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iv. Abstract 

An understanding of sensitive and illegal behaviours that threaten the conservation of 

biodiversity can greatly improve the design of conservation interventions, yet investigation is 

difficult due to their clandestine nature and fear of those involved of reprimand and legal 

sanction. The Unmatched Count Technique (UCT) has been developed to facilitate to 

investigation of sensitive behaviours, by reducing the sources of bias associated with traditional 

methods of questioning. To date this method has not been tested in the conservation field. The 

UCT was used in this study to estimate the prevalence of four illegal behaviours that threaten 

the survival of birds in Southern Portugal. The results of this study suggest that the technique 

was successful at producing higher prevalence estimates than direct questioning, and at 

reducing sources of bias. Results suggest that behaviour context should be considered when 

using the UCT to investigate biodiversity-threatening behaviours. 

Recent calls have argued for the wider application of social-psychological models in the 

investigation of behaviours of conservation concern. The Theory of Planned Behaviour was 

successfully used in this study to identify the predictors of two behaviours that threaten birds in 

Southern Portugal: catching for consumption and poison use. It is planned that these results 

will be used to inform the design of targeted conservation management strategies in this 

region. 
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1. Introduction 

Monitoring rule compliance is an essential part of successful conservation and natural resource 

management in order to evaluate the effectiveness of conservation interventions and to 

quantify the harvest of natural resources. A plethora of conservation paradigms are 

underpinned by the use of formal rules and regulations, from the protection of marine and 

terrestrial areas to the setting of fishing quotas (Keane et al., 2008). Such legislation often 

suffers from a lack of enforcement, relying on the assumption of voluntary compliance, typically 

resulting in high rates of non-compliance (Rowcliffe et al., 2004). For example, illegal, 

unreported and unregulated fishing has been cited as the one of the greatest threats to the 

sustainable management of the world’s fisheries (Clarke and Harris, 2003; Agnew et al., 2009). 

Rates of illegal logging have been estimated at up to 90% of production in some developing 

countries (Contreras-Hermosilla, 2000; Blaser et al., 2005; The World Bank, 2006). The true 

extent of illegal activities that threaten the conservation of biodiversity and natural resources is 

very difficult to quantify due to their clandestine nature and the fear of those involved of 

reprimand and legal sanction.  

An accurate understanding of non-compliance, including the demographics of those involved, is 

essential for the development and design of effective and efficient conservation management 

strategies. Successful biodiversity conservation frequently relies on the management of 

people’s behaviour (St John et al., 2012), and understanding the processes of individual human 

decision-making has received increasing interest in the natural resource management field 

(Schlüter et al., 2012). An understanding of the characteristics of rule-breakers such as attitudes 

towards illegal behaviours, perceived societal pressures, and knowledge of rules, can facilitate 

the design of targeted conservation interventions.  

Social scientists have long recognised the challenges of gathering information from respondents 

about sensitive or illegal behaviours (Singer et al., 1995). Several methods exist for the 

measurement of illegal natural resource use: law-enforcement records, indirect observation 

(e.g. market surveys), self-reporting (e.g. diaries), direct observation, direct questioning, 

indirect questioning techniques, forensics and modeling (Gavin et al., 2010). However a number 
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of sources of bias are associated with the use of such methods. Direct questioning for example 

can be susceptible to response bias due to respondent fear of retribution and interviewer bias 

due to respondents’ desire to project a positive image of themselves to the interviewer. A 

number of indirect questioning techniques have been developed in an attempt to minimize 

these sources of bias, such as: the three-card method  (GAO, 1998), ballot boxes, the 

Randomised Response Technique (RRT) (Warner 1965), and the Unmatched Count Technique 

(UCT) (Droitcour et al., 1991). Comparison studies have shown these techniques to perform 

well in terms of non-response rates and prevalence estimates produced (Rayburn et al., 2002; 

Coutts and Jann, 2011).  

One indirect questioning technique, the RRT, has recently received attention in the 

conservation field (Solomon et al. 2007; St. John et al. 2010). However, the complexity of the 

technique has raised questions about the quality of information captured; research into the 

methodology has found the technique to be over-elaborate, with some respondents stating 

feelings of suspicion towards the interviewer (Landsheer et al., 1999; Coutts and Jann, 2011).  In 

a field in which interventions are commonly targeted at communities characterized by low 

education levels and high levels of illiteracy, an overly-complicated survey technique runs the 

risk of increased non-response rates and evasive responses.  

An alternative indirect questioning technique, the UCT, also known as list experiment or item 

count technique, has been developed to overcome some of the criticisms of the RRT. The 

standard UCT requires the study group to be divided into two sub-groups: a control group and a 

treatment group. The control group is shown a list of non-sensitive items. The treatment group 

is shown the same list but with one sensitive item added, this being the item/behaviour of 

interest. Respondents are asked to state the number of items that apply to them. By not stating 

which items apply to them, but simply how many, the method is expected to ensure the 

respondent’s anonymity. As respondents are randomly assigned to each experimental group, 

the difference in mean responses is taken as a function of some respondents in the treatment 

group endorsing the sensitive behaviour, enabling prevalence estimates to be calculated. This 

method has been shown to be more effective than direct questioning at producing prevalence 
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estimates of sensitive and illegal behaviours (Tsuchiya et al., 2007) and to produce similar or 

higher prevalence estimates than the RRT (Lavender and Anderson, 2009; Coutts and Jann, 

2011). However this promising technique has not yet been tested in the context of conservation 

or natural resource management. 

1.1 Study Aims 

The aims of this work were threefold:  

a) To assess the suitability of the UCT for the investigation of sensitive and/or illegal behaviours 

in the context of biodiversity conservation; 

b) To identify the predictors of engagement in two sensitive/illegal behaviours of biodiversity 

conservation importance using a social-psychological model; and 

c) To inform conservation management strategies for the protection of birds in Southern 

Portugal. 

The performance assessment of the UCT was conducted through a comparison study by which 

the UCT was tested alongside a traditional direct questioning technique on a number of criteria. 

These included prevalence estimates produced, instilled feelings of trust and discomfort of 

respondents, ease of use, and non-response rate. The effect of behaviour sensitivity on 

prevalence estimates produced was also analysed by testing the technique with four 

behaviours of varying sensitivities. Behaviours of varying sensitivities were chosen based on 

personal knowledge of the study system and data from areas in the Mediterranean system 

(Liberatori and Penteriani, 2001; Viñuela and Arroyo, 2002; Stroud, 2003; Mateo-Tomás et al., 

2012). 

The demographics of rule-breakers of wildlife protection laws were investigated, 

complemented by analyses of the drivers of rule-breaking activities, with the aim of informing 

targeted conservation management strategies. An adaptation of Ajzen’s (1991) ‘Theory of 

Planned Behaviour’ (hereafter TPB) model with the inclusion of knowledge of conservation 

rules was used to test the predictors of specific behaviours of conservation concern (Figure 1.1).  
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Ajzen (1991) welcomed investigation into the role of additional variables in the TPB. Variables 

such as descriptive norms (how other people actually behave, rather than what we perceive 

others will think of us) (Rivis and Sheeran, 2003) and moral obligation (Armitage and Connor, 

2001) have been shown to improve the model’s predictive power. In this study it was tested 

whether knowledge of conservation rules, via its influence on attitudes and perceived societal 

pressure, has a role to play in a person’s decision-making processes. The incorporation of 

relevant elements of the TPB into this investigation provided insight into the factors affecting 

individual decision-making. It is recognised that perceived behavioural control is an important 

variable in the TPB model; however, its investigation is outside of the scope of this study. 

Limited information exists on the prevalence of illegal activities that threaten the conservation 

of bird species in the Southern region of Portugal (Birdlife, 2011). The results of this study 

 

Figure 1.1. Proposed model of predictors of behaviour. The structure of the ‘Theory of 

Planned Behaviour’ is indicated in blue. Elements of the adapted model are indicated 

in orange. Perceived behavioural control is not investigated in this study and is 

indicated with a perforated outline 
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allowed us to model and make inferences about what affects an individual’s decision to engage 

in two specific behaviours of conservation concern, with the intention of informing regional, 

national and Europe-wide conservation management strategies.  

 

2. Background 

2.1 The Unmatched Count Technique: A novel method for sensitive behaviour research 

No research to date in the conservation field has addressed three critical issues associated with 

the UCT: how the technique’s estimates and response rates compare to those of direct 

questioning, how effective the technique is at increasing respondents' trust, and how the 

perceived sensitivity of list items affects the prevalence estimates produced. 

Respondents are typically not comfortable with admitting to stigmatizing behaviours, and 

investigation of sensitive issues requires special consideration such as establishing trust and 

minimizing feelings of suspicion (Landsheer et al., 1999; Tourangeau and Yan, 2007). Unless 

respondents trust the questioning technique there exist significant incentives to provide false 

or misleading answers (Gavin et al., 2010). There remains limited understanding of how 

effective these techniques are at increasing respondents' trust in the context of the 

investigation of conservation issues. The UCT has been designed to reduce these sources of 

bias.   

Social desirability bias (hereafter SDB) is defined as the systematic error in self-report measures 

resulting from the desire of respondents to avoid embarrassment and the need to project a 

favourable image to others (Fisher, 1993). SDB is of particular relevance to studies exploring 

prevalence of stigmatizing behaviours when an interviewer effect may be a cause of mis-

reporting (Tourangeau and Yan, 2007), and when respondents may be motivated to reply 

untruthfully for fear that they will be perceived negatively (Richman et al., 1999). The UCT has 

been developed in order to minimise the error associated with this form of bias. Behaviour 

sensitivity has been found to have a proportional effect on the validity of estimates produced 

by other forms of indirect questioning techniques (Lensvelt-Mulders et al., 2005; St John et al., 

2010b). The perceived sensitivity of list items has been found to affect the ability of the UCT to 
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produce prevalence estimates (Anderson et al., 2007), yet no research has been undertaken to 

investigate the extent of this. 

2.2 Designing targeted conservation interventions 

Conservation interventions are often focused on altering human behaviour. Understanding the 

predictors of non-compliant behaviour can improve the design of interventions that aim to 

change behaviour (Parker, 2002; Milner-Gulland et al., 2010). To understand the relationships 

between people and behaviours of a sensitive nature, it is important to identify the variables 

that can influence these relationships. Several theories are relevant to understanding people’s 

engagement in sensitive behaviours and their willingness to admit to engagement. It is beyond 

the scope of this thesis to review all of these. I have chosen to outline those of most relevance 

to the study of sensitive behaviour research.  

Conservation interventions commonly rely on the use of regulations and rules to change human 

behaviour (Keane et al., 2008). However, few studies have investigated knowledge of 

conservation rules or factors influencing it, and the complex processes that lead to behaviour 

change have not been well-researched (Keane et al., 2011). Psychological models are used to 

understand these processes, and recent calls have been made for the use of such models in 

understanding behaviours of conservation concern (St John et al., 2010a).  

The TPB (Ajzen, 1991) developed from the ‘Theory of Reasoned Action’ (Fishbein and Ajzen, 

1975; Ajzen and Fishbein, 1980) is the model most commonly used by social scientists 

investigating the predictors of human behaviour. The theory states that an individual’s 

behavioural intention and behaviours are shaped by attitude toward behaviour, subjective 

norms, and perceived behavioural control (Figure 1.1). Ajzen (1991) proposed the TPB as a 

model to investigate how people make specific decisions to perform behaviours, with the 

relative importance of each of its three predictors tending to differ from one behaviour to 

another. By identifying which predictor in the model is most important in respect to the 

behaviour under investigation one should be able to design targeted behaviour-changing 

interventions. 
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Ajzen (1991) argued that knowledge may have a role to play in a person’s decision-making 

processes via its influence on the belief measures that shape  attitudes and subjective norms. 

The application of these models to the design of behaviour-changing interventions has achieved 

positive results in a number of studies from the social sciences (Hardeman et al., 2002). 

However, the application of these behaviour-theory models in the conservation field has only 

recently received attention (St John et al., 2010a), despite these behavioural predictors being 

considered independently in several conservation studies. I will proceed to detail a number of 

such studies, with the aim of highlighting the importance of considering these predictors as 

complementary rather than independent drivers of biodiversity-threatening behaviours.   

