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Abstract 

This working paper utilises the choice modelling technique to investigate how information and 

understanding influences preferences of the general public for conservation of natural 

environments, specifically the tropical waterways and wetlands of the Kimberley region in Western 

Australia. The paper forms part of a larger study investigating preference divergence for 

environmental systems between experts and non-experts. By priming the public with more 

information about complex environmental problems, one might expect them to form preferences 

similar to that of experts. A preliminary analysis of public low and high information samples finds 

that, when birds and plants are the focus of species conservation with respect to the tropical 

waterways, increased information does not significantly impact preferences. However, when fish 

species conservation is considered significant differences are found. In this instance individuals 

appear to have reacted favourably to the additional information, recognising that rare species 

require more protection than widespread iconic species by placing higher values on their 

conservation. Generally speaking, respondents preferred high levels of conservation improvements 

over all attributes considered, rather than lower incremental improvements. Results should be 

interpreted with care as further analysis is required, including investigation of the alternative specific 

constant and inclusion of individual characteristics to explain sample heterogeneity.  
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1. Introduction 

One of the primary uses of choice modelling (CM) in environmental economics is to capture 

community preferences of non-marketed goods (Bateman et al. 2002). However, when it comes to 

the management of complex environmental systems, such as the tropical waterways and wetlands 

of northern Australia, one could assume that the community in general may not necessarily be well 

informed to be able to make decisions regarding the management of these assets. It follows that the 

community may value tropical waterways and wetlands differently to the expert scientist, and that 

community opinion may depend on an understanding of these environmental systems. 

It could then be suggested that community preferences are irrelevant when dealing with such 

complexities and tools such as CM surveys are therefore unwarranted. However, it is the 

responsibility of a democratic society to ensure that public interests are upheld in all matters, not 

least of all the management of public assets (Hansen 1998, p. 513). So the real question is whether 

or not community and expert preferences are different, and what factors influence these 

preferences. If divergence is apparent we need to rely on CM and other community valuation 

techniques to ensure adequate representation of public interests.  

The broader scope of this study investigates the potential for preference divergence between 

tropical river experts and the general West Australian community. It has involved applying the CM 

technique to a case study regarding the management of the tropical waterways and wetlands of the 

Kimberley region in Western Australia. Within the community valuation, knowledge factors were 

considered based on the hypothesis that better informed respondents would have preferences that 

converge upon those of the experts. Two versions of the survey were administered: one survey 

contained minimal background on the tropical waterways and wetlands; the other survey with a 

more thorough description of the environmental system.   

Respondents for both surveys were selected at random from the general population, and hence it 

can be assumed that there was no systematic difference in prior understanding between the two 

samples. However, background information was collected to control for prior understanding in the 

analysis of responses.  

This report presents the preliminary findings of the community valuation including the impact of 

varying information levels. A brief overview of CM theory and a description of the case study are 

found in Sections 2 and 3. Section 4 presents the survey methodology, with the preliminary results, 

discussion and conclusion in following sections.        

 

2. The Choice Modelling Technique 

The aim of CM is to estimate how much people are willing to pay to change, improve or conserve 

particular characteristics (or attributes) of the item in question. Respondents are faced with a 

number of choice scenarios. Each scenario contains a series of hypothetical options (or alternatives), 

for example environmental policies or management packages. The alternatives comprise of a list of 

attributes describing the asset, with the amount of each attribute offered varying across each 

alternative. A cost attribute is usually included in the choice scenario, as is a status quo or ‘choose 
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none’ alternative (Bennett and Blamey et al. 2002).   An example of the choice task used in this study 

is given in Figure 3 below. 

The choices made by respondents are analysed according to Random Utility Theory (Bateman et al. 

2002). This theory defines utility held by individual q over alternative i (Uiq) as a function of a vector 

of k attributes (Xik), the parameters (βk) and an unobservable utility component (εi):  

 ���        = ∑ ��	�� + ���
�
��      Equation 1 

  = �′�� + ��� 

where xi is a vector of attributes.   As described by Morrison et al. (1996) an individual (q) will choose 

alternative i over alternative j if individual’s utility for the former exceeds the latter: 

 ��� �⁄ , ���� = ����� + ���� > ���+����    Equation 2   

where the deterministic utility (β’xi) is represented by V. It is implied that an individual (q) will 

choose i over j if their combined deterministic and unobservable utility is greater for alternative i. 

Rearranging Equation 2 shows that the probability of choosing i over j is equal to the probability that 

the difference in deterministic utilities of the alternatives is greater than the difference in 

unobservable utilities: 

 ��� �,⁄ ���� = ������ − ���� > ���� + ����     Equation 3   

The unobservable error component requires an assumption to be made about its distribution, 

usually taking on the form of a Gumbel distribution that assumes the error terms to be 

independently and identically distributed (IID). This leads to the Multinomial Logit Model (MNL), or 

conditional logit as it is also commonly known (Bateman et al. 2002). As described by Bennett and 

Blamey (2001), in the MNL the probability of an alternative (i) being chosen by an individual 

increases as the number or level of preferred attributes increases and undesirable attributes 

decrease in i in comparison to all alternatives A: 

 ��� = 1� = #$% �&'()*�
∑ #$% �+ &',)+�

     Equation 4   

where lambda (λ) is a scale parameter that is inversely proportional to the standard deviation of the 

distribution of the error term (Bateman et al. 2002). The scale and beta parameters cannot be 

independently identified without a normalisation rule, so estimated parameters are interpreted as 

scaled marginal utilities. However, by assuming a parametric relationship between the variance of 

the error term and the individual/sampling/experimental design characteristics that vary across a 

sample changes can be identified in the relative value of the error variance.  

Socio-economic variables can impact upon the probability of choosing an alternative, and this can be 

introduced as a modifier for any given attribute marginal utility (β). The inclusion of the cost 

attribute allows us to estimate how much people are willing to pay to receive more of a particular 

attribute. By taking the negative ratio of the coefficient for the non-monetary attribute (βa) to that 

of the cost coefficient (βb) a dollar value is retrieved, termed a partworth (Bennett and Blamey 

2001): 
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 �-./01./ℎ =  − '3

'4
      Equation 5 

The standard MNL model assumes that the marginal utilities are constant across all individuals 

within the sample i.e. the betas can be considered to be constants.  However, there is now a 

significant literature that shows that there is considerable heterogeneity in individuals’ preferences.  

There are two (possibly complementary) ways of accounting for this.  The first, alluded to above, is 

to model the marginal utility as a function of individual characteristics (e.g. age, gender etc).  The 

second is to assume only that there is a distribution of marginal utilities across the sample, which 

leads to the now frequently applied Mixed Multinomial Logit Model (ML).  Following Hensher et al 

(2005) one can specify: 

 ��� = ∑ ���	�� + ���
�
��      Equation 6 

i.e. make the marginal utilities individual specific and then: 

 ��� = �� + 5′�6� + 7��     Equation 7 

where zq is a vector of individual specific observed data, and ηqk is a random term whose distribution 

across individuals depends on some underlying functional form and parameters.  This incorporates 

both random effects and individual specific shifters in the mean of their distribution.  A number of 

alternative functional forms have been suggested for ηqk , (e.g. normal, log normal) and there can be 

correlation between random parameters.  

One important implication of the random parameter specification is that the parameter for any 

individual is constant across all repeated choices that may be observed. Thus with t repeated choice 

scenarios being answered by an individual the utility function becomes: 

 ��8� = ∑ ���	�8� + ��8�
�
��      Equation 8 

but the specification of the parameter is unchanged (although this is modified in cases where one is 

explicitly testing to see if issues such as fatigue or learning are impacting on choices). 

The question of whether all marginal utilities should exhibit random effects, or the inclusion of both 

random and individual specific shifters in marginal utilities is an open one.  As Hensher et al (2005) 

note (p612), one route is to assume that all parameters are randomly distributed and then test 

whether individually or as a group they can be restricted.  However, estimating the full model may 

be problematic.  The strategy adopted in this study is outlined in the results section below. 

 

3. Case Study and Attribute Selection 

It has been noted by Land and Water Australia (2005) that the tropical rivers and wetlands of 

northern Australia are key resources – they are relatively undisturbed and are highly distinctive 

compared with other regions of Australia. However, this statement sits against a backdrop of 

increasing demands with regards to developing the region’s water resources. On this issue the 

Australian Government has recognised that there is an opportunity to ensure that development 

takes place in ‘a strategic framework that is ecologically, socially and economically sustainable’. This 



 

will be achieved by ‘drawing on good science’ and the ‘knowledge of local communities and 

stakeholders’ (Government of Australia 2008). It is here, with the government’

‘science’ and ‘community’, that a case study on the knowledge and preferences of experts versus the 

public can be embedded.  

The tropical region of Australia stretches across three states. Although the ecological characteristics 

of the tropical waterways and wetlands across these boundaries are similar, conservation 

management processes and environmental risks differ. Hence, for the purposes of being able to 

select attributes with consistency in management and specific threats, the case s

the waterways and wetlands in the Kimberley region of Western Australia (

waterways and wetlands were defined as including a broad set of water bodies (i.e. rivers, streams, 

water supply dams, floodplains, lakes

vegetation and animals living in, or alongside these water bodies. They did not include estuaries and 

the marine/coastal environment. 

