.1. Total parrot Vs total passerine damage to individual trees over a 30 day period.  

 

 

 

                             SE Mean: 7.62 StDev: 26.41    SE Mean: 2.51 StDev: 8.69 

Fig 4.2. Mean parrot Vs mean passerine damage. 
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4.2.3 Economic cost of parrot damage. 

The economic cost of parrot damage was high to those wishing to sell fruit on 

Bonaire. Parrot Damage to fruit trees cost households intending to sell fruit within 

the community an average of 92.95 ANG ($54) per month, based on a retail value of 

1.82 ANG per fruit. The cost of parrot damage reached a maximum of 442.26 ANG 

($259), and a minimum of 7.28 ANG ($4) per month. To place this in context, based 

on an average annual income of 11,400 per household this represents a maximum 

loss of 4%, and a minimum loss of 0.06% to Bonairean farmers. Over the course of a 

3 month fruiting season this could amount to a maximum of a 12% loss to a farmers 

annual income. 

However only 9% of those questioned intended to sell their fruit. The remaining 

91% of participants grew fruit for personal consumption. Households wishing to 

consume fruit incurred a cost of having to buy fruit in replacement of that damaged 

by parrots at the market price. 42% of households were affected by replacement 

cost in this investigation. When fruit consumption was capped at a rate of 30 per 

month the mean replacement cost for households having to replace fruit as a result 

of parrot damage was 14.56 ANG ($9) per month.  
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4.3 Estimated Vs observed damage  

4.3.1 Percent damage estimation accuracy  

People were able to accurately estimate the percentage damage caused to fruit trees 

by parrots. Estimated percentage figures of parrot damage were not significantly 

higher than those observed (Chi2 goodness of fit test: X 2= 2.87, df = 1, p = >0.05 NS) 

(Fig 4.3.).  

 

Observed parrot damage     Estimated  parrot damage 

     

Fig 4.3. Estimated Vs observed percent parrot damage for each fruit tree.  

 

Estimated damage extent had a range of 30-90%. When asked to assess damage 

93% of participants believed parrot damage to be of medium to very high level. 

When it came to estimating percentage damage 43% of respondents were accurate 

(within 10%), 38% of people over-estimated damage, and 19% of people under-

estimated parrot damage in comparison to the damage observed in reality (Table 

4.1.).  
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Table 4.1. Summary of Chi2 results for estimated Vs observed percentage parrot damage to 
fruit trees. 

 

 

 

 

The mean observed percentage damage caused by parrots was 50% compared to 

the expected percentage damage of 62% (Fig 4.4.). When testing for differences 

between the means however people on average had a slight tendency to over-

estimate the percentage damage to fruit crops caused by parrots, although this was 

not statistically significant (Mann-Whitney U test: W= 171.0, n1=12, n2=21, p = 

0.2196 NS).  

 

                                     SE Mean: 7.62  StDev: 26.41      SE Mean: 4.70 StDev: 21.53 

Fig 4.4. Mean observed Vs mean estimated percent parrot damage. 
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4.3.2 Cost estimation accuracy 

People were unable to accurately estimate the cost of parrot damage. Estimated 

costs were significantly higher than those observed (Chi2 goodness of fit test: X 2 = 

5186.81, df = 1, p = <0.001). Residents therefore significantly over-estimated the 

cost of parrot damage to fruit trees (Fig 4.5). 

 

Observed cost      Estimated cost 

Fig 4.5. Observed and estimated cost for each assessed fruit tree over 30 days.  

 

Cost estimates had a range of 30-600 ANG per month. The expected cost of parrot 

damage was significantly higher than that observed in 83% of cases. Only 6% of 

people were able to accurately estimate the cost of parrot damage. Participants 

under estimated the cost of parrot damage in 11% of cases (Table 4.2.). People 

therefore had an exaggerated negative perception of reality with respect to the 

monthly cost of parrot damage. 

 

Table 3. Summary of Chi2 results for estimated Vs observed cost of parrot damage to fruit 
trees. 
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The mean observed cost of parrot damage was 92.95 ANG per month compared to 

the mean estimated cost of 215 ANG (Fig 4.6.). The difference between the estimated 

and observed mean was significant, with estimated cost being higher than that 

observed (Mann-Whitney U test: W = 121.0, n1 =18, n2= 21, p = 0.0062). 