General attitudes towards biodiversity conservation are commonly gathered in much 

conservation research, and these findings are often used to inform the design of interventions 

aimed at changing rule-breaking behaviour (St John et al., 2010a). The TPB would suggest that 

an individual’s attitude towards behaviour is an important predictor of intention to perform. 

Hence when a person holds a positive attitude towards biodiversity conservation they are less 

likely to engage in biodiversity-threatening behaviour. However, several studies have found 

that a person holding a generally positive attitude towards biodiversity conservation may still 

perform biodiversity-threatening behaviours that contradict that attitude (Infield and Namara, 

2001; Holmes, 2003). It has been argued that investigating general attitudes toward 

conservation is not helpful in designing conservation interventions that aim to alter specific 

human behaviours (St John et al., 2010a). By investigating specific behavioural attitudes instead 

of general attitudes towards conservation it is possible to avoid this mismatch between attitude 

and behaviour information.  An understanding of attitudes can be used more effectively in the 

design of conservation interventions if considered alongside other predictors of human 

behaviour such as perceived societal pressures and knowledge of formal biodiversity-protection 

laws within a social psychological model such as the TPB (St John et al., 2010a).  

The TPB outlines the role played by subjective norms in an individual’s decision to engage in 

behaviour. Subjective norms are the informal rules imposed by an understanding of what 

actions are acceptable and forbidden, developed by observing how others behave, and 

enforced by the fear of shame and social rejection if social norms are broken (Ajzen and 
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Fishbein, 1980). Perceived social pressure (including familial and peer pressures) to carry out a 

behaviour has been shown to play a role in rule compliance (Hatcher et al., 2000; Gezelius, 

2002; 2004). There has been increasing interest in the natural resource management field 

around the role played by social norms in individual human decision-making (Schlüter et al., 

2012). The prevailing social norms enforced by informal institutions may in addition have an 

effect on the perceived sensitivity of behaviours (St John et al., 2012). When social norms 

encourage a dishonest response to direct questioning, it is reasoned that the indirect 

questioning nature of the UCT should elicit more truthful responses than direct questioning 

about behaviours of sensitivity. 

2.3 Case Study: Illegal killing of birds in Southern Portugal 

The Mediterranean Basin has been proposed as an area of global conservation priority due to 

the region’s high plant species richness and endemism (Heywood et al., 1994; Medail and 

Quezel, 1997; Mittermeier et al., 1997; Olson and Dinerstein, 1997). The landscape of the 

Alentejo region of Southern Portugal is typified by Mediterranean cork oak savannahs, 

ecosystems of high socioeconomic and conservation value. The rural abandonment of recent 

decades has led to threats to the biodiversity of the local ecosystems by scrub encroachment 

and increasing fire frequency (Syphard et al., 2009; Bugalho et al., 2011). Predator persecution 

and non-selective control methods are also a threat to many vertebrate species (Villafuerte et 

al., 1998; Mateo-Tomás et al., 2012). 

Strong and uniform provisions for the conservation of birds in Europe exist in the form of the 

Berne Convention (19.IX.1979) and through the Birds Directive (Council Directive 79/209/EEC). 

These provisions provide some of the strongest protection for any group of species anywhere in 

the world. They prohibit persecution though activities including, but not limited to, shooting, 

trapping, poisoning, nest destruction, egg robbing and illegal hunting on migration. Despite this 

strong protection, the conservation status of some European bird species remains poor 

(Birdlife, 2011). There is evidence that these laws are not well respected, and it has been 

argued that a better understanding of the levels of non-compliance are necessary to inform 

effective conservation management strategies for persecuted species (Viñuela and Arroyo, 

2002; Birdlife, 2011).  
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Portuguese wildlife law (Portaria n.º 147/2011 de 7 de Abril, 2011) designates game species 

which may be hunted only during specific periods and with a permit. A number of species 

native to Portugal are protected under international conventions (CITES, the Berne Convention) 

and European Directives (Birds Directive, Habitats and Species Directive).  National protection 

laws exist, and species conservation assessments have been conducted and Red List 

classifications designated for a number of native species (Instituto da Conservação da Natureza, 

2008). 

The Portuguese Society for the Study of Birds (SPEA) has identified a number of illegal activities 

that threaten the survival of birds in Portugal: catching birds for consumption, poison use, 

shooting of birds of prey, and collection of wild birds’ eggs. These activities are strictly illegal 

under the Birds Directive and the Berne Convention, of which Portugal is a signatory. To 

develop conservation strategies for the protection of birds in Portugal it is necessary to quantify 

the extent of illegal bird killing and identify the sociological, economic and cultural drivers of 

illegal persecution (Viñuela and Arroyo, 2002). 

2.3.1 Catching for consumption 

All indiscriminate methods of catching or killing birds are prohibited under the Berne 

Convention and the Birds Directive. The use of illegal methods such as snares, nets and traps for 

catching birds is a widespread problem in Europe, and its prevalence in Portugal has increased 

over the past decade (Birdlife, 2011). It affects a number of threatened bird species native to 

Portugal including the Hoopoe (Upupa epops), the Ortolan Bunting (Emberiza hortulana), the 

Skylark (Alauda arvensis), and the Eurasian Linnet (Carduelis cannabina). Information on the 

prevalence of these activities is very limited, despite its importance as a threat to European 

species conservation. 

 2.3.2 Use of poison to control populations of wild animals 

Both direct and indirect poisoning of birds is widespread and of major conservation concern in 

Europe (Viñuela and Arroyo, 2002; Birdlife, 2011). Illegal poisoning has been responsible for the 

dramatic population declines of a number of protected bird species in the Iberian Peninsula 

(Villafuerte et al., 1998; Hernandez and Margalida, 2009; Mateo-Tomás et al., 2012). Scavenger 

http://en.wikipedia.org/wiki/Ortolan_Bunting
http://en.wikipedia.org/wiki/Skylark
http://en.wikipedia.org/wiki/Eurasian_Linnet
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species are particularly vulnerable to unintended poisoning via consumption of bait intended 

for mammalian predators; unintended poisoning has been a major factor in the dramatic 

decline in numbers of Egyptian vulture (Neophron percnopterus) in the Mediterranean basin 

(Liberatori and Penteriani, 2001; Hernandez and Margalida, 2009). Poison-use associated with 

small game management and agricultural practices results in the unintended poisoning of 

raptor species in a number of European countries including Portugal. The high conservation 

impact of this issue has been recognised by SPEA, and has led to the formation of Programa 

Antídoto Portugal, an arm of SPEA dedicated solely to tackling this issue.  

2.3.3 Shooting of birds of prey 

The persecution of birds of prey in Europe has received attention from the international 

conservation community for several decades (Palma, 1985; Viñuela and Arroyo, 2002; Birdlife, 

2011). Persecution affects most diurnal raptor species, with significant adverse factors for many 

species (Stroud, 2003). Illegal shooting of raptors in Europe remains a common problem, often 

as a result of conflicts with recreational hunting interests (Newton, 1979; Thirgood et al., 2000). 

Such persecution is often driven by personal perceptions and psychological feelings rather than 

based on scientific evidence (Martínez  et al., 2002).  

2.3.4 Collection of wild birds’ eggs 

The disturbance of nest sites due to the collection of wild birds eggs typically for falconry 

purposes remains an important issue in Europe, with the prevalence of these activities 

reportedly increasing over the past decade in Portugal (Birdlife, 2011). 
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3. Methods 

3.1 Data collection 

Data collection was conducted between 1st May and 31st May 2012 in two villages in the rural 

Alentejo region of Southern Portugal. Interviews were conducted in Portuguese, primarily by 

the author (A. Fairbrass), helped by one of seven local village residents acting as research 

assistants with in-depth knowledge of the study area. Prior to data collection, a sampling 

schedule was devised with assistance from the research assistants to ensure that a 

representative sample of the population demographics was surveyed. Sampling was conducted 

by household visits. Interviews were conducted simultaneously when more than one person 

per household was surveyed to avoid “joint answers”.  

3.2 Pilot study 

A pilot study was conducted in Aldeia das Amoreiras, one of the rural villages included in the 

main study. A total of ten local residents including one hunting permit holder were sampled to 

allow an assessment of the suitability and ease of use of the questionnaire. Feedback resulted 

in adjustment of one sensitive behaviour; ‘catching and trapping a bird’ – used in the pilot 

survey - was criticized for its ambiguity in terms of a lack of defined behavioural purpose and 

caused confusion with attitudinal questions. In reply to the instrumental attitude question, (‘... 

would be useful’), a common response highlighted that respondents’ answers were dependant 

on the purpose of the behaviour, e.g. whether catching a bird was to sell, to eat, or to keep as a 

pet. This behaviour was changed to ‘catching a bird to eat’ for the main study. The species 

common names printed on the knowledge question cards were adjusted to reflect colloquial 

species names.  

3.3 Main study 

The main study was conducted in the villages of Aldeia das Amorieras and São Martinho das 

Amoreiras between 7th and 31st May. Respondents were randomly assigned to a control or 

treatment sub-sample using a coin toss prior to being approached by the interviewer. The 

questionnaire commenced with an explanation of the purpose of the study, the status of the 

interviewer as a student, and assurances that participants’ responses would be anonymous. At 
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this point respondents were given the opportunity to decline to proceed with the 

questionnaire. The gender and estimated age were recorded of those respondents who 

declined to proceed at this point. Respondents who consented to continue were then asked a 

series of socio-demographic questions. A sample questionnaire is provided in Appendix 1 and 

English version in Appendix 2. 

3.4 Administering the UCT 

A visual description of the UCT protocol is provided in Figure 3.1. An initial card with a question 

about television programmes watched in the past 12 months was used in order to ‘train’ the 

respondent in the indirect questioning technique, and contained no sensitive items. For the 

control group this was followed by four cards each depicting four non-sensitive behaviours 

(Figure 3.2). For the treatment group, four cards with the same four non-sensitive behaviours 

with the addition of a fifth sensitive behaviour to each card were presented. Each addition to 

the card represented one of the four sensitive behaviours: egg collection, poison use, catching a 

bird for consumption, and shooting a bird of prey. Cards were shown to all respondents in the 

same order. In order to minimise ceiling and floor effects, non-sensitive items were chosen so 

that each card included one item of extremely low prevalence and one item of extremely high 

prevalence (Zigerell, 2011). All non-sensitive items related to behaviours typical of the local 

population and were chosen to disguise sensitive items. The position of sensitive behaviours on 

the treatment group’s cards was randomised. It may cause suspicion if it is obvious to 

respondents which item in the list is the sensitive behaviour under investigation and may lead 

to biased results if respondents react to the sensitive behaviour.  For a full list of behaviours 

used in the UCT see Appendix 3. 

Respondents were then asked about their opinion of the questioning technique in a four-point 

Likert scale (1=”very much” through 4=”not at all”), in terms of their levels of understanding, 

feeling of anonymity and discomfort when answering the questions.  
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Figure 3.1. Protocol for administration of UCT 
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3.5 Example set of UCT cards used in the study 

Each respondent was shown either a control or treatment card, depending on to which group 

they had been assigned. The method was explained as follows: 

 

“I am going to show you some cards with the names of various activities. First I am going to 

read the name of each activity and afterwards I would like to know how many activities on each 

list you have done in the last 12 months. Please, do not tell me which, tell me only how many.” 

 

How many of these activities have you done in the last 12months? 

 

 

Figure 3.2. An example of a set of control and treatment cards in the study. See Appendix 3 for 
full list of behaviours used in UCT cards with translations. 

  

Control Treatment 
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3.6 Attitudes  

As advised by Ajzen (2006), the attitudes of respondents were investigated by the inclusion of 

questions designed to elicit information about both instrumental and experiential attitudes. 

Instrumental attitudes were measured by asking respondents to state in a seven-point Likert 

scale (1=”completely disagree” through 7=”completely agree”) their feelings towards the 

statement, “[Conducting specific sensitive behaviour] would be useful”.  Experiential attitudes 

were measured by asking respondents to state in a seven-point Likert scale (1=”completely 

disagree” through 7=”completely agree”) their feelings towards the statement, “[Conducting 

specific sensitive behaviour] would be enjoyable”. The problem of information mismatch, as 

previously discussed, was avoided in this study by narrowing the investigation of attitudes to 

specifically defined behaviours.  