 

Figure 1: The Kimberley region of Western Australia sho

adapted from ANRA 2009 and DOIR 2005

 

Potential attributes were selected to represent different knowledge bases (

knowledge bases were identified on the basis of a review of prevailing knowledge bases

will be achieved by ‘drawing on good science’ and the ‘knowledge of local communities and 

stakeholders’ (Government of Australia 2008). It is here, with the government’

‘science’ and ‘community’, that a case study on the knowledge and preferences of experts versus the 

The tropical region of Australia stretches across three states. Although the ecological characteristics 

ropical waterways and wetlands across these boundaries are similar, conservation 

management processes and environmental risks differ. Hence, for the purposes of being able to 

select attributes with consistency in management and specific threats, the case s

the waterways and wetlands in the Kimberley region of Western Australia (Figure 

waterways and wetlands were defined as including a broad set of water bodies (i.e. rivers, streams, 

water supply dams, floodplains, lakes, swamps, billabongs, waterfalls, gorges, etc.) as well as the 

vegetation and animals living in, or alongside these water bodies. They did not include estuaries and 

the marine/coastal environment.  

The Kimberley region of Western Australia showing major waterways and wetlands (Map 

adapted from ANRA 2009 and DOIR 2005). 

ttributes were selected to represent different knowledge bases (

knowledge bases were identified on the basis of a review of prevailing knowledge bases
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will be achieved by ‘drawing on good science’ and the ‘knowledge of local communities and 

stakeholders’ (Government of Australia 2008). It is here, with the government’s dual emphasis on 

‘science’ and ‘community’, that a case study on the knowledge and preferences of experts versus the 

The tropical region of Australia stretches across three states. Although the ecological characteristics 

ropical waterways and wetlands across these boundaries are similar, conservation 

management processes and environmental risks differ. Hence, for the purposes of being able to 

select attributes with consistency in management and specific threats, the case study focussed on 

Figure 1). Specifically, the 

waterways and wetlands were defined as including a broad set of water bodies (i.e. rivers, streams, 

, swamps, billabongs, waterfalls, gorges, etc.) as well as the 

vegetation and animals living in, or alongside these water bodies. They did not include estuaries and 

 

rways and wetlands (Map 

ttributes were selected to represent different knowledge bases (Table 1). These 

knowledge bases were identified on the basis of a review of prevailing knowledge bases in 
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conservation, as well as the specific policy setting. For example, ‘rare and/or threatened ecological 

communities and species’ encapsulates the knowledge base of experts. In contrast, ‘iconic species’ 

and ‘iconic places’ are generally informed by activists and users. A more detailed review of the 

knowledge base approach and reasoning behind selecting these attributes will be available in a 

pending EERH working paper. 

It should be noted that three attributes were chosen for the knowledge bases relating to species 

(Table 1). This step was taken to explore the hypothesis that the public places different weights on 

the conservation of species depending upon which biological class they fall into (i.e. mammals, birds, 

reptiles, fish, etc.). Birds, plants and fish were selected on the basis that (1) species specifically 

associated with the water bodies were easily identifiable, and (2) there was information readily 

available on these species.  

 

Table 1: Attributes selected using a knowledge base approach. 

Knowledge Base Attribute Attribute 

Reference 

Attribute Levels* 

Wild rivers Number of Priority 1 wild rivers Wild 17, 26, 35 

Iconic places  Percentage area of native vegetation in 

good condition at iconic sites 

Icon 80%, 89%, 98% 

Representative ecosystems 

and assemblages of 

ecological communities 

Number of bioregions with at least 10% 

protected by reserves 

Reco 2, 3, 4 

Rare and/or threatened 

ecological communities and 

species 

Bird: Number of Purple-crowned Fairy 

Wren populations protected by reserves 

Wren 3, 6, 9 

Plant: Number of Edgar Range Pandanus 

populations protected by reserves 

Pand 0, 1, 2 

Fish: Upstream migration of Freshwater 

Sawfish in the Fitzroy River during dry 

season 

Saw Restricted, 

Unrestricted 

Iconic species Bird: Chance of seeing Brolgas at wetland 

sites 

Brolga 70%, 80%, 90% 

Plant: Percentage of wetland margin 

covered by Blue Lily’s 

Lily 20%, 30%, 40% 

Fish: Upstream migration of Barramundi in 

the Ord River during dry season 

Barra Restricted, 

Unrestricted 

Functional ecological 

communities and species 

Potentially represented by interactions 

between other attributes 

n/a n/a 

Indigenous natural and 

cultural areas 

Potentially represented to various degrees 

by other attributes  

n/a n/a 

*The first level in each instance represents the status quo 

 

Although  ‘functional ecological communities and species’ and ‘indigenous natural and cultural 

areas’ are stated as issues of significant concern (pending EERH working paper) they have not been 

included in the final design. This is because they were difficult to define and are potentially captured 

within other attributes. Furthermore, it was not thought possible to include all three species 

attributes within a single design.  Instead, separate versions of the survey were constructed with 

each species employed in turn.  The literature supports these decisions, noting that error variance 
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can increase along with number of attributes most likely due to enhanced cognitive burden 

(Caussade et al. 2005, DeShazo and Firmo 2002).  

A generic payment vehicle was defined as: ‘a hypothetical cost collected through increased taxes, 

user fees associated with recreation sites in the Kimberley, higher prices associated with goods and 

services of the Kimberley, or some combination of these’. The cost was specified as a per year 

amount for a five year period, taking levels of $0, $50, $100 and $150. Only the status quo option 

received the zero dollar cost level since the other options all involved some level of conservation 

action and it was logical to assume that this would come at some cost.  

 

4. Survey Methodology 

The questionnaire was divided into six split versions. There was a high and low information version, 

and there were the three species splits within each of the information versions representing the 

bird, plant and fish attributes. This structure is diagrammatically represented in Figure 2.  

 

 

Figure 2: Survey splits showing low and high information versions, and the species splits for the rare 

and iconic species attributes. 

 

The distinction between low and high information versions was based on the rationale that the high 

information level should provide respondents with a more detailed and scientific understanding of 

the tropical waterways and wetlands and respective attributes. Generally speaking, all aspects of the 

information provided were more detailed in the high information version. However, the primary 

differences between the information versions were that the high information contained (1) an 

Tropical 
Waterways & 

Wetlands Survey

Low Information 
Version

Bird species 
attributes

Plant species 
attributes

Fish species 
attributes

High Information 
Version

Bird species 
attributes

Plant species 
attributes

Fish species 
attributes
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insight into the threats faced by the attributes and the broader ecological system, and (2) a 

description of the ecology and management actions associated with the attributes.  

The purpose of (1) was to ensure that the respondent gained an understanding of relative risks faced 

by each attribute to investigate the hypothesis that more weight will be placed on attributes that are 

most threatened (e.g. rare species) once the respondent recognises that they require more 

protection than others.  

With respect to (2), inter-relationships between attributes were not made explicit to avoid leading 

the respondent, but the scientific background was provided for the respondent to understand that a 

relationship existed. For example, background information was provided on the general threats of 

grazing, erosion, fire and weeds and how these affected the waterway and wetland systems. These 

threats were then discussed in context, as part of the text supporting each attribute. A respondent 

could form an understanding that particular threats were relevant for several attributes, and thus 

abating a threat to protect one attribute could have the flow-on effect of protecting another. That is 

not to say that such effects are guaranteed, only that there is a potential relationship. For example, 

consider the case of fairy wrens and representative ecosystems: both have a threat abatement 

derived from reserve systems (described in more detail in Table 3 below). So in some cases, 

protection of one can lead to protection of the other. However, there will be occasions where, for 

example, a reserve is located to conserve representative ecosystems that does not incorporate a 

population of fairy wrens (and for this reason the attributes are not correlated in the design).  

The intention of describing these potential relationships was to ensure respondents were well 

informed about the ecological flows of the system, allowing them to consider the possibility that 

some attributes can protect others and they may consequently value these more highly.  A question 

of interest is how respondents process this information, and whether believing attribute outcomes 

to be causally prior leads to changes in inferred preferences. 

For the attribute descriptions in particular, information that was incorporated across both low and 

high information versions included: 

� A description of the threat abatement mechanism used to achieve the conservation 

outcome (required to deem the improvements in attribute levels plausible in the choice 

scenarios) 

� Photographs of the attribute 

� A description of the current state of the attribute, i.e. the status quo 

Specific areas where information differed are described in Table 2. 

Each version of the survey was divided into three sections: 1) background information on the 

waterways and wetlands along with questions relating to personal experiences in the Kimberley; 2) 

the choice scenarios and follow-up questions relating to certainty of choices; and 3) socio-

demographic questions (see Appendix 1). 
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Table 2: Areas of information divergence between low and high information versions of the survey. 