 

 

         SE Mean: 41.5 StDev: 143.7            SE Mean: 41.9 StDev: 178.0 

Fig 4.6. Mean observed Vs mean estimated parrot damage cost. 

 

 

4.4 Deterrents 

Total damage to trees with and without deterrent kites after 30 days was not 

significantly different (Mann-Whitney U test: W = 132.0, n1 = 12, n2 = 12, p = 0.3123) 

(Fig 4.7.). Predator mimicking kites therefore failed to deter the Y-sA and reduce 

crop damage. Mean percentage parrot damage to fruit trees with a kite deterrent 

was 40% compared to a mean of 50% damage incurred by trees without a deterrent 

device (Fig 4.8.). The difference between mean parrot damage with and with-out 

kite deterrents was not significant (p = 0.3123). 
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                               Without deterrent                            With deterrent  

Fig 4.7. Comparison of total percent damage caused to trees with and without deterrent 
kites over 30 days. 

 

 

 

      SE Mean: 7.62 StDev: 26.41    SE Mean: 9.28 StDev: 32.15 

Fig 4.8. Mean percentage parrot damage with and without the use of kite deterrents. 
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5. DISCUSSION  

5.1 Overview of results 

This investigation sought to provide an initial step towards diffusing the HWC 

situation on Bonaire, by addressing the problem in its entirety, and investigating 

both the socio-economic, and conservation issues surrounding the Y-sA. 

Questionnaires and damage assessments were conducted to first establish and then 

verify local opinions, and predator mimicking deterrents were piloted to determine 

if they could reduce damage and offer a viable solution to the situation on Bonaire. 

The results of this study support the hypothesis and show that Bonairean residents 

have a negative perception of the Y-sA as they blame parrots for damage to their 

fruit. This opinion is not unfounded; parrots damage a high proportion of fruit crops 

(on average 50%), and do significantly more damage than other pests such as 

passerine birds (p = <0.001). The majority of people were able to accurately 

estimate the percentage damage caused to their fruit trees by the Y-sA. This does not 

support the original hypothesis that people would over-estimate damage extent. The 

hypothesis that people would exaggerate cost however was supported, as people 

significantly over-estimated the economic cost of parrot damage, (p = <0.001). The 

results comparing parrot damage to trees with and without the presence of 

deterrent kites are not supportive of the hypothesis that kites would significantly 

decreased damage extent. Deterrent kites did not significantly reduce parrot 

damage to fruit trees (p = >0.05), and therefore cannot be recommended as an 

effective pest deterrent on Bonaire. 

5.2 Perceptions 

Perceptions of the Y-sA on Bonaire are mainly negative. The majority (91% of those 

questioned) however did not intend to sell fruit, so the situation on Bonaire cannot 

be described as economic per se but one where in the majority of cases parrot 

damage to fruit causes a nuisance to local people.  

5.3 Estimated Vs observed damage: Extent  

In this study the Y-sA was found to damage on average a high proportion (50%) of 

fruit on trees. When people are asked to estimate crop damage perceptions have a 
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tendency to be exaggerated on a global level (Bucher 1992; Naughton-Treves & 

Treves 2005). The results of this study are not consistent with this trend. Residents 

in this investigation were able to estimate percentage damage accurately, (within 

10%) to fruit trees in the majority of cases. The reason for this may be a factor of 

scale as participants were asked to estimate damage to only one tree. Estimation on 

such a small scale is likely to be of greater accuracy than when people are asked to 

estimate damage to a much larger degree such as for an entire crop. Familiarity may 

also provide a reason for such un-characteristic accuracy as people are often more 

familiar and therefore able to visualise the damage to trees in their back garden than 

to entire crops.   

5.4 Estimated Vs observed damage: Cost  

The average cost of parrot damage to those wishing to sell fruit was high (92.95 

ANG) per month. Previous studies conclude that people are even less likely to 

accurately estimate the cost of pest damage than its extent (De Grazio 1978). The 

findings of this investigation support this statement as participants were not able to 

accurately estimate the cost of damage to fruit trees (p = <0.001). This may be 

because people often find it hard to convert losses into economic cost, and due to 

lacking knowledge of retail value. The majority of people questioned in this study 

however cultivated fruit not for the purpose of sale but for personal consumption. 