3.7 Knowledge 

Respondents were questioned about 13 animal species native to Portugal (Table 3.1). The 

knowledge questions dealt solely with awareness of wildlife laws, and did not ask potentially 

sensitive questions about compliance. Respondents were shown a drawing of an animal species 

accompanied by the locally-common name for the species. The respondent was then asked to 

state the protection status of the species, in terms of whether it was ‘always legal’, ‘always 

illegal’, or ‘legal only at certain times of the year’ to kill an individual of the species. This 

procedure was repeated for each species, and the interviewer recorded the respondent’s 

answer. 

3.8 Subjective norms 

The measurement of perceived social norms was achieved by the inclusion of two formats of 

behaviour-specific questions designed to elicit information about injunctive perceived norms 

(perceptions of what significant others think is appropriate behaviour) (Francis, 2004). As with 

the investigation of attitudes, questions regarding perceived social norms were targeted to 

specific behaviours. The first question format asked respondents to state, in a seven-point 

Likert scale (1=”completely disagree” through 7=”completely agree”), whether they believed 

that, “The majority of people in this village [conduct specific sensitive behaviour]”. The second 
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question format asked respondents to state, in a seven-point Likert scale (1=”I should not” 

through 7=”I should”), whether they felt that, “The majority of people important to me think 

that I should/I should not [conduct specific sensitive behaviour]”. In addition, a question 

regarding motivation to comply with social norms was included. 

It has been suggested that estimates produced by asking respondents to state the proportion of 

the population they believe engage in a sensitive behaviour can be used as a proxy for the 

estimation of prevalence of sensitive behaviours (Petróczi et al., 2008). The question, “The 

majority of people in this village [conduct specific sensitive behaviour]”, served a secondary 

purpose in this study by providing a method to validate estimates produced by the two 

questioning techniques. 

3.9 Administering the direct question technique 

At the end of the questionnaire, respondents were asked directly whether they had conducted 

any of the four sensitive behaviours in the past 12 months in order to draw comparisons 

between the UCT and direct questioning in terms of prevalence estimates and respondents’ 

opinions of the two techniques. These direct questions were always asked at the end of the 

questionnaire as it has been found that this can increase the reliability of responses to sensitive 

questions. It has been suggested that placing sensitive questions at the beginning of a 

questionnaire provides participants with a disincentive to participate. By the end of the 

questionnaire, respondents have made an investment in completing the survey and are likely to 

have developed confidence in the survey’s objectives (Iarossi, 2006). Respondents were given 

the option to answer “I don’t know” and “I do not want to answer”, to facilitate measurement 

of non-response rates to the direct questioning technique.  

Respondents were then asked about their opinion of the direct questioning technique in a four-

point Likert scale (1=”very much” through 4=”not at all”), in terms of their levels of 

understanding, feeling of anonymity and discomfort when answering the questions.  

It has been argued that  asking the same respondent both the direct and indirect questioning 

technique may produce psychologically biased responses (Tsuchiya et al., 2007), despite a 

number of studies having made successful comparisons between techniques using this method 
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(Droitcour et al., 1991; Biemer and Douglas, 2004). However, due to time constraints of the 

project, it was felt that using both forms of questioning technique with all respondents would 

ensure a sufficiently large sample size in order to support the chosen analysis techniques.  

 

3.10 Interviewer questions 

At the end of the questionnaire each respondent was thanked for taking part in the study and 

given a brief explanation of the intended outcomes of the study. At the conclusion of the 

interview, the interviewer completed a response sheet on the respondent’s willingness to 

participate in the study, their understanding of the questionnaire, and the perceived honesty of 

their answers in a four-point Likert scale (1=”very much” through 4=”not at all”). The reactions 

and informal comments of each respondent were also recorded. 



18 
 

Table 3.1: Names, legal categories and IUCN Red List status of species included in study. Red List status is denoted using 

abbreviations, LC = least concern, NT = near threatened, VU = vulnerable, EN = endangered, CR = critically endangered. 

Scientific name English name Portuguese name in study 
area 

National legal category Red List status 

Rattus norvegicus Domestic rat Ratazana Legal to kill at all times LC 

Oryctolagus cuniculus European rabbit Coelho-bravo Regulated NT 

Dama dama Fallow deer Gamo Regulated LC 

Vulpes vulpes Red fox Raposa Regulated LC 

Alectoris rufa Red partridge Perdiz Regulated LC 

Turdus philomelos Song thrush Tordoveia Regulated LC 

Sus scrofa Wild pig Javali Regulated LC 

Milvus migrans Black kite Milhafre-preto Protected LC 

Buteo buteo Common buzzard Águia-d’asa-redonda Protected LC 

Falco tinnunculus Common kestrel Peneireiro Protected LC 

Lynx pardinus Iberian lynx Lince-ibérico Protected CR 

Aquila adalberti Spanish imperial eagle Águia-imperial-iberίco Protected VU 

Canis lupus Wolf Lobo Protected LC 
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4. Statistical Analysis 

4.1 Data exploration 

Initial data exploration was conducted to ensure the use of correct statistical models following 

a systematic protocol (Zuur et al., 2010). Data were visually tested for normality using 

histograms, and non-normal data were transformed where necessary. Exploration of 

relationships between variables informed the final choice of variables for use in the 

multivariate analysis, with village used as a fixed effect. Instrumental (‘... would be useful’) and 

experiential (‘... would be enjoyable’) attitude data were combined to generate a composite 

attitude score for each behaviour. Injunctive perceived social norm data (‘The majority of 

people in this village ...’ and ‘The majority of people important to me think that I should/should 

not ...’) were combined to generate a composite social norm score for each behaviour. 

Composite attitude and social norm scores were binomially transformed due to a strong 

positive skew of the data in preparation for multivariate analyses. Table 4.1 details a full list of 

variables used in the multivariate analysis. 
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Table 4.1. Summary of the predictor variables considered for inclusion in the models. 

Continuous variables 

Variables Unit Median 

Age Years 45 

Categorical variables 

Variables Level Count 

Gender Male 87 

 Female 59 

Education level No formal education 15 

 Primary school 45 

 Middle school 48 

 Secondary school 22 

 University 16 

Local Born   Yes 121 

 No 25 

Hunting permit holder Yes 37 

 No 109 

Transformed variables 

Variables Significance Values 

Knowledge Score Score achieved when tested on 
protection status of species 

0.5880 - 1.5708 

Composite Attitude scores Stated attitudes towards behaviours 0 - 1 

Composite Social norm scores Stated social acceptability of behaviours 0 - 1 

Approval score Stated importance of approval from 
important people 

0 - 1 



21 
 

4.2 Prevalence estimates 

Prevalence estimates produced by the UCT were calculated as the mean difference between 

the counts for the two experimental groups, using the following formula: 

 

 ̂     ̅    ̅  

 

Where  ̅  and  ̅  are the sample means of the UCT counts for the treatment and control 

groups, respectively. As respondents were randomly assigned to two experimental groups, the 

difference in means is taken as a function of some respondents in the treatment group 

endorsing the sensitive behaviour and allows prevalence estimates to be calculated. Welch’s t-

test was employed to calculate the standard error of the estimates as the variance of error 

term was likely to be different between the treatment and control groups. 

 

Prevalence estimates produced by direct questioning were calculated, and the standard error 

of estimates was calculated using the following formula: 

 

     √
      

 
 

 

Where p is the population proportion and n is the sample size. 

 

4.3 Use criteria 

A Wilcoxon signed-rank test was used to compare differences in respondent opinions about the 

two questioning techniques based on three criteria: trust, ease of use, and discomfort. Non-

response rates for the techniques were calculated. 
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4.4 Behaviour sensitivity 

Responses to behaviour-specific social norm questions were used to estimate the perceived 

sensitivity of each of the four behaviours by calculating a total sensitivity score per behaviour. 

Total sensitivity scores were calculated as the proportion of respondents who thought that the 

majority of people in the village participated in the sensitive behaviour minus the proportion of 

respondents who agreed that the majority of people important to them think that they should 

participate in the sensitive behaviour. 

 

4.5 Checking for violation of assumptions 

The validity of the UCT technique critically depends on the assumption of no design effect, that 

is, that the responses to control items do not change with the addition of a sensitive item to the 

list. A higher proportion of zero responses for treatment cards in comparison to control cards 

could be interpreted as ‘protest zeros’ as respondents artificially deflate their answers in 

response to the addition of a sensitive item to the list. Violation of the no design effect 

assumption was investigated by comparison of the proportion of zero responses of control and 

treatment groups 

 

4.6 Demographics and predictors of engagement in illegal behaviours 

For the exploration of characteristics of respondents admitting to engagement in the sensitive 

behaviours via direct questioning, generalised linear models were fitted in R v.2.15.1 (R 

Development Core Team, 2011) with binomial error structure and a logit link function, with 

respondents' direct question answers as binomial dependent variables (Table 4.2). Where 

attitudes and social norms were found as significant variables in these models, their predictors 

were investigated using generalised linear models fitted with binomial error structure and a 

logit link function, with respondents’ composite attitude and perceived social norm scores as 

binomial dependent variables (Table 4.2). Models were checked for overdispersion and no 

correction was found necessary. 
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Table 4.2. List of models and variables included.  

Response 
variable 

Explanatory variable 

1. Direct 
question per 
sensitive 
behaviour 

‘Gender’ + ‘Age’ + ‘Hunting permit holder’ + ‘Social norm score per sensitive 
behaviour’ + ‘Attitude score per sensitive behaviour’ + ‘Knowledge Score’ + 
‘Approval Score’ + ‘Village’ 

2. Attitude ‘Gender’ + ‘Age’ + ‘Hunting permit holder’ + ‘Local Born’ + ‘Knowledge Score’ 
+ ‘Approval’ + ‘Village’ 

3. Social norm ‘Gender’ + ‘Age’ + ‘Hunting permit holder’ + ‘Local Born’ +   ‘Knowledge 
Score’ + ‘Village’ 

4. Knowledge ‘Gender’ + ‘Age’ + ‘Hunting permit holder’ + ‘Local Born’ + ‘Village’ 

 

 

4.7 Knowledge 

Knowledge scores (0-13) were computed by adding the number of correct answers to questions 

regarding the level of legal protection of 13 faunal species native to Portugal. An arc-sine 

transformation was performed on proportional knowledge scores in order to normalise the 

distribution of the data. Differences between knowledge scores and socio-demographic 

variables were explored visually using box-and-whisker plots. Likely significant differences were 

confirmed using formal statistical analysis. Differences in knowledge of individual species and 

protection status were also explored. Generalised linear models fitted with a Gaussian error 

structure were employed to model knowledge scores against socio-demographic, attitude and 

social norm variables (Table 4.2). 
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4.8 Model selection 

AICc based multi-model inference was conducted using the dredge function in the MuMIn 

package in R (Bartoń, 2012) to run a complete set of models with all possible combinations of 

the variables. Parameter estimates were averaged across models with ΔAIC < 4; Burnham & 

Anderson (2002) advise that an ΔAIC ≥ 4 indicates that there is considerably less support for a 

model. 

 

5. Results 

147 individuals were approached, of which only 1 individual refused to respond (non-response 

rate <1%). The average (median) time taken to complete the questionnaire was 15 minutes, 

which ranged between 5 minutes and 1 hour and 15 minutes.  

 

5.1 Prevalence estimates 

Prevalence estimates produced by the UCT were higher than the direct question estimates for 

three of the four behaviours; an estimate of -6.6 was produced by the UCT for the poison use 

behaviour. Prevalence estimates produced by direct questioning suggest that all four of the 

behaviours investigated are practiced to varying degrees in the study system. The illegal activity 

of highest prevalence was found to be the capture of birds for consumption (16.4%) followed 

by illegal poison use (6.4%). Low rates of illegal shooting of birds of prey and collection of wild 

bird eggs were also estimated (2.1% and 1.4% respectively). Due to the sensitivity of the 

behaviours, it is likely that these figures are an underestimation of the true rates of prevalence, 

and the estimates produced by the UCT support this reasoning. It should be noted that the 

standard errors are large for the UCT (Figure 5.1). For the catching birds of consumption 

question, the UCT standard error is 15.1, so the 95 percent confidence interval ranges between 

15 percent and 62.5 percent. The large standard errors of prevalence estimates produced by 

the UCT make interpretation of the estimates difficult.  
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Figure 5.1. Estimated prevalence (estimate ± SE) of target sensitive behaviours in the study 
villages in the 12 months prior to the survey 
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5.2 Use criteria 

The direct and indirect questioning techniques were compared according to various criteria 

indicators: the ease of their use, whether respondents were convinced that the techniques 

guaranteed the anonymity of their answers, respondents’ stated feelings of discomfort when 

answering the questioning, and the non-response rate of each technique. The results suggest 

that the UCT outperformed the direct questioning technique on each of the four criteria (Table 

5.1).   