Area of divergence Low information High information 

Attribute definition Basic (one sentence) Detailed (descriptive paragraph) 

Attribute’s cultural and social values 

defined (where relevant) 

No Yes 

Informational diagrams (e.g. maps) 

included (where relevant) 

No Yes 

Discussion of threats and pressures  No Yes 

Causal relationships  Not mentioned Discussed in relation to threats, but 

no explicit links between attributes 

drawn 

 

The choice scenarios were designed to have three options – a status quo and two alternatives 

(Figure 3). This decision was based on literature noting three or four alternatives to be optimal 

(Caussade et al. 2005, DeShazo and Firmo 2002). The complex nature of the choice question in this 

study suggested a preference to opt for the lower end of this range. 

 

 

Figure 3: Example of a choice scenario from the bird species version of the survey. 

 

To test the format of the survey instrument a focus group was held with students enrolled in a 

Natural Resource Economics unit at the University of Western Australia, comprising of 11 

participants. A formal pretest of the survey using members of the public followed for the purposes 

of further comment on the survey instrument and generation of coefficients to inform the 
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experimental design of the final survey. The experimental design of the choice sets for the pretest 

was generated from a Bayesian efficient design with uniform distribution using Ngene 1.0.1 (Rose et 

al, 2009). The twenty-four choice sets were blocked into two. The pretest survey was administered 

via the internet using Sensus 4.2 (Sawtooth Technologies 2006), with 20 complete responses and 

230 usable observations. 

Comments from both the focus group and pretest suggested that nine choice sets would be ideal for 

the final survey. As such two new designs were created in Ngene 1.0.1 using coefficients from the 

pre-test to inform a design maximising for D-efficiency. Each of the designs consisted of 18 choice 

sets blocked into two groups of nine. One design was used for the bird and plant species splits, and a 

separate design for the fish species split as there were different numbers of attribute levels and 

arrangements of interaction effects amongst them. The bird/plant design reported 77% D-optimality 

and the fish design 70%. 

Two-way interactions were incorporated into the designs. The potential for interactions between 

attributes can occur on two facets: (1) a substitution/complementary interaction within the utility 

function; or (2) an interaction resulting by way of a decision heuristic. Interactions of type (1) could 

effectively occur between any of the attributes, and is consistent with a well behaved utility function 

– they occur when two attributes are viewed as close substitutes in the utility function, and an 

individual derives a falling marginal utility for one attribute as the level of another attribute 

increases, or if attributes are viewed as complements such that the value of the whole exceeds the 

sum of the parts. However, interactions could occur from (2) if respondents are not taking the 

attribute levels at face value, but forming assumptions about the information provided. It is possible 

that an individual recognises the inter-relationships between attributes (discussed previously) and 

develops a decision heuristic where they value only one of two attributes based on the assumption 

that conserving that one protects both. One might expect a heuristic of this nature to be most likely 

to occur under conditions where respondents have been provided with additional information to 

gain an understanding of ecosystem flows (i.e. the high information version).  It’s important to 

recognise that this is not equivalent to the substitution/complementary issue, which operates at the 

level of the utility function only: instead this second outcome is due to a heuristic being adopted 

about the underlying ecology/management. 

Inclusion of two-way interactions into the design is costly in terms of sample size – more choice 

scenarios and respondents are required for statistically significant results. As such a decision was 

made to only include interactions where the potential for interaction forms of both (1) and (2) exist. 

This resulted in two-way interactions between the representative ecosystem attribute with the 

rare/threatened species attribute for the bird and plant splits, and between the rare/threatened 

species and iconic species attributes for the fish split. In these particular cases the potential for 

decision heuristics to be used was most prominent given synergies between the threat abatement 

processes for each. Table 3 describes the threats and management prescriptions for each attribute. 

Representative ecosystems, fairy wrens and pandanus all prescribe to reserve system management, 

while management of the barramundi and sawfish attributes is defined as improving upstream 

migration.     
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Table 3: Threats and management processes prescribed for attributes  

Attribute Threats Management 

Representative 

ecosystems 

General threats (grazing, fire, erosion, weeds), 

conservation systems not set up to protect 

wetlands 

Increase area of reserve systems  (which 

can be actively managed to eradicate 

threats) within bioregions 

Wild rivers  Pastoral grazing (leading to decreased native 

vegetation, increased fire frequency, erosion) 

Returning rivers to pristine Priority 1 

status (e.g. through fencing, reallocating 

tenure of land to eliminate pastoral use of 

catchments) 

Iconic places  Human activity (fire frequency, weeds, 

overgrazing, trampling) 

Weed control to improve native 

vegetation condition 

Rare species attributes 

Purple-crowned 

Fairy Wren 

Pastoral grazing (trampling & eating riparian 

vegetation, introducing weeds, erosion 

increasing flood energy, fire intensity) 

Representation of populations in reserves 

(which can be actively managed to 

eradicate grazing) 

Edgar Range 

Pandanus 

Populations restricted to grazing land (grazing, 

weed, fire risks) 

Representation of populations in reserves 

(which can be actively managed to 

eradicate grazing) 

Sawfish Blocking of upstream movement due to 

artificial structures (and the flow on effects of 

over-fishing, entanglement due to congregation 

below barrier) 

Insertion of fishway structures to allow 

movement of sawfish upstream 

Iconic species attributes 

Brolga Habitat loss (and resulting predation of young 

in degraded riparian vegetation), feral pigs 

competing for food sources (and related 

habitat destruction), but widespread in the 

Kimberley 

Precautionary: eradication of feral pigs 

Water Lily Competition from weeds, trampling by animals, 

but widespread in the Kimberley 

Precautionary: Removal of feral animals 

and weeds 

Barramundi Recreational fishing, blocking of upstream 

movement due to artificial structures, but 

widespread in the Kimberley 

Precautionary: Insertion of fishway 

structures to allow movement of 

barramundi upstream 

 

The final versions of the survey were again designed for web-based administration using Sensus 4.2. 

The Online Research Unit, a market research company, was employed to administer the survey 

drawing a sample of the general WA population. Subjects were randomly emailed with an invitation 

to participate in a survey regarding local issues and were offered a $5 gift voucher and 20 entries 

into a prize draw. This was considered a minor compensation for the 25 minute questionnaire. Of 

the total invitations sent, 5% of the sample responded. However, this figure is not considered to be a 

reliable estimate of the response rate as it does not take into account email invitations that were not 

opened prior to closure of the survey, invitations that ended up in junk email boxes and a technical 

problem that resulted in the survey being inaccessible for a period of hours requiring an additional 

set of invitations to be sent out. A more reliable figure is the completion rate of 55% with 1,302 

respondents completing the survey from the 2,370 that entered the survey. A representative cross 

section of the population was retrieved with respect to age (Table 4) and gender, with 44% male 

respondents and 56% female. 
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 Table 4: Age 

18-30yrs 31-45yrs 46-60yrs 61-75yrs Over 75 

15% 29% 34% 20% 1% 

 

 

5. Results 

The data were analysed using Intercooled Stata 11.0 (Statacorp LP 2009) to estimate the coefficients 

of several multinomial and mixed logit models. The following sections report on: 1) some basic 

statistics; 2) the approach used to determine the most appropriate model to estimate; and 3) the 

coefficients and partworths of the base models (i.e. models that contain only the attribute 

parameters with no socio-demographic inclusions). 

 

5.1 General Sample Statistics 

This section presents general results of interest including respondents’ reactions to the nature of the 

survey and choice frequencies of alternatives in the choice sets. To ensure consistency across model 

estimations, only subjects that fully completed the survey were used in the analysis (with any data 

that was incorrectly recorded by the Sensus software program removed along with partial 

responses), resulting in over 400 respondents per species totalling a usable sample size of 1,275 

(Table 5). 

 

Table 5: Sample size by species split. 

 Bird Plant Fish  Total  

n 407 446 422 1275 

 

Respondents were asked what they thought of the information provided within the survey 

describing the waterways and wetlands of the Kimberley (including attribute descriptions). Overall, 

the description was considered to be informative by the majority of respondents, with a slightly 

higher proportion of respondents finding it informative within the high information samples, 

complemented by a higher proportion in the low information samples wanting more information 

(Table 6).  

With one of the aims of this study being to capture preference divergence between public and 

expert groups, the public sample was asked if they thought it was actually appropriate for them to 

be providing their opinions on managing waterways and wetlands of the Kimberley, or if these 

should be left to the experts. A large majority considered that their preferences were relevant (Table 

7). 
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Table 6: Respondents thoughts regarding the information that was provided to describe the 

waterways and wetlands of the Kimberley, by information level split. 

Adequacy of information provided  Low info High info Average 

Thought it was an informative and accurate description 71% 75% 73% 

Would have liked more information 18% 14% 16% 

Thought the descriptions were inaccurate 1% 2% 1% 

Thought it was confusing 9% 9% 9% 

 

 

Table 7: Suitability of public respondents providing individual preferences for managing the 

waterways and wetlands of the Kimberley, rather than leaving these sorts of decisions to be made 

solely by experts and scientists. 

Provision of individual preferences Proportion 

Thought their preferences were relevant 70% 

Thought these decisions should be dealt with by experts 30% 

 

An issue that has been investigated recently in the CM literature is that of suitability of the payment 

vehicle. Typically, a personal cost is used to maintain incentive compatibility. However, (in Australia) 

most environmental projects are funded from an allocation of funds within the government’s 

environmental portfolio, or a reallocation from other portfolios. This might suggest it is more 

appropriate to use a payment vehicle such as a tax reallocation, as investigated by Bergstrom et al. 