For people intending to eat their fruit the cost of buying fruit to replace those 

damaged was on average 14.56 ANG per month (based on market value). 

5.5 Deterrents 

Predator mimicking deterrent kites were not able to reduce overall total percent 

damage to fruit trees (p = >0.05). Kite deterrents are therefore unable to reduce 

parrot damage to a level at which conflict could be decreased. As a result such 

deterrents cannot be recommended as an effective parrot deterrent to people on 

Bonaire.  

The failure of predator mimicking kites to deter the Y-sA can be attributed to a 

number of factors. The first of these is the habituation of deterrents by target 

species. Birds and other pests are known from previous studies to rapidly habituate 

to deterrents rendering them quickly ineffective (Conover 1979; Fukuda et al 2008; 
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Steensma et al 2009). This study sought to prolong or avoid this happening 

altogether by designing a deterrent that targeted the pest species specifically, by 

mimicking the appearance of its natural enemy, to stimulate an innate fear and 

provoke an avoidance response. In this case the Y-sA initially responded to 

deterrents as intended, however kite presence was insufficient to reinforce the fear 

response over a long period of time. Deterrent effectiveness decreased rapidly 

between weeks 1 and 2 and damage levels subsequently rose. Predator mimicking 

deterrent kites can therefore only be recommended on a very short term basis 

(Steensma et al 2009). 

A second factor potentially effecting deterrent success is intelligence level of the 

pest. Parrots are widely regarded as possessing a high level of intelligence, 

(Pepperberg 2006) and are consequently problematic when it comes to creating 

successful deterrents. In this study it is clear that the Y-sA was not deceived by these 

predator mimicking devices.  

Simple feeding behaviour models may also explain why deterrents were particularly 

in-effective for some trees. Parrots are described by Bucher in 1992 as K-strategists 

and are, like most pest species, opportunistic foragers (Bucher 1992; Osborn & Hill). 

Kites were able to deter parrots in 67% of cases (NS), however failed to do so for a 

number of experimental trees. Trees where kites failed tended to be those that were 

heavily laden with fruit. Such trees present a rewarding feeding opportunity 

according to MacArthur & Pianka’s 1966 optimal foraging theory (OFT). OFT 

describes the feeding behaviour of organisms stating that species forage in a manner 

that maximises energy intake according to time spent travelling to a feeding 

destination (MacArthur & Pianka 1966). Heavily laden trees therefore create a 

particularly rewarding feeding opportunity. According to feeding behaviour models 

deterrents in this situation are unlikely to be effective as organisms are more likely 

to take a greater risk than normal when the reward is potentially great (Pitcher et al 

1988; Krebs & Davies 1997). The Y-sA is therefore far more likely to risk feeding 

from such a rewarding source. In this case parrots will have learnt after taking an 

initial risk of feeding on a tree over which a deterrent kite was placed, that such 

deterrents do not represent a real danger and continue feeding there in the future 

(Harris & Davis 1998). It is therefore important to understand the ecology of the 

http://en.wikipedia.org/wiki/Robert_MacArthur
http://en.wikipedia.org/wiki/Eric_Pianka
http://en.wikipedia.org/wiki/Robert_MacArthur
http://en.wikipedia.org/wiki/Eric_Pianka
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target species when designing deterrents (Osborn & Hill 2005; Sillero-Zubiri et al 

2007).  

5.6 Limitations  
5.6.1 Perceptions 

This investigation may have been limited by peoples understanding of percent data. 

When participants were asked to estimate damage to fruit trees some respondents 

were unfamiliar with the concept of percent. Those who experienced problems 

estimating percentage damage were shown visual aids to help them quantify 

damage and the concept was explained, however a lack of understanding may have 

limited responses in some cases. 

5.6.2 Damage assessments 

Crop damage is notoriously hard to both measure and compare (Bucher 1992; 

Osborn Hill 2005). Accurate assessment and quantification of damage to fruit trees 

was often problematic. Problems are magnified when annual damage estimates are 

extrapolated from much shorter periods of time. Difficulties arose when initially 

determining the total number of fruit on a tree as some trees harboured >1,000 

fruit. SLC estimations and actual counts were in this case generally concurrent 

which enabled the confident estimation of total crop size. These methods however 

were extremely time consuming and labour intensive. Damage assessments were 

carried out from the ground which made assessing damage that had occurred at 

high elevations hard to quantify and easy to overlook. Therefore damage estimates 

may actually be an underestimate of the reality.  