 

Table 5.1. Use measures for the two questioning techniques. Understood: percentage of 

respondents who felt they had completely understood the technique; Trust: percentage of 

respondents who believed that the technique guaranteed the anonymity of their answers; 

Discomfort: percentage of respondents who felt very uncomfortable while answering; 

Nonresponse: percentage of respondents who did not answer any one of the four questions per 

technique. 

Experimental 
condition 

N 
Understood 

(%) 
Trust (%) Discomfort (%) 

Non-response 
(%) 

Unmatched 
count 

146 89.0 89.7 9.6 0 

Direct 
questioning 

146 82.2 71.2 11.6 0.17 

  

 

A Wilcoxon signed-rank test showed that the mean difference in expressed feelings of 

anonymity was significantly higher for the UCT than for the direct questioning technique (V = 

396, p = 0.02). There was no significant difference between respondents expressed feeling of 

understanding of the two questioning techniques or respondents’ feelings of discomfort. The 

UCT recorded a zero non-response rate, with the direct questioning recording a non-response 

rate of 0.17%. 
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5.3 Behaviour sensitivity 

Analysis of responses to the social norm question, “The majority of people in this village 

[conduct specific sensitive behaviour]”, is consistent with the ranked prevalence estimates 

produced by both questioning techniques (Table 5.2), supporting the validity of the use of social 

norm data as an indicator of behaviour sensitivity. Sensitivity scores suggest that the behaviour 

of highest perceived sensitivity is poison use, followed by catching birds for consumptionand 

shooting birds of prey. Collection of wild bird eggs was found to be of lowest sensitivity of the 

four behaviours. 

 

Table 5.2. Table showing: (a) Ranked prevalence of behaviour based on results from the UCT, 

direct questioning, and responses to the social norm question, “The majority of people in this 

village [sensitive behaviour]”, and (b) perceived behaviour sensitivity 

 Catch birds to 
eat 

Poison use 
Shoot birds of 

prey 
Collect wild bird 

eggs 

(a) Ranked behaviour prevalence per technique* 

UCT 1 - 2 3 

Direct questioning 1 2 3 4 

Social norm 1 2 3 4 

(b) Behaviour sensitivity based on social norm questions 

Percentage agreeing 
with “The majority of 

people in this village...” 
41.6 32.1 25.0 21.3 

Percentage agreeing 
with “The majority of 
people important to 

me think that I should 
...” 

31.2 21.5 20.5 17.7 

Total sensitivity score 10.4 10.6 4.5 3.6 

*Ranked behaviour prevalence on a scale of 1-4 whereby 1=most prevalent behaviour, 4=least 
prevalent behaviour 



28 
 

5.4 Violation of assumptions 

Lower proportions of zero responses for treatment cards were recorded for the training, 

catching birds to eat and shooting birds of prey cards, as would be expected with the addition 

of one extra item to the list (Figure 5.2). Graphical analysis suggests there was a possible 

violation of the no design effect assumption for the egg collecting and poison use cards. 

However, formal statistical analysis did not confirm significant differences between zero 

response proportions (Egg collecting: X-squared = 0.0146, (1), p = 0.90; Poison use: X-squared = 

0.7009, (1), p = 0.403). Nonetheless, it remains interesting to observe that the behaviour of 

highest sensitivity (poison use) also suffered the greatest difference in zero responses with the 

addition of the sensitive item to the list. 

 

Figure 5.2. Percentage of response zeros for UCT control and treatment groups 
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5.5 Predictors of respondents admitting to engagement in sensitive behaviours 

The prevalence estimates produced by the direct questioning technique indicate that all of the 

four sensitive behaviours are currently practiced in the study system. The count of affirmative 

responses to direct questions regarding shooting birds of prey and egg collecting were too low 

to conduct multivariate regression analysis (3 and 2 affirmative responses respectively). 

Informal analysis revealed that respondents answering affirmatively to the shooting birds of 

prey direct question were all males born locally (within 50km of study site), with low-medium 

levels of formal education, with a high level of knowledge of species protection, and a positive 

attitude towards shooting birds of prey. Informal analysis revealed that respondents answering 

affirmatively to the egg collection direct question were all males, with low levels of formal 

education, and with a high level of knowledge of species protection. 

 

5.5.1 Catching birds for consumption 

Respondents were more likely to admit to catching birds for consumption if they were male, if 

they scored highly when classifying species by protection status, if they were in possession of a 

hunting licence, and if they perceived the behaviour to be socially acceptable (Figure 5.3). 

Other predictors included in the models but with much less support were the respondents’ 

attitude towards the behaviour, and the respondents’ stated importance of approval from 

family and friends (Appendix 4). 
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Figure 5.3. Fitted probability models of admitting to catching a bird for consumption against: (a) 

knowledge of species protection laws; (b) gender; (c) possession of a hunting permit; and (d) 

perceived social acceptability of catching a bird for consumption. 
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Respondents’ who were locally born (born within a 50km radius of the study villages) were less 

likely to perceive catching birds for consumption to be a socially acceptable behaviour (Figure 

5.4). In addition, feelings of social acceptability of catching a bird for consumption became 

more negative with increasing age. Other predictors included in the models but with much less 

support were possession of a hunting permit and village. Knowledge of wildlife laws and gender 

were not retained in the top models (Appendix 4).  

 

 

Figure 5.4. Fitted probability models of perceiving catching a bird for consumption to be a 

socially acceptable behaviour against: (a) age; and (b) place of birth within 50km radius of study 

villages. 
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5.5.2 Use of poison to control populations of wild animals 

The direct question regarding poison use received one non-response, and was the only 

question in the study to do so. Affirmative answers to the direct question regarding poison use 

were strongly predicted by attitude. Respondents with a positive attitude towards the use of 

poison were more likely to admit to the engaging in this activity than respondents with a 

negative attitude towards the behaviour (Figure 5.5). Other variables also included in the top 

models but with much less support were gender, species protection knowledge, and perceived 

social norm of the behaviour. Possession of a hunting permit, village, importance of approval 

from friends and family and age were not retained in the top models (Appendix 6). 

Respondents’ attitude towards the poison use behaviour was mostly predicted by age and 

possession of a hunting permit (Figure 5.5). Other variables also included in the top models but 

with much less support were knowledge of wildlife laws and village. Locality of birth and gender 

were not retained in the top models (Appendix 6).  
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Figure 5.5. Fitted probability models of: a) admitting to using poison to control populations of 

wild animals against attitude towards the behaviour; b) expressing a positive attitude towards 

using poison to control populations of wild animals against possession of a hunting permit; and 

c) expressing a positive attitude towards using poison to control populations of wild animals 

against age  



34 
 

5.6 Knowledge 

The respondents’ ability to classify species into their legal categories was good, with 76.1% (n= 

1444) correct responses in the raw data. Protected species were correctly classified most often 

(85.8% of 876 responses), closely followed by unregulated species (85.6% of 146 responses), 

and game species receiving the least correctly classified responses (64.7% of 876 responses) 

(Figure 5.6). A chi-squared test revealed that the percentage of correctly classified species was 

significantly lower for game species in comparison with protected species (χ2=72.0705 (1) 

p=<0.001).  

Figure 5.6. Percentage of incorrect answers per species with protection classification indicated 

by colour. Incorrect classifications of legal species include “Regulated” and “Protected”. 

Incorrect classifications of regulated species include “Legal” and “Protected”. Incorrect 

classifications of protected species include “Legal” and “Regulated”. 
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Unregulated species were more commonly misclassified as regulated (9%) than as protected 

(4%). Misclassification of regulated species was varied, with the European rabbit (Oryctolagus 

cuniculus), Red partridge (Alectoris rufa) and Wild pig (Sus scrofa) misclassified as unregulated 

significantly more often than as protected (Exact binomial test p=<0.005). In contrast, fallow 

deer (Dama dama) and song thrush (Turdus philomelos) – both regulated species also - were 

misclassified as protected significantly more often than as unregulated (Exact binomial test 

p=<0.005). No significant difference of misclassification between protection categories was 

found for the red fox (Vulpes vulpes). All protected species were more commonly misclassified 

as game. 

5.7 Predictors of awareness of wildlife protection laws 

Knowledge of wildlife protection laws was found to decrease with increasing age (Table 5.3). 

Males in possession of a hunting licence were more likely to score highly on the species 

protection knowledge test. Knowledge of species protection laws was also found to differ 

significantly between study villages, with residents of São Martinho performing better in the 

species protection test. 

Table 5.3. Parameter estimates obtained from the full generalised linear model of knowledge of 

wildlife laws 

Parameter Estimate S.E. z-value 
Relative variable 

importance 

Intercept 1.083 0.064 16.746 1 

Age -0.002 0.001 2.527 1 

Hunting Permit: Yes 0.195 0.052 3.661 1 

Gender: Male 0.114 0.043 2.582 1 

Village: São Martinho 0.069 0.042 1.624 0.57 

Local Born: Yes 0.065 0.052 1.240 0.43 
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Knowledge scores of respondents admitting to engagement in two of the sensitive behaviours 

investigated were found to be significantly higher than respondents claiming to have no 

involvement in these activities: catching birds for consumption (Mann-Whitney U = 790.5, p = 

<0.001) and shooting birds of prey (Mann-Whitney U = 91, p = 0.08). The possession of a 

hunting licence was associated with substantial improvements in categorising species by their 

protection status (W=1063, p=<0.001) (Figure 5.7). 

 

Figure 5.7. Box-plot showing knowledge of wildlife laws of holders and non-holders of a hunting 

permit 
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6. Discussion 

6.1 The Unmatched Count Technique 

The results of this study show that the UCT performed well in terms of producing higher 

prevalence estimates than direct questioning for three of the four behaviours under 

investigation. The technique outperformed direct questioning on a number of criteria. The UCT 

was better understood by respondents, instilled greater feelings of trust, provoked fewer 

feelings of discomfort, and received a non-response rate of zero. Prevalence estimates show 

that all four of the sensitive behaviours investigated have been practiced in the study system to 

varying degrees over the past 12 months.  

Given the tendency for respondents to underestimate their involvement in sensitive behaviour, 

it has been argued that any prevalence estimate produced by the UCT higher than one 

produced by direct questioning is potentially a more accurate estimate (Dalton et al., 1994; 

Rayburn et al., 2003; Tsuchiya et al., 2007) and proof of the effectiveness of the technique. The 

results of this study are consistent with those of previous work (Tourangeau and Yan, 2007; 

Coutts and Jann, 2011) and suggest that the technique was effective in reducing the response 

bias associated with investigation of stigmatising behaviours. Analysis of responses to the social 

norm question, “The majority of people in this village [conduct specific sensitive behaviour]”, 

supports the estimates produced by the technique in terms of ranked order of prevalence, and 

supports the argument that estimates produced by asking respondents to estimate the 

proportion of the population they believe engage in a sensitive behaviour can be used as a 

proxy for the estimation of prevalence of sensitive behaviours (Petróczi et al., 2008). 

Unfortunately, due to a lack of baseline information on the true prevalence of the sensitive 

behaviours it is not possible to determine whether prevalence estimates produced by the UCT 

were more accurate than estimates produced by direct questioning.  

The UCT was effective at reducing the bias associated with non-response, a finding consistent 

with previous work (Coutts and Jann, 2011; Blair and Imai, 2012). However, this reduction in 

non-response bias came at a cost of greater variance in estimates. Using the UCT, the average 

standard error of prevalence estimates was 13.73. In contrast, the average standard error of 
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estimates obtained using the direct questioning with the same sample size was 1.85. This 

inflated variance can make detection of rare behaviours problematic (Droitcour et al., 1991), 

and evidence for this was seen for the egg collecting behaviour, for which estimates were 

negative. This disadvantage is common of other forms of indirect questioning technique 

(Lensvelt-Mulders et al., 2005), and this trade-off between bias and variance highlights the 

need for large sample populations when using the UCT.  