(2004). In the present study, respondents were asked what their preferred funding method would 

be, with the expectation that this might (negatively) influence their choices if they preferred an 

alternative payment vehicle. Table 8 shows that 58% of respondents had a preference for a form of 

payment other than the payment vehicle defined in the survey.   

 

Table 8: Preferred method of providing funding for protection of the waterways and wetlands of the 

Kimberley. 

Preferred funding method Proportion 

Funding methods forming part of survey payment vehicle: 

An increase in taxes 10% 

User fees for recreational sites in the Kimberley 31% 

Higher prices for goods and services associated with the Kimberley 1% 

Funding methods other than those used in survey: 

Reallocation of funding from within existing government budgets 44% 

Money collected from fundraising 8% 

Other 6% 

 

The frequency of choosing a particular alternative in a choice set is recorded in Table 9, with 

alternatives two and three being chosen most often. A notable preference is observed for 

Alternative 2, with it consistently being chosen 43% of the time or more across all species samples.  
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Table 9: Choice frequency of each alternative by species split.  

Alternative Bird Plant Fish Average 

1 (status quo) 20% 18% 25% 21% 

2 44% 45% 43% 44% 

3 36% 38% 33% 36% 

 

Approximately 10% of respondents chose the status quo on every choice occasion, the primary 

reasons for doing so being that they preferred it over the other alternatives or they could not afford 

the other options (Tables 10 and 11). Table 11 shows that 8% said that they did not believe they 

should have to make these choices.  Of these, 90% had previously responded that they thought 

experts should be making these decisions (Table 7 above), giving some degree of internal 

consistency in the responses. 

  

Table 10: Proportion of respondents that chose the status quo on every occasion. 

Bird Plant Fish Average  

10% 8% 13% 10% 

 

 

Table 11: Reasons for choosing the status quo option for those respondents that chose it on every 

occasion. 

Reason for always choosing the status quo option Proportion 

Preferred the status quo to all others 32% 

Could not afford the other options 34% 

Believed funding to protect the waterways and wetlands of the Kimberley should 

come from somewhere other than their own pocket 

21% 

Did not think that the waterways and wetlands of the Kimberley need further 

protection 

4% 

Did not believe they should have to make these choices 8% 

Other 1% 

 

 

5.2 Model form 

With many extensions to the basic multinomial logit (MNL) close consideration must be given to the 

most appropriate approach to modelling discrete choice data. Before introducing socio-demographic 

and other additional information into the model, a decision was made as to which specification was 

best suited to the data.  Using basic models with the price, alternative specific constant (ASC) and 

the five attributes, the standard MNL was compared against a mixed multinomial logit (ML) with the 

ASC treated as a random parameter. For each of the six individual samples (high/low information 
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across the bird/plant/fish species permutations) the random parameter was reported to be 

significant at the 1% level, along with the standard deviation (Table 12). Likelihood ratio tests 

performed for each show that the ML is accepted in favour of the MNL. A random parameter was 

not specified for any of the knowledge base attributes as there are many permutations possible and 

no logical hypotheses to follow for selection.  

 

Table 12: Log likelihoods, ASC coefficients, ASC standard deviations and likelihood ratio test statistics 

for the MNL and ML comparison for the basic models. 

Sample 

(information 

level; 

species split) 

MNL Log 

Likelihood 

MNL ASC 

Coefficient 

ML Log 

Likelihood 

ML ASC 

Coefficient 

ML ASC 

Standard 

Deviation 

Likelihood 

Ratio Test 

Statistic
a 

Outcome 

Low; bird -1642.684 -0.827*** -1252.193 -3.740*** 5.029*** 780.984 Accept ML 

High; bird -1836.431 -0.682*** -1399.854 -2.943*** 4.771*** 873.154 Accept ML 

Low; plant -2003.646 -1.007*** -1550.791 -4.242*** 5.031*** 905.710 Accept ML 

High; plant -1821.093 -0.843*** -1479.946 -2.901*** 3.692*** 682.294 Accept ML 

Low; fish -1771.171 -0.264 -1288.246 -3.849*** 5.987*** 965.85 Accept ML 

High; fish -1871.026 -0.022 -1341.930 -1.767*** 5.001*** 1058.192 Accept ML 
a
For 1 degree of freedom, critical χ

2
 value = 3.841 

***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

 

Following the choice of the ML, consideration was given to the six split samples and the potential to 

constrain them. It would be inappropriate to combine the bird/plant/fish data together, as the 

different combination of species attributes presented to respondents in each case may have resulted 

in a different reaction to the attributes that were constant across each split. However, it is possible 

to consider whether the varying information levels had a significant effect on preferences by 

constraining the low and high information versions into one model for each species. Likelihood ratio 

tests for the low/high/constrained ML’s are presented in Table 13. It was possible to constrain the 

low and high information data for the bird and plant splits, but not for the fish where there is a 

significant difference in preferences between the two information levels.  

 

Table 13: Likelihood ratio tests for combining low and high information samples together by species 

version. 

Species Low info 

log 

likelihood 

High info 

log 

likelihood 

Constrained LL Likelihood 

ratio 

Degrees 

of 

freedom 

Critical 

Χ2 

Value 

Outcome 

Bird -1252.1921 -1399.8539 -2658.0962 12.1004 17 27.587 Accept 

Plant -1550.791 -1479.946 -3036.7925 12.111 17 27.587 Accept 

Fish -1288.2455 -1341.9299 -2641.3961 22.4414 12 21.026 Reject 

 

All following results relate to combined low/high information ML’s for the bird and plant species 

splits, and a separate low and high information ML for the fish species. 
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5.3 Mixed Logit Base Models 

The results of the Bird, Plant and Fish Low and High Information ML’s are presented in Tables 14-16. 

The first point to note is that there are similarities amongst the coefficients for the bird and plant 

data. Specifically, there is comparability with the rare species, representative ecosystem and iconic 

place attributes where respondents only have a significantly positive preference for the maximum 

improvement in conservation. This is also true for the iconic species attribute, brolga, for the Bird 

model. Respondents have a positive preference for some amount of conservation improvement for 

the Plant iconic species, lily, but there appears to be an insensitivity to scale.  

For the Fish Low and High Information models respondents display a positive orientation towards 

conservation improvements for most attributes. Exceptions lie with conserving the iconic 

barramundi attribute (when not in conjunction with sawfish conservation) in the High Information 

model and representative ecosystems in both models. 

The wild river attribute coefficients show consistent results across the Bird, Plant and Fish models, 

with respondents positively valuing increases in conservation improvement. Another similarity 

across all four models is the negative preference for choosing the status quo and a relatively 

consistent distribution with the standard deviation ranging roughly from four to six.  

 

Table 14: ML results for the Bird model. 

VARIABLES Mean Standard 

error 

Wren 6 -0.0320 0.155 

Wren 9 0.353*** 0.133 

Reco 3 -0.599*** 0.176 

Reco 4 0.417*** 0.141 

Wren 6 * Reco 3 1.350*** 0.242 

Wren 6 * Reco 4 -0.261 0.258 

Wren 9 * Reco 3 0.724** 0.300 

Wren 9 * Reco 4 0.162 0.169 

Brolga 80 0.0935 0.0726 

Brolga 90 0.241*** 0.0774 

Wild 26 0.367*** 0.0641 

Wild 35 0.652*** 0.102 

Icon 89 -0.171** 0.0705 

Icon 98 0.313*** 0.0741 

price -0.00769*** 0.000913 

ASC -3.378*** 0.393 

Standard deviation 

of the ASC 

4.786*** 0.384 

Note: n = 407; number of observations = 3663; log likelihood = -2658.0962 

***, **, * denotes significance at the 1, 5 and 10% level respectively 
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Table 15: ML results for the Plant model. 