Comparison of damage also proved troublesome as difficulties arise when trying to 

compare damage levels fairly, because two trees rarely have the same number of 

fruit in their initial standing crop. This makes comparison potentially problematic as 

if 10 fruit are damaged on a large tree with a standing crop of 100 fruit then only 

10% of the tree can be classified as damaged. If however 10 fruit are damaged on a 

tree with a total of just 10 fruit 100% of the fruit crop can be said to be damaged. 

Even when using actual counts of the number opposed to proportion of damaged 

fruit this difficulty is hard to avoid as counts are not representative of total damage 

i.e. 10 damaged fruit may sound like a low number but may actually represent the 
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entire crop. Larger trees are also more likely to receive greater damage in terms of 

number of fruit eaten as they are initially more attractive to foraging organisms 

according to OFT. Damage could therefore be said to be a component of tree size. 

Damage extent however is likely to be proportionally greater if a tree is small as the 

probability that 10 fruits will be damaged by pests during the fruiting season is 

greater than the likeliness of 100 being damaged. No two trees used in this study 

had the exact same number of fruit in their standing crop. However trees were 

paired according to size for deterrent experiments to ensure fair comparisons could 

be drawn using trees with at least similar crop sizes. 

 5.6.3 Deterrents 

Kite deterrents suffered a number of physical limitations. Attachment had to initially 

be redesigned during pilot studies to prevent kites from becoming tangled. Kites 

also had a tendency to break and required regular maintenance. Previous studies 

experienced similar problems with kites and responded by actively removing kites 

during times of particularly bad weather. Increased durability of kites would be 

beneficial if this study were to be repeated in the future as a number of kites had to 

be taken down for short periods of time to complete maintenance work, which may 

have had an impact on overall deterrent effectiveness. 

Originally it was intended for there to be three kinds of treatment used in deterrent 

experiments; a kite, a stand-alone pole, and no treatment. This meant that the pole 

on its own would act as a control to determine if any deterrent effect was truly 

because of the predator mimicking kite and not the pole itself. However although 

this would have been best scientifically, it was in reality not possible as many people 

were un-willing to have a pole erected in their garden unless it was accompanied by 

a deterrent. This was unlikely to have had an effect in this investigation however as 

in 1979 Conover showed through successfully implementing this method that the 

repellent effect of the deterrent was a response not to the novelty of the control, but 

a reaction to predator mimicking devices (Conover 1979). 

5.7 Recommendations 
 
Recommendations with reference to policy and future research will now be 

discussed with respect to HWC and the present situation on Bonaire. 
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5.7.1 Perceptions 

Community support is a vital pre-requisite for conservation success (Treves et al 

2006; Sillero-Zubiri et al 2007), especially in circumstance such as those on Bonaire 

where human action on a local scale influences the immediate threats to species. 

Responses to HWC should therefore take into account both quantitative and 

qualitative data in order to satisfy the needs of both the politically influential who 

base decisions on facts, and the politically marginal who place greater value on 

perceptions (Sillero-Zubiri et al 2007). Without the co-operation of local people any 

HWCM plan no matter how well designed will not succeed. Conservation scientists 

therefore need to ensure they work with local communities to alter perceptions 

towards a species in situations of HWC (Osborn & Hill 2005; Woodroffe et al 2005a).  

Compensation schemes could provide an option to reduce conflict on Bonaire 

(Parrots International 2010) although such an approach would not completely 

resolve the situation as the majority of people do not cultivate fruit for economic 

gain but for personal consumption. Compensation in this case would relieve only 

those intending to sell fruit and therefore not address the situation in its entirety.  

Education is considered a major asset to conservation (Sillero-Zubiri et al 2007). 

Tolerance of a pest, and consequently willingness to harbour the cost of 

conservation is likely to increase with increased knowledge (Osborn & Hill 2005; 

Sillero-Zubiri et al 2007). Education and awareness-raising should therefore take 

priority in situations of HWC. Awareness-raising has already been adopted on 

Bonaire (Montanus 2003) however 45% of residents questioned remained unaware 

that the Y-sA is an endangered species. The promotion of the Y-sA as a flagship 

species and the initiation of additional public out-reach programs on the island 

would contribute to public understanding, and simultaneously raise both awareness 

and tolerance to the situation.  