Expressed feelings of trust in the UCT were significantly higher than the direct questioning 

technique (V = 396, p = 0.02), and were considerably higher than previous estimates; Coutts 

and Jann (2011) reported that 28.6% of respondents believed that the UCT guaranteed the 

anonymity of their answers in comparison with 89.7% recorded in this study. It should be noted 

that a number of respondents expressed that their feelings of trust were a result of the 

anonymity of the questionnaire as a whole (no information was asked that could be used to 

identify individuals e.g. name, address). It is possible therefore that these figures may be due to 

the design of the overall questionnaire rather than differences in questioning techniques. 

Despite this issue, it is reasonable to assume that the inflation effect was equal across both 

techniques, as both techniques were administered to the same respondents one after the 

other. Therefore, a comparison between the expressed feelings of anonymity of two techniques 

should be considered valid.  

It is interesting to note that the UCT performed very differently for the two behaviours of 

highest sensitivity in this study. The UCT performed well for the catching birds for consumption 

behaviour, producing higher estimates than direct questioning. Conversely, the technique 

produced a negative estimate for the poison use behaviour. Weak evidence for violation of the 

no design effect assumption was found for the poison use card. Consideration of the context of 

the poison use behaviour may offer an explanation for this difference in results. Poisoning of 

non-target species is a problem in the Alentejo region of Portugal, and cases of accidental 

poisoning of domestic and hunting dogs have received attention from the Portuguese 

conservation community and the national press (Programa Antídoto Portugal, 2006; Bratley, 

2010). Personal communication with respondents revealed that accidental poisoning of 

domestic animals is an issue in the study villages, and has caused conflict between residents in 
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the past, with one resident suggesting that deliberate poisoning of domestic animals has been 

used as a form of retaliation associated with conflicts between residents. The sensitive 

behaviours of this study were chosen due to their impact on wildlife and not their social effects. 

However, it is possible that the indirect negative social impacts of poison use add an additional 

dimension to the perceived sensitivity of the behaviour. It is possible that a respondent’s 

feeling of embarrassment when admitting to engagement in conservation-related sensitive 

behaviours is heightened when the negative impacts of behaviour are not only felt by wildlife 

but also by members of the community. The context of perceived behaviour sensitivity and its 

effect on the functionality of the UCT could provide an interesting topic for future research. 

 

6.2 Predictors of behaviours of conservation concern 

In this study the TPB was successfully used to identify the predictors of two behaviours of 

conservation concern (Figure 6.1). Perceived social norms were found to be an important 

predictor of respondents admitting to catching birds for consumption. Attitudes towards the 

use of poison were found to be an important predictor of the illegal use of poison to control 

populations of wild animals. These results are supportive of recent calls for the use of social-

psychological models such as the TPB in the design of targeted conservation interventions 

aimed at changing human behaviour and the suitability of their use in the conservation field (St 

John et al., 2010a). 

  



40 
 

 

Figure 6.1. Adapted theory of planned behaviour predictor model of: a) admitting to 

engagement in two behaviours of conservation concern, and b) knowledge of wildlife laws. 

Faded arrows indicate relationships that were not investigated in the current study. 

 

The design of conservation interventions based on people’s general attitudes towards 

biodiversity conservation has recently been criticized (St John et al., 2010a). They have been 

found to be ineffective at altering specific behaviours of conservation concern due to a 

mismatch between attitudinal and behavioural information. The issue of information mismatch 

was addressed in this study by the investigation of behaviour-specific attitudes rather than 

general attitudes towards conservation. Behaviour-specific attitudes were found to be an 

important predictor of one behaviour of conservation concern (the use of poison) but not of 

another behaviour (catching birds for consumption). The findings of this study support the 
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argument that an understanding of what behaviours attitudes relate to is critical prior to the 

design of behaviour-changing conservation interventions.  

Evidence exists that increased awareness of conservation rules can lead to an increase in 

compliance (Page and Radomski, 2006; Nkonya et al., 2008), supporting the theory that if rules 

are not well known, they cannot change behaviour. The findings of this study are contradictory 

of this statement. Respondents admitting to engagement in two of the sensitive behaviours 

investigated in this study - catching birds for consumption and shooting birds of prey - had 

significantly better knowledge of wildlife protection laws than respondents claiming not to have 

engaged in these behaviours in the past 12 months, suggesting that non-compliance is 

associated with increased awareness of rules. However, this result must be interpreted with 

caution. In addition to good awareness of wildlife protection laws, respondents admitting to 

engagement in these behaviours were also more likely to have a formal association to hunting. 

Our analyses indicated that the hunting members of the community were better informed 

about conservation rules than members of the sample population with no formal association 

with hunting. As a requirement of obtaining a hunting licence in Portugal a theory exam must 

be passed, including questions regarding the protection status of species and spatial and 

temporal restrictions to hunting seasons  (Lei n.º 12/2011de 27 de Abril., 2011). Therefore, this 

result is likely a product of the demographics that are more commonly engaged in these 

behaviours, and not an indication that increasing awareness of rules has an inflating effect on 

noncompliance. 

Furthermore, the findings of this study suggest that knowledge of conservation rules does play 

a role in a person’s decision to comply with said rules. However, no evidence was found for the 

effect of a person’s knowledge of conservation rules on their attitudes towards and perceived 

social norms of conservation-threatening behaviours. These finding’s do however support 

claims that awareness of conservation rules alone is not enough to change non-compliant 

behaviours (Keane et al., 2011), and that a better understanding of the extent to which changes 

in awareness translate into changes in compliance including what factors affect an individual’s 

choice to obey known rules, is needed to inform successful conservation strategies.  
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6.3 Informing future bird conservation strategies in the region 

The findings of this study are consistent with those of SPEA who estimate that the two activities 

of greatest importance to the conservation of birds in Portugal are poisoning and illegal 

trapping for consumption (Birdlife, 2011). Our findings support calls for future conservation 

interventions in the region to concentrate on reducing prevalence of these activities.  

The development of targeted conservation interventions should be informed by an 

understanding of the demographics of those involved in relevant activities. In this study, the 

demographics of respondents admitting to involvement in two behaviours of conservation 

concern were identified (Figure 6.2). 

 

Figure 6.2. Predictor model of: a) admitting to engagement in two behaviours of conservation 

concern, and b) knowledge of wildlife laws. Boxes joined by solid arrows indicate predictors 

that increase probability. Boxes joined by dashed arrows indicate predictors that decrease 

probability. 
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6.3.1 Catching birds for consumption 

The characteristics of respondents openly admitting to catching birds for consumption are 

synonymous with a formal association to hunting. The findings of this study suggest that a 

targeted conservation intervention designed to tackle this behaviour in the region should focus 

resources on changing behaviours of members of the hunting community.  

It is interesting to note that catching a bird to eat was perceived to be a more socially 

acceptable behaviour by respondents who were not locally born, the majority of whom were 

born in cities such as Lisbon and Porto. Evidence exists that urban and rural populations may 

hold very different perceptions of nature and attitudes towards wildlife and resource 

exploitation (Manfredo and Zinn, 1996; Skogen, 2001; Tangeland et al., 2010). These authors 

found that urban populations become increasingly disconnected from the realities of rural life 

as the use of nature becomes for leisure instead of survival, and has led to urban populations 

holding a ‘romantic’ view of nature. It is unclear how these findings could be used to inform 

conservation interventions, and, again, could be an interesting topic of further research. 

6.3.2 The use of poison to control populations of wild animals 

Respondents openly admitting to using poison to control populations of wild animals were 

strongly predicted by expressing a positive attitude towards this behaviour. This result suggests 

that a conservation intervention designed to change peoples’ attitudes towards the use of 

poison could be an effective strategy for reducing the prevalence of this behaviour. 

Investigation of the predictors of attitude towards poison use suggests that respondents in 

possession of a hunting permit held a more negative attitude towards the behaviour, and that 

positivity of attitude towards the behaviour increased with age. As previously discussed, the 

accidental poisoning of hunting dogs is not uncommon in Portugal, and may be a cause for the 

negative attitudes of hunters towards this behaviour. Our sensitivity analysis suggests that the 

use of poison is already associated with a degree of social unacceptability. It has been argued 

that conservationists should take advantage of social taboos by using them in partnership with 

formal rules, involving cooperation between conservationists and local human communities 

(Colding and Folke, 2001). A conservation strategy for the region should involve partnership 

between hunting associations and Programa Antίdoto, the arm of SPEA dedicated to tackling 
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this issue, with hunters strengthening the social taboo of the use of poison and acting as 

advocates for conservation.  

The relationship between age and attitude towards the use of poison suggests that this 

behaviour is more strongly associated with the older generations of the community. Previous 

studies have presented evidence for a shift in public attitudes towards pro-environmentalist 

thinking (Dunlap and Vanliere, 1978; Dunlap et al., 2000), whereby younger generation are 

becoming more concerned by environmental issues. Positive attitudes towards issues such as 

wildlife rights and welfare (Manfredo and Zinn, 1996) and predator management (Majic et al., 

2011) have been found to be more likely held by younger generations. The findings of this study 

may indicate that the younger generations of the study communities are becoming less wedded 

to the traditional rural values of the region. These trends, if they continue into the future, may 

have strong implications for the management of illegal poison use and possibly in time its 

prevalence may decline. 

6.3.3 Knowledge of wildlife protection laws 

Analyses of knowledge of individual species protection status was consistent with Keane et al.’s 

(2011) findings and indicated that knowledge of game species protection status was 

significantly poorer than protected species. Four game species - the European rabbit 

(Oryctolagus cuniculus), Red partridge (Alectoris rufa), Red fox (Vulpes vulpes) and Wild pig (Sus 

scrofa) – were often (>15% of responses) misclassified as legal to hunt at any time of the year.  

The illegal hunting of game bird species outside of spatial and temporal restrictions was not 

investigated in this study as the issue has been classified as of only low conservation 

importance for bird species in Portugal (Birdlife, 2011). For other groups of species however 

this result may be worth noting. Recent investigation of the effects of game management 

practices on predators in the region has found evidence that the red fox continues to be 

persecuted (Beja et al., 2009). Dramatic declines in European rabbit populations due to disease 

and habitat loss have resulted in the species ’Near Threatened’ classification in Portugal and re-

classification as ‘Vulnerable’ in Spain (SECEM, 2006). If future conservation strategies are 

required for the survival of these species, awareness-raising of their correct protection status 

may be a strategy worth considering. 
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6.4 Limitations of the study and further work 

The predictors of two behaviours of conservation concern were identified in this study through 

analysis of respondents’ answers to a traditional direct questioning technique. As previously 

noted the investigation of sensitive behaviours using this method is susceptible to a number of 

sources of bias. It is likely that the predictors identified in this study do not cover the complete 

range of demographics involved in these behaviours. The predictors are more likely an 

indication of the respondents who were more comfortable with replying truthfully to direct 

questions about these sensitive behaviours. The UCT can be used to overcome these sources of 

bias and identify characteristics of respondents susceptible to response and interviewer bias 

using multivariate regression techniques (Imai, 2011). Unfortunately the sample population of 

this study was not of sufficient size to undertake this form of analysis. Future investigation of 

the behaviours could utilise this technique to inform conservation management strategies. 

 

7. Conclusion 

The Unmatched Count Technique was successfully used in this study to produce prevalence 

estimates of three behaviours of conservation concern, informing the design of targeted 

conservation interventions for the protection of birds in Southern Portugal. It was successful in 

reducing non-response bias, a critical issue in the investigation of sensitive and illegal 

behaviours. In addition, the results highlight the technique’s potential to reduce social 

desirability bias by increasing respondents’ feelings of trust when answering questions about 

stigmatizing behaviours. A social-psychological model, the theory of planned behaviour, was 

successfully used to identify the predictors of two behaviours that threaten the survival of 

European bird species, the illegal use of poison and the trapping of birds for consumption.  The 

findings of this study are supportive of recent calls for the use of such models in the design of 

conservation interventions aimed at changing behaviours. The study results will assist in the 

design of regional, national, and Europe-wide conservation management strategies for birds.  
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Appendices 

Appendix 1. Questionnaire – Version used in study 

Data: ________________ 

Aldeia: _______________________________     

Cartão: Tratamento / Não Tratamento 

 

LER EM VOZ ALTA: 

  “O meu nome é Ali e sou aluna de mestrado na Imperial College em Inglaterra. Estou a 
fazer questionários sobre as comunidades rurais e aves em Portugal e gostaria de fazer-lhe 
algumas perguntas. O questionário demora mais ao menos 15 minutos. Não precisa de saber ler ou 
escrever, é apenas uma conversa. 