VARIABLES Mean Standard 

error 

Pand 1 0.116 0.145 

Pand 2 0.377*** 0.124 

Reco 3 -0.0589 0.157 

Reco 4 0.251* 0.130 

Pand 1 * Reco 3 0.900*** 0.223 

Pand 1 * Reco 4 0.00432 0.238 

Pand 2 * Reco 3 0.157 0.271 

Pand 2 * Reco 4 0.367** 0.158 

Lily 30 0.234*** 0.0661 

Lily 40 0.230*** 0.0709 

Wild 26 0.244*** 0.0584 

Wild 35 0.298*** 0.0914 

Icon 89 -0.0183 0.0631 

Icon 98 0.176** 0.0689 

price -0.00858*** 0.000826 

ASC -3.529*** 0.355 

Standard deviation 

of the ASC 

4.402*** 0.348 

Note: n = 446; number of observations = 4014; log likelihood = -3036.7925 

***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

 

Table 16: ML model for the Fish Low and High Information Models 

FISH LOW INFORMATION HIGH INFORMATION 

VARIABLES Mean 
Standard 

error 
Mean 

Standard 

error 

Saw 1 0.344*** 0.117 0.343*** 0.121 

Barra 1 0.460*** 0.117 0.134 0.120 

Saw 1 * Barra 1 0.298** 0.140 0.329** 0.146 

Reco 3 0.196** 0.0940 0.0873 0.0970 

Reco 4 0.147 0.0924 0.133 0.0984 

Wild 26 0.336*** 0.0882 0.334*** 0.0930 

Wild 35 0.432*** 0.117 0.626*** 0.117 

Icon 89 0.250*** 0.0885 0.498*** 0.0932 

Icon 98 0.580*** 0.0869 0.617*** 0.0926 

price -0.00961*** 0.00114 -0.0106*** 0.00119 

ASC -3.849*** 0.691 -1.767*** 0.484 

Standard deviation 

of the ASC 
5.987*** 0.761 5.001*** 0.549 

Note: Low information n = 211; number of observations = 1899; log likelihood = -1288.2455 

High information n=211; number of observations = 1899; log likelihood = -1341.9299 

***, **, * denotes significance at the 1, 5 and 10% level respectively 
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Partworths for the individual attributes are presented in Table 17. The general preference for 

conserving maximum levels of attributes for the Bird and Plant models is evident in the partworths 

with respondents only willing to pay for the upper level for iconic place, rare species, the bird iconic 

species and representative ecosystems, with the latter requiring compensation for protecting only 

three bioregions in the Bird model. Willingness to pay for the plant iconic species again shows 

insensitivity to scale.  

The partworths for the Fish Low and High Information models also reflect the discoveries discussed 

earlier with a generally increasing willingness to pay with increasing conservation improvements. 

There are no obvious patterns of increased or decreased willingness to pay between the Low and 

High Information models, but notably there is a zero willingness to pay for barramundi conservation 

in the High Information, and for representative ecosystems in most cases.  

 

Table 17: Partworths for individual attributes for the Bird, Plant, Fish Low Information and Fish High 

Information models. 

Attribute: Bird $ Plant $ Fish low 

info $ 

Fish high 

info $ 

Wild Rivers 

26 pristine 48*** 28*** 35*** 32*** 

35 pristine 85*** 35*** 45*** 59*** 

Iconic Place 

89% good veg -22** -2 26*** 47*** 

98% good veg 41*** 21** 60*** 58*** 

Representative ecosystems 

3 bioregions -78*** -7 20** 8 

4 bioregions 54*** 29* 15 13 

Rare species 

6 wren populations -4    

9 wren populations 46**    

1 pandanus population  14   

2 pandanus populations  42***   

Unrestricted sawfish migration   36*** 32*** 

Iconic species 

80% chance of brolga sighting 12    

90% chance of brolga sighting 31***    

30% lily cover  27***   

40% lily cover  27***   

Unrestricted barra migration   48*** 13 
***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

Partworths for the two-way interactions are displayed in Tables 18-20. The Bird and Plant 

partworths confirm earlier results with respondents willing to pay the most for the interaction that 

offers the maximum level of conservation for both the rare species and representative ecosystem 

attributes. There appears to also be a preference for equality in conservation – the second highest 

willingness to pay figures for each are for the interaction offering the medium level equivalent for 
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each attribute. The Fish Low and High Information two-way interactions present a logical sequence 

of dollar amounts with respondents willing to pay more to protect both barramundi and sawfish 

rather than protect only one.  

 

Table 18: Partworths for the 2-way interaction attributes for the Bird model. 

Representative 

  Ecosystem 

Fairy 

Wren  

2 Bioregions  

 

3 bioregions 4 bioregions 

3 populations n/a -78*** 54*** 

6 populations -4 94*** 16 

9 populations 46** 62*** 121*** 

***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

 

Table 19: Partworths for the 2-way interaction attributes for the Plant model. 

Representative 

  Ecosystem 

Pandanus  

2 Bioregions  

 

3 bioregions 4 bioregions 

0 populations n/a -7 29* 

1 population 14 112*** 43*** 

2 populations 42*** 55*** 116*** 

***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

 

Table 20: Partworths for the 2-way interaction attributes for the Fish Low Information model. 

Barramundi 

Sawfish 

Restricted 

 

Unrestricted 

Restricted n/a 48*** 

Unrestricted 36*** 115*** 

***, **, * denotes significance at the 1, 5 and 10% level respectively 

 

 

Table X: Partworths for the 2-way interaction attributes for the Fish High Information model. 

Barramundi 

Sawfish 

Restricted 

 

Unrestricted 

Restricted n/a 13 

Unrestricted 32*** 76*** 

***, **, * denotes significance at the 1, 5 and 10% level respectively 
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6. Discussion 

The preliminary analysis of the public sample data indicates a positive preference towards 

conserving the tropical waterways and wetlands of the Kimberley. Respondents had a tendency to 

choose alternatives that offered some level of conservation improvement and overall had a positive 

willingness to pay to protect the various aspects of the waterways and wetlands. In terms of the 

broader aims of the research project, these initial results show a favourable reaction towards 

providing respondents with accurate and thorough information describing the environmental asset 

and attributes, and a preference to incorporate public opinion into the decision making process for 

environmental management. 

For respondents that thought the information provided was inaccurate or confusing, and those that 

thought these sorts of conservation decisions should be left to experts, it is possible that there may 

be some level of disutility associated with being forced to make the trade-offs in the choice 

scenarios (e.g. Coast 2000). Likewise, this could occur for respondents that had a preference for 

alternative funding mechanisms. These aspects will be investigated in subsequent analyses. 

The process followed to identify the model form arrives at a series of models that each includes a 

random ASC parameter. This suggests that, although there is a general preference for choosing 

options with conservation benefits, within the distribution of the population there are people that 

have a preference towards maintaining the current situation. We also note that there is a stronger 

preference for choosing the second alternative in each choice scenario than the others. It is not clear 

why this should be the case, as these are unlabeled alternatives.  A second ASC may be required to 

attend to this issue, and will be investigated in further analyses.    

The resulting models are conflicting in terms of the impact of information level – the Bird and Plant 

models suggest the differences between information samples to be insignificant, while the fish data 

remained split into Low and High Information models. It is possible that information effects were 

more prominent in the fish species split as the conservation mechanism of improving migratory 

ability was more complex in nature than that of bird and plant mechanisms. It follows that a better 

understanding is required in this instance to make appropriate judgements, as offered by the high 

information version. This result must be viewed with caution however, as cross-sample variance was 

not controlled for in the preliminary analysis. However, some weight is given to the complexity 

argument for the fish attributes by the student focus group (discussed in Section 4). A lengthy 

discussion resulted in the focus group regarding appropriate description of the barriers to migratory 

ability and on the general lack of understanding of fish ecology opposed to terrestrial animals. The 

issues of complexity and cross-sample variance will be investigated in future analyses.  

Commonalities were noted between the Bird and Plant models with respect to the preference to 

conserve maximum amounts only. There are several possibilities explaining this result including that 

a decision heuristic was being used to select only maximum levels of conservation wherever 

possible, or that the range of the attribute levels may not have been large enough resulting in 

respondents viewing the medium level of improvement as inadequate. We see some evidence of 

lack of response to attribute level range with the plant iconic species attribute. 

The signs of the two-way interactions do not support the possibility of a decision heuristic being 

employed where respondents assume one attribute is more valuable based on its ability to protect 
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other attributes. Rather, a complementary interaction results with the two-way interactions 

continuing the theme of preferring maximum conservation. In particular, the Bird and Plant 

partworths show a complex set of results. It is possible that respondents were using a different 

heuristic to select alternatives, perhaps one that aimed for equality in conservation as represented 

by the higher willingness to pay values for combinations protecting all medium or all high levels of 

the interacting attributes. A second possibility is that two latent classes exist within the sample 

populations, and that upon averaging there appears to be some inconsistency in results.  

An expected result arises from the Fish Low and High Information models with respect to the iconic 

species attribute. We see that respondents are not interested in conserving barramundi on its own 

in the high information split – this may represent a significant impact of the information differences 

given that the status of the barramundi and sawfish is described in more detail in the high 

information version. The more informed respondents could be reacting to the knowledge that 

barramundi are common and widespread, and hence not vital to concentrate conservation efforts 

on. 

An unexpected result also appears in the fish data, where respondents generally don’t care for the 

representative ecosystem attribute. In the bird and plant versions representative ecosystems have 

obvious links to enhanced bird and plant protection, and thus may seem more valuable. In the fish 

versions, the information provided in the attribute descriptions does not link the representative 

ecosystem attribute to fish conservation which could deem it less important (if fish are the dominant 

focus). It is interesting to note that it is also the opinion of some experts that the system of 

representative ecosystems (i.e. the Interim Biogeographic Regionalisation for Australia, or the IBRA 

as it is commonly referred to) is not an appropriate framework for protecting aquatic systems 

(Kingsford and Nevill 2006). This sentiment is based on the fact that the IBRA provides a framework 

for categorising terrestrially-focussed ecosystems using attributes that may not necessarily capture 

the diversity of aquatic systems in a specific landscape category, nor account for the downstream 

influence of processes occurring elsewhere in a catchment (Wells and Newall 1997). 