5.7.2 Damage assessments 

Future research would benefit from the use of video technology to initially estimate 

standing crop, and a greater number of assessors to collect data on the number of 

damaged fruits. This would improve accuracy and decrease labour intensity of 

damage assessments. Improvements such as these would however be expensive to 
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deploy and therefore only be considered in situations where economic losses are 

great or where accurate compensation needs to be quantified. 

5.7.3 Deterrents 

To make kite deterrents more effective against the Y-sA in the future the visual 

stimulant of the kite could be accompanied by an acoustic deterrent such as a 

recording of a Caracara call. Mobility has been found to be critical to the 

effectiveness of deterrent kites (Conover 1979). The kites used in this investigation 

however were reliant on wind for mobility. As a result when wind speed decreased 

deterrent kites became immobile. This may have also contributed to deterrent 

failure and is something that could be improved upon in the future by designing 

kites that remain mobile regardless of wind speed. Balloons have previously been 

used with some success to ensure kites remain airborne. Consequently the use of 

balloons could perhaps offer a viable solution to the problem on Bonaire in the 

future (Fukuda et al 2008; Seamans et al 2008). A further improvement to kite 

deterrents could be to regularly alter kite position to avoid birds habituating (Harris 

& Davis 1998; Steensma et al 2009). If such improvements were made to the 

deterrents used in this investigation kite effectiveness may improve if tested again 

in the future on Bonaire or elsewhere.  

Adaptations such as those discussed above could be particularly beneficial to 

diffusing the situation on Bonaire, as results from questionnaires indicate that HWC 

on the island is less of an economic issue, and more to do with the fact that people 

are continuously annoyed by parrots eating the fruit they wish to personally eat. 

When conflict arises for economic reasons deterrents are required to be highly 

effective as every fruit damaged can be considered a loss. In the circumstances such 

as those observed on Bonaire however deterrents would not need to reduce damage 

to such a high extent. Deterrents in this case would need only to reduce damage to a 

level at which people still felt they had enough un-damaged fruits remaining for 

themselves. Therefore if kites were able to effectively deter parrots even for just a 

short period of time it would allow people to harvest and consume at least some of 

their fruit and consequently diffuse the situation (Harris & Davies 1998).  
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Considering the issues associated with deterrents attempts to resolve situations of 

HWC should not focus purely on the development of more effective deterrents but 

address the drivers of conflict. Steps should be taken in terms of policy, to address 

underlying issues such as habitat loss in order to reduce conflict (Sillero-Zubiri et al 

2007; Steensma et al 2009). On Bonaire the habitat has been largely degraded by the 

presence of free ranging goats that have dramatically simplified vegetation 

composition on the island as a result of over-grazing (De Freitas et al 2005). Habitat 

restoration paired with the eradication of invasive goats should be considered on 

Bonaire (IUCN 2010). Tree-planting within the natural habitat of the Y-sA would 

reduce HWC on the island as it would provide parrots with an alternative source of 

food and decrease their reliance on people’s fruit crops.  

5.8 Concluding remarks 

The occurrence of conflict between people and wildlife is set to increase in the 

future as the human population increases and expands further into animal habitat 

(Feber et al 2007). The issues surrounding HWC therefore deserve a great deal of 

attention from conservation scientists and methods to ease tension should become a 

research priority (Bucher 1992; Feber et al 2007). There is great opportunity for the 

development of HWC reduction strategies that utilise a range of effective techniques 

to reconcile human and wildlife needs both on Bonaire and globally. There is 

however clearly no ‘magic recipe’ available to resolve all conflicts surrounding avian 

crop damage, especially when intelligent species such as parrots are involved 

(Bucher 1992).  

Future policy dealing with HWCM needs to look at the bigger picture and address 

the situation in its entirety. A multi-disciplinary approach is therefore required to 

address the many social, economic, and biological issues surrounding HWC. 

Precedence should be given to strategies that involve local communities, are 

economically viable, and do not threaten the continued survival of species. The 

development of a multi-faced HWCM action plan for Bonaire that considers and acts 

on the above factors would be highly beneficial for both its people and parrots. In 

the face of a changing environment HWCM plans should also be adaptable to change. 