 Se decidir participar neste estudo, esta informação será anónima e confidencial. Posso 
continuar com as perguntas?” 

 

 [Se Não, escrever sexo e idade aproximada da pessoa e terminar questionário aqui] 

 Sexo:  Masculino _____                                  Idade:    0-17  _____ 

  Feminino _____     18-25  _____ 

                         26-45  _____   

                     46-65  _____   

                       66+  _____   

 

 [Se sim, escrever hora de início da entrevista]   Hora início: ______________ 

 

Secção A: Informação sociodemográfica 

1. Sexo:  Masculino ______  Feminino _______ 
 

2. Idade: ____________ 
 

3. Nível de educação [Escolher uma opção] 
a) Escola primária: 1ª a 4ª classe 
b) 5º - 9º ano 
c) Ensino secundário: 10º - 12º ano 
d) Universidade 
e) Não sei ler nem escrever 
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4. Qual é a sua ocupação principal? [Escolher uma opção] 
a) Agricultura 
b) Doméstica 
c) Construção 
d) Pastor 
e) Lar 
f) Costureira 
g) Supermercado 
h) Escritórios  
i) Desempregado 
j) Reformado 
k) Estudante 
l) Outra: ____________________________ 

 

5. Lugar de nascimento? [Escolher uma opção] 
a) Aldeia das Amoreiras 
b)  Outra: __________________________ 

  

6. Tem uma carta de caçador ou teve uma no passado? [Escolher uma opção]  
a) Sim  
b) Não 

 

7. É membro de alguma associação de caçadores? [Escolher uma opção] 
a) Sim 
b) Não 

 

8. É membro de alguma organização relacionada com o Ambiente (por exemplo: 
escuteiros, Quercus)? [Escolher uma opção] 

a) Sim 
b) Não 

Se sim, qual? ___________________________ 
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Secção B: Programas de televisão 

[Ler em voz alta] Agora, eu vou mostrar um cartão com o nome de vários programas de televisão. 
Vou ler o nome de cada programa e depois gostaria de saber quantos programas desta lista viu nos 

últimos 12 meses. Por favor, não me diga quais, diga-me apenas quantos. 

 

 [Mostrar o cartão de treino. Ler os nomes e perguntar:]  

 9. Quantos programas desta lista viu nos últimos 12 meses? [Escolher uma opção] 

 

1  2  3  4  5 
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Secção C: Cartões 

 

[Ler em voz alta] Agora, eu vou mostrar alguns cartões com o nome de várias actividades. 
Novamente, vou ler o nome de cada actividade e depois gostaria de saber quantas actividades 

desta lista fez nos últimos 12 meses.Por favor, não me diga quais, diga-me apenas quantas. 

 

 

[Mostrar cartão A. Ler nomes e perguntar:]  

 10. Quantas destas actividades fez nos últimos 12 meses? [Escolher uma opção] 

 

1  2  3  4  5 

 

[Mostrar cartão B. Ler nomes e perguntar:]  

 11. Quantas destas actividades fez nos últimos 12 meses? [Escolher uma opção] 

 

1  2  3  4  5 

 

[Mostrar cartão C. Ler nomes e perguntar:]  

 12. Quantas destas actividades fez nos últimos 12 meses? [Escolher uma opção] 

 

1  2  3  4  5 

 

[Mostrar cartão D. Ler nomes e perguntar:]  

 13. Quantas destas actividades fez nos últimos 12 meses? [Escolher uma opção] 

  

1  2  3  4  5 
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Secção D: Opinião sobre os cartões UCT (PARA TODAS PESSOAS) 

 

 14. [Ler em voz alta] Gostaria de saber a sua opinião sobre os cartões que lhe mostrei e as 
perguntas que fiz. 

 

a. Foi fácil entender os cartões? 

Muito Mais ou menos Um pouco Nada Não sei 

 

b. Sente que as suas respostas são anónimas usando estes cartões?  

Muito Mais ou menos Um pouco Nada Não sei 

 

c. Sentiu-se desconfortável a responder a estas perguntas?  

Muito Mais ou menos Um pouco Nada Não sei 
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Secção E: Atitudes 

 

15. [Ler em voz alta] Agora, vou ler algumas frases. Numa escala de 1 a 7, em que 1 significa 
“discordo totalmente” e 7 significa “concordo totalmente”, indique como se sente acerca das 

seguintes frases: 

 

a. Apanhar ovos de aves selvagens seria útil. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
  

b. Apanhar ovos de aves selvagens seria agradável. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
 
 
 

c. Usar veneno para controlar as populações de animais selvagens seria útil. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
 

d. Usar veneno para controlar as populações de animais selvagens seria agradável. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
 
 
 

e. Apanhar uma ave selvagem para comer seria útil. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
 

f. Apanhar uma ave selvagem para comer seria agradável. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
 
 
 

g. Disparar contra uma ave de rapina seria útil. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 

h. Disparar contra uma ave de rapina seria agradável. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
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Secção F: Conhecimento 

16.  [Ler em voz alta] Agora vou mostrar algumas imagens de animais. Para cada animal, diga-me 
se matar este animal é: sempre legal, sempre ilegal ou legal só em certas alturas do ano.  

 

a. Raposa Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

b. Perdiz Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

c. Milhafre-preto Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

d. Lince-ibérico Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

e. Tordoveia Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

f. Águia-d’asa-
redonda 

Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

g. Ratazana Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

h. Javali Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

i. Águia-imperial-
iberίco 

Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

j. Gamo Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

k. Peneireiro Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

l. Coelho-bravo Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 

m. Lobo Legal Regulado Illegal 
Não conheço 
este animal 

Não sei 
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Secção G: Percepção de normas 

 

17. [Ler em voz alta] Agora, vou ler mais algumas frases. Numa escala de 1 a 7, em que 1 significa 
“discordo totalmente” e 7 significa “concordo totalmente”, indique como se sente acerca das 

seguintes frases: 

 

a. A maioria das pessoas desta aldeia apanha ovos de aves selvagens.  
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
  

b. A maioria das pessoas desta aldeia usa veneno para controlar populações de animais selvagens.  
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 

c. A maioria das pessoas desta aldeia apanha aves selvagens para comer. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 

d. A maioria das pessoas desta aldeia dispara contra aves de rapina. 
 

Discordo totalmente 1 2 3 4 5 6 7 Concordo totalmente 
 
18. [Ler em voz alta] Vou ler mais frases. Numa escala de 1 a 7, em que 1 significa “Eu não devia” e 

7 significa “Eu devia”, indique como se sente acerca das seguintes frases: 
 

a. A maioria das pessoas importantes para mim acha que:   
Eu não devia 1 2 3 4 5 6 7 Eu devia 

         Apanhar ovos selvagens. 

b. A maioria das pessoas importantes para mim acha que:   
Eu não devia 1 2 3 4 5 6 7 Eu devia 

     usar veneno para controlar populações de animais 
selvagens. 

c. A maioria das pessoas importantes para mim acha que:   
Eu não devia 1 2 3 4 5 6 7 Eu devia 

        apanhar aves selvagens para comer. 

d. A maioria das pessoas importantes para mim acha que:   
Eu não devia 1 2 3 4 5 6 7 Eu devia 

         disparar contra aves de 
rapina. 

 

19. [Ler em voz alta] Por favor, indique, numa escala de 1 a 7, em que 1 significa “Nada” e 7 
significa “Muitíssimo”, como se sente acerca desta frase: 

A aprovação da minha família e amigos é importante para mim. 
Nada 1 2 3 4 5 6 7 Muitíssimo 
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Secção H: Perguntas directas 

 

[Ler em voz alta] Agora gostaria de saber se fez as seguintes actividades durante os últimos 12 
meses: 

 

20. Apanhou ovos de aves selvagens? [Escolher uma opção] 

Sim 

Não 

Não sei 

Não quero responder 

 

21. Usou veneno para controlar as populações de animais selvagens? [Escolher uma opção] 

Sim 

Não 

Não sei 

Não quero responder 

 

22.  Apanhou uma ave selvagem para comer? [Escolher uma opção] 

Sim 

Não 

Não sei 

Não quero responder 

 

23. Disparou contra uma ave de rapina? [Escolher uma opção] 

Sim 

Não 

Não sei 

Não quero responder 
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24. [Ler em voz alta] Finalmente, eu gostaria de saber a sua opinião sobre as últimas perguntas que 
lhe fiz.  

 

a. Foi fácil entender as perguntas? 

Muito Mais ou menos Um pouco Nada Não sei 

 

b. Sente que as suas respostas são anónimas usando estas perguntas? 

Muito Mais ou menos Um pouco Nada Não sei 

  

c. Sentiu-se desconfortável a responder a estas perguntas? 

Muito Mais ou menos Um pouco Nada Não sei 

 

 

 

 

[Ler em voz alta] Muito obrigada pela sua disponibilidade para responder a este questionário. As 
suas respostas vão ajudar-nos a compreender as ligações das pessoas com as aves e a melhorar 

os nossos questionários. 

 

 

 [Escrever hora de fim da entrevista]                               Hora fim: ______________ 
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25. Perguntas para o entrevistador: 

 

 

a. O entrevistado estava disposto a responder às perguntas? [Escolher uma opção] 

 

Muito  Mais ou menos  Um pouco   Nada 

 

 

b. O entrevistado entendeu as perguntas facilmente? [Escolher uma opção] 

 

Muito  Mais ou menos  Um pouco   Nada 

 

 

c. O entrevistado forneceu respostas honestas? [Escolher uma opção] 

 

Muito  Mais ou menos  Um pouco   Nada 

 

 

Comentários 
adicionais__________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
______ 

 

 

 

 

 

  



65 
 

Appendix 2. Questionnaire – English translation 

Date: ________________ 

Village: _______________________________     

Card: Treatment / Control 

 

READ OUT: 

  “My name is Ali and I am a Master’s student at Imperial College in England. I am conducting 
a short questionnaire about rural communities and birds in Portugal and I would like to ask you some 
questions. The questionnaire will last more or less 15 minutes. You do not need to be able to read or 
write, it is only a conversation. 

 If you choose to take part in the questionnaire, this information will be anonymous and 
confidential. Would you like to continue with the questions?” 

 

 [If NO, write gender and approximate age of respondent and FINISH HERE] 

 

 Gender:  Male      _____                                  Age:    0-17 _____ 

      Female  _____    18-25 _____ 

                        26-45 _____   

                   46-65 _____   

                      66+ _____   

 

 [If YES, write down time interview started]   Start time: ______________ 

 

Section A: Individual socio-demographic information (about respondent only) 

9. Gender:  Male ______  Female _______ 
 

10. Age: ____________ 
 

11. Level of education [Circle one] 
f) primary school 
g) secondary/college education 
h) university 
i) no formal education 
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12. Primary field of occupation [Circle] 
m) Agriculture 
n) Housewife/husband 
o) Construction 
p) Shepherd 
q) Nurse 
r) Clothes maker  
s) Supermarket  
t) Office worker  
u) Unemployed 
v) Retired 

 

13. Place of birth? [Circle] 
a) Aldeia das Amoreiras  
b) Other___________________ 

 

14. Do you hold a hunting licence or have you held a hunting licence in past?  [Circle]  
c) Yes  
d) No  

 

15. Are you a member of a hunting association? [Circle] 
c) Yes  
d) No 

 

16. Are you a member of any environmental or wildlife groups or organisations? 
[Circle] 

c) Yes 
d) No 

Group/Organisation: ___________________________ 
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Section B: Training card – Television programs 

[Read out] I am going to show you a card with a number of television programs. I will read the 
names of the programs and then I want you to tell me how many of these programs you have 

watched in the past year. 

Please, don't tell me which ones, just tell me HOW MANY. 

 

 [Show TRAINING card. Read names and ask:]  

 9. How many of these programs have you watched in the past year? [Circle answer] 

 

1  2  3  4  5 
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Section C: Cards 

 

[Read out] I am going to show a set of cards with a number of activities. Again I will read the names 
of the activities and then I want you to tell me how many of these activities you have conducted in 

the past year. 