 

7. Conclusion 

The preliminary analysis has shown conflicting results in terms of the impact that knowledge and 

understanding has in influencing community values for the tropical waterways and wetlands of the 

Kimberley. For the choice scenarios involving bird and plant species, there was no obvious impact of 

varying the amount of information provided to respondents. The scenarios that included fish species 

did show an impact, although the significance of this is yet to be confirmed. The analysis to date 

suggests that for the Fish model there was an information level response particularly with regards to 

the fish species attributes themselves, with the respondents placing a higher priority on sawfish over 

barramundi conservation upon receiving a more detailed account of the former species’ endangered 

status. Future analysis of the data will incorporate an expert sample, and investigate the effects of 

information impacts in more detail. 
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APPENDIX 1: Questionnaire – High information; bird species version 

   [Note: this is an adaptation of the web-based questionnaire] 

Managing Waterways and Wetlands in the Kimberley Region, Western Australia 

 

There are various ways to manage environmental assets, such as waterways and wetlands. 

Government-funded programs are often aimed at protecting different features of an environmental 

asset. For instance, protecting fringing vegetation could be one focus of a waterways conservation 

program. With the right balance, it is hoped that a wide range of environmental, economic, social 

values will be maintained or enhanced.     

 

The purpose of this survey is to determine the values associated with protecting different features of 

the waterways and wetlands in the Kimberley region, Western Australia. It will reveal the 

importance of these different features to the West Australian community.  This will provide guidance 

to state and national governments for allocating limited resources for management across different 

programs. 

 

The survey comprises of 3 main parts: 

PART 1: We will ask some questions on your experiences with waterways and wetlands in the 

Kimberley 

PART 2: You will be given some background reading, then we will present you with a number of 

management scenarios associated with protecting different features of waterways and wetlands in 

the Kimberley, where you will be asked to choose your most preferred scenarios  

PART 3: We will ask some questions about yourself, to help us better understand your responses. 

  

PART 1. 

After being presented with some background information you will be asked to answer a couple of 

questions of a general nature regarding the Kimberley. 

You will be given some background reading, then we will present you with a number of management 

scenarios associated with protecting different features of waterways and wetlands in the Kimberley, 

where you will be asked to choose your most preferred scenarios  

 

The Kimberley region is located in the far north of Western Australia.  

The region contains a large number of Australia’s tropical waterways and wetlands.  
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For simplicity, this survey talks about waterways and wetlands. However, it is important to 

note that this terminology incorporates a wider set of waterbodies (i.e. rivers, streams, 

water supply dams, floodplains, lakes, swamps, billabongs, waterfalls, gorges, etc.) as well as 

the vegetation and animals living in, or alongside these waterbodies. It does not include 

estuaries and the marine/coastal environment. 

 

 

 

 

 

 

 

Q1) Have you ever lived or worked in the Kimberley region? 

 � Yes    

 � No   

 

Q2) Have you ever visited any waterways or wetlands in the Kimberley region? 

 � Yes    

 � No   
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[indicates new screen in the web survey] 

 

 

 [Questions 3 to 6 are only asked if respondents answered yes to Question 2 above] 

 

Part 1 continued.  

 

There are 4 more questions regarding your experience in the Kimberley 

 

 

Q3) How long ago did you visit the waterways or wetlands in the Kimberley? 

 � Within the last 5 years 

 � 5 to 10 years ago 

 � 10 to 20 years ago 

 � More than 20 years ago    

   

Q4) What feature(s) were of interest while visiting the waterways or wetlands of the Kimberley, 

i.e. what did you typically experience or view? 

 Please select all relevant boxes 

 

 � River     � Stream 

 � Dam     � Floodplain 

 � Lake     � Swamp 

 � Waterfall    � Gorge 

 � Billabong    � Vegetation alongside the water 

 � Animals in or near the water  � Other (please specify): ____________ 
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Q5) What activities did you typically undertake while visiting the waterways or wetlands of the 

Kimberley? 

 Please select all relevant boxes 

 

 � Camping    � Bush-walking 

 � Four-wheel driving   � Swimming 

 � Boating    � Fishing 

 � Bird watching   � Photography 

 � Scenic aerial flight   � Relaxing and taking in the scenary 

 � Appreciating indigenous culture � Other (please specify): ____________ 

 

Q6) Were the visits to the waterways or wetlands part of a tour? 

 � Yes: guided tour 

 � Yes: indigenous guided tour 

 � Yes: self guided tour 

 � No 

 

 

 

PART 2 

*The information that follows explains important aspects of the waterways and wetlands of the 

Kimberley. Please read before proceeding. 

 

What makes the waterways and wetlands of the Kimberley an environmental 

asset?    

 

Australia is a very dry continent. This means that waterways and wetlands are particularly 

significant by providing vital habitat and refuge for aquatic and terrestrial life during dry 

seasons or drought. 

 
The Kimberley region is characterised by monsoonal rains over summer and dry conditions during 

winter. During the wet season, the inland waterways of the Kimberley can flow rapidly spilling into 

adjacent floodplains creating vast networks of wetlands. During the dry season, the inland 

waterways flow only intermittently and become a series of disconnected billabongs or pools. 

Inundation on the floodplain is reduced to claypans and mudflats.  Some wetlands completely dry 
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up. The man-made lakes Argyle and Kununurra are exceptions providing water all year round to their 

associated wetlands and the lower Ord River. For the coastal waterways of the Kimberley, a base 

flow of water is maintained by groundwater seepage. Groundwater also feeds mound springs, 

lagoons and a number of permanent lakes across the region.  

 

The waterways and wetlands of the Kimberley make a significant contribution to the 

biological diversity of the region. They are home to a number of species of aquatic snakes 

and lizards, turtles, and crocodiles. They support a large proportion of Western Australia’s 

freshwater fish species, with at least 16 species occurring only in this region. In addition, a 

number of marine and estuarine fish species migrate/travel upstream for part of their life-

cycle or to breed.  

 

Significant populations of waterbirds, including many migratory species from the Northern 

hemisphere, depend upon the waterways and wetlands of the Kimberley. Plants also rely on 

these waterbodies. For example, patches of rainforest survive around the margins of river 

gorges where they receive additional moisture and are protected from fire. 
 

 

Photo courtesy of kimberleycruising.com.au 

 

In addition to supporting biological diversity, the waterways and wetlands of the Kimberley provide 

services to humans.  They provide essential water resources for a number of major industries 

including tourism, pastoralism, irrigated agriculture and commercial fishing.   They also provide 

functions of soil erosion control and sediment filtration for some land uses.  
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Photo courtesy of Department of Water 

 

 

The waterways and wetlands of the Kimberley feature prominently in local indigenous customs, 

folklore and spiritual beliefs. For locals and visitors, they may be places of aesthetic beauty, 

inspiration and scientific discovery; offer recreational opportunities; and provide a sense of place.  

 

 

Photo courtesy of kimberleycruising.com.au 

 

 

What threatens the waterways and wetlands of the Kimberley? 

 

Water moves across the landscape, collecting in wetlands and draining into waterways. Within a 

specific catchment area, it is important to appreciate that (1) water connects different parts of the 
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landscape, and (2) waterways and wetlands act as a receiving environment for changes occurring 

elsewhere in the landscape. A key implication of this ‘landscape connectivity’ and ‘reservoir effect’ is 

that waterways and wetlands features must absorb, or adjust to, changes and shocks to the broader 

system.  

 

Within the Kimberley region, the movement of water across the landscape connects uplands, 

savanna lowlands, coastal plains and offshore habitats. Rainfall patterns across the Kimberley are 

unpredictable and when it does rain it is often with intensity (mostly associated with cyclone 

events). Thus, waterways and wetlands are exposed to a high variability in wetting and drying cycles, 

as well as peak water depths and flow rates. Intense rainfall events also result in influxes of nutrients 

and sediment to waterbodies which are important for supporting rich fisheries such as prawns, 

barramundi and mud crabs. The unpredictable environment means that the waterways and 

wetlands are typically resilient to natural variability, however they are vulnerable to human 

intervention. 

 

Whilst the Kimberly region is sparsely populated (it has fewer people per square kilometre than 

almost anywhere in the world) its ecosystems do face a number of threats from human disturbance. 

The region is used predominantly for pastoral grazing, an activity initiated after European settlement 

of the area, which has introduced several threatening processes. Overgrazing and modified fire 

regimes have been listed as two of the main threats currently facing the environmental assets of the 

region, as well as the resulting threats of erosion and weed invasion.  

 

Other identified threats include:  

• land uses which change the water balance, e.g. groundwater abstraction for mining;   

• obstructions to water flow, e.g. weirs; 

• introduced animals and plants, e.g. cane toads and the water weed, Salvinia; and  

• excessive and unrestricted use of sites of interest, e.g. disturbance of vegetation and 

exposure of soil along river banks from hikers or vehicles. 