Finally it should be remembered that in order to reduce HWC it is important to focus 

not solely on the consequences, but also the causes of conflict such as habitat loss. 
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Only when conservation policy begins to address the ultimate drivers of HWC can 

the long term sustainability of solutions be realised. 
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7.APPENDICES 

7.1 Copy of questionnaire (English). 

Imperial College London, Department of Life Sciences 

 

Dear Householder, 

My name is Danielle Parks and I am currently a student at Imperial College London, 

studying for an MSc in Biology. I hope that you will be kind enough to assist me with 

my research and take a few minutes to complete the questionnaire overleaf.  

My project aims to investigate whether parrots damage fruit tree crops and 

establish local people’s attitudes towards them on Bonaire. 

Your area has been selected for the study because of its proximity to the described 

project, and your household has been randomly chosen.   

The information you provide will be strictly confidential and not made available to 

any third party, however the overall findings of the study will be included in my 

thesis. 

Feel free to contact me if you have any questions. 

Thank you for your help, 

Danielle Parks  

Email; danielle.parks09@imperial.ac.uk 

 

 

 

 

 

Please only respond to questions with respect to the parrot pictured above 

(the Yellow-shouldered Amazon Parrot). 

For office use only 

Date................................... 

Garden inventory number................................ 
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Demographic information 

1. Sex? (please circle) 

 

Male  Female 

 

2. Age?  

 

Under 20 20 -39  40-59     60+ 

 

3. Occupation? 

 

.......................................................................... 

 

4. How many people live in your household? 

.......................................................................... 

Attitudes 

5. Do you have fruit trees in your garden?  

 

Yes  No 

 

6. If yes, what type of fruit trees are they?  

 

Mango  Citrus fruit  Other (please specify)........................................... 

 

 

7. Why do you grow fruit? 

 

Personal enjoyment  To eat  To sell      

 

Other (please specify).................................................................. 

 

 

8. Are you responsible for looking after these trees and if yes what is your 

role? 

 

Yes (role)............................................... No 

 

 

9. Do you ever see parrots in your garden? 

Yes   No 
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10. If yes, how often do you see them?  

Every Day  Every 2-3 days  Once a week  Once a 

fortnight  

Once a month   

 

11. How many parrots do you usually see at a time? 

Under 5 5-10  11-15  16-20  Over 20 

 

12. How do you feel about the presence of parrots in your garden?  

 

Strong Like  Like  Neutral  Dislike   

 

Strong dislike  I don’t know 

 

 

13. If you dislike parrots in your garden please give reasons why 

 

.................................................................................................................................................................

................................................................................................................. 

......................................................................................................................................... 

 

 

14. Do you believe parrots cause damage to the fruit on your trees? 

 

Yes   No  I don’t know 

 

 

15. If yes, at what level do you think the damage caused by parrots in your 

garden is? 

 

Very high  High  Medium  Low  Very 

Low   

I don’t know 

 

16. What do you estimate the overall percentage damage on each fruit tree 

is by; 
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a) Parrots? .............................. % 

 

b) Other bird species? ..................................% 

 

17. Do you believe parrots damage more fruit than other bird species and 

why? 

Yes  No 

Why.......................................................................................................................... ....................................

........................................................................................................................ 

 

18. Does the damage caused by parrots make you lose money? 

 

Yes  No 

 

19. If yes, how much do you estimate this loss/cost to be? 

 

Very high  High  Moderate  Small  Very 

Small  

I don’t know 

 

20. How much do you estimate this cost to be in monetary terms per 

month? 

 

$/ANG........................................................... 

 

21. Does this cost represent a big loss to your overall annual income?  

 

Yes  No 

 

22. How much would you be prepared to pay for a device to deter parrots in 

your garden? 

 

Under $5 $5-10  $11-15  $16-20  $21-

25  Over $25 

 

23. Do you think the Yellow Shouldered Amazon Parrot is an endangered 

species?   

 

Yes  No 
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7.2 Supporting materials for questionnaires.  

7.2.1 Visual aids: Species 

Photographs were shown to all questionnaire participants when they were asked to 
answer questions with respect to the bird in the top picture to ensure correct bird 
identification. 
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7.2.2 Visual aids: Percentage estimation 

Supporting materials used to assist participants with percentage estimation. 

 

 

 

 

 

 

 

 

75% 

 

75% 

 

25% 
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7.3 Copy of newspaper article placed in local newspaper. 

 

 

 

  

 