Please, don't tell me which ones, just tell me HOW MANY. 

 

[Show card A. Read names and ask:]  

 How many of these activities have you conducted in the past 12 months? [Circle 
answer] 

 

1  2  3  4  5 

 

[Show card B. Read names and ask:]  

 How many of these activities have you conducted in the past 12 months? [Circle 
answer] 

 

1  2  3  4  5 

 

[Show card C. Read names and ask:]  

 How many of these activities have you conducted in the past 12 months? [Circle 
answer] 

 

1  2  3  4  5 

 

[Show card D. Read names and ask:]  

 How many of these activities have you conducted in the past 12 months? [Circle 
answer] 

 

1  2  3  4  5 
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Section D: Opinion of UCT card (FOR EVERY PERSON) 

 

 14. [Read out loud] I would like to know your opinion about the cards I just showed you and 
the questions you answered. 

 

a. It was easy to understand the cards? 

Very More or less A little No at all Don’t know 

 

b. You felt that your answers were anonymous using the cards?  

Very More or less A little No at all Don’t know 

 

c. You felt uncomfortable responding to the questions?  

Very More or less A little No at all Don’t know 
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Section E: Attitudes 

 

[Read out] Now I am going to read out some statements. On a scale of 1 to 7, in which 1 signifies 
“disagree completely” and 7 signifies “agree completely” indicate how you feel about the following 

phrases:  

 

a. To collect wild birds’ eggs would be useful. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
  

b. To collect wild birds’ eggs would be enjoyable. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
 
 
 

c. To use poison to control populations of wild animals would be useful. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
 

d. To use poison to control populations of wild animals would be enjoyable. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
 
 
 

e. To catch a wild bird to eat would be useful. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
 

f. To catch a wild bird to eat would be enjoyable. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 
 
 
 

g. To shoot a bird of prey would be useful. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
 

h. To shoot a bird of prey would be enjoyable. 
 

Disagree completely 1 2 3 4 5 6 7 Agree completely 
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Section F: Knowledge 

[Read out loud] Now I am going to show you some images of animals. For each animals, tell me if to 
kill this animal is: always legal, always illegal, or legal only at certain times of the year. 

 

a. Red fox Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

b. Red-legged 
partridge  

Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

c. Black kite  Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

d. Iberian lynx  Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

e. Song thrush Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

f. Common 
buzzard 

Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

g. Domestic rat Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

h. Wild pig Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

i. Imperial eagle Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

j. Fallow deer Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

k. Common 
kestrel 

Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

l. European 
Rabbit 

Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 

m. Wolf Legal Regulated Illegal 
Don’t know 
this animal 

Don’t know 
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Section G: Perceived norms 

 

17. [Read out loud] Now, I am going to read more phrases. On a scale of 1 to 7, in which 1 signifies 
“strongly disagree” and 7 signifies “strongly agree”, indicate how you feel about the following 

phrases: 
 

a. The majority of people in this village collect eggs from birds’ nests. 
Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

 
b. The majority of people in this village use poison to control populations of wild animals. 

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 
 

c. The majority of people in this village catch wild birds to eat. 
Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

 
d. The majority of people in this village shoot birds of prey: 

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 
 

 
18. [Read out loud] I am going to read more phrases. In a scale of 1 to 7, in which 1 signifies “I 

should not” and 7 signifies “I should”, indicate how you feel about the following phrases.  
 

a. The majority of people important to me think that 
I should not 1 2 3 4 5 6 7 I should 

         Collect eggs from birds’ nests. 

b. The majority of people important to me think that 
I should not 1 2 3 4 5 6 7 I should 

       Use poison to control populations of wild 
animals. 

c. The majority of people important to me think that 
I should not 1 2 3 4 5 6 7 I should 

         Catch birds to eat. 

d. The majority of people important to me think that 
I should not 1 2 3 4 5 6 7 I should 

         Shoot birds of prey. 

 

19. [Read out] Please indicate in a scale of 1 to 7, in which 1 signifies “Not At All” and 7 signifies 
“Very Much”, how you feel about this phrase. 

 

The approval of my family and friends is important to me. 
Not at all 1 2 3 4 5 6 7 Very much 
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Section H: Direct questions  

 

[Read out loud] I would like to know whether you have undertaken the following activities during the 
past 12 months. 

20. Collected eggs from a wild bird’s nest? [Circle] 

Yes 

No 

Don’t know 

Do not want to answer 

 

21. Used poison to control populations of wild animals? [Circle] 

Yes 

No 

Don’t know 

Do not want to answer 

 

22. Caught a bird to eat? [Circle] 

Yes 

No 

Don’t know 

Do not want to answer 

 

23. Shot a bird of prey? [Circle] 

Yes 

No 

Don’t know 

Do not want to answer 
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24. [Read out loud] Finally, I would like to know your opinion about the last questions that you 
answered. 

  

  

a. It was easy to understand the questions? 

Very much Moderately A little Not at all Don’t know 

 

b. Do you feel your answers were anonymous using these questions? 

Very much Moderately A little Not at all Don’t know 

  

c. Did you feel uncomfortable answering the questions? 

Very much Moderately A little Not at all Don’t know 

 

 

 

[Read out loud] Thank you very much for your cooperation in responding to this questionnaire. You 
answers will help us to understand relationships between people and birds and to improve our 

questionnaires.  

 

 

[Note time of finishing]                               Time finished: ______________ 
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 QUESTIONS FOR ENUMERATOR: 

 

 

Was this respondent willing to answer your questions? [Circle one] 

 

Very much  Moderately   A little   Not at all 

 

 

How well did this person understand the questions? [Circle one] 

 

Very well  Moderately   A little   Not at all 

 

 

Do you think this person was honest when replying? [Circle one] 

 

Very much  Moderately   A little   Not at all 

 

 

Other comments? 
__________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
______ 
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Appendix 3. Behaviours used in UCT in correct order of use on cards.  

Sensitive behaviours marked in bold. 

 

Behaviours (Portuguese) Behaviours (English translation) 

Training card (Television programmes) 

ĺdolos Idols 

Telejournal News programme 

As tardes da Júlia Afternoon with Julia 

5 para a meia-noite 5 to midnight 

Edição da manhã Morning edition 

Card A (Collection of wild birds’ eggs) 

 Apanhar flores selvagens Pick wild flowers 

 Colher frutos selvagens Collect wild fruits 

Apanhar ovos de aves selvagens Collect wild birds’ eggs 

 Apanhar cogumelos Collect mushrooms 

 Produzir leite de vaca Produce cow’s milk 

Card B (Use of poison to control populations of wild birds’ eggs) 

Usar pesticidas no jardim Use pestisides in the garden 

Usar fertilizadores Use fertilizer 

Pôr lixo orgânico no compostor Compost organic waste 

Usar veneno para controlar populações de 
animais selvagens 

Use poison to control populations of wild 
animals 

Usar repelentes para insectos Use insect repellent 

Card C (Catching a wild bird for consumption) 

Usar armadilhas para ratos Use mouse-traps 

Apanhar aves selvagens para comer Catch wild birds to eat 

Apanhar azeitonas Pick olives 

Colher medronho Collect medronho 

Apicultura Bee-keeping 

Card D (Shooting a bird of prey) 

Matar um javali Kill a wild pig 

Disparar contra uma ave de rapina Shoot a bird of prey 

Observar aves Bird-watching 

Andar de cavalo Horse-riding 

Criar galinhas Keep chickens 
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Appendix 4. Set of models selected based on AICc for: a) respondents who admitted to catching 
birds for consumption via direct questioning; b) perceived social acceptability of catching a bird 
for consumption. Models were generalised linear models (GLM) with a binomial error structure and 
logit link function. The number of parameters in the model (k), the log-likelihood (log(L)), the 
information criterion value (AICc), the AICc difference (ΔAICc) and AICc weight are given for each model. 

 
k log(L) AICc ΔAICc 

AICc 
weight 

a) Respondents who admitted to catching birds for consumption via direct questioning 

Knowledge + Social Norm + Hunting Permit + Gender 
+ Village 

6 -47.27 107.15 0 0.06 

Knowledge + Attitude + Gender + Approval + Village 6 -47.53 107.66 0.51 0.04 

Knowledge + Attitude + Gender + Village 5 -48.63 107.69 0.54 0.04 

Knowledge + Attitude + Social Norm + Hunting 
Permit + Gender + Village 

7 -46.45 107.71 0.56 0.04 

Knowledge + Social Norm + Gender + Village 5 -48.64 107.72 0.57 0.04 

Knowledge + Gender + Approval + Village 5 -48.77 107.97 0.83 0.04 

Knowledge + Attitude + Hunting Permit + Gender + 
Approval + Village 

7 -46.62 108.04 0.9 0.04 

Knowledge + Attitude + Hunting Permit + Gender + 
Village 

6 -47.73 108.06 0.92 0.04 

Social Norm + Hunting Permit + Gender + Village 5 -48.85 108.12 0.97 0.04 

Knowledge + Social Norm + Hunting Permit + Gender 
+ Approval + Village 

7 -46.72 108.26 1.11 0.03 

Knowledge + Attitude + Social Norm + Gender + 
Village 

6 -47.83 108.27 1.13 0.03 

Knowledge + Hunting Permit + Gender + Approval + 
Village 

6 -47.86 108.32 1.18 0.03 

Knowledge + Gender + Village 4 -50.07 108.43 1.28 0.03 

Knowledge + Social Norm + Level of Education + 
Gender + Approval + Village 

10 -43.46 108.54 1.39 0.03 

Knowledge + Social Norm + Gender + Approval + 
Village 

6 -47.97 108.55 1.41 0.03 

Attitude + Social Norm + Hunting Permit + Gender + 
Village 

6 -48.1 108.81 1.66 0.03 
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Knowledge + Hunting Permit + Gender + Village 5 -49.2 108.82 1.67 0.02 

Knowledge + Attitude + Social Norm + Hunting 
Permit + Gender + Approval + Village 

8 -45.93 108.9 1.76 0.02 

Knowledge + Attitude + Social Norm + Gender + 
Approval + Village 

7 -47.17 109.15 2 0.02 

Knowledge + Social Norm + Hunting Permit + Gender 
+  

5 -49.5 109.43 2.28 0.02 

Attitude + Hunting Permit + Gender + Village 5 -49.51 109.44 2.3 0.02 

Knowledge + Attitude + Level of Education + Gender 
+ Approval + Village 

10 -43.94 109.5 2.35 0.02 

Knowledge + Attitude + Social Norm + Level of 
Education + Gender + Approval + Village 

11 -42.81 109.58 2.44 0.02 

Social Norm + Hunting Permit + Gender + Approval + 
Village 

6 -48.53 109.67 2.53 0.02 

Knowledge + Attitude + Hunting Permit + Gender +  5 -49.63 109.68 2.53 0.02 

Knowledge + Level of Education + Gender + Approval 
+ Village 

9 -45.18 109.68 2.53 0.02 

Knowledge + Social Norm + Level of Education + 
Gender + Village 

9 -45.19 109.71 2.57 0.02 

Knowledge + Attitude + Gender +  4 -50.81 109.91 2.77 0.01 

Knowledge + Attitude + Social Norm + Hunting 
Permit + Gender +  

6 -48.66 109.92 2.77 0.01 

Attitude + Hunting Permit + Gender + Approval + 
Village 

6 -48.72 110.05 2.91 0.01 

Knowledge + Attitude + Hunting Permit + Gender + 
Approval +  

6 -48.73 110.06 2.91 0.01 

Knowledge + Gender +  3 -52.03 110.24 3.09 0.01 

Hunting Permit + Gender + Village 4 -50.99 110.26 3.12 0.01 

Knowledge + Hunting Permit + Gender +  4 -51.03 110.34 3.19 0.01 

Hunting Permit + Gender + Approval + Village 5 -49.97 110.37 3.22 0.01 

Knowledge + Hunting Permit + Gender + Approval +  5 -49.98 110.39 3.24 0.01 

Knowledge + Social Norm + Gender +  4 -51.06 110.41 3.26 0.01 

Attitude + Social Norm + Hunting Permit + Gender + 
Approval + Village 

7 -47.83 110.47 3.32 0.01 
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Knowledge + Social Norm + Hunting Permit + Level 
of Education + Gender + Approval + Village 