 

 

Grazing  

 
In the Kimberley region, approximately 500,000 beef cattle graze native vegetation over 22 0,000 

km2. This region is the focus of the pastoral industry in Western Australia - it supports more cattle 

than any other region. Degradation due to overgrazing has occurred in some areas, both from 

livestock and feral animals. Overgrazing creates pressure on natural systems resulting in reduction of 

native plant species, loss of vegetation cover, and soil compaction due to trampling. The fringing 

vegetation growing alongside waterways and wetlands (known as riparian vegetation) stabilises soil 

in embankments and filters sediments and organic matter in floodwaters – when this vegetation is 

overgrazed, the remaining bare soils are susceptible to erosion. 
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Erosion 

 

Soils in the Kimberley are generally fine textured so are susceptible to erosion during intense rainfall 

events where there is inadequate vegetation cover  Erosion is widespread particularly in the Ord and 

Fitzroy river catchments, causing sedimentation which is deleterious to aquatic ecosystems. 

Sediment smothers aquatic vegetation and fills river pools and billabongs reducing important 

sources of food and habitat from ecosystems.   

 

Fire  

 

Aboriginal people actively managed fire, burning patches of vegetation in accordance to 

local conditions. Today, with the European influence, on land use there is an increased 

frequency and intensity of fire, particularly in the late dry season. The more intense fires 

remove large areas of vegetation, leaving soils exposed to the high intensity rains which 

results in rapid run-off and increased erosion. Some vegetation and animal communities are 

unable to cope with frequent fires. There is evidence showing that riparian vegetation is 

particularly sensitive to late fires.  

 

Weeds 

 

The loss of native plant cover as a result of overgrazing and changed fire regimes has 

allowed weeds to invade the landscape. The movement of humans and livestock through 

the Kimberley spreads introduced plants which compete with native plants further reducing 

their cover and reducing habitat and food sources for native animals.   
 

 

 

 

PART 2 continued. 

There is some more information explaining important aspects of the waterways and wetlands of 

the Kimberley for you to read. 

   

Note: This information forms the basis of the different management scenarios that you will be 

presented with. It has been collected from published documents and verified by scientists working 

in the area. 
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How can we protect the waterways and wetlands of the Kimberley?  

 

Governments are faced with the difficult task of investing public funds effectively. There are various 

ways of considering how to manage waterways and wetlands.  Five of the most common 

conservation approaches are described below. 

 

 

1. Protecting representative ecosystems 

 

Ecosystems are assemblages of communities of animals, plants and micro-organisms interacting with 

each other and their surroundings. Ecosystems influenced by water often support unique 

communities. 

 

Many countries aim to protect representative examples of all major ecosystems. Australia has 

developed a science-based framework for measuring protection of representative ecosystems. The 

Interim Biogeographic Regionalisation for Australia – or the IBRA – divides Australia in to bioregions. 

These are geographically distinct areas with similar features such as climate, geology, landforms, 

vegetation and animals.   

 

One of the most useful means of protecting representative ecosystems is through national and 

state/territory reserve systems and other protected areas. The Australian Government has set a 

target to ensure that at least 10% of land within all bioregions is protected. 

 

There are 5 bioregions  in the Kimberley.  Only 2 of these have at least 10% of their area protected 

within reserves, meaning that representative ecosystems are not well protected.  In the unprotected 

areas the representative ecosystems are at risk due to human interference and the related threats of 

overgrazing, changed fire regimes, erosion and weed invasion.  By including more waterways and 

wetlands in the conservation estate, representation of these ecosystems would be improved.   
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An example of effective protection through the reserve system is the Drysdale River National Park 

which is home to at least at least 30 species of aquatic plants, 26 species of freshwater fish and 13 

species of frogs. 

 

 

The Drysdale River National Park is an example of a reserve which offers protection to a Kimberley 

waterway. 

Photo courtesy of Department of Environment & Conservation.  

 

 

2. Protecting wild rivers 

 

There are numerous river systems in the Kimberley region. Some of these rivers are termed ‘wild 

rivers’. In Western Australia, wild rivers are defined as ‘those rivers which are undisturbed by the 

impacts of a modern technological society. They remain undammed, and exist in catchments where 

biological and hydrological processes continue without significant disturbance. They occur in a 

variety of landscapes, and may be permanent, seasonal or dry watercourses that flow or only flow 

occasionally’.  A wild river is in pristine, or near-pristine, condition. 
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Wild rivers of the Kimberley are important for a number of reasons. Firstly, they are a rare 

environmental asset – there are few rivers left in the world that remain in an undisturbed state. 

Their pristine condition appeals to people seeking a ‘wilderness’ experience or knowledge of 

wilderness existence. Wild rivers are also important for providing essential habitats for plant and 

animal life. They represent biologically diverse ecosystems, are home to rare species, and provide 

much needed water during periods of drought.  

 

Wild river boundaries are determined by their catchment area – meaning that the surrounding land 

that interacts with the river is considered to be part of the wild river system. This is particularly 

important from a management perspective – many of the threats to wild rivers relate to the 

adjacent land practices, so a catchment-level boundary allows wild river management to target 

these threats. 

 

 

The Prince Regent River is an example of a pristine wild river in the Kimberley. 

Photo courtesy of kimberleycruising.com.au 

 

The wild rivers of the Kimberley are divided in to two classifications:  

Priority 1 wild rivers are in pristine or near-pristine condition i.e. they have either no or very 

little disturbance within their catchments since European settlement. This generally means 

that the catchment area has very few or no cleared areas and roads, the frequency of fires 

has not increased dramatically, there are no or few exotic plants and animals, and there is 

no destructive grazing by livestock or feral animals.  

 

Priority 2 wild rivers are no longer in pristine condition, but are considered to be ‘relatively 

natural’. These rivers and their catchments show some signs of disturbance such as grazing 

pressure such as vegetation loss and minor erosion, an increased fire frequency, and have 

tracks that are often used.  However, it is assumed that the rivers would return to a pristine 

condition if the pressures were removed. 
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In the Kimberley region there are 17 Priority 1 wild rivers, and 18 Priority 2 wild rivers.  A total of 35 

of the 48 wild rivers in Western Australia are located in the Kimberley region.  

 

The current pressures from pastoral grazing prevent the Kimberley’s Priority 2 wild rivers from 

returning to a pristine state. With appropriate management, such as fencing to control livestock and 

changes to land tenure to reduce grazing pressure, they would return to Priority 1 status.   

 

 

 

3. Protecting iconic places 

 

Iconic places have a high public profile, are unique or highly visible.  

The Kimberley is well known for its rugged landscapes, large river systems, waterfalls, and gorges. 

These iconic places are important in many aspects: they offer recreational opportunities and scenic 

views for tourists and locals; they provide a sense of identity; and they represent significant 

indigenous cultural and heritage values.  
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An example is Geikie Gorge, a popular attraction for visitors along the Fitzroy River. The floodwaters 

of the Fitzroy River carved the 30 metre deep gorge: today, floodwaters can reach a height of 16 

metres up the gorge walls. Only 20km from the town of Fitzroy Crossing, Geikie Gorge is one of the 

most accessible places to view a Kimberley waterway.  

 

 

Geikie Gorge.  

Photo courtesy of Department of Environment & Conservation. 

 

Human disturbance through various land uses, including pastoral and tourism, can impact on iconic 

locations such as Geikie Gorge.   Impacts may be due to weed infestation, modified fire regimes, 

livestock and feral animal grazing, and direct human activities causing erosion, sedimentation and 

degraded native vegetation. Weed infestations such as rubber vine, wild passionfruit and noogoora 

burr are a significant problem at Geikie Gorge, and native vegetation cover is being reduced as a 

result. Having native vegetation in a good condition along waterways and wetlands keeps banks 

stable and ensures regeneration after natural disturbances.  

 

Currently, about 80% of the native vegetation at Geikie Gorge is in good condition. Changed land 

uses and weed management programs would help to improve the native vegetation.   

 

 

4. Protecting threatened species 

  

A threatened species is a way to describe any organism which is likely to become extinct if not 

protected. 

 

The western subspecies of the Purple-Crowned Fairy Wren (Malurus coronatus coronatus) is 

declared ‘vulnerable’ under the Environment Protection and Biodiversity Conservation Act, 1999.  
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The Purple-crowned Fairy Wren is a small bird, about 14cm in length, with brown plumage and long 

blue tail feathers. In the breeding season males have a distinctive purple colouring on their head. 

Photo courtesy of Australian Natural Resource Atlas. 

 

The Purple-crowned Fairy Wren’s habitat is restricted to vegetation growing alongside waterways in 

the Kimberley region and western Northern Territory. This vegetation is known as riparian 

vegetation. Presently, Fairy Wren populations have been recorded at 9 locations: the upper Fitzroy, 

Ord, Isdell, Berckelman, Drysdale, Durack, Pentecost, Chamberlain, and Bow Rivers. It is thought that 

the Fairy Wrens occupy a total area of approximately 1000 square kilometres, and in the year 2000 

their total population size was estimated to be 12,000 breeding birds. 

 

Fairy Wren populations declined during the 20th Century due to European settlement of the 

Kimberley. Local extinction from the south-western reaches of its original distribution, including the 

lower Fitzroy River, occurred during in this period. The damming of Lakes Argyle and Kununurra in 

the 1970s also contributed to degradation of the Fairy Wren’s habitat throughout the Ord River 

Valley, again limiting its distribution. 

 

The general activities of pastoral grazing are the biggest threat to the Purple-Crowned Fairy Wren, 

with the resulting degradation of the riparian vegetation on which the birds rely. Three of the 

Kimberley’s Fairy Wren populations are protected within conservation reserves, namely the Geikie 

Gorge National Park, Drysdale River National Park and the King Leopold Ranges Conservation Park. 

However, the remaining populations are still at risk and would benefit from being included in reserve 

areas. 
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5. Protecting iconic species 

 

Iconic species refer to charismatic animals and plants that have popular appeal. 

 

The Brolga is characteristic of the Kimberley’s wetlands. It is one of Australia’s largest waterbirds. Its 

large size, silver-grey plumage and energetic courtship dance, spoken of in Aboriginal dreamtime 

stories, have made it an iconic symbol in the region.  

 

 

The Brolga stands at about 1.4m high, with a wingspan up to 2.5m. 

Photo courtesy of Perth Zoo. 

 

Found in the tropical north and eastern states of Australia, the Brolga is widely distributed across the 

Kimberley’s wetlands. You could expect to see around Brolgas about 70% of the time at wetland 

sites of interest in the Kimberley. Although, this frequency would be increased with certain 

management practices such as the eradication of feral pigs which compete with the Brolga for its 

main food source. 
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Guidelines for the following questions 

Please read the following before proceeding further: 

 

� This section contains nine hypothetical management scenarios that are aimed at gaining 

an understanding of your preferences for protecting different features of the waterways 

and wetlands in the Kimberley.  

 

� Each scenario should be considered independently; this is not a test of consistency 

between management scenarios. Some of the scenarios may seem odd to you, but each 

is a possible outcome based on the combinations of the management strategies.  

 

� You will find a ‘cost to you’ associated with each possible choice you can make. This 

hypothetical cost could be collected through increased taxes, user fees associated with 

recreation sites in the Kimberley, higher prices associated with goods and services of the 

Kimberley, or some combination of these. The additional charges will remain in place for 

the next 5 years.  

 

� While answering these questions you should consider your own financial circumstances, 

i.e. consider how much you can afford given your current household income and 

personal expenses. 

 

� Please consider your answers carefully. The hypothetical ‘payments’ from this study will 

be used to guide policy and management decisions for wetland and waterway 

management. You could expect to see these improvements in conservation taking effect 

in the next 15-20 years. 

 

� You have been chosen to represent people with similar preferences to yourself, so by 

completing these questions you are providing a voice for like-minded people. 
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Sample Question 

An example of the type of scenarios you will be presented with is provided below. 

The information in white text explains how to answer these questions. 

 

You do not need to provide an answer for this example. 
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Before proceeding, remember some key points from the conservation approaches described 

earlier: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[note that images appear smaller than original web images] 

*Fairy Wren populations occur at 9 locations in the Kimberley. 3 of these are protected 

within conservation reserves. 

Including more populations in reserves would help the Fairy Wren to persist.  

 

*You could expect to see Brolgas about 70% of the time at wetland sites of interest in the 

Kimberley.  

This frequency would be increased with certain management practices such as the 

eradication of feral animals that compete for the Brolga's food source. 

 

*There are 5 bioregions in the Kimberley.  Only 2 of these have at least 10% of their area 

protected within reserves.  

By including more waterways and wetlands in reserves, representation of these 

ecosystems would be improved. 

 

*In the Kimberley region there are 17 Priority 1 wild rivers, and 18 Priority 2 wild rivers.  

Priority 2 wild rivers would return to a pristine condition if existing land use pressures 

were removed. 

 

*Currently, about 80% of the native vegetation at Geikie Gorge is in good condition. 

Management such as weed control is important at iconic places to enhance the native 

vegetation 
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[a web-link was provided to review information] 

Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Please click HERE if you would like to review any of the information about conservation approaches 

and the management scenario instructions. 
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Part 2 continued. 

 

There are 10 follow-up questions about the management scenarios.  

 

Q1) OPTION 1 in the management scenarios represented the Status Quo, or current situation. 

 If you did not choose the status quo for every scenario, please skip this question. 

 If you did choose the Status Quo as your most preferred option FOR ALL 9 management 

scenarios, please provide your reason why, choosing from the options below: 

 

 � I preferred the status quo option to all others 

 � I could not afford the other options  

� I believe funding to protect the waterways and wetlands of the Kimberley should come 

from somewhere other than my own pocket 

� I don’t think that the waterways and wetlands of the Kimberley need further protection 

� I don’t believe I should have to make these choices 

� Other (please specify): __________________________________________ 

 

 

Q2) Did you consider all of the different conservation approaches to protecting waterways and 

wetlands in the management scenarios when making your choices? 

 i.e. the conservation approaches were: 

 * Threatened species: Purple-crowned Fairy Wren 

 * Iconic species: Brolga 

 * Representative ecosystems: Bioregions protected by reserves 

 * Wild rivers: Priority 1 wild rivers 

 * Iconic places: native vegetation in good condition  

    

 � Yes 

� No - please note which conservation approaches you ignored, or any rules of thumb that 

you used when making your choices: 

_______________________________________________________________ 
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Q3) Did you think the management scenarios were confusing? 

 

 � Yes 

 � No 

 

Q4) Please indicate on the following scale how certain you were of the answers you gave in the 

management scenarios: 

 

 

Q5) What did you think about the information that was provided to describe the waterways and 

wetlands of the Kimberley? 

 

� I thought it was an informative and accurate description 

� I would have liked more information  

� I thought the descriptions were inaccurate 

� It was confusing 

  

Q6) Did you consider your financial circumstances while making your choices for the 

management scenarios?  

 

� Yes 

 � No 

 

Q7) Did your views about the current national economic situation reduce the amount that you 

were willing to pay in the management scenarios? 

 

 � Yes 

 � No 
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Q8) What would be your preferred method of providing funding for protection of the waterways 

and wetlands of the Kimberley?  

 

 � An increase in taxes  

� Reallocation of funding from within existing government budgets 

� Money collected from fundraising 

� User fees for recreational sites in the Kimberley  

� Higher prices for goods and services associated with the Kimberley  

� Other (please specify): __________________________________________ 

 

Q9) Did you think it was appropriate for you to be providing your preferences for managing the 

waterways and wetlands of the Kimberley, rather than these sorts of decisions being made 

solely by scientists and experts? 

 

 � Yes – my preferences are relevant 

 � No – this should be dealt with by experts 

 

Q10) Please indicate on the following scale how likely you think it is that the results of this study 

will influence future policy decisions regarding the waterways and wetlands of the 

Kimberley: 

 

 

 

 

 

 

Part 3 

This section includes 13 questions: some about the environment in general; and some questions 

about you. The information collected will be anonymous and kept strictly confidential. 
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Q1) What priority do you believe the Government should give to the following budget areas? 

Please rank from 1 to 6, 1 being most important. Click on the boxes in the order that you 

want them ranked. You can deselect the boxes by clicking on them again to change your 

selection. 

 

 �  Education 

 �  Law Enforcement 

  � Environment 

  � Health 

  � Defence 

  � Heritage/Arts  

 

Q2) Do you have confidence in Government agencies to follow through with their conservation 

commitments? 

 

 � Yes 

 � Somewhat 

 � No 

 

Q3) What is your gender? 

 

� Male 

 � Female 

 

Q4) Are you of Aboriginal or Torres Strait Islander origin? 

 

 � Yes 

 � No 

 

Q5) In which country were you born? 

 

 � Australia 

 � Other 
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Q6) Do you have any children? 

 

 � Yes - dependent 

 � Yes - independent 

 � No 

 

Q7) What is your highest level of education? 

 

 � Schooling up to Year 10 

 � Schooling up to Year 12 

 � TAFE qualifications/Trade/Technical Certificate 

 � University degree 

 

Q8) Have you ever worked or volunteered in any of the following fields? 

Please select all relevant answers 

 

 �  Environmental planning and policy 

 � Environmental conservation 

 � Nature-based tourism 

 � Commercial fishing 

 � Agriculture/pastoralism 

 � None of these areas 

 

Q9) Do you belong to any environmental/conservation groups? 

 

 � Yes 

 � No 
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Q10) Which age group applies to you? 

 

 � 18 - 30 years 

 � 31 - 45 

 � 46 - 60 

 � 61 - 75 

 � Over 75 

 

Q11) Which Gross Annual Household Income group (i.e. before tax and including all people living 

in your household) currently applies to you? 

 

   � Under $7,800 

   � $7,800 - $25,999 

   � $26,000 - $41,599 

   � $42,600 - $62,399 

   � $62,400 - $88,399 

   � $88,400 - $129,999 

   � $130,000 - $155,999 

   � $156,000 and over 

   � I would rather not say 

 

Q12) Have you or members of your household been required to pay tax at least once during the 

last 5 years? 

 

 � Yes 

 � No 

 

Q13) What is your residential postcode? 

 ���� 
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If you have any comments regarding the questionnaire, please note them below: 

 

_____________________________________________________________________   

 

 

 

Thankyou, you have reached the end of the survey. 

Your time is greatly appreciated! 

 

If you have any questions about the survey please contact the Online Research 

Unit on the email address below: 

survey.689a@theoru.com 

    

   

 

 