11 -43.29 110.54 3.4 0.01 

Knowledge + Attitude + Gender + Approval +  5 -50.07 110.56 3.41 0.01 

Knowledge + Gender + Approval +  4 -51.15 110.58 3.44 0.01 

Knowledge + Social Norm + Level of Education + 
Gender + Approval +  

9 -45.64 110.6 3.45 0.01 

Knowledge + Social Norm + Hunting Permit + Gender 
+ Approval +  

6 -49.03 110.66 3.52 0.01 

Knowledge + Attitude + Social Norm + Level of 
Education + Gender + Village 

10 -44.57 110.76 3.62 0.01 

Social Norm + Hunting Permit + Gender +  4 -51.43 111.14 3.99 0.01 

b) Model of perceived social acceptability of catching a bird for consumption 

Age +Local Born 3 -88.75 183.68 0 0.16 

Local Born 2 -90.14 184.36 0.69 0.12 

Hunting Permit +Local Born 3 -89.19 184.54 0.86 0.11 

Age +Hunting Permit +Local Born 4 -88.32 184.92 1.24 0.09 

Age +Local Born +Village 4 -88.73 185.74 2.06 0.06 

Age +Knowledge +Local Born 4 -88.73 185.74 2.07 0.06 

Age +Local Born +Gender 4 -88.75 185.78 2.1 0.06 

Hunting Permit +Local Born +Gender 4 -88.93 186.15 2.47 0.05 

Knowledge +Hunting Permit +Local Born 4 -89.02 186.32 2.64 0.04 

Local Born +Village 3 -90.13 186.43 2.75 0.04 

Local Born +Gender 3 -90.14 186.44 2.77 0.04 

Knowledge +Local Born 3 -90.14 186.45 2.77 0.04 

Hunting Permit +Local Born +Village 4 -89.18 186.64 2.96 0.04 

Age +Hunting Permit +Local Born +Gender 5 -88.21 186.86 3.18 0.03 

Age +Knowledge +Hunting Permit +Local Born 5 -88.29 187.02 3.34 0.03 

Age +Hunting Permit +Local Born +Village 5 -88.3 187.04 3.36 0.03 
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Appendix 5. Parameter estimates obtained from the averaged generalised linear models for: (a) 
answers to direct question about catching birds for consumption behaviour, and (b) perceived 
social norms of catching birds for consumption behaviour. The relative importance of predictor 
variables is expressed as the sum of the Akaike weights for the variables included in the 
averaged models (Burnham & Anderson 2002). 

Parameter Estimate S.E. z-value 
Relative variable 

importance 

(a) Model of predictors of answers to direct questions about catching birds for consumption behaviour 

Intercept -7.47031 2.05056 3.622 1 

Gender: Male 2.62986 1.10804 2.353 1 

Knowledge 2.35812 1.13056 2.069 0.85 

Village: São Martinho 1.16860 0.55479 2.088 0.83 

Hunting permit: Yes 0.94923 0.59700 1.578 0.54 

Social norm 0.93857 0.62660 1.486 0.52 

Approval 0.79727 0.60406 1.310 0.47 

Attitude 0.82160 0.58790 1.386 0.46 

(b) Model of predictors of social norms of catching birds for consumption behaviour 

Intercept 2.728182 0.928122 2.918 1 

Local Born: Yes -2.104124 0.771482 2.704 1 

Age -0.014850 0.009903 1.487 0.52 

Hunting Permit: Yes -0.519870 0.441551 1.168 0.42 

Gender: Male 0.099439 0.427971 0.231 0.18 

Village: São Martinho 0.019516 0.398702 0.049 0.17 
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Knowledge 0.091622 0.766868 0.119 0.17 
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Appendix 6. Set of models selected based on AICc for: a) respondents who admitted to using 
poison to control populations of wild animals via direct questioning; b) Attitudes towards poison 
use. Models were generalised linear models (GLM) with a binomial error structure and logit link 
function. The number of parameters in the model (k), the log-likelihood (log(L)), the 
information criterion value (AICc), the AICc difference (ΔAICc) and AICc weight are given for 
each model. 
 

 

k log(L) AICc ΔAICc 
AICc 

weight 

a) Respondents who admitted to using poison to control populations of wild animals via direct questioning 

Attitude  2 -29.28 62.64 0 0.10 

Attitude + Gender  3 -28.58 63.33 0.69 0.07 

Knowledge + Attitude  3 -28.87 63.91 1.28 0.05 

Attitude + Social norms  3 -28.91 64 1.36 0.05 

Attitude + Social norms + Gender  4 -28 64.28 1.64 0.04 

Hunting Permit + Attitude  3 -29.16 64.48 1.85 0.04 

Hunting Permit + Attitude + Gender  4 -28.14 64.57 1.93 0.04 

Attitude + Village 3 -29.22 64.61 1.98 0.04 

Age + Attitude  3 -29.23 64.63 1.99 0.04 

Attitude + Approval  3 -29.25 64.66 2.03 0.04 

Knowledge + Hunting Permit + Attitude  4 -28.46 65.2 2.56 0.03 

Knowledge + Attitude + Social norms 4 -28.46 65.2 2.56 0.03 

Knowledge + Attitude + Gender  4 -28.47 65.22 2.58 0.03 

Attitude + Gender + Village 4 -28.48 65.24 2.6 0.03 

Attitude + Gender + Approval  4 -28.5 65.29 2.66 0.03 

Age + Attitude + Gender  4 -28.56 65.4 2.77 0.03 

Attitude + Social norms + Gender + Approval  5 -27.64 65.72 3.08 0.02 

Attitude + Social norms + Approval  4 -28.77 65.83 3.19 0.02 

Hunting Permit + Attitude + Social norms + Gender  5 -27.71 65.85 3.21 0.02 

Attitude + Social norms + Village 4 -28.85 65.98 3.34 0.02 
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Knowledge + Attitude + Village 4 -28.85 65.98 3.34 0.02 

Knowledge + Attitude + Approval  4 -28.85 65.99 3.35 0.02 

Hunting Permit + Attitude + Social norms  4 -28.86 66.01 3.38 0.02 

Age + Knowledge + Attitude  4 -28.86 66.01 3.38 0.02 

Age + Attitude + Social norms  4 -28.88 66.05 3.41 0.02 

Knowledge + Hunting Permit + Attitude + Gender  5 -27.82 66.07 3.43 0.02 

Attitude + Social norms + Gender + Village 5 -27.83 66.1 3.46 0.02 

Knowledge + Attitude + Social norms + Gender 5 -27.89 66.21 3.57 0.02 

Hunting Permit + Attitude + Gender + Village 5 -27.97 66.37 3.73 0.02 

Age + Attitude + Social norms + Gender 5 -28 66.42 3.79 0.02 

Hunting Permit + Attitude + Gender + Approval  5 -28.01 66.45 3.82 0.01 

Hunting Permit + Attitude + Village 4 -29.09 66.46 3.82 0.01 

Hunting Permit + Attitude + Approval  4 -29.12 66.53 3.89 0.01 

Age + Attitude + Village 4 -29.13 66.55 3.92 0.01 

Age + Hunting Permit + Attitude  4 -29.14 66.56 3.93 0.01 

b) Attitudes towards poison use 

Age + Knowledge + Hunting Permit + Approval   5 -74.38 159.19 0 0.11 

Age + Hunting Permit + Approval   4 -75.55 159.38 0.19 0.10 

Age + Knowledge + Hunting Permit  4 -76.09 160.47 1.28 0.06 

Age + Hunting Permit + Approval + Village 5 -75.1 160.64 1.45 0.05 

Hunting Permit + Approval   3 -77.26 160.68 1.49 0.05 

Hunting Permit + Approval + Village 4 -76.25 160.78 1.59 0.05 

Age + Knowledge + Hunting Permit + Approval + 
Village 

6 -74.12 160.85 1.66 0.05 

Age + Hunting Permit   3 -77.46 161.09 1.9 0.04 

Age + Hunting Permit + Gender + Approval   5 -75.41 161.24 2.05 0.04 

Age + Knowledge + Hunting Permit + Gender + 
Approval   

6 -74.36 161.33 2.14 0.04 

Age + Knowledge + Hunting Permit + Local Born + 6 -74.38 161.36 2.17 0.04 
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Approval   

Age + Hunting Permit + Local Born + Approval   5 -75.54 161.51 2.32 0.03 

Knowledge + Hunting Permit + Approval   4 -76.74 161.77 2.58 0.03 

Age + Knowledge + Hunting Permit + Village 5 -75.76 161.94 2.76 0.03 

Knowledge + Hunting Permit + Approval + Village 5 -75.83 162.09 2.9 0.03 

Age + Hunting Permit + Village 4 -76.94 162.17 2.98 0.02 

Age + Knowledge + Hunting Permit + Local Born   5 -76.02 162.47 3.28 0.02 

Age + Hunting Permit + Gender + Approval + Village 6 -74.97 162.54 3.35 0.02 

Age + Knowledge + Hunting Permit + Gender   5 -76.09 162.61 3.42 0.02 

Hunting Permit + Local Born + Approval   4 -77.21 162.71 3.52 0.02 

Hunting Permit + Gender + Approval   4 -77.24 162.76 3.57 0.02 

Age + Hunting Permit + Local Born + Approval + 
Village 

6 -75.1 162.81 3.62 0.02 

Hunting Permit + Village 3 -78.33 162.83 3.64 0.02 

Hunting Permit + Gender + Approval + Village 5 -76.22 162.86 3.67 0.02 

Age + Hunting Permit + Local Born   4 -77.31 162.9 3.71 0.02 

Hunting Permit + Local Born + Approval + Village 5 -76.24 162.92 3.73 0.02 

Age + Knowledge + Hunting Permit + Gender + 
Approval + Village 

7 -74.1 163.01 3.82 0.02 

Age + Knowledge + Hunting Permit + Local Born + 
Approval + Village 

7 -74.11 163.04 3.85 0.02 

Age + Hunting Permit + Gender  4 -77.4 163.08 3.89 0.02 

Hunting Permit   2 -79.51 163.1 3.92 0.02 
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Appendix 7. Parameter estimates obtained from the averaged generalised linear models for: (a) 
answers to direct question about poison use behaviour, and (b) attitudes towards poison use 
behaviour. The relative importance of predictor variables is expressed as the sum of the Akaike 
weights for the variables included in the averaged models (Burnham & Anderson 2002). 

Parameter Estimate S.E. z-value 
Relative variable 

importance 

(a) Model of predictors of answers to direct questions about poison use behaviour 

Intercept -4.55525 1.31072 3.452 1 

Attitude 2.66303 0.83395 3.166 1 

Gender: Male 0.96781 0.79671 1.205 0.40 

Social Norm 0.73763 0.78335 0.934 0.29 

Hunting Permit: Yes -0.80912 1.20319 0.667 0.24 

Knowledge 1.09413 1.33629 0.812 0.23 

Village: São 
Martinho 0.30006 0.73662 0.404 0.16 

Approval -0.32427 0.79971 0.402 0.15 

Age -0.00415 0.01837 0.224 0.14 

(b) Model of predictors of attitudes towards poison use behaviour 

Intercept -1.98208     1.36956 1.442 1 

Hunting Permit: Yes -1.73685     0.67965 2.537 1 

Age 0.02208     0.01172 1.868 0.74 

Approval -0.80546     0.42689 1.871 0.74 

Knowledge 1.30172     0.92772 1.392 0.44 

Village: São 
Martinho 0.46352     0.45214 1.017 0.35 

Gender: Male 0.13518     0.45512 0.295 0.18 

Local Born: Yes 0.07545     0.56555 0.132 0.18 
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Appendix 8. Set of models selected based on AICc for knowledge of wildlife protection laws. 
Models were generalised linear models (GLM) with a gaussian error structure. The number of 
parameters in the model (k), the log-likelihood (log(L)), the information criterion value (AICc), 
the AICc difference (ΔAICc) and AICc weight are given for each model. 

 

 

k log(L) AICc ΔAICc 
AICc 

weight 

Age + Hunting Permit + Gender + Village 6 13.65 -14.69 0 0.34 

Age + Hunting Permit + Local Born + Gender + 
Village 

7 14.34 -13.87 0.83 0.23 

Age + Hunting Permit + Gender  5 12.14 -13.86 0.83 0.23 

Age + Hunting Permit + Local Born + Gender  6 13.12 -13.63 1.06 0.20 

 

 


